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TITLE OF THE INVENTION: 

SLURRY AND/OR CHEMICAL BLEND SUPPLY APPARATUSES 

RELATED PATENTS 

5 	[0001] This patent application is claims the benefit of U.S. Patent Application Serial No. 

61/899,560, filed November 4, 2013, U.S. Provisional Application Serial No. 61/861,739, filed 

August 2, 2013, U.S. Provisional Application Serial No. 61/802,950, filed March 18, 2013, and 

U.S. Provisional Application Serial No. 61/725,863, filed November 13, 2012, all having the 

similar title "Slurry Supply and/or Chemical Blend Supply Apparatuses, Methods of Use and 

10 	Methods of Manufacture", the contents of each of which are hereby incorporated by reference 

as if fully set forth. 

BACKGROUND OF THE INVENTION 

[0002] Modern semiconductor electronic devices such as integrated circuit chips are formed 

by building multiple stacked layers of materials and components on a semiconductor 

15 	substrate. The semiconductor devices typically incorporate numerous electrically active 

components which are formed on the substrate. Metal conductor interconnects, which may be 

made of copper in some embodiments, are formed by various additive patterning and 

deposition processes such as damascene and dual damascene to electrically couple the 

active components together by means of circuit paths or traces formed within one or more 

20 	layers of dielectric material. Modern semiconductor fabrication entails a repetitive sequence of 

process steps including material deposition (conductive and non-conductive dielectric 

materials), photolithographic patterning of circuits in the dielectric material, and material 

removal such as etching and ashing which gradually build the stacked semiconductor device 

structures. 

25 	[0003] Chemical-mechanical polishing or planarization ("CMP") is a technique used in 

semiconductor fabrication for planarization of the layers formed on the substrate in order to 

provide a uniform surface profile or topography upon which successive layers of materials 

may be built. As well known to those skilled in the art, CMP basically entails use of a polishing 

apparatus that is supplied with an abrasive chemical slurry which may contain an abrasive 

30 	such as colloidal silicon dioxide or alumina, deionized water, and chemical solvents or 

oxidants such as hydrogen peroxide, potassium or ammonium hydroxide. The slurry is 

typically pumped under pressure to the CMP station by a slurry supply system and applied 
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directly onto the surface of the semiconductor wafer. The slurry is then worked into the wafer 

surface by a rotating polisher pad or head to polish/plane the surface. 

[0004] 	Slurries used for chemical-mechanical planarization may be divided into three 

categories including silicon planarization slurries, dielectric polish slurries and metals polish 

5 slurries. A silicon polish slurry is designed to polish and planarize poly silicon layers. The 

silicon polish slurry can include a proportion of particles in a slurry typically with a range from 

1-15 percent by weight. An oxide polish slurry may be utilized for polishing and planarization 

of a dielectric layer formed upon a semiconductor wafer. Oxide polish slurries typically have a 

proportion of particles in the slurry within a range of 1-15 percent by weight. Conductive layers 

10 upon a semiconductor wafer may be polished and planarized using chemical-mechanical 

polishing and a metals polish slurry. A proportion of particles in a metals polish slurry may be 

within a range of 1-5 percent by weight. 

[0005] 	Many slurry compositions are blended slurries that comprise a mixture of raw or 

concentrated slurry comprising slurry particles, water and at least one chemical component. 

15 Examples of raw slurries (that may also be referred to as concentrated slurries), include 

fumed and colloidal silica, alumina, and ceria. Examples of chemical components that may 

be used in CMP slurries include acid, base, surfactant, and oxidizer. Many of the blended 

slurries which comprises raw slurry and/or water and/or one or more chemical components do 

not have a long shelf life and once they are combined may begin to deteriorate within a few 

20 hours if not used; therefore, necessitating the combination of the components of a blended 

slurry near the tool and once combined, the use of the blended slurry in less than 24 or fewer 

hours. 

25 

[0006] 	A slurry is a colloid, a suspension of particles in liquid. The suspension of the 

particles in a liquid can be detrimentally impacted by the components added to a raw slurry, 

particularly the chemical components and the manner and order of the additions of the 

components making up a blended slurry. The slurry must also be kept in motion to keep the 

particles dispersed in the liquid. Also, since the slurry deteriorates with time, it is important to 

check its characteristics and adjust them if necessary. 

[0007] 	Additionally, the semiconductor and other industries require chemical blends for 

30 cleaning and surface preparation that do not contain slurry particles, but require blending a 

short time prior to use and movement of the chemical blend to mix and optionally keep the 

chemical blend homogeneous. 

[0008] 	Electronic fabs continue to increase in size and output of semiconductor 

components. Apparatuses that can supply relatively large amounts and/or consistently 

35 blended slurries and/or chemical blends are needed. 
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BRIEF SUMMARY OF THE INVENTION 

[0009] 	The inventors have designed apparatuses, methods, and processes of 

manufacturing the apparatus, and for blending and delivering slurries and/or chemical blends 

to CMP tools, and other parts of the semiconductor fabrication or other factory, the 

5 apparatuses and the methods provide one or more of the following benefits: consistently 

providing the same slurry and/or chemical blend blend(s), carefully blending the components 

of the slurry and/or chemical blend to avoid the negative impact to the slurry suspension 

and/or chemical blend as a result of the combination of the components of a blended slurry 

and/or chemical blend, providing the same slurry and/or chemical blend to a large number of 

10 CMP tools and/or other tools with the capability to quickly respond to demand for additional 

slurry and/or chemical blend, the ability to check (monitor) certain characteristics of the slurry 

and/or chemical blend in-line, and keeping the slurry and/or chemical blend (for examples, 

blended slurry and/or chemical blend and/or raw slurry and/or chemical blend and/or partially 

blended slurry and/or chemical blend) in motion to keep the slurry and/or chemical blend 

15 particles dispersed in the liquid. 	In some embodiments, this apparatus is not for point of use 

blending, that is, blending adjacent to the tool for supply to that tool or a limited number of 

tools, for example, two or three tools. 

[0010] 	In one embodiment of this invention the slurry and/or chemical blend supply 

apparatus of this invention comprises at least one of a feed module and/or blend module 

20 and/or analytical module and/or distribution module alone or in any combination or aspects of 

the feed module and/or blend module and/or analytical module and/or distribution module 

alone or in any combination and/or in combination with other aspects of this invention as 

disclosed and described herein. For example, the slurry and/or chemical blend supply 

apparatus of this invention may comprise a blend module and a distribution module, or feed 

25 module, blend module and distribution module, or an analytical module and a blend module, 

or a feed and an analytical module, etc. 

[0011] 	This invention further provides a slurry and/or chemical blend supply apparatus 

comprising alone or in combination with any other aspects or embodiments of this invention 

disclosed anywhere herein, a feed module. A slurry and/or chemical blend supply apparatus 

30 may comprise a feed module, said feed module comprising at least one pump and at least 

one feed tank for holding raw slurry. The apparatus and/or the feed module of the slurry 

and/or chemical blend supply apparatus may comprise or further comprise at least one 

circulation loop connected to the at least one tank, that may be selected from the group 

consisting of a feed tank and a distribution tank, for circulating the raw slurry in the tank. A 

35 slurry and/or chemical blend supply apparatus may comprise or may further comprise a 

circulation loop connected to a tank, that may be the feed tank or the distribution tank, said 

circulation loop may comprise a pump connected to a pipe at or near the bottom of the tank 
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and a return pipe that returns the slurry to the tank. A slurry and/or chemical blend supply 

apparatus may comprise a circulation loop, comprising a back pressure controller and/or a 

flow sensor (that may be used to regulate the speed of the pump) and/or a pressure sensor 

that may be used to regulate a valve in the back pressure controller and may be connected to 

5 any tank in the slurry and/or chemical blend supply apparatus. Any of the slurry and/or 

chemical blend supply apparatuses having a circulation loop connected to a feed tank may 

further comprise at least one pipe that may be connected to the circulation loop that transfers 

slurry to a blend module from the feed tank via the circulation loop, preferably a portion of said 

slurry from said circulation loop. Another aspect or embodiment of any feed module of a 

10 slurry and/or chemical blend supply apparatus of this invention is that it may comprise at least 

one or two or more pumps. Another aspect or embodiment of any feed module of a slurry 

and/or chemical blend supply apparatus of this invention is that the at least one pump may 

comprise at least one raw slurry pump (a first pump) that pumps raw slurry from one or more 

slurry supply containers and transfers the slurry to the at least one feed tank, and/or the at 

15 least one pump may comprise (and it may be a second pump) at least one pump that 

circulates raw slurry preferably continuously in a circulation loop and/or supplies raw slurry to 

the blend module that may be provided as needed to (that is, on demand from) the blend 

module. 

[0012] 	A slurry and/or chemical blend supply apparatus is provided by this invention, that 

20 may be in combination with any one or more of the aspects or embodiments described herein, 

comprising a feed module that further comprises an in-line liquid particle counter and/or 

particle size distribution analyzer that draws slurry and/or chemical blend samples from at 

least one or more locations in the feed module for analysis. A slurry and/or chemical blend 

supply apparatus of this invention is provided comprising at least one filter element that may 

25 be a filter loop comprising piping, at least one filter element and a pump in the loop. This 

invention further provides at least one filter or filter loop (connected to the piping) in the feed 

module and/or blend module and/or analytical module and/or distribution module. A slurry 

and/or chemical blend supply apparatus of this invention may comprise an optional feed 

module in combination with any of the other described embodiments of the slurry and/or 

30 chemical blend supply apparatus of this invention, including the optional blend module and/or 

analytical module and/or distribution module and/or other aspects, such as the eductors 

present in tanks in those one or more optional feed, and/or blend and/or distribution modules, 

and/or strainers, filters, filter loops, dilution fixtures, restricted orifice to redirect flow, split 

mixers, etc. connected to or in the pipes of those one or more modules. 

35 [0013] 	This invention further provides a slurry and/or chemical blend supply apparatus 

comprising alone or in combination with any one or more other aspects or embodiments of 

this invention disclosed herein an analytical module. The slurry and/or chemical blend supply 
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apparatus may comprise an analytical module, said analytical module comprising one or more 

analytical apparatuses that may be selected from the group consisting of liquid particle 

counter, particle size distribution analyzer, pH sensor, hydrogen peroxide sensor, density 

sensor and conductivity sensor, alone or in combination with a feed module and/or a blend 

5 module and/or a distribution module or other aspects of the invention described herein, for 

examples, strainers, filters, filter loops, dilution fixtures, restricted orifice to redirect flow, split 

mixers, etc.. This invention provides a slurry and/or chemical blend supply apparatus of the 

invention (that may be in combination with any one or more other aspects or embodiments of 

this invention) comprising an (in-line) analytical module, said analytical module comprising two 

10 or more of at least one type of analytical apparatus selected from the group consisting of 

liquid particle counter, particle size distribution analyzer, pH sensor, hydrogen peroxide 

sensor, density sensor and conductivity sensor, preferably the analytical module comprises at 

least two pH sensors. A slurry and/or chemical blend supply apparatus alone or in 

combination with any other aspect or embodiment may comprise one or more analytical 

15 modules, wherein at least one of said analytical modules further comprises in-line single 

dilution equipment and/or in-line double dilution equipment for performing a single and/or 

double dilution (respectively) of a slurry and/or chemical blend sample, said in-line dilution 

equipment being located upstream of at least one analytical apparatus in said at least one 

analytical module. A slurry and/or chemical blend supply apparatus, alone or in combination 

20 with any other one or more aspects or embodiments of the invention, comprising an analytical 

module further comprising at least one peristaltic pump, at least one flow sensor and at least 

one needle valve that may be used to dilute the slurry and/or chemical blend sample prior to 

analyzing the diluted sample, optionally further comprising a dilution fixture. This invention 

further provides a slurry and/or chemical blend supply apparatus alone or in combination with 

25 any other one or more aspects or embodiments of the invention, comprising an analytical 

module wherein said analytical module comprises more than one flow sensor, more than one 

needle valve and more than one pneumatically controlled valve, optionally further comprising 

more than one dilution fixture that may be used to dilute the slurry and/or chemical blend 

sample prior to analyzing the diluted sample. This invention further provides a slurry and/or 

30 chemical blend supply apparatus wherein said analytical module may comprise at least one 

dilution fixture, alone or with one or more modules or other aspects or embodiments of the 

invention, said at least one dilution fixture, for the purpose of mixing slurry and/or chemical 

blend (stream) and UPW (stream) to create a diluted sample prior to analyzing the diluted 

sample. This invention provides a slurry and/or chemical blend supply apparatus, alone or in 

35 combination with one or more other aspects or embodiments, comprising an analytical 

module further comprising at least two analytical apparatuses selected from the group 

consisting of pH sensors, hydrogen peroxide sensors, density sensors, conductivity sensors, 
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apparatus may comprise an analytical module, said analytical module comprising one or more 

analytical apparatuses that may be selected from the group consisting of liquid particle 

counter, particle size distribution analyzer, pH sensor, hydrogen peroxide sensor, density 

sensor and conductivity sensor, alone or in combination with a feed module and/or a blend 

5 module and/or a distribution module or other aspects of the invention described herein, for 

examples, strainers, filters, filter loops, dilution fixtures, restricted orifice to redirect flow, split 

mixers, etc.. This invention provides a slurry and/or chemical blend supply apparatus of the 

invention (that may be in combination with any one or more other aspects or embodiments of 

this invention) comprising an (in-line) analytical module, said analytical module comprising two 

10 or more of at least one type of analytical apparatus selected from the group consisting of 

liquid particle counter, particle size distribution analyzer, pH sensor, hydrogen peroxide 

sensor, density sensor and conductivity sensor, preferably the analytical module comprises at 

least two pH sensors. A slurry and/or chemical blend supply apparatus alone or in 

combination with any other aspect or embodiment may comprise one or more analytical 

15 modules, wherein at least one of said analytical modules further comprises in-line single 

dilution equipment and/or in-line double dilution equipment for performing a single and/or 

double dilution (respectively) of a slurry and/or chemical blend sample, said in-line dilution 

equipment being located upstream of at least one analytical apparatus in said at least one 

analytical module. A slurry and/or chemical blend supply apparatus, alone or in combination 

20 with any other one or more aspects or embodiments of the invention, comprising an analytical 

module further comprising at least one peristaltic pump, at least one flow sensor and at least 

one needle valve that may be used to dilute the slurry and/or chemical blend sample prior to 

analyzing the diluted sample, optionally further comprising a dilution fixture. This invention 

further provides a slurry and/or chemical blend supply apparatus alone or in combination with 

25 any other one or more aspects or embodiments of the invention, comprising an analytical 

module wherein said analytical module comprises more than one flow sensor, more than one 

needle valve and more than one pneumatically controlled valve, optionally further comprising 

more than one dilution fixture that may be used to dilute the slurry and/or chemical blend 

sample prior to analyzing the diluted sample. This invention further provides a slurry and/or 

30 chemical blend supply apparatus wherein said analytical module may comprise at least one 

dilution fixture, alone or with one or more modules or other aspects or embodiments of the 

invention, said at least one dilution fixture, for the purpose of mixing slurry and/or chemical 

blend (stream) and UPW (stream) to create a diluted sample prior to analyzing the diluted 

sample. This invention provides a slurry and/or chemical blend supply apparatus, alone or in 

35 combination with one or more other aspects or embodiments, comprising an analytical 

module further comprising at least two analytical apparatuses selected from the group 

consisting of pH sensors, hydrogen peroxide sensors, density sensors, conductivity sensors, 
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particle size distribution analyzers and liquid particle counters and at least one or two other 

apparatuses selected from the group consisting of pH sensors, hydrogen peroxide sensors, 

density sensors, conductivity sensors, liquid particle counters and particle size distribution 

analyzers, preferably two pH sensors. Any sample that is diluted will be sent to a waste 

5 stream. Any sample that is not diluted may be returned to one of the modules of the 

invention. 

[0014] 	The invention provides a slurry and/or chemical blend supply apparatus that 

comprises a blend module. The slurry and/or chemical blend supply apparatus may comprise 

a blend module alone or in combination with one or more modules selected from the group 

10 consisting of the feed module and/or analytical module and/or distribution module and/or any 

of the one or more other embodiments of the invention and/or one or more aspects of the 

invention. The invention provides a slurry and/or chemical blend supply apparatus comprising 

a blend module that combines two or more flowing component streams to form a blended 

slurry and/or chemical blend stream or a partially blended slurry and/or chemical blend stream 

15 in a pipe. The blend module may comprise a pipe for each component stream and at least 

one flow controller in each of the component pipes to control the flow rate of the components 

and wherein said component pipes are connected and combined into a single pipe to form the 

blended slurry and/or chemical blend stream. The at least one of the said flowing component 

streams may be said raw slurry and/or chemical component from a feed module, preferably a 

20 feed module in accordance with this invention. This invention provides a slurry and/or 

chemical blend supply apparatus comprising a blend module that may combine three or more 

flowing component streams, said blend module comprises three or more pipes one pipe for 

each of said three or more component streams and at least one flow controller in each of said 

three or more pipes to control the flow rate of the three or more component streams and 

25 wherein two of said three or more pipes are combined into a single (combined streams) pipe 

to form a partially blended slurry and/or partially blended chemical blend stream and then a 

third pipe of said three or more pipes is combined with the said single (combined streams) 

pipe to combine a third component stream with the partially blended slurry and/or partially 

blended chemical blend stream in a second single (combined streams) pipe. This invention 

30 further provides a slurry and/or chemical blend supply apparatus, that may be in accordance 

with one or more of the above embodiments or aspects of the invention, further comprising a 

blend module, said blend module further comprises at least one static mixer and/or the static 

mixer may be downstream of where at least two of three or more pipes are connected into a 

single pipe into which the component streams flow together in the blend module. This 

35 invention further provides a slurry and/or chemical blend supply apparatus that may further 

comprise one or more of the above embodiments or aspects of the invention, comprising a 

blend module and an analytical module, wherein optionally at least a portion of the blended 
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particle size distribution analyzers and liquid particle counters and at least one or two other 

apparatuses selected from the group consisting of pH sensors, hydrogen peroxide sensors, 

density sensors, conductivity sensors, liquid particle counters and particle size distribution 

analyzers, preferably two pH sensors. Any sample that is diluted will be sent to a waste 

5 stream. Any sample that is not diluted may be returned to one of the modules of the 

invention. 

[0014] The invention provides a slurry and/or chemical blend supply apparatus that 

comprises a blend module. The slurry and/or chemical blend supply apparatus may comprise 

a blend module alone or in combination with one or more modules selected from the group 

10 consisting of the feed module and/or analytical module and/or distribution module and/or any 

of the one or more other embodiments of the invention and/or one or more aspects of the 

invention. The invention provides a slurry and/or chemical blend supply apparatus comprising 

a blend module that combines two or more flowing component streams to form a blended 

slurry and/or chemical blend stream or a partially blended slurry and/or chemical blend stream 

15 in a pipe. The blend module may comprise a pipe for each component stream and at least 

one flow controller in each of the component pipes to control the flow rate of the components 

and wherein said component pipes are connected and combined into a single pipe to form the 

blended slurry and/or chemical blend stream. The at least one of the said flowing component 

streams may be said raw slurry and/or chemical component from a feed module, preferably a 

20 feed module in accordance with this invention. This invention provides a slurry and/or 

chemical blend supply apparatus comprising a blend module that may combine three or more 

flowing component streams, said blend module comprises three or more pipes one pipe for 

each of said three or more component streams and at least one flow controller in each of said 

three or more pipes to control the flow rate of the three or more component streams and 

25 wherein two of said three or more pipes are combined into a single (combined streams) pipe 

to form a partially blended slurry and/or partially blended chemical blend stream and then a 

third pipe of said three or more pipes is combined with the said single (combined streams) 

pipe to combine a third component stream with the partially blended slurry and/or partially 

blended chemical blend stream in a second single (combined streams) pipe. This invention 

30 further provides a slurry and/or chemical blend supply apparatus, that may be in accordance 

with one or more of the above embodiments or aspects of the invention, further comprising a 

blend module, said blend module further comprises at least one static mixer and/or the static 

mixer may be downstream of where at least two of three or more pipes are connected into a 

single pipe into which the component streams flow together in the blend module. This 

35 invention further provides a slurry and/or chemical blend supply apparatus that may further 

comprise one or more of the above embodiments or aspects of the invention, comprising a 

blend module and an analytical module, wherein optionally at least a portion of the blended 
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slurry and/or chemical blend stream from the blend module flows through and is analyzed in 

the analytical module. (The apparatus may comprise one analytical module for the analysis of 

samples from various locations and/or modules in the apparatus.) The flow of the slurry 

and/or chemical blend component streams to and through the blend module is continuous as 

5 long as there is demand for the blended slurry and/or chemical blend by the distribution 

module and/or room in the distribution tank for the blended slurry and/or chemical blend. This 

invention further provides a slurry and/or chemical blend supply apparatus that may further 

comprise one or more of the above embodiments or aspects of the invention, comprising a 

distribution module and a blend module, said blend module comprising (blending) as 

10 components of a blended slurry or chemical blend already blended slurry and/or already 

blended chemical blend and optionally wherein at least a portion of the blended slurry and/or 

chemical blend stream from the blend module is transported to the distribution module. 

15 

[0015] 	This invention further provides a slurry and/or chemical blend supply apparatus that 

may further comprise one or more of the above embodiments or aspects of the invention, 

comprising an analytical module and distribution module optionally wherein at least a portion 

of the blended slurry and/or chemical blend stream from the analytical module is transported 

to the distribution module. This invention further provides a slurry and/or chemical blend 

supply apparatus that may further comprise one or more of the above embodiments or 

aspects of the invention, comprising a blend module and an analytical module and said 

20 blended slurry and/or chemical blend stream analyzed in said analytical module was blended 

in said blend module prior to flowing to said analytical module. This invention further provides 

a slurry and/or chemical blend supply apparatus that may further comprise one or more of the 

above embodiments or aspects of the invention, comprising an analytical module and a blend 

module, optionally wherein at least a portion of the blended slurry and/or chemical blend 

25 stream from the analytical module after analysis is transported (back) to the blend module for 

blending with components (component streams) of the slurry or chemical blend. This 

invention further provides a slurry and/or chemical blend supply apparatus that may further 

comprise one or more of the above embodiments or aspects of the invention, comprising a 

blend module comprising a blend module pump and two or more component pipes for each of 

30 two or more component streams, said component streams are selected from the group 

consisting of raw slurry and/or chemical streams, water, one or more chemical components, 

one or more chemical components blended with water, and partially blended or fully blended 

slurry and/or chemical blend streams and further wherein said at least two component pipes 

are connected and/or combined into a single pipe upstream of and within 1 foot or 2 or 5 or 12 

35 feet of said blend module pump. This invention further provides a slurry and/or chemical 

blend supply apparatus that may further comprise one or more of the above embodiments or 

aspects of the invention, comprising a blend module having one or more static mixers and/or 
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slurry and/or chemical blend stream from the blend module flows through and is analyzed in 

the analytical module. (The apparatus may comprise one analytical module for the analysis of 

samples from various locations and/or modules in the apparatus.) The flow of the slurry 

and/or chemical blend component streams to and through the blend module is continuous as 

5 long as there is demand for the blended slurry and/or chemical blend by the distribution 

module and/or room in the distribution tank for the blended slurry and/or chemical blend. This 

invention further provides a slurry and/or chemical blend supply apparatus that may further 

comprise one or more of the above embodiments or aspects of the invention, comprising a 

distribution module and a blend module, said blend module comprising (blending) as 

10 components of a blended slurry or chemical blend already blended slurry and/or already 

blended chemical blend and optionally wherein at least a portion of the blended slurry and/or 

chemical blend stream from the blend module is transported to the distribution module. 

[0015] This invention further provides a slurry and/or chemical blend supply apparatus that 

may further comprise one or more of the above embodiments or aspects of the invention, 

15 comprising an analytical module and distribution module optionally wherein at least a portion 

of the blended slurry and/or chemical blend stream from the analytical module is transported 

to the distribution module. This invention further provides a slurry and/or chemical blend 

supply apparatus that may further comprise one or more of the above embodiments or 

aspects of the invention, comprising a blend module and an analytical module and said 

20 blended slurry and/or chemical blend stream analyzed in said analytical module was blended 

in said blend module prior to flowing to said analytical module. This invention further provides 

a slurry and/or chemical blend supply apparatus that may further comprise one or more of the 

above embodiments or aspects of the invention, comprising an analytical module and a blend 

module, optionally wherein at least a portion of the blended slurry and/or chemical blend 

25 stream from the analytical module after analysis is transported (back) to the blend module for 

blending with components (component streams) of the slurry or chemical blend. This 

invention further provides a slurry and/or chemical blend supply apparatus that may further 

comprise one or more of the above embodiments or aspects of the invention, comprising a 

blend module comprising a blend module pump and two or more component pipes for each of 

30 two or more component streams, said component streams are selected from the group 

consisting of raw slurry and/or chemical streams, water, one or more chemical components, 

one or more chemical components blended with water, and partially blended or fully blended 

slurry and/or chemical blend streams and further wherein said at least two component pipes 

are connected and/or combined into a single pipe upstream of and within 1 foot or 2 or 5 or 12 

35 feet of said blend module pump. This invention further provides a slurry and/or chemical 

blend supply apparatus that may further comprise one or more of the above embodiments or 

aspects of the invention, comprising a blend module having one or more static mixers and/or 
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one or more blend module pumps to blend the slurry and/or chemical blend component 

streams and/or one or more additional pumps for transporting raw slurry from one or more raw 

slurry supply containers to a feed tank for supplying said blend module. 

[0016] 	This invention provides a slurry and/or chemical blend supply apparatus, alone or in 

5 combination with any other one or more aspects or embodiments, comprising a blend module 

and a blend module pump that is downstream of and within 12 feet or within 5 feet or within 2 

feet or within 1 foot of at least two junctions where two or more component streams are 

combined into a single stream in each of said junctions in said blend module, said three or 

more streams being selected from the group consisting of raw slurry streams, water, chemical 

10 component streams comprising one or more chemicals or one or more chemicals and water, 

partially blended slurry and/or partially blended chemical blend streams and fully blended 

slurry and/or fully blended chemical blend streams. This invention further provides a slurry 

and/or chemical blend supply apparatus that may further comprise one or more of the above 

embodiments or aspects of the invention, comprising a blend module pump selected from the 

15 group consisting of a centrifugal pump, a diaphragm pump and a peristaltic pump, preferably 

a centrifugal pump for slurry supply apparatuses. When an apparatus of this invention is used 

to supply a chemical blend and not slurries, a diaphragm pump and a pulse dampener may be 

used to provide similar steady flow rates as would be provided by a centrifugal pump. For 

chemical blends, the particle shear caused by a diaphragm pump to slurry particles is not an 

20 issue. Therefore, for the embodiments shown in the figures and described below a 

diaphragm pump and a pulse dampener may be substituted for the centrifugal pumps. 

[0017] 	This invention further provides a slurry and/or chemical blend supply apparatus that 

may further comprise one or more of the above embodiments or aspects of the invention, 

comprising a blend module comprising at least one junction between component streams and 

25 wherein at said one or more junctions three of said streams are combined into a single 

stream. 	This invention further provides a slurry and/or chemical blend supply apparatus that 

may further comprise one or more of the above embodiments or aspects of the invention, 

wherein upstream of a blend module pump is a first junction and a second junction wherein 

said first junction is closer to said pump, in said first junction a first stream comprising one or 

30 more chemical components and water is combined with a second stream comprising raw 

slurry and/or chemical blend said first stream flowing from said second junction wherein at 

said second junction a third and a fourth stream are combined, wherein said third stream 

comprises water and said fourth stream comprises one or more chemical components to 

make said first stream and optionally the blend module further comprises at least one static 

35 mixer present after the third and fourth steams are combined and/or after said first and 

second streams are combined. This invention further provides a slurry and/or chemical blend 

supply apparatus that may further comprise one or more of the above embodiments or 
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one or more blend module pumps to blend the slurry and/or chemical blend component 

streams and/or one or more additional pumps for transporting raw slurry from one or more raw 

slurry supply containers to a feed tank for supplying said blend module. 

[0016] This invention provides a slurry and/or chemical blend supply apparatus, alone or in 

5 combination with any other one or more aspects or embodiments, comprising a blend module 

and a blend module pump that is downstream of and within 12 feet or within 5 feet or within 2 

feet or within 1 foot of at least two junctions where two or more component streams are 

combined into a single stream in each of said junctions in said blend module, said three or 

more streams being selected from the group consisting of raw slurry streams, water, chemical 

10 component streams comprising one or more chemicals or one or more chemicals and water, 

partially blended slurry and/or partially blended chemical blend streams and fully blended 

slurry and/or fully blended chemical blend streams. This invention further provides a slurry 

and/or chemical blend supply apparatus that may further comprise one or more of the above 

embodiments or aspects of the invention, comprising a blend module pump selected from the 

15 group consisting of a centrifugal pump, a diaphragm pump and a peristaltic pump, preferably 

a centrifugal pump for slurry supply apparatuses. When an apparatus of this invention is used 

to supply a chemical blend and not slurries, a diaphragm pump and a pulse dampener may be 

used to provide similar steady flow rates as would be provided by a centrifugal pump. For 

chemical blends, the particle shear caused by a diaphragm pump to slurry particles is not an 

20 issue. Therefore, for the embodiments shown in the figures and described below a 

diaphragm pump and a pulse dampener may be substituted for the centrifugal pumps. 

[0017] This invention further provides a slurry and/or chemical blend supply apparatus that 

may further comprise one or more of the above embodiments or aspects of the invention, 

comprising a blend module comprising at least one junction between component streams and 

25 wherein at said one or more junctions three of said streams are combined into a single 

stream. This invention further provides a slurry and/or chemical blend supply apparatus that 

may further comprise one or more of the above embodiments or aspects of the invention, 

wherein upstream of a blend module pump is a first junction and a second junction wherein 

said first junction is closer to said pump, in said first junction a first stream comprising one or 

30 more chemical components and water is combined with a second stream comprising raw 

slurry and/or chemical blend said first stream flowing from said second junction wherein at 

said second junction a third and a fourth stream are combined, wherein said third stream 

comprises water and said fourth stream comprises one or more chemical components to 

make said first stream and optionally the blend module further comprises at least one static 

35 mixer present after the third and fourth steams are combined and/or after said first and 

second streams are combined. This invention further provides a slurry and/or chemical blend 

supply apparatus that may further comprise one or more of the above embodiments or 
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aspects of the invention, wherein a stream of fully blended slurry and/or chemical blend is 

combined in said blend module with at least one component stream to form a partially 

blended slurry and/or chemical blend stream or an additional fully blended slurry and/or 

chemical blend. 	(If a partially blended slurry and/or chemical blend stream is formed it will be 

5 combined with one or more component streams to form an additional fully blended slurry 

and/or chemical blend which is the same as the blended slurry and/or chemical blend stream 

and may be referred to as "additional blend slurry and/or additional chemical blend" or 

"blended slurry and/or chemical blend".) The slurry and/or chemical blend supply apparatus 

may further comprise an analytical module wherein at least a sample of the [additional] fully 

10 blended slurry and/or [additional] chemical blend stream is sent to the analytical module. 

Further in this embodiment at least a portion of the sample may be returned to the blend 

module at a pipe connection between the analytical module and the blend module, and/or the 

analytical module may be downstream of a blend module pump and pipe connection between 

the analytical module and the blend module for the returned sample may be upstream of the 

15 blend module pump. Alternatively, the sample after analysis by the analytical module may be 

directed to the distribution module. Note the use of "and/or" means that an apparatus may be 

used to make either chemical blend or slurry or both, however, the apparatus and method 

steps are used to make those products separately. Therefore blended slurry is not mixed with 

the chemical blend. Some of the chemical blend components may be the same or different 

20 from those used to make the blended slurry. 

[0018] 	In an alternative embodiment, alone or in combination with any other aspect or 

embodiment, the slurry and/or chemical blend supply apparatus of this invention comprises a 

split mixer. 

[0019] 	In an alternative embodiment, alone or in combination with any other aspect or 

25 embodiment, the slurry and/or chemical blend supply apparatus of this invention comprises a 

blend module comprising a split mixer. 

[0020] 	In an alternative embodiment, alone or in combination with any other aspect or 

embodiment, the slurry and/or chemical blend supply apparatus of this invention comprises a 

distribution module comprising one or more pressurized vessels. 

30 [0021] 	This invention also provides a slurry and/or chemical blend supply apparatus 

comprising one or more filters, filter banks, filter loops alone or that may also comprise any 

one or more additional aspects or embodiments of this invention. This invention provides a 

slurry and/or chemical blend supply apparatus comprising a blend module further comprising 

at least one filter (optionally at least one filter bank or filter loop) optionally located 

35 downstream of the blend module pump, or downstream of where the component streams are 

otherwise combined to form the blended slurry (or additional blended slurry) or chemical blend 

(or additional chemical blend). This invention also provides a slurry and/or chemical blend 
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aspects of the invention, wherein a stream of fully blended slurry and/or chemical blend is 

combined in said blend module with at least one component stream to form a partially 

blended slurry and/or chemical blend stream or an additional fully blended slurry and/or 

chemical blend. (If a partially blended slurry and/or chemical blend stream is formed it will be 

5 combined with one or more component streams to form an additional fully blended slurry 

and/or chemical blend which is the same as the blended slurry and/or chemical blend stream 

and may be referred to as "additional blend slurry and/or additional chemical blend" or 

"blended slurry and/or chemical blend".) The slurry and/or chemical blend supply apparatus 

may further comprise an analytical module wherein at least a sample of the [additional] fully 

10 blended slurry and/or [additional] chemical blend stream is sent to the analytical module. 

Further in this embodiment at least a portion of the sample may be returned to the blend 

module at a pipe connection between the analytical module and the blend module, and/or the 

analytical module may be downstream of a blend module pump and pipe connection between 

the analytical module and the blend module for the returned sample may be upstream of the 

15 blend module pump. Alternatively, the sample after analysis by the analytical module may be 

directed to the distribution module. Note the use of "and/or" means that an apparatus may be 

used to make either chemical blend or slurry or both, however, the apparatus and method 

steps are used to make those products separately. Therefore blended slurry is not mixed with 

the chemical blend. Some of the chemical blend components may be the same or different 

20 from those used to make the blended slurry. 

[0018] In an alternative embodiment, alone or in combination with any other aspect or 

embodiment, the slurry and/or chemical blend supply apparatus of this invention comprises a 

split mixer. 

[0019] In an alternative embodiment, alone or in combination with any other aspect or 

25 embodiment, the slurry and/or chemical blend supply apparatus of this invention comprises a 

blend module comprising a split mixer. 

[0020] In an alternative embodiment, alone or in combination with any other aspect or 

embodiment, the slurry and/or chemical blend supply apparatus of this invention comprises a 

distribution module comprising one or more pressurized vessels. 

30 [0021] This invention also provides a slurry and/or chemical blend supply apparatus 

comprising one or more filters, filter banks, filter loops alone or that may also comprise any 

one or more additional aspects or embodiments of this invention. This invention provides a 

slurry and/or chemical blend supply apparatus comprising a blend module further comprising 

at least one filter (optionally at least one filter bank or filter loop) optionally located 

35 downstream of the blend module pump, or downstream of where the component streams are 

otherwise combined to form the blended slurry (or additional blended slurry) or chemical blend 

(or additional chemical blend). This invention also provides a slurry and/or chemical blend 
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supply apparatus comprising dosing pipes connecting the component streams in the blend 

module to the distribution module to provide for adding one or more components from the 

blend module to the distribution module. 

[0022] 	This invention further provides a slurry and/or chemical blend supply apparatus 

5 comprising alone or in combination with any one or more other aspects or embodiments of 

this invention, a distribution module. The distribution module may comprise at least one 

distribution tank, wherein at least a portion of said blended slurry and/or chemical blend 

stream is transported to at least one said distribution tank from said blend module. 

[0023] 	A slurry and/or chemical blend supply apparatus, alone or in combination of the other 

10 aspect(s) or embodiment(s) disclosed herein comprising means to change the direction of at 

least part of a stream, said means comprising a three-way valve, pipes and a restricted orifice 

in one of said pipes, said three-way valve capable of directing the stream into said pipe 

having said restricted orifice therein. A slurry and/or chemical blend supply apparatus 

comprising an analytical module and a means to change direction, optionally wherein the at 

15 least part of the stream that is redirected by said means is a blended slurry and/or chemical 

blend stream and it is directed into an analytical module; optionally further comprising a blend 

module, a blend module pump, and said stream is directed into said analytical module 

downstream of said blend module pump. (Additionally, the at least part of the stream that is 

not redirected may flow via pipes connecting to said distribution module.) Any apparatus or 

20 method of this invention may comprise the means to change direction and it may be in any 

module or embodiment of the apparatus of this invention. 

[0024] 	A slurry and/or chemical blend supply apparatus comprising, alone or in combination 

with any other one or more aspect(s) or embodiment(s) of the invention, a carboy 

compartment, said carboy compartment is optionally located downstream of a blend module. 

25 A carboy compartment is for removing samples of the blended slurry and/or chemical blend 

from said apparatus. 

[0025] 	A slurry and/or chemical blend supply apparatus comprising, alone or in combination 

with any other aspect(s) or embodiment(s) of the invention, a distribution module comprising 

one or more distribution tanks, and/or one or more global loops, and/or one or more pumps. 

30 This invention further provides alone or in combination with any other aspect(s) or 

embodiment(s) of the invention, a slurry and/or chemical blend supply apparatus comprising a 

distribution module and one or more filter elements in said distribution module. This invention 

further provides alone or in combination with any other aspect(s) or embodiment(s) of the 

invention, a slurry and/or chemical blend supply apparatus comprising an analytical module 

35 and at least one other module (e.g., feed, blend and/or distribution module), at least one of 

said at least one other module comprises piping and one or more sample ports in said piping 

and one or more tubes in fluid communication with said sample ports, each sample port and 
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supply apparatus comprising dosing pipes connecting the component streams in the blend 

module to the distribution module to provide for adding one or more components from the 

blend module to the distribution module. 

[0022] This invention further provides a slurry and/or chemical blend supply apparatus 

5 comprising alone or in combination with any one or more other aspects or embodiments of 

this invention, a distribution module. The distribution module may comprise at least one 

distribution tank, wherein at least a portion of said blended slurry and/or chemical blend 

stream is transported to at least one said distribution tank from said blend module. 

[0023] A slurry and/or chemical blend supply apparatus, alone or in combination of the other 

10 aspect(s) or embodiment(s) disclosed herein comprising means to change the direction of at 

least part of a stream, said means comprising a three-way valve, pipes and a restricted orifice 

in one of said pipes, said three-way valve capable of directing the stream into said pipe 

having said restricted orifice therein. A slurry and/or chemical blend supply apparatus 

comprising an analytical module and a means to change direction, optionally wherein the at 

15 least part of the stream that is redirected by said means is a blended slurry and/or chemical 

blend stream and it is directed into an analytical module; optionally further comprising a blend 

module, a blend module pump, and said stream is directed into said analytical module 

downstream of said blend module pump. (Additionally, the at least part of the stream that is 

not redirected may flow via pipes connecting to said distribution module.) Any apparatus or 

20 method of this invention may comprise the means to change direction and it may be in any 

module or embodiment of the apparatus of this invention. 

[0024] A slurry and/or chemical blend supply apparatus comprising, alone or in combination 

with any other one or more aspect(s) or embodiment(s) of the invention, a carboy 

compartment, said carboy compartment is optionally located downstream of a blend module. 

25 A carboy compartment is for removing samples of the blended slurry and/or chemical blend 

from said apparatus. 

[0025] A slurry and/or chemical blend supply apparatus comprising, alone or in combination 

with any other aspect(s) or embodiment(s) of the invention, a distribution module comprising 

one or more distribution tanks, and/or one or more global loops, and/or one or more pumps. 

30 This invention further provides alone or in combination with any other aspect(s) or 

embodiment(s) of the invention, a slurry and/or chemical blend supply apparatus comprising a 

distribution module and one or more filter elements in said distribution module. This invention 

further provides alone or in combination with any other aspect(s) or embodiment(s) of the 

invention, a slurry and/or chemical blend supply apparatus comprising an analytical module 

35 and at least one other module (e.g., feed, blend and/or distribution module), at least one of 

said at least one other module comprises piping and one or more sample ports in said piping 

and one or more tubes in fluid communication with said sample ports, each sample port and 
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tube provides slurry (or raw slurry) and/or chemical blend to the analytical module for analysis. 

This invention further provides alone or in combination with any other aspect(s) or 

embodiment(s) of the invention, a slurry and/or chemical blend supply apparatus comprising 

an analytical module and at least one other module (e.g., feed, blend, distribution), said at 

5 least one other module further comprises one or more sample loops that provide slurry and/or 

chemical blend to the analytical module and return it to at least one of the at least one other 

module; the loop may return the slurry and/or chemical blend to the same module that the 

slurry and/or chemical blend came from, alternatively, the loop may return the slurry and/or 

chemical blend to the distribution tank that is presently being used by the apparatus. The 

10 slurry and/or chemical blend apparatus comprises one analytical module for the apparatus 

optionally further comprising if the apparatus comprises a blend module, a liquid particle 

counter and/or a particle size distribution analyzer that may be connected to the feed module. 

The distribution module may comprises one or more than one sample ports and optionally 

comprise one or more than one sample loops to said analytical apparatus. The slurry and/or 

15 chemical blend supply apparatus may comprise a distribution module comprising a pump and 

one or more pressure vessel elements that provide for the continuous flow of slurry and/or 

chemical blend to a global loop. 

[0026] 	A slurry and/or chemical blend supply apparatus comprising, alone or in combination 

with any one or more of the other aspects or embodiments of the invention, a distribution 

20 module comprising one or more global loops and further comprising one or more back 

pressure controllers and pressure sensors on each of the one or more global loops, and 

optionally, one or more flow sensors on each of the one or more global loops. The global loop 

is a circulation loop; the global loop may comprise aspects described for the circulation loop 

(in the feed module) and vice versa. The global loop may be referred to as the global 

25 circulation loop. The global loop may comprise one or more filters or banks of filters or filter 

loops optionally upstream of the tools. This invention further provides alone or in combination 

with any other aspect(s) or embodiment(s) of the invention, a slurry and/or chemical blend 

supply apparatus comprising one or more tanks (for example, a distribution tank and/or feed 

tank), and/or at least one of the one or more tanks comprises one or more level sensors 

30 (optionally ultrasonic level sensors) and/or at least one of the one or more tanks may 

comprise one or more eductors wherein the piping connected to the eductors penetrates the 

wall of the tank near the bottom of the tank. This invention further provides alone or in 

combination with any one or more other aspect(s) or embodiment(s) of the invention, a slurry 

and/or chemical blend supply apparatus comprising a tank comprising a double exit loop. 

35 [0027] 	This invention further provides alone or in combination with any other aspect(s) or 

embodiment(s) of the slurry and/or chemical blend supply apparatus of this invention, a 

process of using a slurry and/or chemical blend supply apparatus comprising the step of 
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tube provides slurry (or raw slurry) and/or chemical blend to the analytical module for analysis. 

This invention further provides alone or in combination with any other aspect(s) or 

embodiment(s) of the invention, a slurry and/or chemical blend supply apparatus comprising 

an analytical module and at least one other module (e.g., feed, blend, distribution), said at 

5 least one other module further comprises one or more sample loops that provide slurry and/or 

chemical blend to the analytical module and return it to at least one of the at least one other 

module; the loop may return the slurry and/or chemical blend to the same module that the 

slurry and/or chemical blend came from, alternatively, the loop may return the slurry and/or 

chemical blend to the distribution tank that is presently being used by the apparatus. The 

10 slurry and/or chemical blend apparatus comprises one analytical module for the apparatus 

optionally further comprising if the apparatus comprises a blend module, a liquid particle 

counter and/or a particle size distribution analyzer that may be connected to the feed module. 

The distribution module may comprises one or more than one sample ports and optionally 

comprise one or more than one sample loops to said analytical apparatus. The slurry and/or 

15 chemical blend supply apparatus may comprise a distribution module comprising a pump and 

one or more pressure vessel elements that provide for the continuous flow of slurry and/or 

chemical blend to a global loop. 

[0026] A slurry and/or chemical blend supply apparatus comprising, alone or in combination 

with any one or more of the other aspects or embodiments of the invention, a distribution 

20 module comprising one or more global loops and further comprising one or more back 

pressure controllers and pressure sensors on each of the one or more global loops, and 

optionally, one or more flow sensors on each of the one or more global loops. The global loop 

is a circulation loop; the global loop may comprise aspects described for the circulation loop 

(in the feed module) and vice versa. The global loop may be referred to as the global 

25 circulation loop. The global loop may comprise one or more filters or banks of filters or filter 

loops optionally upstream of the tools. This invention further provides alone or in combination 

with any other aspect(s) or embodiment(s) of the invention, a slurry and/or chemical blend 

supply apparatus comprising one or more tanks (for example, a distribution tank and/or feed 

tank), and/or at least one of the one or more tanks comprises one or more level sensors 

30 (optionally ultrasonic level sensors) and/or at least one of the one or more tanks may 

comprise one or more eductors wherein the piping connected to the eductors penetrates the 

wall of the tank near the bottom of the tank. This invention further provides alone or in 

combination with any one or more other aspect(s) or embodiment(s) of the invention, a slurry 

and/or chemical blend supply apparatus comprising a tank comprising a double exit loop. 

35 [0027] This invention further provides alone or in combination with any other aspect(s) or 

embodiment(s) of the slurry and/or chemical blend supply apparatus of this invention, a 

process of using a slurry and/or chemical blend supply apparatus comprising the step of 
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pumping raw slurry from a slurry supply container into a feed tank that is part of a feed 

module of a slurry and/or chemical blend supply apparatus. The apparatus of this invention 

may be used to provide (or the process of this invention may further comprise one or more 

steps of providing) raw slurry to a blend module, blend slurry, supply slurry to a global loop, 

used to provide (or providing) blended slurry to one or more CMP or other tools, and/or used 

to provide (or providing) slurry to an analytical module and/or other modules/processes. 

Alternatively or additionally, the apparatus and processes of this invention may be used to 

blend or for blending chemical blend, used to provide or providing chemical blend to a global 

loop, used to provide or providing chemical blend to one or more CMP or other tools, and/or 

10 used to provide or providing chemical blend to an analytical module and/or other 

modules/processes. The apparatus and processes of using a slurry and/or chemical blend 

supply apparatus of this invention may further comprise the step of, alone or in any 

combination with one or more process steps of this invention, pumping the raw slurry in a 

circulation loop from said slurry supply container for a period of time prior to and/or 

15 simultaneously with pumping the raw slurry from the slurry supply container into a feed tank. 

This invention further provides a process comprising the step of, alone or in any combination 

with other one or more process steps of this invention, passing raw slurry through a strainer 

before one or more pumps in the feed module. This invention further provides a process 

comprising the step of, alone or in any combination with one or more other process steps of 

20 this invention, filtering said raw slurry from said slurry supply container prior to and/or 

simultaneously with transporting it into a feed tank of the slurry and/or chemical blend supply 

apparatus of this invention. This invention further provides a process comprising the step of, 

alone or in any combination with one or more other process steps of this invention, filtering 

said raw slurry in a filter loop from and to the slurry supply container prior to transferring the 

25 slurry to the feed tank. This invention further provides a process comprising the step of, alone 

or in any combination with one or more other process steps of this invention, by-passing the 

feed tank and transporting raw slurry to the blend module if there is an urgent demand for raw 

slurry in the blend module of the slurry and/or chemical blend supply apparatus (that cannot 

be met by the raw slurry in the feed tank, if any). This invention further provides a process 

30 comprising the step of, alone or in combination with any one or more other process steps of 

this invention, circulating raw slurry from the feed tank through a circulation loop and back to 

the feed tank. This invention further provides a process comprising the step of, alone or in 

combination with any one or more other process steps of this invention, transferring at least a 

portion of the slurry in the circulation loop of the feed module to a blend module when the 

35 blend module is blending slurry. This invention further provides a process comprising the step 

of, alone or in combination with any one or more other process steps of this invention, 

stopping the transfer of the slurry from the circulation loop in the feed module to the blend 
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pumping raw slurry from a slurry supply container into a feed tank that is part of a feed 

module of a slurry and/or chemical blend supply apparatus. The apparatus of this invention 

may be used to provide (or the process of this invention may further comprise one or more 

steps of providing) raw slurry to a blend module, blend slurry, supply slurry to a global loop, 

5 used to provide (or providing) blended slurry to one or more CMP or other tools, and/or used 

to provide (or providing) slurry to an analytical module and/or other modules/processes. 

Alternatively or additionally, the apparatus and processes of this invention may be used to 

blend or for blending chemical blend, used to provide or providing chemical blend to a global 

loop, used to provide or providing chemical blend to one or more CMP or other tools, and/or 

10 used to provide or providing chemical blend to an analytical module and/or other 

modules/processes. The apparatus and processes of using a slurry and/or chemical blend 

supply apparatus of this invention may further comprise the step of, alone or in any 

combination with one or more process steps of this invention, pumping the raw slurry in a 

circulation loop from said slurry supply container for a period of time prior to and/or 

15 simultaneously with pumping the raw slurry from the slurry supply container into a feed tank. 

This invention further provides a process comprising the step of, alone or in any combination 

with other one or more process steps of this invention, passing raw slurry through a strainer 

before one or more pumps in the feed module. This invention further provides a process 

comprising the step of, alone or in any combination with one or more other process steps of 

20 this invention, filtering said raw slurry from said slurry supply container prior to and/or 

simultaneously with transporting it into a feed tank of the slurry and/or chemical blend supply 

apparatus of this invention. This invention further provides a process comprising the step of, 

alone or in any combination with one or more other process steps of this invention, filtering 

said raw slurry in a filter loop from and to the slurry supply container prior to transferring the 

25 slurry to the feed tank. This invention further provides a process comprising the step of, alone 

or in any combination with one or more other process steps of this invention, by-passing the 

feed tank and transporting raw slurry to the blend module if there is an urgent demand for raw 

slurry in the blend module of the slurry and/or chemical blend supply apparatus (that cannot 

be met by the raw slurry in the feed tank, if any). This invention further provides a process 

30 comprising the step of, alone or in combination with any one or more other process steps of 

this invention, circulating raw slurry from the feed tank through a circulation loop and back to 

the feed tank. This invention further provides a process comprising the step of, alone or in 

combination with any one or more other process steps of this invention, transferring at least a 

portion of the slurry in the circulation loop of the feed module to a blend module when the 

35 blend module is blending slurry. This invention further provides a process comprising the step 

of, alone or in combination with any one or more other process steps of this invention, 

stopping the transfer of the slurry from the circulation loop in the feed module to the blend 
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module when the blend module is not blending slurry, and optionally filtering the slurry while it 

circulates in the circulation loop. This invention further provides a process comprising the 

step of, alone or in combination with any one or more other process steps of this invention, 

filtering the slurry in the circulation loop when the slurry is not being transferred to the blend 

5 module, and not filtering the slurry in the circulation loop when the slurry is being transferred 

to the blend module. This invention further provides a process comprising the step of, alone 

or in any combination with one or more other process steps of this invention, analyzing (using 

one or more analyzing apparatuses) the slurry and/or chemical blend from one or more 

modules (feed, and/or blend and/or distribution) of the slurry and/or chemical blend supply 

10 apparatus. This invention further provides a process comprising the step of, alone or in any 

combination with one or more other process steps of this invention, diluting at least a portion 

of the slurry and/or chemical blend prior to analyzing the slurry and/or chemical blend from 

one or more modules (feed, and/or blend and/or distribution) of the slurry and/or chemical 

blend supply apparatus, said diluting step may provide a single dilution or a double dilution of 

15 the slurry and/or chemical blend. This invention further provides a process comprising the 

step of, alone or in any combination with other one or more process steps of this invention, 

transporting the slurry and/or chemical blend from one or more modules (feed, and/or blend 

and/or distribution) of the slurry and/or chemical blend supply apparatus to an analytical 

module via sample tubes or via sample loops. (The use of the sample loops includes the 

20 additional step of returning the slurry and/or chemical blend to the slurry and/or chemical 

blend supply apparatus, which may be (back) to the same module from which the slurry 

and/or chemical blend was transported to the analytical module). This invention further 

provides a process comprising the step of, alone or in any combination with any one or other 

process steps of this invention, controlling the flow and/or dilution of slurry and/or chemical 

25 blend in said analytical module using one or more pieces of equipment selected from the 

group consisting of: a needle valve, a peristaltic pump, a rotometer and a dilution fixture. 

[0028] 	This invention further provides a process comprising the step of, alone or in any 

combination with any one or other process steps of this invention, transporting slurry and/or 

chemical blend from one or more modules (feed and/or blend and/or distribution) of the slurry 

30 and/or chemical blend supply apparatus to an analytical module and analyzing the slurry 

and/or chemical blend, and optionally diluting the slurry and/or chemical blend prior to 

analyzing, and optionally returning the slurry and/or chemical blend to a module of the slurry 

and/or chemical blend supply apparatus which may be the same module from which the slurry 

and/or chemical blend was transported from. In alternative embodiments, the slurry or 

35 chemical blend may be returned to the distribution tank from the analytical module regardless 

of where in the apparatus the sample of blended slurry or chemical blend was transported 

(drawn) from, or alternatively sent to drain. This invention provides a process comprising the 
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module when the blend module is not blending slurry, and optionally filtering the slurry while it 

circulates in the circulation loop. This invention further provides a process comprising the 

step of, alone or in combination with any one or more other process steps of this invention, 

filtering the slurry in the circulation loop when the slurry is not being transferred to the blend 

5 module, and not filtering the slurry in the circulation loop when the slurry is being transferred 

to the blend module. This invention further provides a process comprising the step of, alone 

or in any combination with one or more other process steps of this invention, analyzing (using 

one or more analyzing apparatuses) the slurry and/or chemical blend from one or more 

modules (feed, and/or blend and/or distribution) of the slurry and/or chemical blend supply 

10 apparatus. This invention further provides a process comprising the step of, alone or in any 

combination with one or more other process steps of this invention, diluting at least a portion 

of the slurry and/or chemical blend prior to analyzing the slurry and/or chemical blend from 

one or more modules (feed, and/or blend and/or distribution) of the slurry and/or chemical 

blend supply apparatus, said diluting step may provide a single dilution or a double dilution of 

15 the slurry and/or chemical blend. This invention further provides a process comprising the 

step of, alone or in any combination with other one or more process steps of this invention, 

transporting the slurry and/or chemical blend from one or more modules (feed, and/or blend 

and/or distribution) of the slurry and/or chemical blend supply apparatus to an analytical 

module via sample tubes or via sample loops. (The use of the sample loops includes the 

20 additional step of returning the slurry and/or chemical blend to the slurry and/or chemical 

blend supply apparatus, which may be (back) to the same module from which the slurry 

and/or chemical blend was transported to the analytical module). This invention further 

provides a process comprising the step of, alone or in any combination with any one or other 

process steps of this invention, controlling the flow and/or dilution of slurry and/or chemical 

25 blend in said analytical module using one or more pieces of equipment selected from the 

group consisting of: a needle valve, a peristaltic pump, a rotometer and a dilution fixture. 

[0028] This invention further provides a process comprising the step of, alone or in any 

combination with any one or other process steps of this invention, transporting slurry and/or 

chemical blend from one or more modules (feed and/or blend and/or distribution) of the slurry 

30 and/or chemical blend supply apparatus to an analytical module and analyzing the slurry 

and/or chemical blend, and optionally diluting the slurry and/or chemical blend prior to 

analyzing, and optionally returning the slurry and/or chemical blend to a module of the slurry 

and/or chemical blend supply apparatus which may be the same module from which the slurry 

and/or chemical blend was transported from. In alternative embodiments, the slurry or 

35 chemical blend may be returned to the distribution tank from the analytical module regardless 

of where in the apparatus the sample of blended slurry or chemical blend was transported 

(drawn) from, or alternatively sent to drain. This invention provides a process comprising the 
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step, alone or in combination with one or more other steps, of drawing slurry and/or chemical 

blend from multiple modules sequentially for analysis by the analytical module and/or 

analytical apparatuses. The measurements made by the analytical module or any analytical 

apparatus or any combination of apparatuses may be used by the controller (computer) for 

5 directing the apparatus to take action based on the measurements, for example, directing raw 

slurry and/or blended slurry and/or partially blended slurry and/or one or more chemical 

component streams and/or partially blended chemical blend and/or a chemical blended 

stream to a waste stream from any module in the apparatus, or directing the slurry to one or 

more filters, or other treatment means, or adjusting the composition in the blend module via 

10 adjusting the flow controllers in the blend module, or adding a metered (timed) amount of one 

or more components to the distribution tank from the blend module or sounding an alarm to 

alert a technician, or continuing normal operation of the apparatus if the measurements are 

within the acceptable ranges or other actions described herein. 

[0029] 	This invention further provides a process comprising the step of, alone or in 

15 combination with any one or more other process steps of this invention using the data 

obtained from the particle size distribution analyzer alone or in any combination with one or 

more of the other analytical data measured for the slurry or chemical blend to perform the 

step of providing slurry and/or chemical blend quality control real time recipe adjustment 

and/or technician notification. The particle data distribution analyzer and any other analytical 

20 data, when measured in the feed module, may provide a threshold control for the raw slurry's 

transfer to the feed tank in the feed module and/or from the feed module to the blend module 

in order to distinguish a good raw slurry batch from a bad raw slurry batch (meaning that the 

number of particles and/or particle size distribution of the slurry particles are not within the 

desired specification). This invention further provides a process comprising the step of, alone 

25 or in combination with any one or more other process steps of this invention, analyzing the 

raw slurry by liquid particle counter or particle size distribution analyzer, checking the results 

against a previously determined acceptable range prior to transferring the slurry to the feed 

tank and/or to the blend module. When the analyzer(s) is/are used alone or in any 

combination to measure raw slurry or blended slurry or chemical blend in the blend module, it 

30 may be used to provide real time adjustment to the recipes being used to minimize process 

variation. When the particle size distribution analyzer and/or other measurements from other 

analytical apparatuses measure the slurry and/or chemical blend in the distribution module, it 

provides a final process control threshold before the raw or blended slurry and/or chemical 

blend is allowed to be transferred to the feed tank from the slurry supply container, or 

35 transferred to the blend module from the feed module or from the slurry supply container, or 

transferred to the distribution module from the blend module or from the analytical module or 

transferred to the global loop and into the planarization or other equipment from the 
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step, alone or in combination with one or more other steps, of drawing slurry and/or chemical 

blend from multiple modules sequentially for analysis by the analytical module and/or 

analytical apparatuses. The measurements made by the analytical module or any analytical 

apparatus or any combination of apparatuses may be used by the controller (computer) for 

5 directing the apparatus to take action based on the measurements, for example, directing raw 

slurry and/or blended slurry and/or partially blended slurry and/or one or more chemical 

component streams and/or partially blended chemical blend and/or a chemical blended 

stream to a waste stream from any module in the apparatus, or directing the slurry to one or 

more filters, or other treatment means, or adjusting the composition in the blend module via 

10 adjusting the flow controllers in the blend module, or adding a metered (timed) amount of one 

or more components to the distribution tank from the blend module or sounding an alarm to 

alert a technician, or continuing normal operation of the apparatus if the measurements are 

within the acceptable ranges or other actions described herein. 

[0029] This invention further provides a process comprising the step of, alone or in 

15 combination with any one or more other process steps of this invention using the data 

obtained from the particle size distribution analyzer alone or in any combination with one or 

more of the other analytical data measured for the slurry or chemical blend to perform the 

step of providing slurry and/or chemical blend quality control real time recipe adjustment 

and/or technician notification. The particle data distribution analyzer and any other analytical 

20 data, when measured in the feed module, may provide a threshold control for the raw slurry's 

transfer to the feed tank in the feed module and/or from the feed module to the blend module 

in order to distinguish a good raw slurry batch from a bad raw slurry batch (meaning that the 

number of particles and/or particle size distribution of the slurry particles are not within the 

desired specification). This invention further provides a process comprising the step of, alone 

25 or in combination with any one or more other process steps of this invention, analyzing the 

raw slurry by liquid particle counter or particle size distribution analyzer, checking the results 

against a previously determined acceptable range prior to transferring the slurry to the feed 

tank and/or to the blend module. When the analyzer(s) is/are used alone or in any 

combination to measure raw slurry or blended slurry or chemical blend in the blend module, it 

30 may be used to provide real time adjustment to the recipes being used to minimize process 

variation. When the particle size distribution analyzer and/or other measurements from other 

analytical apparatuses measure the slurry and/or chemical blend in the distribution module, it 

provides a final process control threshold before the raw or blended slurry and/or chemical 

blend is allowed to be transferred to the feed tank from the slurry supply container, or 

35 transferred to the blend module from the feed module or from the slurry supply container, or 

transferred to the distribution module from the blend module or from the analytical module or 

transferred to the global loop and into the planarization or other equipment from the 
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distribution module or from the blend module. This invention may utilize one or more of the 

above methods to improve the quality of the slurry and/or chemical blend delivered to and 

through the various modules of the apparatus of this invention. 

[0030] 	This invention further provides a process comprising the step of, alone or in any 

5 combination with one or more other process steps of this invention, passing slurry and/or 

chemical blend through a strainer in one or more pipes in the slurry and/or chemical blend 

supply apparatus, for example, flowing the slurry and/or chemical blend through a strainer 

upstream of one or more of the pieces of equipment selected from the group consisting of 

flow controllers, pumps, needle valves, other restricted valves and orifices. This invention 

10 further provides a process comprising the step of, alone or in any combination with one or 

more other process steps of this invention, controlling the flow through a circulation loop (or 

global loop) by measuring a flow rate using a flow sensor and using the measured flow rate to 

adjust a pump speed and/or measuring a pressure and using the pressure in the circulation 

loop or global loop to adjust the pump speed, and/or using a pressure sensor to adjust a back 

15 pressure controller, said back pressure controller being located near the return of the 

circulation loop (or global loop), which may be to a distribution or feed tank and/or a slurry 

supply container. 

[0031] 	This invention further provides a process comprising the step of, alone or in any 

combination with any one or more other process steps of this invention, filtering (using one or 

20 

25 

more filter elements, such as filters or filter banks optionally in a filter loop) the slurry and/or 

chemical blend in one or more modules (for example, feed, and/or blend and/or distribution 

and/or analytical of the slurry and/or chemical blend supply apparatus. This invention further 

provides a process comprising the step of, alone or in any combination with one or more other 

process steps of this invention, filtering slurry and/or chemical blend in a separate filter loop, 

said filter loop comprising a pipe loop, a filter loop pump, and one or more filters in fluid 

communication with the pipe loop, and/or constructing the loop out of stronger piping and 

connections and/or using higher pump pressure and/or filters having smaller pores than if the 

filter were in-line. 

[0032] 	This invention further provides a process comprising the step of, alone or in any 

30 combination with one or more other process steps of this invention, blending at least two or 

more component streams in a slurry and/or chemical blend supply apparatus, the at least two 

or more component streams being selected from the group consisting of raw slurry, water, 

one or more chemical components, one or more chemical components blended with water, a 

partially blended slurry, partially blended chemical blend stream, fully blended slurry or fully 

35 blended chemical blend stream, said process comprising the steps of flowing the at least two 

streams through flow controllers that provide measured amounts of each of the streams to be 

combined and combining the at least two streams to form a single stream, optionally wherein 
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distribution module or from the blend module. This invention may utilize one or more of the 

above methods to improve the quality of the slurry and/or chemical blend delivered to and 

through the various modules of the apparatus of this invention. 

[0030] This invention further provides a process comprising the step of, alone or in any 

5 combination with one or more other process steps of this invention, passing slurry and/or 

chemical blend through a strainer in one or more pipes in the slurry and/or chemical blend 

supply apparatus, for example, flowing the slurry and/or chemical blend through a strainer 

upstream of one or more of the pieces of equipment selected from the group consisting of 

flow controllers, pumps, needle valves, other restricted valves and orifices. This invention 

10 further provides a process comprising the step of, alone or in any combination with one or 

more other process steps of this invention, controlling the flow through a circulation loop (or 

global loop) by measuring a flow rate using a flow sensor and using the measured flow rate to 

adjust a pump speed and/or measuring a pressure and using the pressure in the circulation 

loop or global loop to adjust the pump speed, and/or using a pressure sensor to adjust a back 

15 pressure controller, said back pressure controller being located near the return of the 

circulation loop (or global loop), which may be to a distribution or feed tank and/or a slurry 

supply container. 

[0031] This invention further provides a process comprising the step of, alone or in any 

combination with any one or more other process steps of this invention, filtering (using one or 

20 more filter elements, such as filters or filter banks optionally in a filter loop) the slurry and/or 

chemical blend in one or more modules (for example, feed, and/or blend and/or distribution 

and/or analytical of the slurry and/or chemical blend supply apparatus. This invention further 

provides a process comprising the step of, alone or in any combination with one or more other 

process steps of this invention, filtering slurry and/or chemical blend in a separate filter loop, 

25 said filter loop comprising a pipe loop, a filter loop pump, and one or more filters in fluid 

communication with the pipe loop, and/or constructing the loop out of stronger piping and 

connections and/or using higher pump pressure and/or filters having smaller pores than if the 

filter were in-line. 

[0032] This invention further provides a process comprising the step of, alone or in any 

30 combination with one or more other process steps of this invention, blending at least two or 

more component streams in a slurry and/or chemical blend supply apparatus, the at least two 

or more component streams being selected from the group consisting of raw slurry, water, 

one or more chemical components, one or more chemical components blended with water, a 

partially blended slurry, partially blended chemical blend stream, fully blended slurry or fully 

35 blended chemical blend stream, said process comprising the steps of flowing the at least two 

streams through flow controllers that provide measured amounts of each of the streams to be 

combined and combining the at least two streams to form a single stream, optionally wherein 
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said combining step to form said single stream occurs upstream of the pump within less than 

5 or 2 feet or 1 foot or 6 inches of flowing distance of said single stream to the pump and 

flowing said single stream through the pump. The process above further comprising the step 

of flowing said raw slurry stream through a strainer upstream of said flow controller. The 

5 process above wherein said flowing step and said combining step comprises combining three 

of said component streams. Any process above wherein prior to said combining step is a first 

step of combining at least two of said component streams to form a first partially blended 

slurry and/or first partially blended chemical blend stream. Any of the processes above and 

wherein said first partially blended stream (slurry or chemical blend) is combined in said 

10 combining step. 	Any process above wherein after said first step of combining but before said 

combining step is a second step of combining at least two of said component streams to form 

a second partially blended (slurry and/or chemical blend) stream or a fully blended (slurry 

and/or chemical blend) stream, said combining step therefore becoming a third step of 

combining. Any process above wherein one of said at least two component streams that are 

15 combined in said second step of combining is said first partially blended slurry and/or first 

partially blended chemical blend. Any of the above processes wherein the first step or second 

or first and second or first, second and third steps of combining is (are) within 5 feet or 2 feet 

or 1 foot upstream of said pump. This invention further provides a process comprising the 

step of, alone or in any combination with one or more other process steps of this invention 

20 combining a fully blended slurry or fully blended chemical blend in any one of said first, 

second or third combining steps in said blend module, or in an additional combining step (that 

is fourth or fifth). 	In any of these processes, the finally blended slurry or finally blended 

chemical blend exiting the blend module may be fully blended slurry or fully chemical blend or 

additional fully blended slurry or additional blended chemical blend. The blended slurry or 

25 blended chemical blend combined with other component streams in the blend module may 

come from one or more of the following modules: the analytical module, the blend module and 

the distribution module. Any of the above processes, wherein said step of combining blended 

slurry or blended chemical blend may be preceded by one or more steps selected from the 

group consisting of: filtering said blended slurry or chemical blend, analyzing said blended 

30 slurry or chemical blend, or directing said blended slurry or chemical blend from said 

distribution tank to said blend module. One, two or all three of these streams may be 

continuously directed to the blend module optionally at a steady and controlled flow rate. 	If 

desired, flow controllers or other valves or pumps may be used to provide a steady flow of the 

blended slurry or blended chemical blend to be combined with the other component streams 

35 in the blend module. In any of these processes the blended streams after any of the 

combining steps may be selected from the group consisting of partially blended slurry stream 

or partially blended chemical blend stream (which may be one or more streams of chemical 
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said combining step to form said single stream occurs upstream of the pump within less than 

5 or 2 feet or 1 foot or 6 inches of flowing distance of said single stream to the pump and 

flowing said single stream through the pump. The process above further comprising the step 

of flowing said raw slurry stream through a strainer upstream of said flow controller. The 

5 process above wherein said flowing step and said combining step comprises combining three 

of said component streams. Any process above wherein prior to said combining step is a first 

step of combining at least two of said component streams to form a first partially blended 

slurry and/or first partially blended chemical blend stream. Any of the processes above and 

wherein said first partially blended stream (slurry or chemical blend) is combined in said 

10 combining step. Any process above wherein after said first step of combining but before said 

combining step is a second step of combining at least two of said component streams to form 

a second partially blended (slurry and/or chemical blend) stream or a fully blended (slurry 

and/or chemical blend) stream, said combining step therefore becoming a third step of 

combining. Any process above wherein one of said at least two component streams that are 

15 combined in said second step of combining is said first partially blended slurry and/or first 

partially blended chemical blend. Any of the above processes wherein the first step or second 

or first and second or first, second and third steps of combining is (are) within 5 feet or 2 feet 

or 1 foot upstream of said pump. This invention further provides a process comprising the 

step of, alone or in any combination with one or more other process steps of this invention 

20 combining a fully blended slurry or fully blended chemical blend in any one of said first, 

second or third combining steps in said blend module, or in an additional combining step (that 

is fourth or fifth). In any of these processes, the finally blended slurry or finally blended 

chemical blend exiting the blend module may be fully blended slurry or fully chemical blend or 

additional fully blended slurry or additional blended chemical blend. The blended slurry or 

25 blended chemical blend combined with other component streams in the blend module may 

come from one or more of the following modules: the analytical module, the blend module and 

the distribution module. Any of the above processes, wherein said step of combining blended 

slurry or blended chemical blend may be preceded by one or more steps selected from the 

group consisting of: filtering said blended slurry or chemical blend, analyzing said blended 

30 slurry or chemical blend, or directing said blended slurry or chemical blend from said 

distribution tank to said blend module. One, two or all three of these streams may be 

continuously directed to the blend module optionally at a steady and controlled flow rate. If 

desired, flow controllers or other valves or pumps may be used to provide a steady flow of the 

blended slurry or blended chemical blend to be combined with the other component streams 

35 in the blend module. In any of these processes the blended streams after any of the 

combining steps may be selected from the group consisting of partially blended slurry stream 

or partially blended chemical blend stream (which may be one or more streams of chemical 
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components optionally blended with water and/or raw or blended slurry or other components, 

for example water and raw or blended slurry, or raw or blended slurry and one or more 

chemicals, or two or more chemicals, or chemical and water), fully blended slurry, or fully 

blended chemical blend, or additional fully blended slurry (which is the components of a fully 

5 blended slurry combined with a stream of already fully blended slurry), or additional fully 

blended chemical blend stream (which is the components of a fully blended slurry combined 

with a stream of already fully blended slurry). 

[0033] 	This invention further provides a process comprising the step of, alone or in any 

combination with any one or any combination of other process steps of this invention of 

10 pumping slurry and/or chemical blend through pipes in at least one of the feed, blend, 

analytical and distribution modules or from one module to at least one other module using one 

or more centrifugal pumps, or one or more diaphragm pumps, or one or more peristaltic 

pumps or any combination of pumps. 

[0034] 	This invention further provides a process comprising the step of, alone or in any 

15 combination with any one or any combination of other process steps of this invention, 

analyzing the slurry and/or chemical blend in, of or from, one or more modules (feed, and/or 

blend and/or distribution) of the slurry and/or chemical blend supply apparatus, which may 

occur using one or multiple in-line analytical modules. Such analysis can be used for the 

steps of monitoring and/or controlling the slurry and/or chemical blend via controlling the 

20 slurry and/or chemical blend supply apparatus and/or its individual modules either 

automatically by a controller or manually by a technician. In one such process, alone or in 

combination with any of the other process steps of this invention, said process comprises the 

step of flowing at least a portion of (additional) blended slurry or (additional) chemical blend 

from said blend module into said analytical module, and/or either before or after said flowing 

25 step into said analytical module, the step of flowing said at least a portion of said (additional) 

blended slurry or (additional) chemical blend from said blend module into a treatment means, 

such as a filter. The process of this invention alone or in combination with any one or more of 

the process steps herein, further comprising flowing blended slurry or chemical blend into an 

analytical module comprising one or more analytical apparatuses and analyzing said slurry or 

30 chemical blend. The process of this invention alone or in combination with any one or more of 

the process steps herein, further comprising dosing said distribution tank with one or more 

components in response to the analysis of said blended slurry or chemical blend by said 

analytical apparatuses. The process of this invention alone or in combination with any one or 

more of the process steps herein, further comprising dosing said distribution tank with one or 

35 more components in response to the analysis of said blended slurry or chemical blend by said 

analytical apparatuses by terminating blending in said blend module (if blending is occurring) 

and flowing one or more components from said blend module to said distribution tank, 

-17- 

WO 2014/078398 PCT/US2013/069868 

components optionally blended with water and/or raw or blended slurry or other components, 

for example water and raw or blended slurry, or raw or blended slurry and one or more 

chemicals, or two or more chemicals, or chemical and water), fully blended slurry, or fully 

blended chemical blend, or additional fully blended slurry (which is the components of a fully 

5 blended slurry combined with a stream of already fully blended slurry), or additional fully 

blended chemical blend stream (which is the components of a fully blended slurry combined 

with a stream of already fully blended slurry). 

[0033] This invention further provides a process comprising the step of, alone or in any 

combination with any one or any combination of other process steps of this invention of 

10 pumping slurry and/or chemical blend through pipes in at least one of the feed, blend, 

analytical and distribution modules or from one module to at least one other module using one 

or more centrifugal pumps, or one or more diaphragm pumps, or one or more peristaltic 

pumps or any combination of pumps. 

[0034] This invention further provides a process comprising the step of, alone or in any 

15 combination with any one or any combination of other process steps of this invention, 

analyzing the slurry and/or chemical blend in, of or from, one or more modules (feed, and/or 

blend and/or distribution) of the slurry and/or chemical blend supply apparatus, which may 

occur using one or multiple in-line analytical modules. Such analysis can be used for the 

steps of monitoring and/or controlling the slurry and/or chemical blend via controlling the 

20 slurry and/or chemical blend supply apparatus and/or its individual modules either 

automatically by a controller or manually by a technician. In one such process, alone or in 

combination with any of the other process steps of this invention, said process comprises the 

step of flowing at least a portion of (additional) blended slurry or (additional) chemical blend 

from said blend module into said analytical module, and/or either before or after said flowing 

25 step into said analytical module, the step of flowing said at least a portion of said (additional) 

blended slurry or (additional) chemical blend from said blend module into a treatment means, 

such as a filter. The process of this invention alone or in combination with any one or more of 

the process steps herein, further comprising flowing blended slurry or chemical blend into an 

analytical module comprising one or more analytical apparatuses and analyzing said slurry or 

30 chemical blend. The process of this invention alone or in combination with any one or more of 

the process steps herein, further comprising dosing said distribution tank with one or more 

components in response to the analysis of said blended slurry or chemical blend by said 

analytical apparatuses. The process of this invention alone or in combination with any one or 

more of the process steps herein, further comprising dosing said distribution tank with one or 

35 more components in response to the analysis of said blended slurry or chemical blend by said 

analytical apparatuses by terminating blending in said blend module (if blending is occurring) 

and flowing one or more components from said blend module to said distribution tank, 
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terminating dosing (which may be after dosing for a period of time) and optionally resuming 

blending if or when the distribution tank is calling for more blended slurry of chemical blend. 

[0035] 	The process of this invention alone or in combination with any one or more of the 

process steps herein, further comprising blending slurry or chemical blend by flowing two or 

5 more component streams into a split mixer. 

[0036] 	This invention further provides a process comprising the step of, alone or in any 

combination with any one or any combination of other process steps of this invention, 

pumping or otherwise transporting or flowing blended slurry and/or chemical blend (which 

may be fully blended slurry and/or fully blended chemical blend or additional fully blended 

10 slurry and/or additional fully blended chemical blend) from the blend module to the distribution 

module, the distribution module may comprise a distribution tank for receiving the blended 

slurry and/or chemical blend, and the process may further comprise pumping or otherwise 

transporting or flowing the blended slurry and/or chemical blend from the distribution tank 

through a global loop to one or more CMP or other tools. The process of pumping the slurry 

15 and/or chemical blend around the global loop may further include the step of transporting 

(preferably continuously when the apparatus is in use and slurry and/or chemical blend is 

present in the global loop) at least a portion of the blended slurry and/or chemical blend in the 

global loop back to the one or more distribution tanks, and the process may additionally 

include the step of measuring the pressure is said global loop and/or the flow rate of blended 

20 slurry and/or chemical blend in the global loop and adjusting the speed of the pump and/or the 

back pressure controller in response to the measured pressure and/or flow rate to regulate 

the flow of the blended slurry and/or chemical blend in the global loop. The apparatus may 

communicate the measured pressure and/or flow rate information to a controller for the 

apparatus, and the apparatus (controller) may, based on the measured back pressure in the 

25 global loop and/or the measured level of blended slurry and/or chemical blend in the 

distribution tank perform the step of directing the blend module to blend slurry and/or 

chemical blend or, if the blend module is blending, may direct the flow controllers to 

proportionally increase the flow through the flow controllers in the blend module. 

[0037] 	This invention further provides a process comprising the steps of, alone or in any 

30 combination with any one or any combination of other process steps of this invention, the step 

of providing a slurry and/or chemical blend supply apparatus comprising a distribution module 

comprising first and second distribution tanks and/or first and second pumps and/or first and 

second global loops (all or some of which may be in direct fluid communication in any 

combination and/or at least one or both of the first and second distribution tanks may be in 

35 direct fluid communication with the blend module and/or analytical module); and switching 

from the first to the second distribution tank and/or from the first to the second pump in the 

distribution module and/or from the first to the second global loop. The process comprising 
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terminating dosing (which may be after dosing for a period of time) and optionally resuming 

blending if or when the distribution tank is calling for more blended slurry of chemical blend. 

[0035] The process of this invention alone or in combination with any one or more of the 

process steps herein, further comprising blending slurry or chemical blend by flowing two or 

5 more component streams into a split mixer. 

[0036] This invention further provides a process comprising the step of, alone or in any 

combination with any one or any combination of other process steps of this invention, 

pumping or otherwise transporting or flowing blended slurry and/or chemical blend (which 

may be fully blended slurry and/or fully blended chemical blend or additional fully blended 

10 slurry and/or additional fully blended chemical blend) from the blend module to the distribution 

module, the distribution module may comprise a distribution tank for receiving the blended 

slurry and/or chemical blend, and the process may further comprise pumping or otherwise 

transporting or flowing the blended slurry and/or chemical blend from the distribution tank 

through a global loop to one or more CMP or other tools. The process of pumping the slurry 

15 and/or chemical blend around the global loop may further include the step of transporting 

(preferably continuously when the apparatus is in use and slurry and/or chemical blend is 

present in the global loop) at least a portion of the blended slurry and/or chemical blend in the 

global loop back to the one or more distribution tanks, and the process may additionally 

include the step of measuring the pressure is said global loop and/or the flow rate of blended 

20 slurry and/or chemical blend in the global loop and adjusting the speed of the pump and/or the 

back pressure controller in response to the measured pressure and/or flow rate to regulate 

the flow of the blended slurry and/or chemical blend in the global loop. The apparatus may 

communicate the measured pressure and/or flow rate information to a controller for the 

apparatus, and the apparatus (controller) may, based on the measured back pressure in the 

25 global loop and/or the measured level of blended slurry and/or chemical blend in the 

distribution tank perform the step of directing the blend module to blend slurry and/or 

chemical blend or, if the blend module is blending, may direct the flow controllers to 

proportionally increase the flow through the flow controllers in the blend module. 

[0037] This invention further provides a process comprising the steps of, alone or in any 

30 combination with any one or any combination of other process steps of this invention, the step 

of providing a slurry and/or chemical blend supply apparatus comprising a distribution module 

comprising first and second distribution tanks and/or first and second pumps and/or first and 

second global loops (all or some of which may be in direct fluid communication in any 

combination and/or at least one or both of the first and second distribution tanks may be in 

35 direct fluid communication with the blend module and/or analytical module); and switching 

from the first to the second distribution tank and/or from the first to the second pump in the 

distribution module and/or from the first to the second global loop. The process comprising 
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the steps of, alone or in any combination with any one or any combination of other process 

steps of this invention, providing a slurry and/or chemical blend supply apparatus comprising 

first and/or second distribution tanks, first and second distribution pumps, and first and second 

global loops; and switching the flow of blended slurry and/or chemical blend to and through 

5 the first distribution tank, the first pump, and the first global loop to and through the second 

distribution tank, the second pump and the second global loop that may be in response to first 

distribution tank, first pump and/or first global loop failure or contamination of the first 

distribution tank. The process comprising the steps of, alone or in any combination with any 

one or any combination of other process steps of this invention, providing a slurry and/or 

10 chemical blend supply apparatus comprising first and second distribution tanks, first and 

second distribution pumps, and first and second global loops; and pumping blended slurry 

and/or chemical blend from the first distribution tank via (and through and/or by the action of) 

the first pump to the first global loop, and pumping blended slurry and/or chemical blend from 

the second distribution tank, via (and through and/or by the action of) the second pump to the 

15 second global loop. The blended slurry and/or chemical blend flowing (pumped) through the 

first distribution tank, first pump and first global loop may be the same or different from the 

blended slurry and/or chemical blend flowing (pumped) through the second distribution tank, 

second pump and second global loop. The process may further comprise alone or in any 

combination with any one or any combination of other process steps of this invention blending 

20 the one or more blended slurries and/or one or more chemical blends in the blend module. 

The process may further comprise a blend module that may blend a first blended slurry and/or 

first chemical blend and transport it to the first distribution tank for pumping via (through 

and/or by the action of) the first pump through the first global loop, and may blend a second 

blended slurry and/or second chemical blend and transport it to the second distribution tank 

25 for pumping via (through and/or by the action of) the second pump through the second global 

loop. The process may further comprise controlling the timing and/or volume of the blending 

by the blend module of the first and/or second blended slurry and/or first and/or second 

chemical blend based on the demand of the first and/or second blended slurry and/or first 

and/or second chemical blend by the first global loop and/or second global loop, which may 

30 be controlled by the controller of the apparatus based on variables measured by one or more 

tank level sensors and/or speed of one or more pumps operating in the first or second global 

loops and/or the flow rates measured by one or more flow sensors and/or pressures 

measured by one or more pressure sensors in the global loops and communicated to the 

controller. 	The first and second blended slurries and/or first and second chemical blends 

35 may be the same or different. 	In any of the just described embodiments, the first distribution 

tank may hold a blended slurry, and the second tank may hold a chemical blend. In any of 

the above-described embodiments, the apparatus may comprise only one distribution tank, 
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the steps of, alone or in any combination with any one or any combination of other process 

steps of this invention, providing a slurry and/or chemical blend supply apparatus comprising 

first and/or second distribution tanks, first and second distribution pumps, and first and second 

global loops; and switching the flow of blended slurry and/or chemical blend to and through 

5 the first distribution tank, the first pump, and the first global loop to and through the second 

distribution tank, the second pump and the second global loop that may be in response to first 

distribution tank, first pump and/or first global loop failure or contamination of the first 

distribution tank. The process comprising the steps of, alone or in any combination with any 

one or any combination of other process steps of this invention, providing a slurry and/or 

10 chemical blend supply apparatus comprising first and second distribution tanks, first and 

second distribution pumps, and first and second global loops; and pumping blended slurry 

and/or chemical blend from the first distribution tank via (and through and/or by the action of) 

the first pump to the first global loop, and pumping blended slurry and/or chemical blend from 

the second distribution tank, via (and through and/or by the action of) the second pump to the 

15 second global loop. The blended slurry and/or chemical blend flowing (pumped) through the 

first distribution tank, first pump and first global loop may be the same or different from the 

blended slurry and/or chemical blend flowing (pumped) through the second distribution tank, 

second pump and second global loop. The process may further comprise alone or in any 

combination with any one or any combination of other process steps of this invention blending 

20 the one or more blended slurries and/or one or more chemical blends in the blend module. 

The process may further comprise a blend module that may blend a first blended slurry and/or 

first chemical blend and transport it to the first distribution tank for pumping via (through 

and/or by the action of) the first pump through the first global loop, and may blend a second 

blended slurry and/or second chemical blend and transport it to the second distribution tank 

25 for pumping via (through and/or by the action of) the second pump through the second global 

loop. The process may further comprise controlling the timing and/or volume of the blending 

by the blend module of the first and/or second blended slurry and/or first and/or second 

chemical blend based on the demand of the first and/or second blended slurry and/or first 

and/or second chemical blend by the first global loop and/or second global loop, which may 

30 be controlled by the controller of the apparatus based on variables measured by one or more 

tank level sensors and/or speed of one or more pumps operating in the first or second global 

loops and/or the flow rates measured by one or more flow sensors and/or pressures 

measured by one or more pressure sensors in the global loops and communicated to the 

controller. The first and second blended slurries and/or first and second chemical blends 

35 may be the same or different. In any of the just described embodiments, the first distribution 

tank may hold a blended slurry, and the second tank may hold a chemical blend. In any of 

the above-described embodiments, the apparatus may comprise only one distribution tank, 
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and more than one global loop, wherein each global loop may comprise its own pump. In any 

of the above-described embodiments, the one or more distribution tanks may comprise one or 

more chemical blends therein. This invention further provides a process comprising the steps 

of, alone or in any combination with any one or any combination of other process steps of this 

5 invention of supplying raw slurry to the feed tank and/or the blend module (which may be from 

a slurry supply container to the blend module while bypassing the feed tank) in response to 

demand from the slurry and/or chemical blend supply apparatus for blended slurry in 

distribution module. This invention further provides a process comprising the steps of, alone 

or in any combination with any one or any combination of other process steps of this 

10 invention, increasing or decreasing the speed of the global loop supply pump in response to 

an increase or decrease in the consumption (use) of blended slurry and/or chemical blend by 

the CMP or other tools in fluid communication with the global loop (as measured by flow 

and/or pressure sensors and/or pump speed in the global loop). This invention further 

provides a process comprising the steps of, alone or in any combination with any one or any 

15 combination of other process steps of this invention, blending more or less blended slurry 

and/or chemical blend in the blend module or starting or stopping the blending in the blend 

module when the level sensor in at least one distribution tank indicates an increased or 

decreased need for blended slurry and/or chemical blend. This invention further provides a 

process comprising the steps of, alone or in any combination with any one or any combination 

20 of other process steps of this invention, increasing or decreasing the feed module pump 

speed on the circulation loop when the blend module consumes an increased or decreased 

amount of raw slurry. This invention further provides a process comprising the steps of, alone 

or in any combination with any one or more other process steps of this invention, operating 

the slurry and/or chemical blend supply apparatus such that the feed module and/or blend 

25 module and/or distribution module and/or analytical module are continuously transporting 

(and/or circulating and/or blending and/or analyzing) at least some slurry and/or chemical 

blend through most of the pipes, tanks, and other parts and equipment of the slurry and/or 

chemical blend supply apparatus when slurry and/or chemical blend is being supplied to the 

global loop. (Most of the pipes, tanks and other parts means more than 50%, or more than 

30 75%, or more than 90%, or more than 95%, of the total linear flowing distance (measuring the 

shortest distance through a tank or equipment) of the slurry and/or chemical blend (that slurry 

and/or chemical blend flow through) through the slurry and/or chemical blend supply 

apparatus, excluding redundant modules or parts that are not in use or on-line.) 	The process 

of this invention, further comprises, even if the blend module stops blending, the steps of 

35 continuing to circulate raw slurry in the circulation loop in the feed module and continuing to 

circulate the blended slurry and/or chemical blend in the one or more global loops in the 

distribution module. This invention further provides a process comprising the steps of, alone 

-20- 

WO 2014/078398 PCT/US2013/069868 

and more than one global loop, wherein each global loop may comprise its own pump. In any 

of the above-described embodiments, the one or more distribution tanks may comprise one or 

more chemical blends therein. This invention further provides a process comprising the steps 

of, alone or in any combination with any one or any combination of other process steps of this 

5 invention of supplying raw slurry to the feed tank and/or the blend module (which may be from 

a slurry supply container to the blend module while bypassing the feed tank) in response to 

demand from the slurry and/or chemical blend supply apparatus for blended slurry in 

distribution module. This invention further provides a process comprising the steps of, alone 

or in any combination with any one or any combination of other process steps of this 

10 invention, increasing or decreasing the speed of the global loop supply pump in response to 

an increase or decrease in the consumption (use) of blended slurry and/or chemical blend by 

the CMP or other tools in fluid communication with the global loop (as measured by flow 

and/or pressure sensors and/or pump speed in the global loop). This invention further 

provides a process comprising the steps of, alone or in any combination with any one or any 

15 combination of other process steps of this invention, blending more or less blended slurry 

and/or chemical blend in the blend module or starting or stopping the blending in the blend 

module when the level sensor in at least one distribution tank indicates an increased or 

decreased need for blended slurry and/or chemical blend. This invention further provides a 

process comprising the steps of, alone or in any combination with any one or any combination 

20 of other process steps of this invention, increasing or decreasing the feed module pump 

speed on the circulation loop when the blend module consumes an increased or decreased 

amount of raw slurry. This invention further provides a process comprising the steps of, alone 

or in any combination with any one or more other process steps of this invention, operating 

the slurry and/or chemical blend supply apparatus such that the feed module and/or blend 

25 module and/or distribution module and/or analytical module are continuously transporting 

(and/or circulating and/or blending and/or analyzing) at least some slurry and/or chemical 

blend through most of the pipes, tanks, and other parts and equipment of the slurry and/or 

chemical blend supply apparatus when slurry and/or chemical blend is being supplied to the 

global loop. (Most of the pipes, tanks and other parts means more than 50%, or more than 

30 75%, or more than 90%, or more than 95%, of the total linear flowing distance (measuring the 

shortest distance through a tank or equipment) of the slurry and/or chemical blend (that slurry 

and/or chemical blend flow through) through the slurry and/or chemical blend supply 

apparatus, excluding redundant modules or parts that are not in use or on-line.) The process 

of this invention, further comprises, even if the blend module stops blending, the steps of 

35 continuing to circulate raw slurry in the circulation loop in the feed module and continuing to 

circulate the blended slurry and/or chemical blend in the one or more global loops in the 

distribution module. This invention further provides a process comprising the steps of, alone 
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or in any combination with one or more other process steps of this invention of flowing slurry 

and/or chemical blend into a tank by passing the slurry and/or chemical blend through an 

eductor. This invention further provides a process comprising, alone or in any combination 

with one or more of other process steps of this invention, when the apparatus is operating and 

5 slurry or chemical blend is present in a distribution and/or feed tank at or above a certain 

level, the step of continuously returning fluid to a tank from a global loop or circulation loop. 

This invention further provides a process comprising the step of, alone or in any combination 

with any one or more process steps of this invention, controlling the pressure in a circulation 

loop (including a global loop) using a back pressure controller. This invention further provides 

10 

15 

a process comprising the step of, alone or in any combination with any one or any 

combination of other process steps of this invention, transporting slurry and/or chemical blend 

from the exit opening at the bottom of each tank through a circulation loop including a global 

loop) to the return pipe to the tank, and/or flowing the slurry and/or chemical blend out of one 

or more eductors located at the end of the return pipe inside the tank. In any embodiment, 

each of the circulation loops provides for substantially continuous or near continuous mixing 

and moving of the slurry and/or chemical blend so that no detrimental settlement of the slurry 

and/or separation of the components of the chemical blend occurs. This invention further 

provides alone or in combination with any other aspect(s) or embodiment(s) of the invention, a 

process comprising the step of flowing slurry and/or chemical blend out of the exit opening at 

20 the bottom of a tank into a double line exit loop and/or the additional step of flowing the slurry 

and/or chemical blend to a pump. 

[0038] 	This invention further provides alone or in combination with any one or more process 

steps of the invention, a process comprising the step of redirecting the flow of at least a 

portion of a slurry or chemical blend stream using a restricted orifice and a three-way valve 

25 which optionally may be used for directing at least a portion of a slurry or chemical blend 

stream into an analytical module. 

[0039] 	This invention further provides alone or in combination with any one or more process 

steps of the invention, a process comprising the step of pumping slurry or chemical blend from 

a distribution tank into one or more pressure vessel elements (each pressure vessel element 

30 comprising one or more pressure vessels). This invention further provides alone or in 

combination with any one or more process steps of the invention, a process comprising the 

step of maintaining the one or more pressure vessel elements (one or more pressure vessels) 

under a constant elevated pressure via a pressure regulator and connection to a pressurized 

gas source. This invention further provides alone or in combination with any one or more 

35 process steps of the invention, continuously pumping the slurry or chemical blend from a 

distribution tank at a pressure greater than the pressure in the one or more pressure vessel 

elements (one or more pressure vessels) to continuously supply the one or more pressure 
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or in any combination with one or more other process steps of this invention of flowing slurry 

and/or chemical blend into a tank by passing the slurry and/or chemical blend through an 

eductor. This invention further provides a process comprising, alone or in any combination 

with one or more of other process steps of this invention, when the apparatus is operating and 

5 slurry or chemical blend is present in a distribution and/or feed tank at or above a certain 

level, the step of continuously returning fluid to a tank from a global loop or circulation loop. 

This invention further provides a process comprising the step of, alone or in any combination 

with any one or more process steps of this invention, controlling the pressure in a circulation 

loop (including a global loop) using a back pressure controller. This invention further provides 

10 a process comprising the step of, alone or in any combination with any one or any 

combination of other process steps of this invention, transporting slurry and/or chemical blend 

from the exit opening at the bottom of each tank through a circulation loop including a global 

loop) to the return pipe to the tank, and/or flowing the slurry and/or chemical blend out of one 

or more eductors located at the end of the return pipe inside the tank. In any embodiment, 

15 each of the circulation loops provides for substantially continuous or near continuous mixing 

and moving of the slurry and/or chemical blend so that no detrimental settlement of the slurry 

and/or separation of the components of the chemical blend occurs. This invention further 

provides alone or in combination with any other aspect(s) or embodiment(s) of the invention, a 

process comprising the step of flowing slurry and/or chemical blend out of the exit opening at 

20 the bottom of a tank into a double line exit loop and/or the additional step of flowing the slurry 

and/or chemical blend to a pump. 

[0038] This invention further provides alone or in combination with any one or more process 

steps of the invention, a process comprising the step of redirecting the flow of at least a 

portion of a slurry or chemical blend stream using a restricted orifice and a three-way valve 

25 which optionally may be used for directing at least a portion of a slurry or chemical blend 

stream into an analytical module. 

[0039] This invention further provides alone or in combination with any one or more process 

steps of the invention, a process comprising the step of pumping slurry or chemical blend from 

a distribution tank into one or more pressure vessel elements (each pressure vessel element 

30 comprising one or more pressure vessels). This invention further provides alone or in 

combination with any one or more process steps of the invention, a process comprising the 

step of maintaining the one or more pressure vessel elements (one or more pressure vessels) 

under a constant elevated pressure via a pressure regulator and connection to a pressurized 

gas source. This invention further provides alone or in combination with any one or more 

35 process steps of the invention, continuously pumping the slurry or chemical blend from a 

distribution tank at a pressure greater than the pressure in the one or more pressure vessel 

elements (one or more pressure vessels) to continuously supply the one or more pressure 
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vessel elements with slurry or chemical blend, when said one or more pressure vessel 

elements (one or more pressure vessels) are continuously supplying one or more global loops 

with slurry or chemical blend. This invention further provides alone or in combination with any 

one or more process steps of the invention, switching from the supply by a first pump to a first 

5 pressure vessel element to the supply by a second pump to a second pressure vessel 

element in a distribution module to supply one or more global loops with slurry or chemical 

blend, preferably the first pump and first pressure vessel element supply the same global loop 

as the second pump and the second pressure vessel element. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS 

10 [0040] 	Figures 1A, 1B and 1C is one embodiment of a slurry and/or chemical blend supply 

apparatus of this invention comprising one or more of the following modules: feed module, 

blend module, analytical module and distribution module. Figure 1A shows one embodiment 

of the feed module. Figure 1B shows one embodiment of each of the blend module and 

analytical module. 	Figure 1C shows one embodiment of the distribution module. 

15 [0041] 	Figure 2 is an alternative embodiment of a feed module useful in a slurry and/or 

chemical blend supply apparatus of this invention. 

[0042] 	Figure 3 is an alternative embodiment of a blend module useful in a slurry and/or 

chemical blend supply apparatus of this invention. 

[0043] 	Figure 4 is an alternative embodiment of a blend module useful in a slurry and/or 

20 chemical blend supply apparatus of this invention, also showing an analytical module and part 

of a distribution module useful in a slurry and/or chemical blend supply apparatus of this 

invention. 

[0044] 	Figure 5 shows an alternative embodiment of the blend module and analytical 

module and related piping. 

25 [0045] 	Figure 6 shows an alternative embodiment of the distribution module useful in the 

slurry and/or chemical blend supply apparatus of this invention. 

[0046] 	Figure 7 shows a top-view of a tank that may be used in the apparatus and method 

of this invention as either the feed tank or the distribution tank. 

[0047] 	Figure 8 shows a cross-sectional side view of tank taken along line Y-Y' on Figure 7. 

30 [0048] 	Figure 9 is an eductor useful in this invention. 

[0049] 	Figure 10 is a strainer that is useful in this invention. 

[0050] 	Figure 11 shows an in-line analytical module comprising an analytical package and a 

sample loop to the analytical module. 

[0051] 	Figure 12 shows an in-line analytical module comprising an analytical apparatus. 

35 [0052] 	Figure 13 shows an in-line analytical module comprising an analytical apparatus and 

a single dilution of a slurry and/or chemical blend sample. 

-22- 

WO 2014/078398 PCT/US2013/069868 

vessel elements with slurry or chemical blend, when said one or more pressure vessel 

elements (one or more pressure vessels) are continuously supplying one or more global loops 

with slurry or chemical blend. This invention further provides alone or in combination with any 

one or more process steps of the invention, switching from the supply by a first pump to a first 

5 pressure vessel element to the supply by a second pump to a second pressure vessel 

element in a distribution module to supply one or more global loops with slurry or chemical 

blend, preferably the first pump and first pressure vessel element supply the same global loop 

as the second pump and the second pressure vessel element. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS 

10 [0040] Figures 1A, 1B and 1C is one embodiment of a slurry and/or chemical blend supply 

apparatus of this invention comprising one or more of the following modules: feed module, 

blend module, analytical module and distribution module. Figure 1A shows one embodiment 

of the feed module. Figure 1B shows one embodiment of each of the blend module and 

analytical module. Figure 1C shows one embodiment of the distribution module. 

15 [0041] Figure 2 is an alternative embodiment of a feed module useful in a slurry and/or 

chemical blend supply apparatus of this invention. 

[0042] Figure 3 is an alternative embodiment of a blend module useful in a slurry and/or 

chemical blend supply apparatus of this invention. 

[0043] Figure 4 is an alternative embodiment of a blend module useful in a slurry and/or 

20 chemical blend supply apparatus of this invention, also showing an analytical module and part 

of a distribution module useful in a slurry and/or chemical blend supply apparatus of this 

invention. 

[0044] Figure 5 shows an alternative embodiment of the blend module and analytical 

module and related piping. 

25 [0045] Figure 6 shows an alternative embodiment of the distribution module useful in the 

slurry and/or chemical blend supply apparatus of this invention. 

[0046] Figure 7 shows a top-view of a tank that may be used in the apparatus and method 

of this invention as either the feed tank or the distribution tank. 

[0047] Figure 8 shows a cross-sectional side view of tank taken along line Y-Y' on Figure 7. 

30 [0048] Figure 9 is an eductor useful in this invention. 

[0049] Figure 10 is a strainer that is useful in this invention. 

[0050] Figure 11 shows an in-line analytical module comprising an analytical package and a 

sample loop to the analytical module. 

[0051] Figure 12 shows an in-line analytical module comprising an analytical apparatus. 

35 [0052] Figure 13 shows an in-line analytical module comprising an analytical apparatus and 

a single dilution of a slurry and/or chemical blend sample. 
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[0053] 	Figure 14 shows an in-line analytical module comprising an analytical apparatus and 

two dilutions of a slurry and/or chemical blend sample. 

[0054] 	Figure 15 shows a dilution fixture useful in an in-line analytical module having dilution 

of the slurry and/or chemical blend. 

5 [0055] 	Figure 16 shows a double line exit loop from the bottom of a tank. 

[0056] 	Figure 17 shows an alternative embodiment of the blend module, analytical module 

and part of the distribution module useful in the slurry and/or chemical blend supply apparatus 

of this invention. 

[0057] 	Figure 18 shows an embodiment of a split mixer of a blend module useful in the 

10 slurry and/or chemical blend supply apparatus of this invention. 

[0058] 	Figure 19 shows an alternative embodiment of a part of a distribution module useful 

in the slurry and/or chemical blend supply apparatus of this invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0059] 	This description of illustrative embodiments is intended to be read in connection with 

15 the accompanying drawings, which are to be considered part of the entire written description. 

In the description of embodiments disclosed herein, any reference to direction or orientation is 

merely intended for convenience of description and may not limit the scope of the present 

invention. Relative terms such as "lower," "upper," "horizontal," "vertical,", "above," "below," 

"up," "down," "top" and "bottom" as well as derivative thereof (e.g., "horizontally," 

20 "downwardly," "upwardly," etc.) should be construed to refer to the orientation as then 

described or as shown in the drawing under discussion. These relative terms are for 

convenience of description only and may not require that the apparatus be constructed or 

operated in a particular orientation unless otherwise stated. Terms such as "attached," 

"affixed," "connected" and "interconnected," refer to a relationship wherein structures are 

25 secured or attached to one another either directly or indirectly through intervening structures, 

as well as both movable or rigid attachments or relationships, unless expressly described 

otherwise. The term "adjacent" as used herein to describe the relationship between 

structures/components includes both direct contact between the respective 

structures/components referenced and the presence of other intervening 

30 structures/components between respective structures/components. Moreover, the features 

and benefits of the invention are illustrated by reference to the preferred embodiments. 

Accordingly, the invention expressly should not be limited to such preferred embodiments 

illustrating some possible non-limiting combination of features that may exist alone or in other 

combinations of features; the scope of the invention being defined by the claims appended 

35 hereto. 
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[0060] 	As used herein and in the claims, the terms "comprising," "comprises," "including," 

and "includes" are inclusive or open-ended and do not exclude additional unrecited elements, 

composition components, or method steps. Accordingly, these terms encompass the more 

restrictive terms "consisting essentially of and "consisting of." 	Therefore, any use of the 

5 open-ended terms can be read as including "consisting essentially of" and "consisting of" 

although it may not be explicitly stated. 

[0061] 	As used herein, the terms "line," "piping," "pipe," "tube," and "tubing" are used 

interchangeably and refer to any type, size, or configuration of flow conduit conventionally 

used in the art for transporting liquids (including slurries) and/or gaseous materials and 

10 combinations thereof. Additionally those terms may or may not include multiple pipe sections 

that also may or may not have in-line devices installed therein, such devices include pumps, 

flow sensors, pressure sensors, valves, apparatuses and the like. (The term "in-line" means 

that the one or more devices are in fluid communication with each other. The term "off-line" 

means that a device is not in fluid communication with any module of the slurry and/or 

15 chemical blend supply apparatus and is separate from or separated from the slurry and/or 

chemical blend supply apparatus. Alternatively an in-line device can temporarily be off-line 

when the valves in fluid communication and to and/or from the device are closed and/or when 

a bypass line directing the flow of a stream away from the device is opened, for example, 

when the part is being repaired or replaced.) If pipes are connected to each other or other 

20 elements such as pumps, filters, modules etc, of this invention, the term "in fluid 

communication" can be substituted for "connected" and vice-versa, although the connection 

may be direct or indirect. 	In most places in this application, the use of line, piping and tubing 

may refer to per fluoro alkoxy (PFA), stainless steel (SS) or polyethylene (PE) tubing having 

an outside diameter of between from 1/8 inch to 1 inch, except where described differently. 

25 Useful tubing is commercially available from Entegris, Finger Lakes Extrusion, Swagelok, 

Cardinal, Marco Tubing and Valex. The connections between the tubing may be made from 

the same materials listed above for the tubes and are also commercially available. If an 

apparatus is going to blend slurries or chemical blends having very high pH (for example, 

greater than 10) or very low pH (for example, less than 4), then the parts of the apparatus that 

30 will contact the chemicals having very high or very low pH will be Teflon-coated parts, for 

example, pipes, tubing, tanks, valves, etc. Such parts are available from the same providers 

listed above. 

[0062] 	Any reference to "slurry" unless otherwise specified or apparent from the context 

includes raw slurry, blended slurry, fully blended slurry, additional blended slurry, or already 

35 blended slurry. 	Any reference to "blended slurry" unless otherwise specified includes 

blended slurry, fully blended slurry, additional blended slurry, or already blended slurry. Any 

reference to "chemical blend" unless otherwise specified or apparent from the context 
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includes chemical blend, fully blended chemical blend, additional blended chemical blend or 

already blended chemical blend. Blended slurry and fully blended slurry refer to the same 

thing. Chemical blend and fully blended chemical blend refer to the same thing. 

[0063] 	To make the solenoid manifold in the apparatus more robust, a custom metal 

5 connector may be used to connect the polymer tubing for the supply of the pressurized air to 

the solenoid manifold and to connect the return tubing of the pressurized air from the solenoid 

manifold. The invention provides a slurry and/or chemical blend supply apparatus using such 

a solenoid manifold. 

[0064] 	As used herein and in the claims, the term "filter element" includes one or more 

10 filters in one or more housings. The term "filter bank" is used to describe more than one filter 

in a single housing, more than one filter or filter banks in series or more than one filter in a 

parallel arrangement meaning that there are at least two filters or at least two filter banks, 

each having a separate line upstream and downstream of at least one filter or at least one 

filter bank and at least one valve either upstream or downstream, preferably at least 

15 upstream, more preferably upstream and downstream of at least one filter or at least one filter 

bank, the separate lines to each of the at least one of the at least two filters or filter banks are 

in fluid communication with at least the same upstream line and optionally the same line 

downstream of the parallel filters or filter banks. The valves provide for the isolation of the 

filters, so they can be taken off-line and changed. A filter element may also be include a filter 

20 or filter element in a filter loop wherein the filter loop comprises at least one filter or filter bank 

that may be in a serial or parallel arrangement and a pump. A filter bank is two or more, for 

example two to five filters that are closely connected and may be in a single filter housing. 

[0065] 	Referring to Figures 1A, 1B and 1C, a slurry and/or chemical blend supply apparatus 

20 according to one embodiment of the present invention is shown comprising slurry and/or 

25 chemical blend feed module 100, blend module 200, optional analytical module 300 and 

distribution module 400. Alternatively the slurry and/or chemical blend supply apparatus may 

comprise each of the modules or aspects of the modules described below either alone or in 

any combination. For example, the apparatus may comprise blend module, distribution 

module and optional analytical module, particularly if it is a chemical blend supply apparatus 

30 (meaning no feed module). 

[0066] 	For many commercially available slurries, the slurry must be kept moving at a 

minimum flow rate. If not, the force of gravity will cause the slurry and/or chemical blend 

particles to fall out of suspension. The minimum flow rate is dependent upon the type of 

slurry particles and for some may be greater than 0.2 ft/sec, for others between from 2.5 to 10 

35 ft/sec, and for other about 3.5 +/- 1 ft/sec through the tubes. The apparatus of this invention 

comprises pumps, circulation loops, tanks, pipes, valves and eductors to keep large quantities 

of slurry and/or chemical blend moving and the slurry particles in suspension and ready for 
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includes chemical blend, fully blended chemical blend, additional blended chemical blend or 

already blended chemical blend. Blended slurry and fully blended slurry refer to the same 

thing. Chemical blend and fully blended chemical blend refer to the same thing. 

[0063] To make the solenoid manifold in the apparatus more robust, a custom metal 

5 connector may be used to connect the polymer tubing for the supply of the pressurized air to 

the solenoid manifold and to connect the return tubing of the pressurized air from the solenoid 

manifold. The invention provides a slurry and/or chemical blend supply apparatus using such 

a solenoid manifold. 

[0064] As used herein and in the claims, the term "filter element" includes one or more 

10 filters in one or more housings. The term "filter bank" is used to describe more than one filter 

in a single housing, more than one filter or filter banks in series or more than one filter in a 

parallel arrangement meaning that there are at least two filters or at least two filter banks, 

each having a separate line upstream and downstream of at least one filter or at least one 

filter bank and at least one valve either upstream or downstream, preferably at least 

15 upstream, more preferably upstream and downstream of at least one filter or at least one filter 

bank, the separate lines to each of the at least one of the at least two filters or filter banks are 

in fluid communication with at least the same upstream line and optionally the same line 

downstream of the parallel filters or filter banks. The valves provide for the isolation of the 

filters, so they can be taken off-line and changed. A filter element may also be include a filter 

20 or filter element in a filter loop wherein the filter loop comprises at least one filter or filter bank 

that may be in a serial or parallel arrangement and a pump. A filter bank is two or more, for 

example two to five filters that are closely connected and may be in a single filter housing. 

[0065] Referring to Figures 1A, 1B and 1C, a slurry and/or chemical blend supply apparatus 

20 according to one embodiment of the present invention is shown comprising slurry and/or 

25 chemical blend feed module 100, blend module 200, optional analytical module 300 and 

distribution module 400. Alternatively the slurry and/or chemical blend supply apparatus may 

comprise each of the modules or aspects of the modules described below either alone or in 

any combination. For example, the apparatus may comprise blend module, distribution 

module and optional analytical module, particularly if it is a chemical blend supply apparatus 

30 (meaning no feed module). 

[0066] For many commercially available slurries, the slurry must be kept moving at a 

minimum flow rate. If not, the force of gravity will cause the slurry and/or chemical blend 

particles to fall out of suspension. The minimum flow rate is dependent upon the type of 

slurry particles and for some may be greater than 0.2 ft/sec, for others between from 2.5 to 10 

35 ft/sec, and for other about 3.5 +/-1 ft/sec through the tubes. The apparatus of this invention 

comprises pumps, circulation loops, tanks, pipes, valves and eductors to keep large quantities 

of slurry and/or chemical blend moving and the slurry particles in suspension and ready for 

-25-



WO 2014/078398 	 PCT/US2013/069868 

blending if raw slurry, or, if already blended slurry or chemical blend, ready for use by the 

CMP or other tools. The apparatus further comprises the means via level sensors, pressure 

sensors and flow sensors and a controller that controls pump speeds, valve openings and 

flow controllers to respond to the fab's needs, that is, to deliver the blended slurry and/or 

5 chemical blend to and make blended slurry and/or chemical blend as needed by the CMP 

tools. Additionally the slurry and/or chemical blend supply apparatus of the invention 

comprises one or more in-line analytical modules comprising analytical tools (also referred to 

as analytical apparatuses) to check periodically or continuously and quickly to be sure that the 

specifications (or characteristics) of the slurry and/or chemical blend are within the desired 

10 ranges so that any adjustments can be made before a large quantity of out-of-specification 

slurry and/or chemical blend is made. The analytical module may comprise one or more 

analytical apparatuses and the piping to and/or from the analytical module. The terms 

analytical package and analytical module may be used interchangeably. Additionally the 

invention provides a slurry and/or chemical blend supply apparatus comprising one or more 

15 in-line filter elements to remove slurry particles that are too large (out of specification), again, 

so that a large (or as-needed) supply of in-specification blended slurry having the desired 

particle sizes is ready for use by the CMP tools in a fab, and for removing any particles 

(impurities) above a maximum allowable size from a chemical blend so that a large supply of 

in-specification chemical blend not having any particles above a maximum allowable size 

20 therein is ready for use by the tools requiring the chemical blend. 

[0067] 	The slurry feed module 100 will be described in reference to Figures 1A and 2. The 

slurry feed module 100 comprises at least one slurry transfer pump 31 for removing slurry 

from one or more slurry supply containers 30A, 30B. The slurry feed module 100 further 

comprises one or more raw slurry day tanks also referred to as slurry feed tanks or feed tanks 

25 80 (one shown) in fluid communication with the one or more slurry transfer pumps for 

receiving the raw slurry removed by the suction provided by the one or more slurry transfer 

pumps 31 (one shown) from the supply containers 30A, 30B. 	The slurry feed module 100 

can draw slurry from one or more slurry supply containers 30A, 30B. Typically raw slurry is 

supplied in drums or totes. The drums typically hold 55 gallons, the totes comprise 300 

30 gallons; therefore, the slurry supply containers are typically from 55 to 300 gallons, however, 

the slurry supply containers can be any size. The term "slurry supply container" shall be used 

herein, and it is understood that the containers can be drums or totes or other types or sizes 

of containers. Typically the slurry supply containers have openings only on the top, thereby 

typically requiring a pump that can lift the slurry out of the slurry supply container. The slurry 

35 feed module 100 of the slurry and/or chemical blend supply apparatus 20 comprises one or 

more pipes or connections 29A, 29B that are attached or otherwise placed into the containers 

typically through an opening at the top of the slurry supply containers 30A, 30B. The pipe or 
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blending if raw slurry, or, if already blended slurry or chemical blend, ready for use by the 
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invention provides a slurry and/or chemical blend supply apparatus comprising one or more 

15 in-line filter elements to remove slurry particles that are too large (out of specification), again, 

so that a large (or as-needed) supply of in-specification blended slurry having the desired 

particle sizes is ready for use by the CMP tools in a fab, and for removing any particles 

(impurities) above a maximum allowable size from a chemical blend so that a large supply of 

in-specification chemical blend not having any particles above a maximum allowable size 

20 therein is ready for use by the tools requiring the chemical blend. 

[0067] The slurry feed module 100 will be described in reference to Figures 1A and 2. The 

slurry feed module 100 comprises at least one slurry transfer pump 31 for removing slurry 

from one or more slurry supply containers 30A, 30B. The slurry feed module 100 further 

comprises one or more raw slurry day tanks also referred to as slurry feed tanks or feed tanks 

25 80 (one shown) in fluid communication with the one or more slurry transfer pumps for 

receiving the raw slurry removed by the suction provided by the one or more slurry transfer 

pumps 31 (one shown) from the supply containers 30A, 30B. The slurry feed module 100 

can draw slurry from one or more slurry supply containers 30A, 30B. Typically raw slurry is 

supplied in drums or totes. The drums typically hold 55 gallons, the totes comprise 300 

30 gallons; therefore, the slurry supply containers are typically from 55 to 300 gallons, however, 

the slurry supply containers can be any size. The term "slurry supply container" shall be used 

herein, and it is understood that the containers can be drums or totes or other types or sizes 

of containers. Typically the slurry supply containers have openings only on the top, thereby 

typically requiring a pump that can lift the slurry out of the slurry supply container. The slurry 

35 feed module 100 of the slurry and/or chemical blend supply apparatus 20 comprises one or 

more pipes or connections 29A, 29B that are attached or otherwise placed into the containers 

typically through an opening at the top of the slurry supply containers 30A, 30B. The pipe or 
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connections 29A, 29B are sized so that the opening of the pipe (where the slurry enters the 

pipe) which is located at the end of the pipe is located at or just above (for example one inch 

or less or within 3 inches above) the bottom of the slurry supply containers 30A and 30B. The 

slurry and/or chemical blend supply containers 30A, 30B preferably are not pressurized, are 

5 at atmospheric pressure, and may be open to the atmosphere so that the pump does not 

create a vacuum inside the containers 30A, 30B as the slurry is drawn from the containers. 

The containers may have a lid with an optional filter screen (not shown) thereon to allow for 

the flow of filtered, dust-free (clean) air into the in-line slurry container. Additionally, as shown 

in Figure 1A, in the lines 29A, 29B are strainer components 39A, 39B which capture any 

10 debris that may be present or may fall into the slurry supply containers. One embodiment of 

the strainer component is shown in greater detail in Figure 10. 

[0068] 	Figure 10 shows one embodiment of a strainer component 1200 in cutaway to show 

the filter 1211 in a housing 1210 that may be connected and used in lines 29A and 29B in the 

feed module as shown in Figure 1A. Alternatively or additionally one or more strainer 

15 components can be connected and used in one or more lines in one or more of any of the 

modules (blend, analytical, distribution) of the apparatus. The strainer component comprises 

a strainer, filter, netting or mesh to capture the debris and preferably has a large enough 

mesh, filter or other opening size and component flow area and/or flow volume to provide for 

relatively unhampered and unrestricted flow, meaning that there is only a relatively small 

20 pressure drop (e.g. less than 1 psi) through the strainer component. Additionally, the strainer 

component 1200 may comprise a housing 1210 that defines a flow area and flow volume that 

may be larger than the flow area and flow volume of the tubing of the same length L that is 

connected to the strainer component and provides for the flow of the slurry and/or chemical 

blend to and through the strainer component 1200. The strainer component comprises a fluid 

25 inlet 1215 and fluid outlet 1216 that are each connected to the pipe (not shown in Figure 10) 

that transports the fluid to and from the strainer component 1200. The strainer component 

1200 as shown further comprises a cylinder shaped filter 1211 and optional one or more 

internal flow directors 1212 that direct the flow of the slurry and/or chemical blend through the 

filter 1211 through the fluid outlet 1216 and to the pipe downstream of the strainer component 

30 1200. As shown, the strainer component 1200 has a trap 1213 into which the filter 1211 may 

be extended. The trap 1213 also provides room to hold (larger) debris and a threaded clean-

out cap 1214 for cleaning out any debris that is present in the slurry and/or chemical blend 

that passes through the fluid inlet 1215 but does not pass through the filter 1211. 

[0069] 	In one aspect of this invention, this invention provides a slurry and/or chemical blend 

35 supply apparatus comprising one or more optional strainer components. 	The strainer 

components can be used in any one or more of the modules, in any embodiment of the slurry 

and/or chemical blend supply apparatus of this invention. 	It is beneficial to add a strainer 
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connections 29A, 29B are sized so that the opening of the pipe (where the slurry enters the 

pipe) which is located at the end of the pipe is located at or just above (for example one inch 

or less or within 3 inches above) the bottom of the slurry supply containers 30A and 30B. The 

slurry and/or chemical blend supply containers 30A, 30B preferably are not pressurized, are 

5 at atmospheric pressure, and may be open to the atmosphere so that the pump does not 

create a vacuum inside the containers 30A, 30B as the slurry is drawn from the containers. 

The containers may have a lid with an optional filter screen (not shown) thereon to allow for 

the flow of filtered, dust-free (clean) air into the in-line slurry container. Additionally, as shown 

in Figure 1 A, in the lines 29A, 29B are strainer components 39A, 39B which capture any 

10 debris that may be present or may fall into the slurry supply containers. One embodiment of 

the strainer component is shown in greater detail in Figure 10. 

[0068] Figure 10 shows one embodiment of a strainer component 1200 in cutaway to show 

the filter 1211 in a housing 1210 that may be connected and used in lines 29A and 29B in the 

feed module as shown in Figure 1 A. Alternatively or additionally one or more strainer 

15 components can be connected and used in one or more lines in one or more of any of the 

modules (blend, analytical, distribution) of the apparatus. The strainer component comprises 

a strainer, filter, netting or mesh to capture the debris and preferably has a large enough 

mesh, filter or other opening size and component flow area and/or flow volume to provide for 

relatively unhampered and unrestricted flow, meaning that there is only a relatively small 

20 pressure drop (e.g. less than 1 psi) through the strainer component. Additionally, the strainer 

component 1200 may comprise a housing 1210 that defines a flow area and flow volume that 

may be larger than the flow area and flow volume of the tubing of the same length L that is 

connected to the strainer component and provides for the flow of the slurry and/or chemical 

blend to and through the strainer component 1200. The strainer component comprises a fluid 

25 inlet 1215 and fluid outlet 1216 that are each connected to the pipe (not shown in Figure 10) 

that transports the fluid to and from the strainer component 1200. The strainer component 

1200 as shown further comprises a cylinder shaped filter 1211 and optional one or more 

internal flow directors 1212 that direct the flow of the slurry and/or chemical blend through the 

filter 1211 through the fluid outlet 1216 and to the pipe downstream of the strainer component 

30 1200. As shown, the strainer component 1200 has a trap 1213 into which the filter 1211 may 

be extended. The trap 1213 also provides room to hold (larger) debris and a threaded clean-

out cap 1214 for cleaning out any debris that is present in the slurry and/or chemical blend 

that passes through the fluid inlet 1215 but does not pass through the filter 1211. 

[0069] In one aspect of this invention, this invention provides a slurry and/or chemical blend 

35 supply apparatus comprising one or more optional strainer components. The strainer 

components can be used in any one or more of the modules, in any embodiment of the slurry 

and/or chemical blend supply apparatus of this invention. It is beneficial to add a strainer 
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component in the line before the slurry transfer pump 31 in feed module 100 to prevent debris 

that may fall into the slurry supply container from being pumped into the feed tank. It also 

provides the additional benefit of providing a means for breaking up or capturing any 

agglomerated particles that may have formed in the slurry supply container and is present in 

5 the slurry. For that latter reason, it may also be beneficial to add a strainer component in any 

of one or more other lines in the apparatus 20 to capture any larger particles that may be 

present in the slurry and/or chemical blend. Although, in the present slurry and/or chemical 

blend supply apparatus, smooth pipes and fittings are used, and dead legs are reduced in 

number and size and/or eliminated in favor of circulating loops, it is still possible that 

10 agglomerated particles may form at bends, junctions and dead legs. For that reason it is 

beneficial and preferred to add one or more strainer components to one or more pipes in one 

or more modules or in the pipes between one or more modules of the slurry and/or chemical 

blend supply apparatus. The strainer components are particularly beneficial when present up 

stream of connectors or features having restricted or narrow openings, such as before flow 

15 controllers (particularly in the blend module or the analytical module), needle valves and the 

like and/or before one or more sensors or one or more analytical apparatuses. The strainer 

components help to remove and thereby prevent any larger particles present in the slurry 

and/or chemical blend from plugging up any small orifices in the apparatus. The filter or mesh 

used in the strainer component preferably has a mesh size of from 0.050 to 1.2 millimeters 

20 (mm) or from 0.1 to 0.9 mm or from 0.4 to 0.6 mm mesh size. It is preferred that the one or 

more strainer components in the apparatus 20 are cleaned out or changed out (removed and 

replaced) every six months to a year and can be changed more or less frequently depending 

upon the characteristics of the slurry and/or chemical blend. 

[0070] 	In alternative embodiments of the slurry or chemical blend supply apparatus, a 

25 simple strainer or flat filter or the like inserted in the cross-section of the tubing (although less 

preferred) could be used as the strainer component however it would be but more preferred 

although not more preferred if the simple strainer, flat filter, or the like, were mounted in the 

cross-section of a tube with a larger cross-section than the pipes upstream and downstream 

to which it was connected could be used as the strainer component. Stainer components like 

30 the one shown in Figure 10 are commercially available from, for example, IPEX. 

[0071] 	Two slurry supply containers 30A, 30B each containing undiluted concentrated slurry 

are shown in Figure 1A as being connected to or at least in fluid communication with the 

slurry and/or chemical blend supply apparatus 20 via pipes 29A, 29B. Via valving (not 

shown), preferably only one slurry supply container is pumped at a time, although in 

35 alternative embodiments, with more than one slurry transfer pump or a strong slurry transfer 

pump, multiple containers could be pumped simultaneously. As shown, slurry transfer pump 

31 via suction and piping 29A, 28, 27 transports slurry from the container 30A to a day tank 
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component in the line before the slurry transfer pump 31 in feed module 100 to prevent debris 

that may fall into the slurry supply container from being pumped into the feed tank. It also 

provides the additional benefit of providing a means for breaking up or capturing any 

agglomerated particles that may have formed in the slurry supply container and is present in 

5 the slurry. For that latter reason, it may also be beneficial to add a strainer component in any 

of one or more other lines in the apparatus 20 to capture any larger particles that may be 

present in the slurry and/or chemical blend. Although, in the present slurry and/or chemical 

blend supply apparatus, smooth pipes and fittings are used, and dead legs are reduced in 

number and size and/or eliminated in favor of circulating loops, it is still possible that 

10 agglomerated particles may form at bends, junctions and dead legs. For that reason it is 

beneficial and preferred to add one or more strainer components to one or more pipes in one 

or more modules or in the pipes between one or more modules of the slurry and/or chemical 

blend supply apparatus. The strainer components are particularly beneficial when present up 

stream of connectors or features having restricted or narrow openings, such as before flow 

15 controllers (particularly in the blend module or the analytical module), needle valves and the 

like and/or before one or more sensors or one or more analytical apparatuses. The strainer 

components help to remove and thereby prevent any larger particles present in the slurry 

and/or chemical blend from plugging up any small orifices in the apparatus. The filter or mesh 

used in the strainer component preferably has a mesh size of from 0.050 to 1.2 millimeters 

20 (mm) or from 0.1 to 0.9 mm or from 0.4 to 0.6 mm mesh size. It is preferred that the one or 

more strainer components in the apparatus 20 are cleaned out or changed out (removed and 

replaced) every six months to a year and can be changed more or less frequently depending 

upon the characteristics of the slurry and/or chemical blend. 

[0070] In alternative embodiments of the slurry or chemical blend supply apparatus, a 

25 simple strainer or flat filter or the like inserted in the cross-section of the tubing (although less 

preferred) could be used as the strainer component however it would be but more preferred 

although not more preferred if the simple strainer, flat filter, or the like, were mounted in the 

cross-section of a tube with a larger cross-section than the pipes upstream and downstream 

to which it was connected could be used as the strainer component. Stainer components like 

30 the one shown in Figure 10 are commercially available from, for example, IPEX. 

[0071] Two slurry supply containers 30A, 30B each containing undiluted concentrated slurry 

are shown in Figure 1A as being connected to or at least in fluid communication with the 

slurry and/or chemical blend supply apparatus 20 via pipes 29A, 29B. Via valving (not 

shown), preferably only one slurry supply container is pumped at a time, although in 

35 alternative embodiments, with more than one slurry transfer pump or a strong slurry transfer 

pump, multiple containers could be pumped simultaneously. As shown, slurry transfer pump 

31 via suction and piping 29A, 28, 27 transports slurry from the container 30A to a day tank 
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(feed tank) 80. When the slurry transfer pump 31 is transporting slurry from slurry supply 

container 30A there is a valve (not shown) in line 29B that is closed and a valve (not shown) 

in line 29A that is open. The feed module may have optional circulation or return piping 32A 

back to the slurry supply container 30A to form a circulation loop for circulating the discharge 

5 from the slurry transfer pump 31 (that was drawn from slurry supply container 30A) back to 

the container 30A. The circulation loop comprises piping 29A, pump 31 and return piping. 

When a new container is brought on line, it is preferred to circulate/recirculate the slurry 

through the circulation loop for a set period of time to disperse the particles in the fluid of the 

slurry. After the set period of time, the circulation loop is closed via valves (not shown) in the 

10 return piping 32A and by opening optional valves (not shown) in pipe 27 and the slurry 

pumped from the slurry supply container is then transported to the day tank 80. Alternatively, 

by partially opening and closing the valves (not shown) in pipe 32A and 27, some slurry could 

be circulated in the circulation loop and some could be transported to the feed tank 80. 

Alternatively, although not shown, a separate pump and circulation loop could be provided 

15 that would circulate the slurry out of and back to the container in preparation of bringing it on-

line for transport of the slurry to the day tank (feed tank) 80. Having a separate pump and 

circulation loop for circulating the slurry from the slurry supply container would make it 

possible, if desired, to simultaneously circulate the slurry in one or more slurry supply 

containers using a circulation pump and transfer slurry to the feed tank using the feed pump. 

20 Further, containers 30A and 30B could each optionally have mechanical stirrers 11A and 11 B 

as shown, instead of or in addition to circulating lines 32A and 32B (or circulation loops) to 

keep the slurry in dispersed and suspended form prior to and/or during either or both of the 

processes of transferring the slurry from the slurry supply container(s) to the day tank(s) 

and/or pumping and circulating the slurry from and back to the slurry supply container(s). 

25 [0072] 	The slurry transfer pump 31 may be any type of pump. Since access to the slurry in 

the slurry supply container 30 is typically from the top of the slurry supply container as just 

described, a diaphragm pump that has lifting power and which can run without cavitating 

when lifting slurry via suction out of the container all the way to the bottom of the slurry supply 

container 30 is preferred for the process. One benefit of using the diaphragm pump is that 

30 little, if any, slurry from the slurry supply container 30 is wasted. The apparatus (feed module) 

may comprise a flow sensor 33. The flow sensor 33 may be provided in the line preferably 

upstream of the slurry transfer pump 31 and is used to signal to the controller (not shown) an 

empty slurry supply container. The flow sensor may be a simple sensor for example, a light 

sensor or a capacitive sensor, such as a Balluff sensor, that detects the different capacitance 

35 of the liquid (slurry) compared to air. When there is no slurry present for a period of time, the 

valves (not shown) that are in lines 29A and 29B may under control of the controller 

automatically switch from open to closed and closed to open by electrical signals from the 
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(feed tank) 80. When the slurry transfer pump 31 is transporting slurry from slurry supply 

container 30A there is a valve (not shown) in line 29B that is closed and a valve (not shown) 

in line 29A that is open. The feed module may have optional circulation or return piping 32A 

back to the slurry supply container 30A to form a circulation loop for circulating the discharge 

5 from the slurry transfer pump 31 (that was drawn from slurry supply container 30A) back to 

the container 30A. The circulation loop comprises piping 29A, pump 31 and return piping. 

When a new container is brought on line, it is preferred to circulate/recirculate the slurry 

through the circulation loop for a set period of time to disperse the particles in the fluid of the 

slurry. After the set period of time, the circulation loop is closed via valves (not shown) in the 

10 return piping 32A and by opening optional valves (not shown) in pipe 27 and the slurry 

pumped from the slurry supply container is then transported to the day tank 80. Alternatively, 

by partially opening and closing the valves (not shown) in pipe 32A and 27, some slurry could 

be circulated in the circulation loop and some could be transported to the feed tank 80. 

Alternatively, although not shown, a separate pump and circulation loop could be provided 

15 that would circulate the slurry out of and back to the container in preparation of bringing it on­

line for transport of the slurry to the day tank (feed tank) 80. Having a separate pump and 

circulation loop for circulating the slurry from the slurry supply container would make it 

possible, if desired, to simultaneously circulate the slurry in one or more slurry supply 

containers using a circulation pump and transfer slurry to the feed tank using the feed pump. 

20 Further, containers 30A and 30B could each optionally have mechanical stirrers 11A and 11B 

as shown, instead of or in addition to circulating lines 32A and 32B (or circulation loops) to 

keep the slurry in dispersed and suspended form prior to and/or during either or both of the 

processes of transferring the slurry from the slurry supply container(s) to the day tank(s) 

and/or pumping and circulating the slurry from and back to the slurry supply container(s). 

25 [0072] The slurry transfer pump 31 may be any type of pump. Since access to the slurry in 

the slurry supply container 30 is typically from the top of the slurry supply container as just 

described, a diaphragm pump that has lifting power and which can run without cavitating 

when lifting slurry via suction out of the container all the way to the bottom of the slurry supply 

container 30 is preferred for the process. One benefit of using the diaphragm pump is that 

30 little, if any, slurry from the slurry supply container 30 is wasted. The apparatus (feed module) 

may comprise a flow sensor 33. The flow sensor 33 may be provided in the line preferably 

upstream of the slurry transfer pump 31 and is used to signal to the controller (not shown) an 

empty slurry supply container. The flow sensor may be a simple sensor for example, a light 

sensor or a capacitive sensor, such as a Balluff sensor, that detects the different capacitance 

35 of the liquid (slurry) compared to air. When there is no slurry present for a period of time, the 

valves (not shown) that are in lines 29A and 29B may under control of the controller 

automatically switch from open to closed and closed to open by electrical signals from the 
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controller (not shown), so that suction via pump 31 is applied to the slurry supply container 

30B, or alternatively, the pump 31 stops pumping and signals a technician to replace the 

empty slurry supply container. Alternatively, the apparatus may be manufactured to include 

(comprise) other types of sensors including weight sensors or level sensors for the slurry 

5 supply container that may be used to indicate when a slurry supply container is empty which 

may cause a switch from an empty slurry supply container to a full slurry supply container. 

[0073] 	When a switch is made from one slurry supply container to another, for example from 

slurry supply container 30A to 30B, preferably the slurry is pumped through the recirculation 

loop for a period, typically from 1 to 120 minutes, 2 to 30 minutes, 2 minutes to 5 minutes 

10 before the slurry is transported via the slurry transfer pump 31 to the day tank (feed tank) 80 

from the slurry supply container. While slurry supply container 30B is being pumped, empty 

slurry supply container 30A can be disconnected from line 29A and a slurry supply container 

with slurry therein can be attached to or otherwise put into fluid communication with line 29A. 

[0074] 	The slurry transfer pump 31 is preferably sized so that it can pump 40 to 250 

15 liters/minutes or 90 to 210 liters/minutes or about 140 liters/minutes of slurry thereby making it 

possible to empty a drum in less than 1 hour, or less than 30 minutes, or less than 15 

minutes. Additionally the diaphragm pump typically has 10 to 30 or 15 to 21 feet of suction lift 

and/or approximately 125 psi of discharge pressure. Pump performance is limited by the air-

pressure supplied. To obtain the maximum pump performance, the regulator supplying the 

20 pump could supply the maximum pressure that the pump is capable of handling; however, the 

impact on the slurry must be considered and a lower pump speed may be required for some 

slurries. 

[0075] 	As shown in Figure 1A when pump 31 draws the slurry from slurry supply container 

25 

30B, the slurry flows through line 29B, strainer 39B, flow sensor 33, slurry transfer pump 31, 

line 27 to day tank (feed tank) 80. 	If all or part of the slurry exiting the pump is to be circulated 

back to drum 30B, valves (not shown) in line 27 and 32B are closed and opened respectively. 

[0076] 	The feed module 100 may optionally comprise a particle counter and/or particle size 

distribution analyzer 34 that analyzes slurry that flows into the slip stream 35. The slip stream 

35 is sized so that a small portion of the slurry in line 27 that is being transported to the day 

30 tank (feed tank) 80 flows to the liquid particle counter and/or particle size distribution analyzer 

34. The particle counter and/or particle size distribution analyzer 34 can be used continuously 

or intermittently to check the quality of the slurry. The particle counter and/or particle size 

distribution analyzer 34 may be used only at the beginning of the transfer of slurry from a 

recently attached slurry supply container for which the initial recirculation period has ended 

35 and transfer to the day tank (feed tank) 80 is just beginning. The particle counter and/or 

particle size distribution analyzer 34 checks the quality of the slurry by checking that the 

number of particles/volume of slurry present in the slurry and/or by determining if the size 
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controller (not shown), so that suction via pump 31 is applied to the slurry supply container 

30B, or alternatively, the pump 31 stops pumping and signals a technician to replace the 

empty slurry supply container. Alternatively, the apparatus may be manufactured to include 

(comprise) other types of sensors including weight sensors or level sensors for the slurry 

5 supply container that may be used to indicate when a slurry supply container is empty which 

may cause a switch from an empty slurry supply container to a full slurry supply container. 

[0073] When a switch is made from one slurry supply container to another, for example from 

slurry supply container 30A to 30B, preferably the slurry is pumped through the recirculation 

loop for a period, typically from 1 to 120 minutes, 2 to 30 minutes, 2 minutes to 5 minutes 

10 before the slurry is transported via the slurry transfer pump 31 to the day tank (feed tank) 80 

from the slurry supply container. While slurry supply container 30B is being pumped, empty 

slurry supply container 30A can be disconnected from line 29A and a slurry supply container 

with slurry therein can be attached to or otherwise put into fluid communication with line 29A. 

[0074] The slurry transfer pump 31 is preferably sized so that it can pump 40 to 250 

15 liters/minutes or 90 to 210 liters/minutes or about 140 liters/minutes of slurry thereby making it 

possible to empty a drum in less than 1 hour, or less than 30 minutes, or less than 15 

minutes. Additionally the diaphragm pump typically has 10 to 30 or 15 to 21 feet of suction lift 

and/or approximately 125 psi of discharge pressure. Pump performance is limited by the air-

pressure supplied. To obtain the maximum pump performance, the regulator supplying the 

20 pump could supply the maximum pressure that the pump is capable of handling; however, the 

impact on the slurry must be considered and a lower pump speed may be required for some 

slurries. 

[0075] As shown in Figure 1A when pump 31 draws the slurry from slurry supply container 

30B, the slurry flows through line 29B, strainer 39B, flow sensor 33, slurry transfer pump 31, 

25 line 27 to day tank (feed tank) 80. If all or part of the slurry exiting the pump is to be circulated 

back to drum 30B, valves (not shown) in line 27 and 32B are closed and opened respectively. 

[0076] The feed module 100 may optionally comprise a particle counter and/or particle size 

distribution analyzer 34 that analyzes slurry that flows into the slip stream 35. The slip stream 

35 is sized so that a small portion of the slurry in line 27 that is being transported to the day 

30 tank (feed tank) 80 flows to the liquid particle counter and/or particle size distribution analyzer 

34. The particle counter and/or particle size distribution analyzer 34 can be used continuously 

or intermittently to check the quality of the slurry. The particle counter and/or particle size 

distribution analyzer 34 may be used only at the beginning of the transfer of slurry from a 

recently attached slurry supply container for which the initial recirculation period has ended 

35 and transfer to the day tank (feed tank) 80 is just beginning. The particle counter and/or 

particle size distribution analyzer 34 checks the quality of the slurry by checking that the 

number of particles/volume of slurry present in the slurry and/or by determining if the size 
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range and size distribution of these particles are within the desired ranges. To be useful 

some particle counters require that the slurry is diluted prior to analyzing the number and size 

of the particles present. 	It is also possible to use particle counters and /or particle size 

distribution analyzer that do not require dilution of the slurry before analyzing the number and 

5 sizes of particles. 	As shown the slurry that is transported to 34 is diluted and dumped 

alternately for part content that do not dilute the slurry, the slurry can be returned. 

[0077] 	Alternatively or additionally, one or more particle counters and/or one or more 

particle size distribution analyzers could be provided in recirculating lines 32A and 32B to 

determine when the slurry is sufficiently agitated and in suspension to begin pumping the 

10 slurry to the day tank (feed tank) 80. 	If particle counter and/or particle size distribution 

analyzer 34 indicates that the slurry is not within the desired range, the valves (not shown) in 

line 27 and either recirculating line 32A or 32B are switched from open to closed and closed 

to open respectively to cause the slurry to enter the recirculation loop instead of being 

transported to the day tank (feed tank) 80. If the particle counter and/or particle size 

15 distribution analyzer 34 indicates that the slurry in the drum is so far out of specification, the 

open and closed valves (not shown) in lines 29A and 29B to the supply drums 30A and 30B 

may be switched and an operator called to replace the drum containing the slurry that is out of 

specification and test its contents off-line. 

[0078] 	Alternatively, if the one or more particle counters and/or one or more particle size 

20 distribution analyzers determines that the slurry (raw or blended) is out of specification, an 

algorithm provided in the one or more particle counters and/or one or more particle size 

distribution analyzers or in the controller for the apparatus using the information 

communicated to the controller for the apparatus could determine how the slurry is out of 

specification and if the apparatus can fix the out-of-specification slurry, and if yes, the 

25 controller could direct the slurry to an appropriate treatment. 	For example, if the one or more 

particle size distribution analyzers determines that there are too many large particles present 

in the slurry, then the apparatus via automatic controls provided by the apparatus could direct 

a portion or all of the slurry to a treatment means e.g. to a filter element, e.g. a filter or bank 

(that may be provided in its own filter loop to remove a portion or most of the particles above a 

30 certain size). Adjustable valves in the pipes could be provided to direct the desired portion of 

the slurry toward the treatment means depending upon the amount of out-of-specification 

particles present in the slurry. The apparatus could comprise different filter elements 

comprising different filters for filtering various size particles, especially if the apparatus blends 

and supplies more than one type of slurry. Additionally, if the slurry has too many small 

35 particles, as determined by the one or more particle size distribution analyzers, then all or a 

portion of the slurry could be directed into a treatment means to remove the small particles. 

One such means, could involve one or more streams (that many be split streams), one or 
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range and size distribution of these particles are within the desired ranges. To be useful 

some particle counters require that the slurry is diluted prior to analyzing the number and size 

of the particles present. It is also possible to use particle counters and /or particle size 

distribution analyzer that do not require dilution of the slurry before analyzing the number and 

5 sizes of particles. As shown the slurry that is transported to 34 is diluted and dumped 

alternately for part content that do not dilute the slurry, the slurry can be returned. 

[0077] Alternatively or additionally, one or more particle counters and/or one or more 

particle size distribution analyzers could be provided in recirculating lines 32A and 32B to 

determine when the slurry is sufficiently agitated and in suspension to begin pumping the 

10 slurry to the day tank (feed tank) 80. If particle counter and/or particle size distribution 

analyzer 34 indicates that the slurry is not within the desired range, the valves (not shown) in 

line 27 and either recirculating line 32A or 32B are switched from open to closed and closed 

to open respectively to cause the slurry to enter the recirculation loop instead of being 

transported to the day tank (feed tank) 80. If the particle counter and/or particle size 

15 distribution analyzer 34 indicates that the slurry in the drum is so far out of specification, the 

open and closed valves (not shown) in lines 29A and 29B to the supply drums 30A and 30B 

may be switched and an operator called to replace the drum containing the slurry that is out of 

specification and test its contents off-line. 

[0078] Alternatively, if the one or more particle counters and/or one or more particle size 

20 distribution analyzers determines that the slurry (raw or blended) is out of specification, an 

algorithm provided in the one or more particle counters and/or one or more particle size 

distribution analyzers or in the controller for the apparatus using the information 

communicated to the controller for the apparatus could determine how the slurry is out of 

specification and if the apparatus can fix the out-of-specification slurry, and if yes, the 

25 controller could direct the slurry to an appropriate treatment. For example, if the one or more 

particle size distribution analyzers determines that there are too many large particles present 

in the slurry, then the apparatus via automatic controls provided by the apparatus could direct 

a portion or all of the slurry to a treatment means e.g. to a filter element, e.g. a filter or bank 

(that may be provided in its own filter loop to remove a portion or most of the particles above a 

30 certain size). Adjustable valves in the pipes could be provided to direct the desired portion of 

the slurry toward the treatment means depending upon the amount of out-of-specification 

particles present in the slurry. The apparatus could comprise different filter elements 

comprising different filters for filtering various size particles, especially if the apparatus blends 

and supplies more than one type of slurry. Additionally, if the slurry has too many small 

35 particles, as determined by the one or more particle size distribution analyzers, then all or a 

portion of the slurry could be directed into a treatment means to remove the small particles. 

One such means, could involve one or more streams (that many be split streams), one or 
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more membranes, one or more filters and one or more return streams. For example, a slip 

stream could be provided, for example off of lines 32A and/or 32B with a check valve therein 

having a downstream membrane that allows only the small particles and a portion of the fluid 

in the slurry to pass through it to create a separate stream of the slurry having only small 

5 particles therein that could be directed to a separate filter for small particles. The portion of 

the slurry that did not pass through the membrane can be returned in a loop back to the feed 

module, for example, to the lines 32A and/or 32B or to the raw slurry containers 30A and/or 

30B. To prevent the larger particles from plugging up the membrane, the membrane could be 

continuously or intermittently vibrated or intermittently the flow through the membrane could 

10 be reversed. 	For example, after filtering out the small particles the filtered slurry that 

previously passed through the membrane (having few if any particles therein) or banks of 

membranes, may be returned to the raw slurry by flowing it back through the membrane. 

Alternatively or additionally, two or more parallel membranes or banks of membranes, each 

having piping and valving associated with each membrane (or banks of membranes) could be 

15 provided and used. The flow of slurry through the membrane(s) could be directed away from 

a plugged membrane (as determined by an increase in pressure) to one that is not in use, at 

which time the flow of filtered slurry (without the small particles that were removed by the 

filter) could be reversed through the plugged membrane to clear the larger particles from the 

plugged membrane and thereby reconstitute the raw slurry with the larger particles that did 

20 not pass through the membrane. After a period when the membrane that is allowing the small 

particles to flow therethrough becomes plugged by the larger particles in the slurry, the 

operation of the parallel membranes would be switched again and the flow of the filtered 

slurry would be directed to flow back through the now plugged membrane, while the other 

membrane is used for allowing the small particles to flow therethrough to the downstream 

25 separation of the small particles from the slurry via a filter. 	It may be necessary after a period 

of use that the membrane be replaced or be cleared of large particles by a reverse flushing 

with water (DIW or UPW) and the resulting fluid comprising the water and the particles 

removed from the membrane could be discarded or recycled. (The mechanism for switching 

between parallel membranes would be similar to the mechanisms for switching between 

30 parallel filters described elsewhere herein.) The filter used to remove the small particles could 

also be parallel filters or banks of filters that are switched from one to another upon an 

increase in pressure through the filters or banks of filters as described elsewhere herein. 	(In 

alternative embodiments, a portion of or all of the raw slurry could be treated by a treatment 

means to remove small particles from the raw slurry before pumping the raw slurry into the 

35 feed tank or before flowing the raw slurry to the blend module. The treatment means could be 

incorporated into the feed module and used to treat the raw slurry as it circulates in the 

circulation loop, similar to the filter 230 shown in Figure 2.) 
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more membranes, one or more filters and one or more return streams. For example, a slip 

stream could be provided, for example off of lines 32A and/or 32B with a check valve therein 

having a downstream membrane that allows only the small particles and a portion of the fluid 

in the slurry to pass through it to create a separate stream of the slurry having only small 

5 particles therein that could be directed to a separate filter for small particles. The portion of 

the slurry that did not pass through the membrane can be returned in a loop back to the feed 

module, for example, to the lines 32A and/or 32B or to the raw slurry containers 30A and/or 

30B. To prevent the larger particles from plugging up the membrane, the membrane could be 

continuously or intermittently vibrated or intermittently the flow through the membrane could 

10 be reversed. For example, after filtering out the small particles the filtered slurry that 

previously passed through the membrane (having few if any particles therein) or banks of 

membranes, may be returned to the raw slurry by flowing it back through the membrane. 

Alternatively or additionally, two or more parallel membranes or banks of membranes, each 

having piping and valving associated with each membrane (or banks of membranes) could be 

15 provided and used. The flow of slurry through the membrane(s) could be directed away from 

a plugged membrane (as determined by an increase in pressure) to one that is not in use, at 

which time the flow of filtered slurry (without the small particles that were removed by the 

filter) could be reversed through the plugged membrane to clear the larger particles from the 

plugged membrane and thereby reconstitute the raw slurry with the larger particles that did 

20 not pass through the membrane. After a period when the membrane that is allowing the small 

particles to flow therethrough becomes plugged by the larger particles in the slurry, the 

operation of the parallel membranes would be switched again and the flow of the filtered 

slurry would be directed to flow back through the now plugged membrane, while the other 

membrane is used for allowing the small particles to flow therethrough to the downstream 

25 separation of the small particles from the slurry via a filter. It may be necessary after a period 

of use that the membrane be replaced or be cleared of large particles by a reverse flushing 

with water (DIW or UPW) and the resulting fluid comprising the water and the particles 

removed from the membrane could be discarded or recycled. (The mechanism for switching 

between parallel membranes would be similar to the mechanisms for switching between 

30 parallel filters described elsewhere herein.) The filter used to remove the small particles could 

also be parallel filters or banks of filters that are switched from one to another upon an 

increase in pressure through the filters or banks of filters as described elsewhere herein. (In 

alternative embodiments, a portion of or all of the raw slurry could be treated by a treatment 

means to remove small particles from the raw slurry before pumping the raw slurry into the 

35 feed tank or before flowing the raw slurry to the blend module. The treatment means could be 

incorporated into the feed module and used to treat the raw slurry as it circulates in the 

circulation loop, similar to the filter 230 shown in Figure 2.) 
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[0079] 	Flow to the particle counter and/or particle size distribution analyzer of slurry or 

chemical blend and/or optional water for dilution (if dilution of the slurry or chemical blend 

sample is required by the analytical apparatus, e.g. particle counter and/or particle size 

distribution analyzer) is controlled by one or more: pressure sensors (not shown), flow 

5 controllers (not shown) and/or peristaltic pumps (not shown) and/or valves, (particularly 

needle valve(s)) in conjunction with the pressure from the diaphragm or other pump. 

Embodiments of the apparatus and method for the supply of slurry or chemical blend and/or 

ultra pure water (UPW) or DIW (deionized water) to an analytical apparatus (the UPW or DIW 

may be provided for the purpose of diluting the sample and/or rinsing the apparatus after the 

10 analysis of a sample is complete), are described below in conjunction with Figures 12, 13 and 

14. 

[0080] 	Samples may be taken from different parts of the feed module and transported via 

tubing to the liquid particle counter and/or particle size distribution analyzer 34. 	For example 

as shown in Figure 2, ports 1000 and tubing may be provided before and after the filter 230 to 

15 check the particle sizes, numbers of particles and distribution of the particle sizes. (The 

tubing is not shown.) 	If the liquid particle counter dilutes the slurry prior to analyzing the 

sample, the slurry sample will be directed to a waste line after it is analyzed. 	If the liquid 

particle counter and/or particle size distribution analyzer does not dilute the sample, the slurry 

may be returned to the feed module at port 1001 via a sample loop (not shown). The sample 

20 taking is controlled by the controller (not shown), for example, a computer or PLC or the like. 

In alternative embodiments, ports 1000A, 1000B and 1001 and sample tubes and/or sample 

loops attached thereto, may be used to transport slurry to an analytical module that is part of 

the slurry supply (and chemical blend supply) apparatus. The liquid particle counter and/or 

particle size distribution analyzer 34 in the feed module 100 may be in addition to or instead of 

25 one or more analytical modules. In alternative embodiments, the liquid particle counter and/or 

particle size distribution analyzer 34 is one or more analytical apparatuses that are part of an 

analytical module (that may or may not comprise other analytical apparatuses) that may be 

located in the feed module 100 or elsewhere in the slurry and/or chemical blend supply 

apparatus. In those embodiments, a chemical blend may be diluted, and/or analyzed and 

30 discarded or returned to the apparatus. 

[0081] 	As shown in Figure 1A and 2, between slurry transfer pump 31 and day tank (feed 

tank) 80 is provided an optional tank bypass line 26. Tank bypass line 26 can be used when 

day tank 80 is taken off line, for example, for cleaning, or to address a contamination issue, or 

if the blend module is calling for an immediate supply of slurry, or for any reason that requires 

35 that the day tank 80 be by-passed. 	When the tank bypass line 26 is being used in a process 

(when the day tank 80 is not being used), it is preferred that a circulation line (not shown) is 

also in use to circulate the slurry back to the slurry supply container 30A (or 30B). The 
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[0079] Flow to the particle counter and/or particle size distribution analyzer of slurry or 

chemical blend and/or optional water for dilution (if dilution of the slurry or chemical blend 

sample is required by the analytical apparatus, e.g. particle counter and/or particle size 

distribution analyzer) is controlled by one or more: pressure sensors (not shown), flow 

5 controllers (not shown) and/or peristaltic pumps (not shown) and/or valves, (particularly 

needle valve(s)) in conjunction with the pressure from the diaphragm or other pump. 

Embodiments of the apparatus and method for the supply of slurry or chemical blend and/or 

ultra pure water (UPW) or DIW (deionized water) to an analytical apparatus (the UPW or DIW 

may be provided for the purpose of diluting the sample and/or rinsing the apparatus after the 

10 analysis of a sample is complete), are described below in conjunction with Figures 12, 13 and 

14. 

[0080] Samples may be taken from different parts of the feed module and transported via 

tubing to the liquid particle counter and/or particle size distribution analyzer 34. For example 

as shown in Figure 2, ports 1000 and tubing may be provided before and after the filter 230 to 

15 check the particle sizes, numbers of particles and distribution of the particle sizes. (The 

tubing is not shown.) If the liquid particle counter dilutes the slurry prior to analyzing the 

sample, the slurry sample will be directed to a waste line after it is analyzed. If the liquid 

particle counter and/or particle size distribution analyzer does not dilute the sample, the slurry 

may be returned to the feed module at port 1001 via a sample loop (not shown). The sample 

20 taking is controlled by the controller (not shown), for example, a computer or PLC or the like. 

In alternative embodiments, ports 1000A, 1000B and 1001 and sample tubes and/or sample 

loops attached thereto, may be used to transport slurry to an analytical module that is part of 

the slurry supply (and chemical blend supply) apparatus. The liquid particle counter and/or 

particle size distribution analyzer 34 in the feed module 100 may be in addition to or instead of 

25 one or more analytical modules. In alternative embodiments, the liquid particle counter and/or 

particle size distribution analyzer 34 is one or more analytical apparatuses that are part of an 

analytical module (that may or may not comprise other analytical apparatuses) that may be 

located in the feed module 100 or elsewhere in the slurry and/or chemical blend supply 

apparatus. In those embodiments, a chemical blend may be diluted, and/or analyzed and 

30 discarded or returned to the apparatus. 

[0081] As shown in Figure 1A and 2, between slurry transfer pump 31 and day tank (feed 

tank) 80 is provided an optional tank bypass line 26. Tank bypass line 26 can be used when 

day tank 80 is taken off line, for example, for cleaning, or to address a contamination issue, or 

if the blend module is calling for an immediate supply of slurry, or for any reason that requires 

35 that the day tank 80 be by-passed. When the tank bypass line 26 is being used in a process 

(when the day tank 80 is not being used), it is preferred that a circulation line (not shown) is 

also in use to circulate the slurry back to the slurry supply container 30A (or 30B). The 
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circulation line (that is not shown) would connect line 21 (upstream of the day tank (feed tank) 

80) to the one or more slurry supply containers that slurry is being drawn from and bypass the 

tank 80. As shown in Figure 1A, tank bypass line 26 is used by opening a valve (not shown) 

in the line 26 and closing a valve (not shown) in line 55 that is located between the connection 

5 with the bypass line 26 and before day tank 80. The bypass line can be used to directly and 

quickly deliver slurry to loop 82 and thereby to line 212 to the blend module if desired or 

needed. 

[0082] 	Line 27 feeds slurry from the slurry supply containers 30A, 30B to day or feed tank 

80 when the valves (not shown) in bypass line 26, and slurry supply container circulation 

10 loops 32A and 32B are closed or partially closed, typically fully closed. 

[0083] 	In the embodiment shown in Figure 2, the feed module 100 of the slurry feed 

apparatus 20 may comprise one or more filters (filter elements) 230 (one filter is shown) and 

connection lines therebetween to filter all or a portion of the raw slurry: (1) from the one or 

more slurry supply container(s) 30A, 30B and return the filtered raw slurry back to the one or 

15 more slurry supply container(s) 30A, 30B, (2) from the one or more slurry supply containers 

30A, 30B and transport the filtered raw slurry to the day or feed tank 80, or (3) from the day or 

feed tank 80 and transport the filtered raw slurry back to the day or feed tank 80. In the 

process labeled (1) in the list above, the slurry transfer pump 31 causes the flow of raw slurry 

from slurry supply container 30A (for example) to flow through the pipes 29, 28, 27, a valve 

20 (not shown) in pipe 27' is closed and the raw slurry flows through pipe 19 to pipe 17 into the 

filter 230. (The flow of raw slurry does not enter pipe 18 due to a closed valve or check valve 

(not shown) in pipe 18.) After passing through filter 230 to line 16, the raw slurry may be 

returned via line 15 to line 27, in the section of the line labeled 27" in Figure 2 when a valve 

(not shown) in line 14 is closed. From there, the slurry is returned to one of the slurry supply 

25 containers via line 32A or 32B. Alternatively, in the process steps just described, if after 

filtering the slurry, a valve (not shown) in line 15 or 27" were closed, then the flow of the 

filtered slurry and/or chemical blend from the filter 230 would go through line 14 and into day 

or feed tank 80. 

[0084] 	Alternatively, the valve (not shown) in line 27' may be partially open to direct part of 

30 the stream in line 27 to the filter 230 and part of the stream to tank 80. One or more of the 

other valves (not shown) described in lines 18, 14 and 15 may be partially open, thereby 

splitting the flow between connected lines. 

[0085] 	Note that in an alternative embodiment (not shown) the apparatus may be provided 

(manufactured) comprising separate filter loop comprising a pump in a separate piping loop 

35 having one or more filters (optionally the filters may have differing pore sizes and optionally 

the filters may be arranged in one or more filter banks) in the piping loop to filter the slurry 

from and provide it back to one or more of the slurry supply containers. Alternatively, an 
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circulation line (that is not shown) would connect line 21 (upstream of the day tank (feed tank) 

80) to the one or more slurry supply containers that slurry is being drawn from and bypass the 

tank 80. As shown in Figure 1A, tank bypass line 26 is used by opening a valve (not shown) 

in the line 26 and closing a valve (not shown) in line 55 that is located between the connection 

5 with the bypass line 26 and before day tank 80. The bypass line can be used to directly and 

quickly deliver slurry to loop 82 and thereby to line 212 to the blend module if desired or 

needed. 

[0082] Line 27 feeds slurry from the slurry supply containers 30A, 30B to day or feed tank 

80 when the valves (not shown) in bypass line 26, and slurry supply container circulation 

10 loops 32A and 32B are closed or partially closed, typically fully closed. 

[0083] In the embodiment shown in Figure 2, the feed module 100 of the slurry feed 

apparatus 20 may comprise one or more filters (filter elements) 230 (one filter is shown) and 

connection lines therebetween to filter all or a portion of the raw slurry: (1) from the one or 

more slurry supply container(s) 30A, 30B and return the filtered raw slurry back to the one or 

15 more slurry supply container(s) 30A, 30B, (2) from the one or more slurry supply containers 

30A, 30B and transport the filtered raw slurry to the day or feed tank 80, or (3) from the day or 

feed tank 80 and transport the filtered raw slurry back to the day or feed tank 80. In the 

process labeled (1) in the list above, the slurry transfer pump 31 causes the flow of raw slurry 

from slurry supply container 30A (for example) to flow through the pipes 29, 28, 27, a valve 

20 (not shown) in pipe 27' is closed and the raw slurry flows through pipe 19 to pipe 17 into the 

filter 230. (The flow of raw slurry does not enter pipe 18 due to a closed valve or check valve 

(not shown) in pipe 18.) After passing through filter 230 to line 16, the raw slurry may be 

returned via line 15 to line 27, in the section of the line labeled 27" in Figure 2 when a valve 

(not shown) in line 14 is closed. From there, the slurry is returned to one of the slurry supply 

25 containers via line 32A or 32B. Alternatively, in the process steps just described, if after 

filtering the slurry, a valve (not shown) in line 15 or 27" were closed, then the flow of the 

filtered slurry and/or chemical blend from the filter 230 would go through line 14 and into day 

or feed tank 80. 

[0084] Alternatively, the valve (not shown) in line 27' may be partially open to direct part of 

30 the stream in line 27 to the filter 230 and part of the stream to tank 80. One or more of the 

other valves (not shown) described in lines 18, 14 and 15 may be partially open, thereby 

splitting the flow between connected lines. 

[0085] Note that in an alternative embodiment (not shown) the apparatus may be provided 

(manufactured) comprising separate filter loop comprising a pump in a separate piping loop 

35 having one or more filters (optionally the filters may have differing pore sizes and optionally 

the filters may be arranged in one or more filter banks) in the piping loop to filter the slurry 

from and provide it back to one or more of the slurry supply containers. Alternatively, an 
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apparatus of this invention may be provided with one or more filter loops that may filter the 

slurry from one or more of the slurry supply containers and provide it to one or more day tanks 

and/or from one or more day tanks and provide it back to the one or more day tanks and/or 

from one or more of the other tanks (e.g. distribution or storage tanks) and provide it back to 

5 the one or more of those other tanks. Alternatively the filter loop may filter a portion or all of 

the slurry or chemical blend in any pipe (e.g. a loop) in the slurry and/or chemical blend 

supply apparatus and return the slurry or chemical blend to the same pipe from which it was 

drawn or to an alternative location in the slurry and/or chemical blend supply apparatus, which 

may include pipes or tanks in the same or different module(s). For example, slurry or 

10 chemical blend could be taken from the global loop, filtered, in a filter loop and returned to the 

global loop and/or returned to the distribution tank. In another embodiment blended slurry or 

chemical blend could be taken from the blend module, filtered in a filter loop and returned to 

the blend module and/or returned to the global loop. 

[0086] 	One of the benefits of providing a separate filter loop (a separate filter loop is shown 

15 in Figure 1C for the distribution module 400) with its own filter loop pump is that the loop could 

be designed so that the one or more filters in the loop could have very small pore sizes for 

example less than <0.5 micrometers. The pump in the separate filter loop could be a high 

pressure pump and the tubing and tubing connections used in the filter loop could be stronger 

to withstand the potentially higher pump pressure required for the filter having smaller pores. 

20 In contrast, using an in-line filter with small pores and a pump at higher pressure that is not in 

its own filter loop, for example between a slurry supply container and the day tank presents a 

higher risk of causing a feed module shut-down. 	If the filter is in-line and not in a separate 

filter loop and it gets plugged or the operating pressures are higher than the tubing can stand, 

a tube may burst and the flow will have to be stopped to, for example, the blend module. 

25 (Although the distribution module of the slurry and/or chemical blend supply apparatus of this 

invention could continue to function even if the blend module stopped blending slurry or 

chemical blend until the blended slurry or chemical blend in the distribution tank is depleted, it 

is still not desirable to stop the flow to the blend module due to filter problems/issues.) 

Alternatively, if the separate pump for the filter loop or the filter and/or the piping in the filter 

30 loop goes down for any reason, with the closing of one or two valves in the loop lines to 

and/or from the one or more filters, the filter loop could be isolated from the rest of the 

apparatus. Although the circulation of slurry or chemical blend in the filter loop may stop, the 

slurry or chemical blend can still flow past the piping to the filter loop through the apparatus 

and provide slurry or chemical blend to and through the distribution module to the tools or 

35 elsewhere in a manufacturing line. 	For example, although the circulation of slurry in a filter 

loop may stop in a feed module the raw slurry can still flow to the day (feed) tank and thereon, 
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apparatus of this invention may be provided with one or more filter loops that may filter the 

slurry from one or more of the slurry supply containers and provide it to one or more day tanks 

and/or from one or more day tanks and provide it back to the one or more day tanks and/or 

from one or more of the other tanks (e.g. distribution or storage tanks) and provide it back to 

5 the one or more of those other tanks. Alternatively the filter loop may filter a portion or all of 

the slurry or chemical blend in any pipe (e.g. a loop) in the slurry and/or chemical blend 

supply apparatus and return the slurry or chemical blend to the same pipe from which it was 

drawn or to an alternative location in the slurry and/or chemical blend supply apparatus, which 

may include pipes or tanks in the same or different module(s). For example, slurry or 

10 chemical blend could be taken from the global loop, filtered, in a filter loop and returned to the 

global loop and/or returned to the distribution tank. In another embodiment blended slurry or 

chemical blend could be taken from the blend module, filtered in a filter loop and returned to 

the blend module and/or returned to the global loop. 

[0086] One of the benefits of providing a separate filter loop (a separate filter loop is shown 

15 in Figure 1C for the distribution module 400) with its own filter loop pump is that the loop could 

be designed so that the one or more filters in the loop could have very small pore sizes for 

example less than <0.5 micrometers. The pump in the separate filter loop could be a high 

pressure pump and the tubing and tubing connections used in the filter loop could be stronger 

to withstand the potentially higher pump pressure required for the filter having smaller pores. 

20 In contrast, using an in-line filter with small pores and a pump at higher pressure that is not in 

its own filter loop, for example between a slurry supply container and the day tank presents a 

higher risk of causing a feed module shut-down. If the filter is in-line and not in a separate 

filter loop and it gets plugged or the operating pressures are higher than the tubing can stand, 

a tube may burst and the flow will have to be stopped to, for example, the blend module. 

25 (Although the distribution module of the slurry and/or chemical blend supply apparatus of this 

invention could continue to function even if the blend module stopped blending slurry or 

chemical blend until the blended slurry or chemical blend in the distribution tank is depleted, it 

is still not desirable to stop the flow to the blend module due to filter problems/issues.) 

Alternatively, if the separate pump for the filter loop or the filter and/or the piping in the filter 

30 loop goes down for any reason, with the closing of one or two valves in the loop lines to 

and/or from the one or more filters, the filter loop could be isolated from the rest of the 

apparatus. Although the circulation of slurry or chemical blend in the filter loop may stop, the 

slurry or chemical blend can still flow past the piping to the filter loop through the apparatus 

and provide slurry or chemical blend to and through the distribution module to the tools or 

35 elsewhere in a manufacturing line. For example, although the circulation of slurry in a filter 

loop may stop in a feed module the raw slurry can still flow to the day (feed) tank and thereon, 
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such that the apparatus can continue to blend in the blend module and provide blended slurry 

to the distribution module and from the distribution module to the CMP or other tools. 

[0087] 	If filtering the slurry (or chemical blend) is required and difficult to do because of the 

slurry (or chemical blend) characteristics, redundant filter loops or parts of the filter loop (e.g. 

5 the pump or the filter(s)) can be provided as backup. The filter loop(s) may comprise two or 

more filters or two or more banks of filters, each having pipes to and from the filters or bank of 

filters and valves in the pipes, so that the flow of slurry (or chemical blend) can be quickly 

switched from one filter to another or one bank to another when the flow through one filter or 

banks of filters decreases and the pressure in the tube leading to the filter begins to rise. This 

10 invention provides a slurry and/or chemical blend supply apparatus comprising one or more 

filter loops comprising a pump, piping and one or more filters or banks of filters. The filter 

loops may be used in one or more of the feed module, blend module, analytical module and 

distribution module or connected to any piping in any embodiment of this invention. 

[0088] 	The pore sizes of the filters used in the apparatus 20 may range from 0.1 to 20 

15 micrometers, or from 0.5 to 10 micrometers, or 1 to 5 micrometers. Useful filters are 

commercially available. Banks of filters may comprise filters that comprise decreasing pore 

sizes downstream of filters having larger pore sizes, for example, a first filter could have pore 

sizes between from 15-20 pm, a second filter could have pore sizes between from 10-15 pm 

and then a third filter could have pore sizes from 5-10 pm. 

20 [0089] 	In Figure 2 is shown, between the slurry supply container and the feed tank, located 

in line 27, a liquid particle counter and/or particle size analyzer 34. 	Liquid particle counter 34 

may be an in-line liquid particle counter or one that measures continuously or intermittently 

the particles in a slip stream that flows to the liquid particle counter. 	(A slip stream 1330 in 

Figure 2, 35 in Figure 1A draws only a portion of the total slurry stream flowing in the line that 

25 the slip stream is connected to.) The slip stream may be diluted prior to entering the liquid 

particle counter and/or particle size distribution analyzer 34 in order to provide a slurry stream 

that is within the preferred detection range of the liquid particle counter and/or particle size 

distribution analyzer. The liquid particle counter and/or particle size distribution analyzer 

checks that the slurry (or in other embodiments, the chemical blend) has the desired and 

30 expected number of particles per volume. Typically the slurry particles in the slurry are 0.1 to 

2 microns or 0.5 to 1 micron and have an expected mean particle size and size distribution. 

The flow of the slurry (or chemical blend) into the liquid particle counter and/or particle size 

distribution analyzer is typically about 40-80 ml/min. 	If the slurry (or chemical blend) was first 

diluted before the liquid particle counter analyzes the diluted slurry (or chemical blend), the 

35 amount of dilution is carefully controlled and the controller (not shown) or control system for 

the liquid particle counter takes into consideration the amount of dilution when analyzing the 

results. Embodiments of piping and related components to control the flow and dilution of the 
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such that the apparatus can continue to blend in the blend module and provide blended slurry 

to the distribution module and from the distribution module to the CMP or other tools. 

[0087] If filtering the slurry (or chemical blend) is required and difficult to do because of the 

slurry (or chemical blend) characteristics, redundant filter loops or parts of the filter loop (e.g. 

5 the pump or the filter(s)) can be provided as backup. The filter loop(s) may comprise two or 

more filters or two or more banks of filters, each having pipes to and from the filters or bank of 

filters and valves in the pipes, so that the flow of slurry (or chemical blend) can be quickly 

switched from one filter to another or one bank to another when the flow through one filter or 

banks of filters decreases and the pressure in the tube leading to the filter begins to rise. This 

10 invention provides a slurry and/or chemical blend supply apparatus comprising one or more 

filter loops comprising a pump, piping and one or more filters or banks of filters. The filter 

loops may be used in one or more of the feed module, blend module, analytical module and 

distribution module or connected to any piping in any embodiment of this invention. 

[0088] The pore sizes of the filters used in the apparatus 20 may range from 0.1 to 20 

15 micrometers, or from 0.5 to 10 micrometers, or 1 to 5 micrometers. Useful filters are 

commercially available. Banks of filters may comprise filters that comprise decreasing pore 

sizes downstream of filters having larger pore sizes, for example, a first filter could have pore 

sizes between from 15-20 |jm, a second filter could have pore sizes between from 10-15 |jm 

and then a third filter could have pore sizes from 5-10 |jm. 

20 [0089] In Figure 2 is shown, between the slurry supply container and the feed tank, located 

in line 27, a liquid particle counter and/or particle size analyzer 34. Liquid particle counter 34 

may be an in-line liquid particle counter or one that measures continuously or intermittently 

the particles in a slip stream that flows to the liquid particle counter. (A slip stream 1330 in 

Figure 2, 35 in Figure 1A draws only a portion of the total slurry stream flowing in the line that 

25 the slip stream is connected to.) The slip stream may be diluted prior to entering the liquid 

particle counter and/or particle size distribution analyzer 34 in order to provide a slurry stream 

that is within the preferred detection range of the liquid particle counter and/or particle size 

distribution analyzer. The liquid particle counter and/or particle size distribution analyzer 

checks that the slurry (or in other embodiments, the chemical blend) has the desired and 

30 expected number of particles per volume. Typically the slurry particles in the slurry are 0.1 to 

2 microns or 0.5 to 1 micron and have an expected mean particle size and size distribution. 

The flow of the slurry (or chemical blend) into the liquid particle counter and/or particle size 

distribution analyzer is typically about 40-80 ml/min. If the slurry (or chemical blend) was first 

diluted before the liquid particle counter analyzes the diluted slurry (or chemical blend), the 

35 amount of dilution is carefully controlled and the controller (not shown) or control system for 

the liquid particle counter takes into consideration the amount of dilution when analyzing the 

results. Embodiments of piping and related components to control the flow and dilution of the 
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slurry (or chemical blend) for the liquid particle counter or other analytical apparatus, which 

are part of an analytical module will be described herein in conjunction with Figures 12, 13, 

14. Typically, particle counters work by laser diffraction. 	Useful types of particle counters that 

can be used in the apparatus of this invention include Slurry Scope from Vantage Technology 

5 Corp. and a Liquidlaz S05 and SO2 from PMS, and KS-71 from Rion Co., Ltd. Typical particle 

size analyzers work by dynamic light scattering utilizing laser light and flow though cell to 

measure mean particle size and size distribution of sub micron size particles. Useful types of 

particle size distribution analyzers that can be used in this invention include ZetaSizer Nano 

S, ZetaSizer Nano ZS, Malvern Instruments, Ltd. 	Such an instrument can measure the 

10 particle size distribution in a particle size range of 0.3 nm to 10 micron, or 3nm to 100nm. The 

measured solid particle concentration range may be from 10 mg/ml solid up to 40% (w/w) or 

from 0.01 to 20 % w/w. Additional particle distribution parameters that can be measured by a 

particle size distribution analyzer and used to monitor and control the slurry (or chemical 

blend) include distribution width, polydispersity index, modality, bin distributions at specific % 

15 like d10, d50, and d99 of the measured CMP slurry (or chemical blend). 

[0090] 	Regarding both Figures 1 and 2, when the slurry and/or chemical blend supply 

apparatus 20 is operating (after the optional initial recirculation loop out of and back to the 

slurry supply container), the pump 31 pumps for a period of time drawing slurry from at least 

one slurry supply container (30A or 30B) to fill the day or feed tank 80 with raw slurry. When 

20 the day tank 80 is filled to a preset level (a minimum fill level) as detected by level sensor 81, 

which may be an ultrasonic level sensor, pump 41 begins to pump raw slurry around a 

circulation loop or raw slurry loop 82. 	In normal operation, as long as slurry is present in the 

day tank 80 above a minimum fill level, the pump 41 pumps the slurry from the day tank 80 

through the raw slurry loop 82 that returns via return 21 the slurry or at least part of the slurry 

25 to the day tank 80. The slurry loop 82 is shown attached to the exit opening 727 (see Figure 

7 and 8) of tank 80 comprising lines 25, 24, 23, 22, and return 21, pump 41, and/or flow 

sensor 42, and/or pressure sensor 44, and/or back pressure controller 43 and tank 80. The 

pump 41, flow sensor 42, pressure sensor 44 and the back pressure controller 43 may work 

together to maintain a steady flow of slurry through the loop 82. The pump is preferably a 

30 smooth running magnetically levitated centrifugal pump that is run at a constant or near 

constant speed or in closed loop control mode, constant or near constant pressure or flow 

rate. The flow sensor 42 measures the flow rate (which may be a mass or volumetric flow 

rate, preferably volumetric flow rate) of the slurry in the loop downstream of the pump which 

may be compared with a set point by a controller (not shown) such as a computer or the like 

35 for the apparatus and/or a controller associated with the pump for the flow rate and that 

information can be used, using feedback controls via the controller (not shown), to adjust the 

speed of pump 41. The pressure sensor 44 measures the pressure in the line and transmits 
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slurry (or chemical blend) for the liquid particle counter or other analytical apparatus, which 

are part of an analytical module will be described herein in conjunction with Figures 12, 13, 

14. Typically, particle counters work by laser diffraction. Useful types of particle counters that 

can be used in the apparatus of this invention include Slurry Scope from Vantage Technology 

5 Corp. and a Liquidlaz S05 and S02 from PMS, and KS-71 from Rion Co., Ltd. Typical particle 

size analyzers work by dynamic light scattering utilizing laser light and flow though cell to 

measure mean particle size and size distribution of sub micron size particles. Useful types of 

particle size distribution analyzers that can be used in this invention include ZetaSizer Nano 

S, ZetaSizer Nano ZS, Malvern Instruments, Ltd. Such an instrument can measure the 

10 particle size distribution in a particle size range of 0.3 nm to 10 micron, or 3nm to 100nm. The 

measured solid particle concentration range may be from 10 mg/ml solid up to 40% (w/w) or 

from 0.01 to 20 % w/w. Additional particle distribution parameters that can be measured by a 

particle size distribution analyzer and used to monitor and control the slurry (or chemical 

blend) include distribution width, polydispersity index, modality, bin distributions at specific % 

15 like d10, d50, and d99 of the measured CMP slurry (or chemical blend). 

[0090] Regarding both Figures 1 and 2, when the slurry and/or chemical blend supply 

apparatus 20 is operating (after the optional initial recirculation loop out of and back to the 

slurry supply container), the pump 31 pumps for a period of time drawing slurry from at least 

one slurry supply container (30A or 30B) to fill the day or feed tank 80 with raw slurry. When 

20 the day tank 80 is filled to a preset level (a minimum fill level) as detected by level sensor 81, 

which may be an ultrasonic level sensor, pump 41 begins to pump raw slurry around a 

circulation loop or raw slurry loop 82. In normal operation, as long as slurry is present in the 

day tank 80 above a minimum fill level, the pump 41 pumps the slurry from the day tank 80 

through the raw slurry loop 82 that returns via return 21 the slurry or at least part of the slurry 

25 to the day tank 80. The slurry loop 82 is shown attached to the exit opening 727 (see Figure 

7 and 8) of tank 80 comprising lines 25, 24, 23, 22, and return 21, pump 41, and/or flow 

sensor 42, and/or pressure sensor 44, and/or back pressure controller 43 and tank 80. The 

pump 41, flow sensor 42, pressure sensor 44 and the back pressure controller 43 may work 

together to maintain a steady flow of slurry through the loop 82. The pump is preferably a 

30 smooth running magnetically levitated centrifugal pump that is run at a constant or near 

constant speed or in closed loop control mode, constant or near constant pressure or flow 

rate. The flow sensor 42 measures the flow rate (which may be a mass or volumetric flow 

rate, preferably volumetric flow rate) of the slurry in the loop downstream of the pump which 

may be compared with a set point by a controller (not shown) such as a computer or the like 

35 for the apparatus and/or a controller associated with the pump for the flow rate and that 

information can be used, using feedback controls via the controller (not shown), to adjust the 

speed of pump 41. The pressure sensor 44 measures the pressure in the line and transmits 
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that value to the controller which compares it to a pressure setpoint and using a proportional-

integral-derivative (PID) calculation in the controller, the valve in the back pressure controller 

43 is adjusted which results in an adjusted pressure in the line. The pressure is set so that it 

is always kept above a minimum pressure, so that the slurry always fills the loop 82, but below 

5 the pressure that would cause a break in the line. Maintaining the pressure in the line 22 

above the minimum pressure prevents the development of air pockets in the line and the 

intermittent flow of the slurry. The exposure to air is undesirable and causes compositional 

degradation of many slurries. Additionally, an uneven or non-continuous flow rate (and 

pressure) of the slurry in the loop will be detrimental to the accurate measurement of the 

10 amount of slurry flowing through the flow meter(s) for the raw slurry used in the blend module 

200. 	If the pressure and the resulting flow rate in the loop 82 are not controlled and not 

continuous and not smooth, then the flow rate of raw slurry and/or chemical blend into the 

blend module via line 212 that is in fluid communication with the loop 82 will be intermittent 

and varied resulting in a blended slurry and/or chemical blend with varying amounts of raw 

15 slurry and/or chemical blend added to it. That is not desired. 

[0091] 	Typical pump speeds for pump 41 in the feed module may be from 20 L/minute(LPM) 

+/- 5 LPM and the speeds can vary between 1000 to 8000 RPM. For each pump there is 

provided a flow sensor/transmitter that controls the speed of the pump. This control can be 

accomplished by direct communication between the flow sensor/transmitter and the pump or 

20 via the controller for the apparatus. Examples of useful pumps include Levitronix BPS-4 and 

BPS-2000 and BPS-600 and others. It is not preferred to use a diaphragm or pulsing pump in 

the feed module downstream of the day or feed tank 80, because the resulting discharge flow 

from those pumps is not without variance in flow and pressure, that causes the blending 

accuracy in the blend module to be degraded. The flow rate sensed by the flow sensor is 

25 typically between from 10 to 30 LPM or from 15 to 25 LPM or from 18 to 22 LPM. The 

pressure may be between from 5 to 50 psi or 18 to 32 psi or 20 to 30 psi or 24 to 26 psi, in the 

circulation loop 82. 

[0092] 	It is desirable that the flow sensor 42 and pressure sensor 44 and all or most of the 

sensing devices and analytical apparatuses used in the apparatus can extract measured 

30 values as an electrical signal, such as an ultrasonic, vortex, electromagnetic, paddle wheel 

mechanical-type or differential pressure flow meter, a wet and dry pressure meter and the like. 

The outputs are sent through signal lines (not shown) to a data logger for storage and to a 

controller (control device) that comprises a computer (not shown) that controls the entire 

slurry and/or chemical blend supply apparatus 20. Similarly it is preferred that the majority of 

35 the valves such as pneumatic valves present in the apparatus can be controlled by the 

controller that controls the entire slurry and/or chemical blend supply apparatus 20. 
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25 typically between from 10 to 30 LPM or from 15 to 25 LPM or from 18 to 22 LPM. The 
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sensing devices and analytical apparatuses used in the apparatus can extract measured 
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mechanical-type or differential pressure flow meter, a wet and dry pressure meter and the like. 
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controller (control device) that comprises a computer (not shown) that controls the entire 
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35 the valves such as pneumatic valves present in the apparatus can be controlled by the 

controller that controls the entire slurry and/or chemical blend supply apparatus 20. 
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[0093] 	Line 212 in Figure 1A and Figure 2 transports the slurry from the feed module 100 to 

the blend module 200. Line 212 connects the raw slurry loop 82 to the blend module 200. 

Line 212 has a solenoid 2-way valve (not shown) that is opened when the blend module is 

ready to start blending slurry. The valve is not in line 82. When the valve (not shown) in line 

5 212 is opened, it is opened such that only a portion of the raw slurry from the raw slurry loop 

82 flows into line 212. When a portion of the slurry in loop 82 flows into line 212 to the blend 

module 200, the drop in the pressure in line 22 is sensed and/or measured by the pressure 

meter 44, which measures the decrease in pressure in line 22, communicates the decreased 

pressure measurement to the controller (not shown) and the controller in response to 

10 decrease in pressure in line 22 communicates to the back pressure controller 43 to restrict the 

flow therethrough by adjusting the proportional valve in the back pressure controller 43, 

thereby causing an increase in the pressure upstream of the back pressure controller 43 in 

the line (in line 22). 	In the preferred embodiment the back pressure control in the blend 

module comprises the back pressure controller 43 and the pressure sensor 44. Additionally 

15 or alternatively the controller (not shown) may, by using the measurement from the pressure 

sensor, send a signal to the pump 41, to tell the pump 41 to increase its speed and thereby 

supply more raw slurry to the loop 82. Alternatively, or additionally the pump can be 

controlled separately using the measurement from the flow sensor. 

[0094] 	Note in the description of the feed module, the use of the term "day tank" is not 

20 meant to be limiting in any way. The day tank holds a sufficient amount of unblended or raw 

slurry, such that volumes of slurry can be drawn from the day tank 80 for a period of time, 

(which may be a fraction of, 1, 2, or 3 or more hours, or a fraction of, 1, 2, 3 or more days or 

weeks) and used to make the blended slurry in the blend module and then used by the CMP 

or other tool(s) for a period of time, such that raw slurry does not have to be continuously 

25 pumped from the slurry supply containers and can be added to the day tank(s) on an 

intermittent basis which may be the result of a controller that directs the slurry transfer pump 

31 to only operate based on the readings from the level sensor 81. Unblended slurry is not 

typically sensitive to degradation over time as compared to blended slurry, so the raw slurry 

can be stored in the day or feed tank(s) for days or weeks if necessary prior to its use. 

30 

35 

[0095] 	By opening a valve (not shown) in line 212, that connects and is between the 

circulation loop 82 and the blend module 200, raw slurry is provided to or flows to the blend 

module 200. In one embodiment of the blend module 200, it comprises one or two or more 

static mixers in one or two or more lines. The static mixers may be located, such that 

upstream of at least one of the static mixers two or more lines are combined into a single line, 

and wherein flowing through each line is at least one component of the blended slurry or 

chemical blend. In an alternative embodiment of the blend module 200, it comprises one or 

more pumps with at least one pump located at or downstream of one or more junctions where 
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supply more raw slurry to the loop 82. Alternatively, or additionally the pump can be 

controlled separately using the measurement from the flow sensor. 

[0094] Note in the description of the feed module, the use of the term "day tank" is not 

20 meant to be limiting in any way. The day tank holds a sufficient amount of unblended or raw 

slurry, such that volumes of slurry can be drawn from the day tank 80 for a period of time, 

(which may be a fraction of, 1, 2, or 3 or more hours, or a fraction of, 1, 2, 3 or more days or 

weeks) and used to make the blended slurry in the blend module and then used by the CMP 

or other tool(s) for a period of time, such that raw slurry does not have to be continuously 

25 pumped from the slurry supply containers and can be added to the day tank(s) on an 

intermittent basis which may be the result of a controller that directs the slurry transfer pump 

31 to only operate based on the readings from the level sensor 81. Unblended slurry is not 

typically sensitive to degradation over time as compared to blended slurry, so the raw slurry 

can be stored in the day or feed tank(s) for days or weeks if necessary prior to its use. 

30 [0095] By opening a valve (not shown) in line 212, that connects and is between the 

circulation loop 82 and the blend module 200, raw slurry is provided to or flows to the blend 

module 200. In one embodiment of the blend module 200, it comprises one or two or more 

static mixers in one or two or more lines. The static mixers may be located, such that 

upstream of at least one of the static mixers two or more lines are combined into a single line, 

35 and wherein flowing through each line is at least one component of the blended slurry or 

chemical blend. In an alternative embodiment of the blend module 200, it comprises one or 

more pumps with at least one pump located at or downstream of one or more junctions where 
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two lines merge together into a single line in which one or more components of the slurry or 

chemical blend in each line are blended into a single line of blended slurry or blended 

chemical blend or partially blended slurry or partially blended chemical blend. 	(A partially 

blended slurry or partially blended chemical blend stream is the resulting stream from the 

5 combination of at least two component streams that are combined into a single stream in a 

step or stage in the blend module. A partially blended slurry stream may or may not comprise 

raw slurry. The raw slurry may be combined with the partially blended slurry stream in a later 

step or stage in the blend module. In an alternative embodiment, in which a chemical blend is 

made in the blend module, a partially blended chemical blend stream may be combined with a 

10 chemical stream or a water stream to form the blended chemical blend stream in the blend 

module.) In alternative embodiments of the blend module 200, the blend module comprises 

one or more pumps and one or more static mixers. The blend module preferably does not 

comprise one or more mixing tanks, or separate containers or scales to measure the volume 

or weight of the components of the slurry or chemical blend prior to, during or after blending. 

15 The amounts of the individual components that are blended are controlled by controlling the 

flow rates of the components through the blend module 200 of the apparatus 20. In normal 

operation, the flow and combination of the individual components in the blended slurry or 

chemical blend is continuous while the slurry or chemical blend is blended. The flow and 

combination of the individual components occurs in parallel continuous flowing and optionally 

20 one or more combining stages in the blend module when the controller (not shown) calls for 

slurry or chemical blend to be blended. 

[0096] 	Blending raw slurry, water and the one or more chemicals, may cause the slurry and 

the particles therein to undergo a chemical change and the particles in the suspension may 

become agglomerated, that is, they stick to each other, forming larger particles that may fall 

25 out of suspension or create a slurry with particles that are too large and therefore not desired 

in the slurry. (Large slurry particles have the potential to scratch the surface of the wafer 

when used in a slurry formulated to have smaller particle sizes to planarize the wafer.) 

Although not wishing to be bound by theory it is believed that pH shock is responsible for the 

agglomeration of particles when the blended slurry is formed. The number and size of the 

30 particles in solution in the slurry is at least partially due to the charges on the particles, which 

are affected by the pH of the suspension. Upon the addition of chemical additives that have a 

low or high pH, for example, acids or bases, the charges on the slurry particles will be 

impacted. Changes to the charges on the particles will cause weaker charged particles (near 

the isoelectric point) to attract and stick to each other and potentially form larger particles that 

35 will upset the desired particle size distribution, and/or the number of particles suspended in 

the slurry, and/or create particles that are above the maximum desired particle size in the 

slurry. The inventors believe that the pH shock to the slurry is reduced: (1) when the 
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10 chemical stream or a water stream to form the blended chemical blend stream in the blend 
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operation, the flow and combination of the individual components in the blended slurry or 

chemical blend is continuous while the slurry or chemical blend is blended. The flow and 

combination of the individual components occurs in parallel continuous flowing and optionally 

20 one or more combining stages in the blend module when the controller (not shown) calls for 
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[0096] Blending raw slurry, water and the one or more chemicals, may cause the slurry and 

the particles therein to undergo a chemical change and the particles in the suspension may 

become agglomerated, that is, they stick to each other, forming larger particles that may fall 

25 out of suspension or create a slurry with particles that are too large and therefore not desired 

in the slurry. (Large slurry particles have the potential to scratch the surface of the wafer 
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Although not wishing to be bound by theory it is believed that pH shock is responsible for the 

agglomeration of particles when the blended slurry is formed. The number and size of the 

30 particles in solution in the slurry is at least partially due to the charges on the particles, which 

are affected by the pH of the suspension. Upon the addition of chemical additives that have a 

low or high pH, for example, acids or bases, the charges on the slurry particles will be 

impacted. Changes to the charges on the particles will cause weaker charged particles (near 

the isoelectric point) to attract and stick to each other and potentially form larger particles that 

35 will upset the desired particle size distribution, and/or the number of particles suspended in 

the slurry, and/or create particles that are above the maximum desired particle size in the 

slurry. The inventors believe that the pH shock to the slurry is reduced: (1) when the 
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components to make the blended slurry are combined while flowing them simultaneously and 

continuously or semi-continuously into a single tube and then to a distribution tank that is 

used to supply one or more tools simultaneously and/or continuously or semi-continuously as 

compared to the combination of components in a batch process in a tank, and/or (2) when 

5 liquid component stream at or near the desired pH (e.g. the pH of already blended slurry) is 

combined with one or more components of the slurry to be blended that are not at the desired 

pH, and/or (3) when blended slurry components are quickly mixed using a pump, and/or (4) 

when the slurry components are combined in stages, and/or (5) when the raw slurry is last to 

be combined with the already combined rest of components of the slurry, and/or (6) when 

10 using a split mixer in the blend module, and/or (7) any combination of the (1), (2), (3), (4), (5) 

and/or (6). Also, the inventors believe that due to the potential for pH shock anytime the 

components of a blended slurry are combined, it is beneficial to follow the combination of the 

components of a blended slurry with a filtering step to remove any agglomerated particles 

formed during the blending steps before providing the blended slurry to the distribution 

15 module. 

Although typically the components used to make a chemical blend (non-slurry containing 

chemical blend) do not have any particles present in the feed streams, there is always a 

potential that particles will form in the partially blended chemical blend streams or in the fully 

blended chemical blend or there may be adverse chemical reactions between the 

20 components when combined; therefore, it is beneficial to combine the component streams: (1) 

while flowing them simultaneously and continuously or semi-continuously into a single tube 

and then flowing the chemical blend to a distribution tank that is used to supply one or more 

tools simultaneously and/or continuously or semi-continuously as compared to the 

combination of components in a batch process in a tank, and/or (2) such that a component 

25 stream at or near the desired pH (e.g. the pH of finally blended chemical blend) is combined 

with one or more components of the chemical blend to be blended that are not at the desired 

pH before combination with other components that are also not at the desired pH, and/or (3) 

by combining them into a single pipe and quickly mixing them by flowing them through a 

pump, and/or (4) in stages, and/or (5) when the highest pH component is combined in the last 

30 stage with the already combined other components of the chemical blend, and/or (6) by using 

a split mixer in the blend module, and/or (7) any combination of the (1), (2), (3), (4), (5) and/or 

(6). Also, the inventors believe that due to the potential for pH shock anytime the components 

of a chemical blend are combined, it is beneficial to follow the combination of the components 

of a chemical blend with a filtering step. 

35 [0097] 	Integrated chip manufacturers are very particular about the particle size and the 

particle size distribution in their CMP slurries, especially that the slurry must not contain any 

particles larger than a maximum allowed particle size. If the agglomeration is severe, the 
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resulting blended slurry will not be within the CMP slurry specification and the slurry will have 

to be dumped and new slurry will have to be blended. The same problem may arise with the 

blending of chemical components in a chemical blend. One way to avoid agglomeration is to 

slowly and carefully blend the components of the blended slurry(or chemical blend) one at a 

5 time in a tank with mechanical stirring; however, that is a time consuming and inefficient 

process and a process that may still be subject to pH shock. 

[0098] 	The inventors have come up with a way to make a blended slurry and/or chemical 

blend while maintaining the chemical characteristics of the blended slurry or chemical blend. 

The method and apparatus quickly combines the components of a blended slurry or chemical 

10 blend while limiting and/or preventing the potential negative impact of any agglomeration due 

to the blending method or apparatus. 

[0099] 	One way to avoid a fluctuation in the chemical characteristics of a slurry or chemical 

blend when mixing the components of a blended slurry or chemical blend and thereby 

minimize or substantially prevent agglomeration or other negative effects is to provide a 

15 blending apparatus in which components of the blended slurry or chemical blend are 

combined by flowing at least 2 streams comprising different compositions, typically at least 

one component in each stream, a short distance upstream of a pump and then flowing the 

combined stream into that pump. Two or more streams are combined into a single stream 

upstream of the pump. The two or more streams are selected from the group consisting of 

20 raw slurry streams, water, chemical streams comprising one or more chemicals or one or 

more chemicals and water, partially blended slurry streams, fully blended slurry or chemical 

blend streams, or recycled slurry or chemical blend streams. The term component or 

component stream will be used to refer to any of the just-listed streams that are blended 

together to make a fully blended slurry or fully blended chemical blend. 

25 [00100] The raw slurry streams means a fresh raw slurry such as Semi-Sperse, 

PLANERLITE and CoppeReady as supplied by a raw slurry supplier, such as Air Products 

and Chemicals, Inc., Cabot Microelectronics and Fujimi. Raw slurry is frequently available for 

purchase from the manufacturers in various containers and sizes of containers, such as, for 

example, 20 liters, 55 gallon drums (-200 liters) and 300 gallon totes. 

30 [00101] The water stream is typically ultra high purity deionized water. (UPW or DIW). Any 

reference to water added or used by the apparatus of this invention means either UPW or 

DIW. 

[00102] The chemical component streams may comprise one or more chemical components, 

for example, acids, such as, citric acid, HCI, or bases such as NH4OH, KOH or other chemical 

35 components such as surfactant (polyacrylic acid), oxidizer (H202), inhibitor (benzotriozole) or 

mixtures of any two or more chemical components in a stream. Additional chemical 
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resulting blended slurry will not be within the CMP slurry specification and the slurry will have 

to be dumped and new slurry will have to be blended. The same problem may arise with the 

blending of chemical components in a chemical blend. One way to avoid agglomeration is to 

slowly and carefully blend the components of the blended slurry(or chemical blend) one at a 

5 time in a tank with mechanical stirring; however, that is a time consuming and inefficient 

process and a process that may still be subject to pH shock. 

[0098] The inventors have come up with a way to make a blended slurry and/or chemical 

blend while maintaining the chemical characteristics of the blended slurry or chemical blend. 

The method and apparatus quickly combines the components of a blended slurry or chemical 

10 blend while limiting and/or preventing the potential negative impact of any agglomeration due 

to the blending method or apparatus. 

[0099] One way to avoid a fluctuation in the chemical characteristics of a slurry or chemical 

blend when mixing the components of a blended slurry or chemical blend and thereby 

minimize or substantially prevent agglomeration or other negative effects is to provide a 

15 blending apparatus in which components of the blended slurry or chemical blend are 

combined by flowing at least 2 streams comprising different compositions, typically at least 

one component in each stream, a short distance upstream of a pump and then flowing the 

combined stream into that pump. Two or more streams are combined into a single stream 

upstream of the pump. The two or more streams are selected from the group consisting of 

20 raw slurry streams, water, chemical streams comprising one or more chemicals or one or 

more chemicals and water, partially blended slurry streams, fully blended slurry or chemical 

blend streams, or recycled slurry or chemical blend streams. The term component or 

component stream will be used to refer to any of the just-listed streams that are blended 

together to make a fully blended slurry or fully blended chemical blend. 

25 [00100] The raw slurry streams means a fresh raw slurry such as Semi-Sperse, 

PLANERLITE and CoppeReady as supplied by a raw slurry supplier, such as Air Products 

and Chemicals, Inc., Cabot Microelectronics and Fujimi. Raw slurry is frequently available for 

purchase from the manufacturers in various containers and sizes of containers, such as, for 

example, 20 liters, 55 gallon drums (-200 liters) and 300 gallon totes. 

30 [00101] The water stream is typically ultra high purity deionized water. (UPW or DIW). Any 

reference to water added or used by the apparatus of this invention means either UPW or 

DIW. 

[00102] The chemical component streams may comprise one or more chemical components, 

for example, acids, such as, citric acid, HCI, or bases such as NH4OH, KOH or other chemical 

35 components such as surfactant (polyacrylic acid), oxidizer (H202), inhibitor (benzotriozole) or 

mixtures of any two or more chemical components in a stream. Additional chemical 
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component streams, particularly when making a chemical blend include potassium periodate, 

potassium persulfate, ammonium cerium nitrate, and sulfuric acid. 

[00103] A partially blended slurry stream is a stream that comprises one or more 

components into which one or more additional components will be blended to create a fully 

5 blended slurry stream. The partially blended slurry stream may or may not comprise slurry. 

For example, a partially blended slurry stream may comprise raw slurry and water, or one or 

more chemicals and water, or raw slurry and fully blended slurry. 

[00104] A recycled slurry is a slurry that has been recovered from a CMP polishing tool or 

otherwise directed through one or more steps that may return the slurry to its original or 

10 substantially to its original raw slurry composition. Substantially means to within a few weight 

percent or a few tenths or hundredths of a weight percent of the original composition. 

Examples of steps for recovering the slurry include a filtering step to remove the metal and 

other particles that were cleaned off the wafer and a second filtering or the same filtering step 

to remove all or a portion of the water content therein. Sometimes just the slurry particles are 

15 recovered and new solution is added to reconstitute the raw slurry. The use of the term raw 

slurry may include all or part of a recycled slurry or it may not include any portion of recycled 

slurry. Recycled slurry may be fully or partially used as the raw slurry or not anywhere the 

term raw slurry is used herein. Note the steps to recover and recycle slurry are not part of this 

invention except that recycled slurry can be used in the apparatus as the raw slurry. 

20 [00105] A fully blended slurry means the slurry in its final desirable and useable composition, 

meaning that the raw slurry has already been combined with the required components in the 

required amounts to make the fully blended slurry and the resulting fully blended slurry has 

the desired pH and the desired particle size distribution and density. 	For example, a fully 

blended slurry may comprise from 0.1 to 99.9 % or 0.1 to 99% or 20 to 80% by weight raw 

25 slurry (comprising slurry particles and water), and/or from 1 to 99.9 % or 20 to 99% by weight 

water, and/or from 0.1 to 10 % or 0.1 to 2 % by weight hydrogen peroxide. For example, 

another fully blended slurry may comprise from 1 to 25% by weight raw slurry (comprising 

slurry particles and water), from 65 to 98.9% by weight water, and from 0.1 to 10% by weight 

potassium hydroxide and/or other additives. When a fully blended slurry is combined with 

30 other slurry components to make more of the same fully blended slurry (which may be 

referred to as "additional fully blended slurry"), the fully blended slurry is made by combining 

the same slurry components, in the same proportions, that were used to make the fully 

blended slurry that is being added thereto. The fully blended slurry that is used for combining 

with the slurry components to make additional fully blended slurry having the same 

35 composition as the fully blended slurry may be fully blended slurry that comes from one or 

more of the following: (1) a circulation loop to/from the distribution tank, (2) the blend module 

after the slurry is blended, (3) a filtration loop in the blend module or distribution module, (4) a 
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component streams, particularly when making a chemical blend include potassium periodate, 

potassium persulfate, ammonium cerium nitrate, and sulfuric acid. 

[00103] A partially blended slurry stream is a stream that comprises one or more 

components into which one or more additional components will be blended to create a fully 

5 blended slurry stream. The partially blended slurry stream may or may not comprise slurry. 

For example, a partially blended slurry stream may comprise raw slurry and water, or one or 

more chemicals and water, or raw slurry and fully blended slurry. 

[00104] A recycled slurry is a slurry that has been recovered from a CMP polishing tool or 

otherwise directed through one or more steps that may return the slurry to its original or 

10 substantially to its original raw slurry composition. Substantially means to within a few weight 

percent or a few tenths or hundredths of a weight percent of the original composition. 

Examples of steps for recovering the slurry include a filtering step to remove the metal and 

other particles that were cleaned off the wafer and a second filtering or the same filtering step 

to remove all or a portion of the water content therein. Sometimes just the slurry particles are 

15 recovered and new solution is added to reconstitute the raw slurry. The use of the term raw 

slurry may include all or part of a recycled slurry or it may not include any portion of recycled 

slurry. Recycled slurry may be fully or partially used as the raw slurry or not anywhere the 

term raw slurry is used herein. Note the steps to recover and recycle slurry are not part of this 

invention except that recycled slurry can be used in the apparatus as the raw slurry. 

20 [00105] A fully blended slurry means the slurry in its final desirable and useable composition, 

meaning that the raw slurry has already been combined with the required components in the 

required amounts to make the fully blended slurry and the resulting fully blended slurry has 

the desired pH and the desired particle size distribution and density. For example, a fully 

blended slurry may comprise from 0.1 to 99.9 % or 0.1 to 99% or 20 to 80% by weight raw 

25 slurry (comprising slurry particles and water), and/or from 1 to 99.9 % or 20 to 99% by weight 

water, and/or from 0.1 to 10 % or 0.1 to 2 % by weight hydrogen peroxide. For example, 

another fully blended slurry may comprise from 1 to 25% by weight raw slurry (comprising 

slurry particles and water), from 65 to 98.9% by weight water, and from 0.1 to 10% by weight 

potassium hydroxide and/or other additives. When a fully blended slurry is combined with 

30 other slurry components to make more of the same fully blended slurry (which may be 

referred to as "additional fully blended slurry"), the fully blended slurry is made by combining 

the same slurry components, in the same proportions, that were used to make the fully 

blended slurry that is being added thereto. The fully blended slurry that is used for combining 

with the slurry components to make additional fully blended slurry having the same 

35 composition as the fully blended slurry may be fully blended slurry that comes from one or 

more of the following: (1) a circulation loop to/from the distribution tank, (2) the blend module 

after the slurry is blended, (3) a filtration loop in the blend module or distribution module, (4) a 
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filtration loop in the distribution module, (5) a global supply loop, (6) the distribution tank , or 

(7) via a return loop from an analytical module to the blend module. One or more optional 

pipes connecting the blended slurry sources to the blend module are not shown in the figures 

except for those described as (5) and (6) in the list. 	It is preferred that the blended slurry 

5 combined in the blend module does not come from the global loop. It is preferred that it is 

from (2), (3), (4), (6) or (7). 

[00106] In one embodiment of the methods and apparatuses of this invention, the 

components are at least partially blended by flowing multiple component streams into fewer 

and fewer pipes, until there is a single pipe containing all the component streams that are 

10 used to make a blended slurry or chemical blend. In one embodiment of the invention, shown 

in Figure 16, the blend module comprises one or more static mixers that are used in those 

lines. The flow is controlled in the component feed lines using flow controllers. As shown in 

Figure 1, for one embodiment of a slurry supply and/or chemical blend supply apparatus the 

blend module 200 comprises raw slurry feed line 212 from the feed module, that may flow into 

15 either or both of lines 212A, 2126 and two additional component feed lines 210 and 211 that, 

for example, may be water and chemical(s) lines, respectively. Component feed line 210 is in 

fluid communication with lines 210A and 21013. 	Component feed line 211 is in fluid 

communication with lines 211A and 2116 respectively. Lines 212A, 210A and 211A each 

have flow controllers therein, respectively 262A, 260A and 261A. As shown, in Figure 16, the 

20 blend module 200 that is part of apparatus 20 comprises redundant lines 2106, 2116 and 

2126 having separate flow controllers 2606, 2616 and 2626 respectively therein, in case 

there is a problem with one or more of the lines 212A, 210A and 211A and/or one or more of 

the flow controllers 262A, 260A and 261A. The parts of the blend module 200 labeled with 

the B following the number in the blend module are parts of an optional backup (redundant) 

25 blend module. The embodiment shown in Figure 16 will be described for flow through the 

parts identified with an A, however, it is understood that the back up B parts of the blend 

module work the same way and can be used alternatively or simultaneously with A parts in 

the embodiments. Valving (not shown) in the A and B lines would be opened and closed or 

partially opened or partially closed to direct the flow of the components to the A-labeled parts 

30 and/or the 6-labeled parts. 	It is preferred that the valves are either open or closed. 

[00107] Flow controllers 261A, 260A and 262A are each preset to control the flow of each 

component to provide the blended slurry and/or chemical blend with the desired composition. 

Each flow controller comprises a flow sensor and a proportional valve, for example, a 

pneumatic valve and control software. The flow sensor measures the flow rate and the 

35 control software performs a calculation for example a PID calculation to determine whether or 

not to adjust the opening of the valve and then communicates with the necessary 

component(s) (pneumatic controls to open or close the valve). All communications and 
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filtration loop in the distribution module, (5) a global supply loop, (6) the distribution tank , or 

(7) via a return loop from an analytical module to the blend module. One or more optional 

pipes connecting the blended slurry sources to the blend module are not shown in the figures 

except for those described as (5) and (6) in the list. It is preferred that the blended slurry 

5 combined in the blend module does not come from the global loop. It is preferred that it is 

from (2), (3), (4), (6) or (7). 

[00106] In one embodiment of the methods and apparatuses of this invention, the 

components are at least partially blended by flowing multiple component streams into fewer 

and fewer pipes, until there is a single pipe containing all the component streams that are 

10 used to make a blended slurry or chemical blend. In one embodiment of the invention, shown 

in Figure 1B, the blend module comprises one or more static mixers that are used in those 

lines. The flow is controlled in the component feed lines using flow controllers. As shown in 

Figure 1, for one embodiment of a slurry supply and/or chemical blend supply apparatus the 

blend module 200 comprises raw slurry feed line 212 from the feed module, that may flow into 

15 either or both of lines 212A, 212B and two additional component feed lines 210 and 211 that, 

for example, may be water and chemical(s) lines, respectively. Component feed line 210 is in 

fluid communication with lines 21 OA and 210B. Component feed line 211 is in fluid 

communication with lines 211A and 211B respectively. Lines 212A, 210A and 211A each 

have flow controllers therein, respectively 262A, 260A and 261 A. As shown, in Figure 1B, the 

20 blend module 200 that is part of apparatus 20 comprises redundant lines 210B, 211B and 

212B having separate flow controllers 260B, 261B and 262B respectively therein, in case 

there is a problem with one or more of the lines 212A, 21 OA and 211A and/or one or more of 

the flow controllers 262A, 260A and 261 A. The parts of the blend module 200 labeled with 

the B following the number in the blend module are parts of an optional backup (redundant) 

25 blend module. The embodiment shown in Figure 1B will be described for flow through the 

parts identified with an A, however, it is understood that the back up B parts of the blend 

module work the same way and can be used alternatively or simultaneously with A parts in 

the embodiments. Valving (not shown) in the A and B lines would be opened and closed or 

partially opened or partially closed to direct the flow of the components to the A-labeled parts 

30 and/or the B-labeled parts. It is preferred that the valves are either open or closed. 

[00107] Flow controllers 261 A, 260A and 262A are each preset to control the flow of each 

component to provide the blended slurry and/or chemical blend with the desired composition. 

Each flow controller comprises a flow sensor and a proportional valve, for example, a 

pneumatic valve and control software. The flow sensor measures the flow rate and the 

35 control software performs a calculation for example a PID calculation to determine whether or 

not to adjust the opening of the valve and then communicates with the necessary 

component(s) (pneumatic controls to open or close the valve). All communications and 
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measurements are also communicated with an overall controller (not shown) for the apparatus 

20. In the embodiment shown lines 210A and 211A after exiting the flow controllers in each 

line are combined into line 214A and line 214A flows into an optional static mixer 240 to 

completely mix the components that originally were in lines 210A and 211A and form a (first) 

5 mixed fluid also referred to as partially blended slurry in line 217, then the mixed fluid (partially 

blended slurry) in line 217 is combined with the raw slurry flowing in line 212A and flows into 

an optional static mixer 241 and exits the static mixer 241 in line 218 to form another (a 

second) mixed fluid (fully blended slurry). 	In this embodiment, Line 218 comprises the 

blended slurry that flows to the distribution module 400 and may flow through (or a portion or 

10 

15 

a sample thereof may flow through) an optional analytical module 300, as shown in Figure 1B, 

too prior to flowing to the distribution module 400. 	When at least 2 components in 2 separate 

lines come together (are connected at a junction) to form a first combined line comprising a 

first combined composition and then a third line (which may comprise one or more additional 

or the same components) is added to the first combined line to form a second combined line, 

that may be referred to as staged blending. Each time at least two (typically two) component 

lines are combined it is a stage. The just-described first combined line is formed in a first 

stage; the second combined line is formed in a second stage. (Note the opposite numbering 

may be used wherein the first junction refers to the junction closest to the formation of the 

final blended slurry and/or chemical blend which may be near the pump or in other 

20 embodiments a static mixer.) Staged blending may occur for any number of components 

flowing in any number of separate lines combining by junctions in the lines and eventually 

preferably resulting in a single and final combined line comprising all or the majority of the 

components in a desired blended slurry and/or chemical blend. Staged blending may further 

comprise one or more static mixers that are present at or near the junction between the lines 

25 with components flowing therein that come together (are connected) into a single line at that 

junction. For each two or more lines that come together (are connected) into a single 

junction, the lines each have flow controllers to control the flow rate of each fluid in each line, 

that is called parallel blending. 	In parallel blending, the components in the blend module are 

all flowing simultaneously through the flow controllers and combining via junctions between 

30 converging tubes and the components blend in the tubes and directly or eventually flow to the 

distribution module. This invention provides parallel blending that is done in one or more 

stages. 

[00108] In the embodiment of the blend module 200 shown in Figure 1B, it is preferred that 

the water is supplied in line 211 (211A) and the one or more chemicals are supplied in line 

35 210 (210A) and the raw slurry is supplied in line 212 (212A). 	In the preferred embodiment, 

line 214A is a mixture of water and the chemical component. By combining the water and 

chemical component of the slurry together, a high or low pH component of the slurry can be 
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measurements are also communicated with an overall controller (not shown) for the apparatus 

20. In the embodiment shown lines 210A and 211A after exiting the flow controllers in each 

line are combined into line 214A and line 214A flows into an optional static mixer 240 to 

completely mix the components that originally were in lines 210A and 211A and form a (first) 

5 mixed fluid also referred to as partially blended slurry in line 217, then the mixed fluid (partially 

blended slurry) in line 217 is combined with the raw slurry flowing in line 212A and flows into 

an optional static mixer 241 and exits the static mixer 241 in line 218 to form another (a 

second) mixed fluid (fully blended slurry). In this embodiment, Line 218 comprises the 

blended slurry that flows to the distribution module 400 and may flow through (or a portion or 

10 a sample thereof may flow through) an optional analytical module 300, as shown in Figure 1B, 

too prior to flowing to the distribution module 400. When at least 2 components in 2 separate 

lines come together (are connected at a junction) to form a first combined line comprising a 

first combined composition and then a third line (which may comprise one or more additional 

or the same components) is added to the first combined line to form a second combined line, 

15 that may be referred to as staged blending. Each time at least two (typically two) component 

lines are combined it is a stage. The just-described first combined line is formed in a first 

stage; the second combined line is formed in a second stage. (Note the opposite numbering 

may be used wherein the first junction refers to the junction closest to the formation of the 

final blended slurry and/or chemical blend which may be near the pump or in other 

20 embodiments a static mixer.) Staged blending may occur for any number of components 

flowing in any number of separate lines combining by junctions in the lines and eventually 

preferably resulting in a single and final combined line comprising all or the majority of the 

components in a desired blended slurry and/or chemical blend. Staged blending may further 

comprise one or more static mixers that are present at or near the junction between the lines 

25 with components flowing therein that come together (are connected) into a single line at that 

junction. For each two or more lines that come together (are connected) into a single 

junction, the lines each have flow controllers to control the flow rate of each fluid in each line, 

that is called parallel blending. In parallel blending, the components in the blend module are 

all flowing simultaneously through the flow controllers and combining via junctions between 

30 converging tubes and the components blend in the tubes and directly or eventually flow to the 

distribution module. This invention provides parallel blending that is done in one or more 

stages. 

[00108] In the embodiment of the blend module 200 shown in Figure 1B, it is preferred that 

the water is supplied in line 211 (211 A) and the one or more chemicals are supplied in line 

35 210 (210A) and the raw slurry is supplied in line 212 (212A). In the preferred embodiment, 

line 214A is a mixture of water and the chemical component. By combining the water and 

chemical component of the slurry together, a high or low pH component of the slurry can be 
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diluted prior to combination with the raw slurry, and produces a chemical and water mixture 

that has a pH that is typically closer to the pH of the raw slurry as compared to the pH of the 

undiluted chemical. By combining the water and one or more chemicals first and then 

combining the mixture of the water and one or more chemicals in a subsequent step with the 

5 raw slurry, this two or more step process (stages), helps to prevent pH shock, and helps to 

prevents the formation of agglomerates in the slurry. If there are additional chemicals to add 

to the slurry, depending upon the pH of those chemicals, it may be beneficial to add them one 

at a time in separate stages to the water stream before adding the combined one or more 

chemicals and water stream to the one or more raw slurry streams. In alternative 

10 embodiments, it may be desirable to combine the water stream and the raw slurry to provide a 

partially blended slurry stream and then to combine one or more chemical components to the 

partially blended slurry stream, or to combine more than two streams in one junction. 

[00109] It is presently preferred to space the junctions between the first two combined 

component streams (at least a slight distance e.g. an inch) away from the next junction adding 

15 another component stream and not to bring more than two streams of components together at 

each junction. The space between the junctions combining the streams provides some time 

and distance for the component streams to mix before another component is introduced into 

the mixed stream, although, other embodiments are contemplated by this invention where 

multiple steams are combined in a single junction. In an alternate embodiment, a chemical 

20 blend is made in the blend module shown in Figure 1 B, the only difference being that line 212 

either temporarily or permanently does not supply raw slurry to the blend module while the 

chemical blend is blended. 	In an alternative embodiment line 212 is not in fluid 

communication with the feed module (the apparatus may not comprise a feed module) and 

instead line 212 may be connected to a bulk chemical supply. 

25 [00110] In another embodiment of the method and apparatus of this invention as shown in 

Figures 3, 4, the components of a blended slurry or chemical blend are at least partially 

blended by flowing multiple component streams into fewer and fewer pipes, or combining all 

the component streams via a single junction that combines more than two streams, for 

example, a junction that brings three streams together until there is a single pipe containing all 

30 the component streams that are used to make a blended slurry or chemical blend and then 

drawing that stream into a pump, the discharge of which is a fully blended slurry or chemical 

blend. The last junction of the pipes forming the single pipe that contains all of the 

components of the blended slurry or chemical blend stream that enters the pump (and/or a 

static mixer in the alternate embodiment) is within less than 12 feet or less than 10 feet or less 

35 than 8 feet or less than 5 feet or less than 3 feet or less than 2 feet or less than 1 foot or less 

than 6 inches or less than 2 inches upstream of the pump (and/or the static mixer, for 

example, for the embodiment shown in Figure 1B). Further, preferably two or more or all of 
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diluted prior to combination with the raw slurry, and produces a chemical and water mixture 

that has a pH that is typically closer to the pH of the raw slurry as compared to the pH of the 

undiluted chemical. By combining the water and one or more chemicals first and then 

combining the mixture of the water and one or more chemicals in a subsequent step with the 

5 raw slurry, this two or more step process (stages), helps to prevent pH shock, and helps to 

prevents the formation of agglomerates in the slurry. If there are additional chemicals to add 

to the slurry, depending upon the pH of those chemicals, it may be beneficial to add them one 

at a time in separate stages to the water stream before adding the combined one or more 

chemicals and water stream to the one or more raw slurry streams. In alternative 

10 embodiments, it may be desirable to combine the water stream and the raw slurry to provide a 

partially blended slurry stream and then to combine one or more chemical components to the 

partially blended slurry stream, or to combine more than two streams in one junction. 

[00109] It is presently preferred to space the junctions between the first two combined 

component streams (at least a slight distance e.g. an inch) away from the next junction adding 

15 another component stream and not to bring more than two streams of components together at 

each junction. The space between the junctions combining the streams provides some time 

and distance for the component streams to mix before another component is introduced into 

the mixed stream, although, other embodiments are contemplated by this invention where 

multiple steams are combined in a single junction. In an alternate embodiment, a chemical 

20 blend is made in the blend module shown in Figure 1B, the only difference being that line 212 

either temporarily or permanently does not supply raw slurry to the blend module while the 

chemical blend is blended. In an alternative embodiment line 212 is not in fluid 

communication with the feed module (the apparatus may not comprise a feed module) and 

instead line 212 may be connected to a bulk chemical supply. 

25 [00110] In another embodiment of the method and apparatus of this invention as shown in 

Figures 3, 4, the components of a blended slurry or chemical blend are at least partially 

blended by flowing multiple component streams into fewer and fewer pipes, or combining all 

the component streams via a single junction that combines more than two streams, for 

example, a junction that brings three streams together until there is a single pipe containing all 

30 the component streams that are used to make a blended slurry or chemical blend and then 

drawing that stream into a pump, the discharge of which is a fully blended slurry or chemical 

blend. The last junction of the pipes forming the single pipe that contains all of the 

components of the blended slurry or chemical blend stream that enters the pump (and/or a 

static mixer in the alternate embodiment) is within less than 12 feet or less than 10 feet or less 

35 than 8 feet or less than 5 feet or less than 3 feet or less than 2 feet or less than 1 foot or less 

than 6 inches or less than 2 inches upstream of the pump (and/or the static mixer, for 

example, for the embodiment shown in Figure 1B). Further, preferably two or more or all of 
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the component streams, for example streams, A, B, and C in the embodiments shown, are 

combined within less than 12 feet or less than 10 feet or less than 8 feet or less than 5 feet or 

less than 3 feet or less than 2 feet or less than 1 foot or less than 6 inches or less than 4 

inches upstream of the pump (and/or the static mixer, for example, for the embodiment shown 

5 in Figure 1 B). In this invention, a majority of the components of the blended slurry or 

chemical blend are combined by flowing at least 2 component streams in at least 2 pipes 

(each stream flowing in its own pipe) through a junction connecting the at least 2 pipes to a 

single pipe downstream of the junction and into a pump. The pump accomplishes the 

blending of the components of the slurry or chemical blend such that fully blended slurry or 

10 chemical blend exits the pump. The blend module 200 may also comprise one or more static 

mixers upstream of the pump. Surprisingly the rapid combination and thorough mixing of the 

components via a pump prevents agglomeration. 

[00111] The flow controllers are selected from commercially available flow controllers that are 

well rated for controlling the flow rates in the desired ranges for the individual components 

15 combined to make the blended slurry or chemical blend, for example, from Entegris. The 

chemical component(s) and DIW are provided to the blend module under fairly consistent 

pressures and flow rates from their sources (not shown). Due to the feed module and 

particularly the recirculation loop in the feed module for embodiments that blend slurry and 

having a feed module, the raw slurry is provided to the blend module having a consistent 

20 composition and under a fairly consistent pressure and flow rate. The consistent flow rates of 

the component supply streams makes it easier for the flow controllers in the blend module to 

maintain a steady and consistent flow of the raw slurry and/or the other slurry components or 

chemical components through them. The components other than the raw slurry are typically 

provided to the flow controllers in the blend module at a consistent pressure by commercially 

25 available delivery supply systems, for example bulk chemical delivery systems. 

30 

[00112] Figure 3 shows an alternative blend module 200 that is useful in making slurry and/or 

chemical blend compositions. As described for the blend module 200 shown in Figure 1 B, the 

slurry and/or chemical blend compositions in the form that they are used are called blended 

slurries or fully blended slurries or chemical blends or fully blended chemical blends, 

respectively, and they each comprise two or more, typically three or more components that 

are blended together. The apparatus shown in Figure 3 is used to blend one or more 

component streams, such as, water, chemical (containing) streams, and/or raw slurry 

streams, partially blended streams, fully blended streams and/or recycled slurry streams . 

The apparatus comprises one or more pipes and a pump that are connected to each other 

35 and in fluid communication with each other. Each pipe preferably comprises a flow controller 

therein. As shown, third stream A, second stream B and first stream C travel in third pipe 210, 

second pipe 211 and first pipe 212 respectively, that may be any kind of pipes, e.g. tubes or 
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the component streams, for example streams, A, B, and C in the embodiments shown, are 

combined within less than 12 feet or less than 10 feet or less than 8 feet or less than 5 feet or 

less than 3 feet or less than 2 feet or less than 1 foot or less than 6 inches or less than 4 

inches upstream of the pump (and/or the static mixer, for example, for the embodiment shown 

5 in Figure 1B). In this invention, a majority of the components of the blended slurry or 

chemical blend are combined by flowing at least 2 component streams in at least 2 pipes 

(each stream flowing in its own pipe) through a junction connecting the at least 2 pipes to a 

single pipe downstream of the junction and into a pump. The pump accomplishes the 

blending of the components of the slurry or chemical blend such that fully blended slurry or 

10 chemical blend exits the pump. The blend module 200 may also comprise one or more static 

mixers upstream of the pump. Surprisingly the rapid combination and thorough mixing of the 

components via a pump prevents agglomeration. 

[00111] The flow controllers are selected from commercially available flow controllers that are 

well rated for controlling the flow rates in the desired ranges for the individual components 

15 combined to make the blended slurry or chemical blend, for example, from Entegris. The 

chemical component(s) and DIW are provided to the blend module under fairly consistent 

pressures and flow rates from their sources (not shown). Due to the feed module and 

particularly the recirculation loop in the feed module for embodiments that blend slurry and 

having a feed module, the raw slurry is provided to the blend module having a consistent 

20 composition and under a fairly consistent pressure and flow rate. The consistent flow rates of 

the component supply streams makes it easier for the flow controllers in the blend module to 

maintain a steady and consistent flow of the raw slurry and/or the other slurry components or 

chemical components through them. The components other than the raw slurry are typically 

provided to the flow controllers in the blend module at a consistent pressure by commercially 

25 available delivery supply systems, for example bulk chemical delivery systems. 

[00112] Figure 3 shows an alternative blend module 200 that is useful in making slurry and/or 

chemical blend compositions. As described for the blend module 200 shown in Figure 1B, the 

slurry and/or chemical blend compositions in the form that they are used are called blended 

slurries or fully blended slurries or chemical blends or fully blended chemical blends, 

30 respectively, and they each comprise two or more, typically three or more components that 

are blended together. The apparatus shown in Figure 3 is used to blend one or more 

component streams, such as, water, chemical (containing) streams, and/or raw slurry 

streams, partially blended streams, fully blended streams and/or recycled slurry streams . 

The apparatus comprises one or more pipes and a pump that are connected to each other 

35 and in fluid communication with each other. Each pipe preferably comprises a flow controller 

therein. As shown, third stream A, second stream B and first stream C travel in third pipe 210, 

second pipe 211 and first pipe 212 respectively, that may be any kind of pipes, e.g. tubes or 
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the like. 	Pipes 210, 211 and 212 have third, second and first flow controllers 260, 261 and 

262, respectively. The flow controllers in this embodiment, to supply optional raw slurry (for 

slurry compositions), chemical(s) and DIW operate as described above for the blend module 

200 described in conjunction with Fig 1. Third line 210 and second line 211 carrying stream A 

5 and B respectively meet and combine at junction 299 to form a second (single) combined 

stream in pipe 214 that comprises a blended mixture (partially blended slurry and/or partially 

blended chemical blend stream) of streams A and B. (The amount of fluid (components, 

water, and/or slurry, etc) in each stream to be combined is taken into consideration when 

sizing the pipes that carry component streams and the combined streams after the junctions. 

10 Note, the pipes as shown in all of the figures including Figure 3 do not reflect the actual size 

or relative size of the pipes. 

[00113] The conduits are sized between from 1/8 inch to 1.5 inch outside diameter tubing. 

The tubing is sized to accommodate the expected flows of the slurry or other components 

therethrough and not to restrict the flow of the slurry or slurry components, chemical blend 

15 components or blended mixtures (i.e. partially blended slurry or partially blended chemical 

blend). The flow rate through the conduits is controlled by the pumps and flow controllers; 

therefore, the tubing size should be such that it does not interfere with those controls. 

[00114] The blend module 200 further comprises another component stream, stream C. 

Stream C flows in first pipe 212 and is combined at junction 298 with the stream D 

20 (comprising the components of streams A and B) that is flowing in pipe (the second single 

combined stream) 214 to form first single combined stream, stream G in pipe 217. 

Downstream of junction 298 is pump 251. In this embodiment, stream G that travels via pipe 

217 into pump 251 preferably comprises all of the components of the raw slurry or chemical 

blend that are to be combined to make the blended slurry or chemical blend. Stream G in 

25 pipe 217 is injected into or otherwise flows into pump 251 that mechanically mixes all of 

components of the stream G. Stream G comprises the component streams A, B, and C. By 

using this method and apparatus of combining the components, the speed of combining the 

parallel flowing streams A, B and C in the joining pipes and the proximity to and blending via 

the pump 251, the slurry or chemical blend quickly reaches the desired equilibrium and 

30 substantially avoids the pH shock problem described above. The component streams are 

combined by continuously flowing them together into fewer conduits (combined streams) and 

then flowing the combined (components) streams into the suction side of a pump. The fully 

blended slurry or chemical blend exits the pump on the discharge side into a pipe 218. Pipe 

218, transports stream H, which is preferably the fully blended slurry or chemical blend to a 

35 distribution tank, and/or filter, and/or analytical module, and/or a tool and/or to a global loop. 

The pump 251 is preferably a centrifugal pump as described earlier. The pump 251 may be 

referred to as the blend module pump 251. 
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the like. Pipes 210, 211 and 212 have third, second and first flow controllers 260, 261 and 

262, respectively. The flow controllers in this embodiment, to supply optional raw slurry (for 

slurry compositions), chemical(s) and DIW operate as described above for the blend module 

200 described in conjunction with Fig 1. Third line 210 and second line 211 carrying stream A 

5 and B respectively meet and combine at junction 299 to form a second (single) combined 

stream in pipe 214 that comprises a blended mixture (partially blended slurry and/or partially 

blended chemical blend stream) of streams A and B. (The amount of fluid (components, 

water, and/or slurry, etc) in each stream to be combined is taken into consideration when 

sizing the pipes that carry component streams and the combined streams after the junctions. 

10 Note, the pipes as shown in all of the figures including Figure 3 do not reflect the actual size 

or relative size of the pipes. 

[00113] The conduits are sized between from 1/8 inch to 1.5 inch outside diameter tubing. 

The tubing is sized to accommodate the expected flows of the slurry or other components 

therethrough and not to restrict the flow of the slurry or slurry components, chemical blend 

15 components or blended mixtures (i.e. partially blended slurry or partially blended chemical 

blend). The flow rate through the conduits is controlled by the pumps and flow controllers; 

therefore, the tubing size should be such that it does not interfere with those controls. 

[00114] The blend module 200 further comprises another component stream, stream C. 

Stream C flows in first pipe 212 and is combined at junction 298 with the stream D 

20 (comprising the components of streams A and B) that is flowing in pipe (the second single 

combined stream) 214 to form first single combined stream, stream G in pipe 217. 

Downstream of junction 298 is pump 251. In this embodiment, stream G that travels via pipe 

217 into pump 251 preferably comprises all of the components of the raw slurry or chemical 

blend that are to be combined to make the blended slurry or chemical blend. Stream G in 

25 pipe 217 is injected into or otherwise flows into pump 251 that mechanically mixes all of 

components of the stream G. Stream G comprises the component streams A, B, and C. By 

using this method and apparatus of combining the components, the speed of combining the 

parallel flowing streams A, B and C in the joining pipes and the proximity to and blending via 

the pump 251, the slurry or chemical blend quickly reaches the desired equilibrium and 

30 substantially avoids the pH shock problem described above. The component streams are 

combined by continuously flowing them together into fewer conduits (combined streams) and 

then flowing the combined (components) streams into the suction side of a pump. The fully 

blended slurry or chemical blend exits the pump on the discharge side into a pipe 218. Pipe 

218, transports stream H, which is preferably the fully blended slurry or chemical blend to a 

35 distribution tank, and/or filter, and/or analytical module, and/or a tool and/or to a global loop. 

The pump 251 is preferably a centrifugal pump as described earlier. The pump 251 may be 

referred to as the blend module pump 251. 
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[00115] Another embodiment of the blend apparatus or module 200 of the invention is shown 

in Figure 4 that is useful in making slurry and/or chemical blend compositions. 	Figure 4 is 

similar to Figure 3; however, it shows additional equipment and process steps that may be 

used in the apparatus and method of the invention. (In some of the figures, the same or 

5 similar numbers are used to label similar elements in the figures.) The apparatus shown in 

Figure 4 is used to blend one or more component streams, such as, one or more chemical 

component streams, raw slurry streams, partially blended streams, fully blended streams 

and/or blended slurry and/or chemical blend streams. The sources of these streams are not 

shown in the figure, except, as shown, in embodiments that make blended slurry line 212 may 

10 be the raw slurry feed from the feed module 100, although in an alternative embodiment line 

212 could be located elsewhere, i.e. swapped with the locations of line 210 or line 211 in the 

blend module. In alternating embodiments such as those that make chemical blends, line 212 

could be a chemical component or water stream. The method or apparatus of this 

embodiment is one in which one of the component streams being combined with another 

15 stream comprises already blended slurry and/or chemical blend. Like the embodiment shown 

in Figure 3, the apparatus of Figure 4 comprises one or more pipes and a pump. Component 

streams A, B and C travel in pipes 210, 211 and 212 respectively. Pipes 210 and 211, 

carrying component streams A and B respectively meet, and combine at junction 299 to form 

a fourth single combined stream in pipe 214 that comprises a mixture of streams A and B (a 

20 partially blended slurry or partially blended chemical blend), referred to as stream D. The pipe 

214, comprises an optional static mixer 270 which helps to blend the components in streams 

A and B of pipes 210 and 211, respectively. Streams A and B blend together in pipe 214 and 

static mixer 270 to form stream D. Note the term "partially blended slurry or partially blended 

chemical blend" is used to refer to an intermediate stream in the formation of the "fully 

25 blended slurry or fully blended chemical blend" or in this embodiment "additional fully blended 

slurry or fully blended chemical blend". The partially blended slurry may be with or without 

(raw) slurry therein. 

[00116] Another component stream C in pipe 212 is combined with the fourth single 

combined stream in pipe 214; however, in the embodiment shown in Figure 4, the stream D in 

30 pipe 214 is first combined with the stream S in pipe 215 to form third single combined stream 

E in pipe 216. 	Pipes 214 and 215 join via junction 297 into a single pipe 216. Stream E in 

pipe 216 and stream C in pipe 212 then combine via junction 298 to form first single combined 

stream Gin pipe 217. 	Downstream of junction 298 is pump 251. Stream G travels via pipe 

217 into pump 251. Stream G comprises all of the components of the slurry or chemical 

35 blend and (optionally) in this embodiment any fully blended slurry or chemical blend that are 

to be combined to make additional quantities of fully blended slurry or chemical blend. Pump 

251 rapidly mixes all of the streams. Because of the optional individual steps of combining 
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[00115] Another embodiment of the blend apparatus or module 200 of the invention is shown 

in Figure 4 that is useful in making slurry and/or chemical blend compositions. Figure 4 is 

similar to Figure 3; however, it shows additional equipment and process steps that may be 

used in the apparatus and method of the invention. (In some of the figures, the same or 

5 similar numbers are used to label similar elements in the figures.) The apparatus shown in 

Figure 4 is used to blend one or more component streams, such as, one or more chemical 

component streams, raw slurry streams, partially blended streams, fully blended streams 

and/or blended slurry and/or chemical blend streams. The sources of these streams are not 

shown in the figure, except, as shown, in embodiments that make blended slurry line 212 may 

10 be the raw slurry feed from the feed module 100, although in an alternative embodiment line 

212 could be located elsewhere, i.e. swapped with the locations of line 210 or line 211 in the 

blend module. In alternating embodiments such as those that make chemical blends, line 212 

could be a chemical component or water stream. The method or apparatus of this 

embodiment is one in which one of the component streams being combined with another 

15 stream comprises already blended slurry and/or chemical blend. Like the embodiment shown 

in Figure 3, the apparatus of Figure 4 comprises one or more pipes and a pump. Component 

streams A, B and C travel in pipes 210, 211 and 212 respectively. Pipes 210 and 211, 

carrying component streams A and B respectively meet, and combine at junction 299 to form 

a fourth single combined stream in pipe 214 that comprises a mixture of streams A and B (a 

20 partially blended slurry or partially blended chemical blend), referred to as stream D. The pipe 

214, comprises an optional static mixer 270 which helps to blend the components in streams 

A and B of pipes 210 and 211, respectively. Streams A and B blend together in pipe 214 and 

static mixer 270 to form stream D. Note the term "partially blended slurry or partially blended 

chemical blend" is used to refer to an intermediate stream in the formation of the "fully 

25 blended slurry or fully blended chemical blend" or in this embodiment "additional fully blended 

slurry or fully blended chemical blend". The partially blended slurry may be with or without 

(raw) slurry therein. 

[00116] Another component stream C in pipe 212 is combined with the fourth single 

combined stream in pipe 214; however, in the embodiment shown in Figure 4, the stream D in 

30 pipe 214 is first combined with the stream S in pipe 215 to form third single combined stream 

E in pipe 216. Pipes 214 and 215 join via junction 297 into a single pipe 216. Stream E in 

pipe 216 and stream C in pipe 212 then combine via junction 298 to form first single combined 

stream G in pipe 217. Downstream of junction 298 is pump 251. Stream G travels via pipe 

217 into pump 251. Stream G comprises all of the components of the slurry or chemical 

35 blend and (optionally) in this embodiment any fully blended slurry or chemical blend that are 

to be combined to make additional quantities of fully blended slurry or chemical blend. Pump 

251 rapidly mixes all of the streams. Because of the optional individual steps of combining 
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the component streams in stages, the optional use of the static mixer (5), and because of the 

optimized ratio of the already blended slurry or chemical blend (that is a component of the 

slurry or chemical blend to be made) to the other component streams, and blending the 

streams in the pump, this blending method substantially decreases the pH shock problem 

5 described above. Further, the order of combining the streams in this embodiment decreases 

the chances of any negative impact due to pH shock on the slurry or chemical blend, although 

other orders of combining the stream are possible and would also decrease the chances of 

pH shock. The distances between the junctions are similar to those described for the 

embodiments described above. 

10 [00117] If any agglomerated particles do form, however, in the embodiment shown in Figure 

4, pipe 219 which is in fluid communication with and receives the blended stream S of the 

blend module 200 is connected to an optional filter element, filter, or a bank of more than one 

filter, for example, a pair of filters 230 that removes any agglomerated particles from the 

blended slurry or chemical blend stream S. Filters 230 remove agglomerated particles prior to 

15 transfer of the blended slurry or chemical blend to the distribution tank 491. Although not 

shown, it is preferred that the filter comprises two separate sets of banks of one or more filters 

in each bank, each having pipes to and from the filters and further comprising valves and 

optional check valves on the pipes that are in fluid communication with the filters and pipes 

219 and 71. Two separate banks of filter(s) are preferred that are arranged in parallel with 

20 valves upstream and downstream of each so that the first can be on-line and the second can 

be off-line during filter changes or for other maintenance, etc. as described earlier. 	Preferably 

the second filter or bank that is not filtering is pre-wet by leaving the valve on the upstream 

side of the filter(s) open. In this embodiment, the filters 230 remove any agglomerated 

particles from the blended slurry or chemical blend stream S before the blended slurry or 

25 chemical blend stream S is transported to a distribution tank 491. 	In an alternative 

embodiment, a filter loop could be connected after the pump 251. In alternative embodiments 

the blended slurry or chemical blend could be transported to a global loop, or CMP tool, or 

distribution, holding or other tank without filtering or with filtering provided by filters connected 

in modules later in the process, for example, in the distribution module or in the global loop or 

30 just prior to the CMP tool or other tool. As shown, a portion of the slurry or chemical blend S 

is fed (transported) via pipe 215 from the distribution tank 491 to be combined in the blend 

module 200 with one or more other component streams and then mixed by and in the pump 

251 in the blend module (apparatus) 200 to make additional blended slurry or chemical blend 

S. (In alternative embodiments the blended slurry or chemical blend to be combined with the 

35 slurry or chemical blend components to form additional blended slurry or chemical blend could 

be provided from the global loop or elsewhere in the distribution module or from a separate 

holding or other blended slurry or chemical blend supply tank if desired.) As shown in Figure 
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the component streams in stages, the optional use of the static mixer (5), and because of the 

optimized ratio of the already blended slurry or chemical blend (that is a component of the 

slurry or chemical blend to be made) to the other component streams, and blending the 

streams in the pump, this blending method substantially decreases the pH shock problem 

5 described above. Further, the order of combining the streams in this embodiment decreases 

the chances of any negative impact due to pH shock on the slurry or chemical blend, although 

other orders of combining the stream are possible and would also decrease the chances of 

pH shock. The distances between the junctions are similar to those described for the 

embodiments described above. 

10 [00117] If any agglomerated particles do form, however, in the embodiment shown in Figure 

4, pipe 219 which is in fluid communication with and receives the blended stream S of the 

blend module 200 is connected to an optional filter element, filter, or a bank of more than one 

filter, for example, a pair of filters 230 that removes any agglomerated particles from the 

blended slurry or chemical blend stream S. Filters 230 remove agglomerated particles prior to 

15 transfer of the blended slurry or chemical blend to the distribution tank 491. Although not 

shown, it is preferred that the filter comprises two separate sets of banks of one or more filters 

in each bank, each having pipes to and from the filters and further comprising valves and 

optional check valves on the pipes that are in fluid communication with the filters and pipes 

219 and 71. Two separate banks of filter(s) are preferred that are arranged in parallel with 

20 valves upstream and downstream of each so that the first can be on-line and the second can 

be off-line during filter changes or for other maintenance, etc. as described earlier. Preferably 

the second filter or bank that is not filtering is pre-wet by leaving the valve on the upstream 

side of the filter(s) open. In this embodiment, the filters 230 remove any agglomerated 

particles from the blended slurry or chemical blend stream S before the blended slurry or 

25 chemical blend stream S is transported to a distribution tank 491. In an alternative 

embodiment, a filter loop could be connected after the pump 251. In alternative embodiments 

the blended slurry or chemical blend could be transported to a global loop, or CMP tool, or 

distribution, holding or other tank without filtering or with filtering provided by filters connected 

in modules later in the process, for example, in the distribution module or in the global loop or 

30 just prior to the CMP tool or other tool. As shown, a portion of the slurry or chemical blend S 

is fed (transported) via pipe 215 from the distribution tank 491 to be combined in the blend 

module 200 with one or more other component streams and then mixed by and in the pump 

251 in the blend module (apparatus) 200 to make additional blended slurry or chemical blend 

5. (In alternative embodiments the blended slurry or chemical blend to be combined with the 

35 slurry or chemical blend components to form additional blended slurry or chemical blend could 

be provided from the global loop or elsewhere in the distribution module or from a separate 

holding or other blended slurry or chemical blend supply tank if desired.) As shown in Figure 

-50-



WO 2014/078398 	 PCT/US2013/069868 

4, stream S (the blended slurry or chemical blend stream from the distribution tank) via pipe 

215 is combined with stream D (the mixed component stream of streams A and B) via the 

junction 297 of lines 215 and 214 and then component stream C is combined via the junction 

298 of lines 216 and 212. 

5 [00118] In the embodiment shown in Figure 4, component A is preferably a chemical 

component, component B is DIW and component C is raw slurry when a slurry blend is 

prepared or another chemical component when a chemical blend is prepared. In one 

embodiment, the flow of component A is about 0.5 liters/min (Ipm), the flow of water is about 

10 Ipm and the flow of the raw slurry or another chemical component is about 5 Ipm. In some 

10 embodiments 10-90 % or 25-80% or 50-70% of the total blended slurry or chemical blend 

discharged by the pump 251 consists of the already blended slurry or already blended 

chemical blend (stream S and if present stream J) that is blended with the slurry or chemical 

blend components to form additional blended slurry or additional blended chemical blend. In 

one embodiment the already blended slurry or already blended chemical blend stream 

15 (stream S and optional stream J) is 56-64%, the chemical component B and the water is 26-

34% and the raw slurry or other chemical component is 2-18% of the total blended slurry or 

total blended chemical blend discharged from the pump 251 into line 218. The use of already 

blended slurry or already blended chemical blend in the blend module decreases the 

possibility of pH shock of the slurry or chemical blend, and is a method that can be used to 

20 successfully combine slurry or chemical components that are sensitive or otherwise reactive. 

[00119] Figure 4 shows the distribution tank 491 that is part of the distribution module 400 

that will be further described below. 	The distribution tank 491 has an exiting pipe 190 

(connected to the exit opening 727 of the tank) that feeds pipes 74 and 215. Pipe 74 provides 

blended slurry or chemical blend S to the global loop (not shown but will be described further 

25 with reference to Figure 1C below) or directly to a CMP or other tool (not shown). 	Pipe 215 

provides a portion of the blended slurry or chemical blend S from the distribution tank back to 

the blending apparatus. Valves (not shown) in one or more of pipe 190, pipe 74 and pipe 215 

that are preset by an operator or controlled by the controller (not shown) for the apparatus 20 

control the amount of blended slurry or chemical blend that flows into pipe 74 and 215. 

30 Additionally the amount of flow to 74 and 215 may be modified or controlled by demand and 

downstream pump 101 and pumps, flow sensors and valves (not shown in Figure 4) for the 

global loop downstream of pipe 74 and/or one or more optional filter loops in the blend and/or 

distribution module. Alternatively, a flow controller can be provided to control the flow of the 

already blended slurry or chemical blend in pipe 74, especially if the components require 

35 already blended slurry or chemical blend to achieve satisfactory blending results. 

[00120] In one embodiment shown in Figure 4, line 212 carrying the raw slurry or chemical 

component may be a 0.5 inch outside diameter tube line, line 214 carrying the chemical/water 
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4, stream S (the blended slurry or chemical blend stream from the distribution tank) via pipe 

215 is combined with stream D (the mixed component stream of streams A and B) via the 

junction 297 of lines 215 and 214 and then component stream C is combined via the junction 

298 of lines 216 and 212. 

5 [00118] In the embodiment shown in Figure 4, component A is preferably a chemical 

component, component B is DIW and component C is raw slurry when a slurry blend is 

prepared or another chemical component when a chemical blend is prepared. In one 

embodiment, the flow of component A is about 0.5 liters/min (Ipm), the flow of water is about 

10 Ipm and the flow of the raw slurry or another chemical component is about 5 Ipm. In some 

10 embodiments 10-90 % or 25-80% or 50-70% of the total blended slurry or chemical blend 

discharged by the pump 251 consists of the already blended slurry or already blended 

chemical blend (stream S and if present stream J) that is blended with the slurry or chemical 

blend components to form additional blended slurry or additional blended chemical blend. In 

one embodiment the already blended slurry or already blended chemical blend stream 

15 (stream S and optional stream J) is 56-64%, the chemical component B and the water is 26-

34% and the raw slurry or other chemical component is 2-18% of the total blended slurry or 

total blended chemical blend discharged from the pump 251 into line 218. The use of already 

blended slurry or already blended chemical blend in the blend module decreases the 

possibility of pH shock of the slurry or chemical blend, and is a method that can be used to 

20 successfully combine slurry or chemical components that are sensitive or otherwise reactive. 

[00119] Figure 4 shows the distribution tank 491 that is part of the distribution module 400 

that will be further described below. The distribution tank 491 has an exiting pipe 190 

(connected to the exit opening 727 of the tank) that feeds pipes 74 and 215. Pipe 74 provides 

blended slurry or chemical blend S to the global loop (not shown but will be described further 

25 with reference to Figure 1C below) or directly to a CMP or other tool (not shown). Pipe 215 

provides a portion of the blended slurry or chemical blend S from the distribution tank back to 

the blending apparatus. Valves (not shown) in one or more of pipe 190, pipe 74 and pipe 215 

that are preset by an operator or controlled by the controller (not shown) for the apparatus 20 

control the amount of blended slurry or chemical blend that flows into pipe 74 and 215. 

30 Additionally the amount of flow to 74 and 215 may be modified or controlled by demand and 

downstream pump 101 and pumps, flow sensors and valves (not shown in Figure 4) for the 

global loop downstream of pipe 74 and/or one or more optional filter loops in the blend and/or 

distribution module. Alternatively, a flow controller can be provided to control the flow of the 

already blended slurry or chemical blend in pipe 74, especially if the components require 

35 already blended slurry or chemical blend to achieve satisfactory blending results. 

[00120] In one embodiment shown in Figure 4, line 212 carrying the raw slurry or chemical 

component may be a 0.5 inch outside diameter tube line, line 214 carrying the chemical/water 
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blend may be a 0.75 inch outside diameter tube line and lines 215, 217, 219, 71 may each be 

1 inch outside diameter tube lines, and line 213 may be 0.5 outside diameter tube line. 

[00121] The velocity of the fluid is kept low, but above the minimum velocity needed to keep 

the slurry particles suspended. For example, the minimum velocity for certain alumina and 

5 ceria containing slurries is 2.5 ft/sec. 	It is beneficial to keep the velocity of the slurry near but 

above the minimum velocity to avoid moving the slurry too fast that may cause slurry particles 

to slam together and form agglomerates. For this reason and for the embodiments making 

blended slurry, the speed of the centrifugal pump may be kept near 6000 rpm and the flow 

rate of the slurry or chemical blend may be greater than 20 liters/minute and less than 25 

10 liters/min. 

[00122] Pump 251 may be any pump such as a diaphragm, centrifugal, bellows or peristaltic. 

In one embodiment it is a centrifugal pump, for example a low shear magnetically levitated 

centrifugal pump, containing a rare earth magnet wrapped in a fluropolymer shell magnetically 

levitated such that there is no contact with a motor/bearing stator. Such pumps are available 

15 from Levitronix. The pump 251 preferable operates at a high rotations per minute (rpm), that 

is, an rpm of greater than 1000 rpm, typically between 100 to 20,000 rpm, or 1000 to 8000 

rpm or 2000 to 7000 rpm. 	Feedback, closed loop control, may be used to adjust the pump 

speed based on pressure sensor and/or flow sensor feedback. (Pressure sensors and/or flow 

sensors that adjust the pump speed are not shown in Figure 4, but could be similar to those 

20 shown in Figure 2 and described with reference to pump 41). Generally, diaphragm pumps 

are not preferred for pumping slurry, because the pump causes shear which strips the solvent 

away from the slurry particles which causes aggregation. (The diaphragm pump may be used 

in the feed module as the slurry transfer pump, because of its ability to lift the slurry out of the 

slurry supply container.) Additionally, pumps having mechanical work surfaces are not 

25 preferred because the particles in the slurry can build up on the surfaces of the pump. A 

magnetic levitated centrifugal pump, in contrast, has no mechanical surface for particles to 

build up on and has limited shear. Other pumps used in the slurry and/or chemical blend 

supply apparatus of this invention may be the same as the just-described centrifugal pump, 

operating at the same speeds and providing the same or similar or greater (when required) 

30 slurry or chemical blend flow rates in the other modules in the slurry and/or chemical blend 

supply apparatus of this invention. 

[00123] As shown in Figure 4, the blending apparatus may comprise an optional analytical 

module 301 that is used to analyze a portion of stream S downstream of the pump 251. 

Stream S is a fully (or additional fully) blended slurry or chemical blend stream. A slip stream 

35 J in pipe 213 flows from pipe 218 via junction 296 that connects pipe 213 to pipe 218. The 

analytical package or module may contain one or more types of analytical equipment (also 

referred to as analytical apparatuses) and connecting pipes that allow for the slurry or 
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blend may be a 0.75 inch outside diameter tube line and lines 215, 217, 219, 71 may each be 

1 inch outside diameter tube lines, and line 213 may be 0.5 outside diameter tube line. 

[00121] The velocity of the fluid is kept low, but above the minimum velocity needed to keep 

the slurry particles suspended. For example, the minimum velocity for certain alumina and 

5 ceria containing slurries is 2.5 ft/sec. It is beneficial to keep the velocity of the slurry near but 

above the minimum velocity to avoid moving the slurry too fast that may cause slurry particles 

to slam together and form agglomerates. For this reason and for the embodiments making 

blended slurry, the speed of the centrifugal pump may be kept near 6000 rpm and the flow 

rate of the slurry or chemical blend may be greater than 20 liters/minute and less than 25 

10 liters/min. 

[00122] Pump 251 may be any pump such as a diaphragm, centrifugal, bellows or peristaltic. 

In one embodiment it is a centrifugal pump, for example a low shear magnetically levitated 

centrifugal pump, containing a rare earth magnet wrapped in a fluropolymer shell magnetically 

levitated such that there is no contact with a motor/bearing stator. Such pumps are available 

15 from Levitronix. The pump 251 preferable operates at a high rotations per minute (rpm), that 

is, an rpm of greater than 1000 rpm, typically between 100 to 20,000 rpm, or 1000 to 8000 

rpm or 2000 to 7000 rpm. Feedback, closed loop control, may be used to adjust the pump 

speed based on pressure sensor and/or flow sensor feedback. (Pressure sensors and/or flow 

sensors that adjust the pump speed are not shown in Figure 4, but could be similar to those 

20 shown in Figure 2 and described with reference to pump 41). Generally, diaphragm pumps 

are not preferred for pumping slurry, because the pump causes shear which strips the solvent 

away from the slurry particles which causes aggregation. (The diaphragm pump may be used 

in the feed module as the slurry transfer pump, because of its ability to lift the slurry out of the 

slurry supply container.) Additionally, pumps having mechanical work surfaces are not 

25 preferred because the particles in the slurry can build up on the surfaces of the pump. A 

magnetic levitated centrifugal pump, in contrast, has no mechanical surface for particles to 

build up on and has limited shear. Other pumps used in the slurry and/or chemical blend 

supply apparatus of this invention may be the same as the just-described centrifugal pump, 

operating at the same speeds and providing the same or similar or greater (when required) 

30 slurry or chemical blend flow rates in the other modules in the slurry and/or chemical blend 

supply apparatus of this invention. 

[00123] As shown in Figure 4, the blending apparatus may comprise an optional analytical 

module 301 that is used to analyze a portion of stream S downstream of the pump 251. 

Stream S is a fully (or additional fully) blended slurry or chemical blend stream. A slip stream 

35 J in pipe 213 flows from pipe 218 via junction 296 that connects pipe 213 to pipe 218. The 

analytical package or module may contain one or more types of analytical equipment (also 

referred to as analytical apparatuses) and connecting pipes that allow for the slurry or 
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chemical blend flow to and/or from the analytical equipment. The analytical package may 

contain one or more particle counters, one or more particle size distribution analyzers, one or 

more pH meters, one or more conductivity sensors, one or more density sensors, and/or any 

other measuring devices in any combination as needed. After the portion of stream J that is 

5 sent through the optional analytical module 301 is analyzed, stream J, a fully (or additional 

fully) blended slurry or chemical blend stream, in pipe 221 may be combined as shown via 

junction 295 to stream S in pipe 215. (Alternatively, all or a portion of stream J could be 

disposed of via a waste stream in a separate pipe (not shown) after going through the 

analytical module 301, especially if any analysis required dilution or reaction with other 

10 chemicals for analysis.) The pipe 213 and valving (not shown) that directs the slip stream into 

pipe 213 and through the analytical module 301 may be sized such that between from 3-6 

liters/minute which is typically 15-30% by flow (volume/time) of the stream S in line 218 is 

directed to the optional analytical module 301. The slip stream may be larger or smaller 

and/or provide a larger or smaller sample to the analytical apparatuses, if desired. 

15 Additionally, one or more valves (not shown) in pipe 213 may be closed to prevent slip stream 

J from entering the analytical package when analysis is not necessary or the analytical 

package is taken off line, is measuring samples from elsewhere in the apparatus or is shut 

down for maintenance or repair. 

[00124] Analytical module 301 may be the same or different from the analytical module 300 

20 described below and the slurry and/or chemical blend supply apparatus 20 may comprise one 

or more than one separate analytical modules. In the embodiment shown in Figure 4, 

analytical module 301 is preferably the same as analytical module 300 (as shown in Figure 

11), and may be the only analytical module in the apparatus and optionally the feed module 

may comprise an analytical module comprising only a liquid particle counter and/or particle 

25 size distribution analyzer for analyzing the raw slurry. The slurry and/or chemical blend 

supply apparatus may further comprise the blend module shown in Figure 4. The stream 213 

connected after the pump in the blend module (as shown) is for the purpose of transporting a 

portion of the slurry or chemical blend (depending upon what is being made by the apparatus) 

to the analytical module 301 to check if the freshly blended slurry or chemical blend is within 

30 the required and expected compositional ranges for the various components by checking, for 

example, one or more of the following characteristics of the blended slurry or chemical blend: 

pH, density, conductivity, % peroxide, and the number and distribution of particles in the 

blended slurry. If any of those sensors detects a blended slurry or chemical blend that is out 

of range (specification), feedback (via the controller for the apparatus) to the flow controllers 

35 and valves in the blend module can automatically (via the controller) adjust one or more the 

flow controllers and/or valves to adjust the flow rates of the components or alert a technician. 

If the sensor readings are very far off, the controller (not shown) will alert a technician so that 
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chemical blend flow to and/or from the analytical equipment. The analytical package may 

contain one or more particle counters, one or more particle size distribution analyzers, one or 

more pH meters, one or more conductivity sensors, one or more density sensors, and/or any 

other measuring devices in any combination as needed. After the portion of stream J that is 

5 sent through the optional analytical module 301 is analyzed, stream J, a fully (or additional 

fully) blended slurry or chemical blend stream, in pipe 221 may be combined as shown via 

junction 295 to stream S in pipe 215. (Alternatively, all or a portion of stream J could be 

disposed of via a waste stream in a separate pipe (not shown) after going through the 

analytical module 301, especially if any analysis required dilution or reaction with other 

10 chemicals for analysis.) The pipe 213 and valving (not shown) that directs the slip stream into 

pipe 213 and through the analytical module 301 may be sized such that between from 3-6 

liters/minute which is typically 15-30% by flow (volume/time) of the stream S in line 218 is 

directed to the optional analytical module 301. The slip stream may be larger or smaller 

and/or provide a larger or smaller sample to the analytical apparatuses, if desired. 

15 Additionally, one or more valves (not shown) in pipe 213 may be closed to prevent slip stream 

J from entering the analytical package when analysis is not necessary or the analytical 

package is taken off line, is measuring samples from elsewhere in the apparatus or is shut 

down for maintenance or repair. 

[00124] Analytical module 301 may be the same or different from the analytical module 300 

20 described below and the slurry and/or chemical blend supply apparatus 20 may comprise one 

or more than one separate analytical modules. In the embodiment shown in Figure 4, 

analytical module 301 is preferably the same as analytical module 300 (as shown in Figure 

11), and may be the only analytical module in the apparatus and optionally the feed module 

may comprise an analytical module comprising only a liquid particle counter and/or particle 

25 size distribution analyzer for analyzing the raw slurry. The slurry and/or chemical blend 

supply apparatus may further comprise the blend module shown in Figure 4. The stream 213 

connected after the pump in the blend module (as shown) is for the purpose of transporting a 

portion of the slurry or chemical blend (depending upon what is being made by the apparatus) 

to the analytical module 301 to check if the freshly blended slurry or chemical blend is within 

30 the required and expected compositional ranges for the various components by checking, for 

example, one or more of the following characteristics of the blended slurry or chemical blend: 

pH, density, conductivity, % peroxide, and the number and distribution of particles in the 

blended slurry. If any of those sensors detects a blended slurry or chemical blend that is out 

of range (specification), feedback (via the controller for the apparatus) to the flow controllers 

35 and valves in the blend module can automatically (via the controller) adjust one or more the 

flow controllers and/or valves to adjust the flow rates of the components or alert a technician. 

If the sensor readings are very far off, the controller (not shown) will alert a technician so that 

-53-



WO 2014/078398 	 PCT/US2013/069868 

the problem can be addressed before a large quantity of the blended slurry or chemical blend 

is blended and/or flows into the distribution tank. In extreme cases the blended slurry or 

chemical blend the controller or a technician may cause the emptying of all or part of the 

distribution tank to a waste stream followed by blending fresh slurry until the out of 

5 specification blended slurry or chemical blend is either fully replaced or mixed with enough in-

specification blended slurry or chemical blend that the out of specification blended slurry or 

chemical blend becomes in specification blended slurry or chemical blend. Alternatively, the 

sensors may need to be checked by a technician and a defective sensor may have to be 

repaired or replaced. In the preferred embodiment, the controller does not use feedback to 

10 automatically adjust any valves or flow controllers in the blend module. Once set for a defined 

blend the flow controllers and valves for a given blend in the blend module are preferably not 

modified by the controller and are instead maintained at a steady-state. Only if a technician 

determines that something has gone wrong, or if there is a part failure in the blend module will 

the blend module be interrupted or modified. In alternative embodiments, if any of those 

15 sensors detects a blended slurry or chemical blend that is out of range (specification), 

feedback (via the controller for the apparatus) may cause taking a blend train offline, which 

will either stop blending (if no other blend train is in standby) or it will swap to the standby train 

which becomes the new online train. 

[00125] If the liquid particle counter or particle size distribution analyzer indicates that the 

20 number or distribution of particles are out of specification, in addition to the just-described 

reactions to the out-of-specification slurry or chemical blend, the blended slurry or chemical 

blend can be directed to the appropriate treatment means (for examples, one or more filter 

elements to remove large particles or membranes and filter elements) as described earlier to 

remove either small particles and/or large particles, if they are present in the slurry or 

25 chemical blend. In one embodiment shown in Figure 4, pipe 219 leads to a filter bank so all of 

the slurry or chemical blend is filtered to remove large particles. In alternative embodiments 

separate valves or pipes may be provided to redirect the slurry and/or chemical blend through 

a filter element when the particle size distribution analyzer indicates that the particle size 

distribution is out of specification and larger particles need to be removed from the slurry or 

30 chemical blend, and/or the controller may trigger pump 101D in separate filter loop 700 in the 

distribution module to push a larger percentage of the slurry or chemical blend through the 

filter loop 700 to remove the larger particles. In the same way, although not shown, a 

treatment means (described earlier) to remove the small particles may be provided and the 

controller may be programmed to direct out of specification slurry or chemical blend through 

35 the treatment means when the particle size distribution analyzer indicates that the slurry or 

chemical blend has too many small particles therein. In other embodiments If the liquid 

particle counter or particle size distribution analyzer indicates that the number or distribution 
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the problem can be addressed before a large quantity of the blended slurry or chemical blend 

is blended and/or flows into the distribution tank. In extreme cases the blended slurry or 

chemical blend the controller or a technician may cause the emptying of all or part of the 

distribution tank to a waste stream followed by blending fresh slurry until the out of 

5 specification blended slurry or chemical blend is either fully replaced or mixed with enough in-

specification blended slurry or chemical blend that the out of specification blended slurry or 

chemical blend becomes in specification blended slurry or chemical blend. Alternatively, the 

sensors may need to be checked by a technician and a defective sensor may have to be 

repaired or replaced. In the preferred embodiment, the controller does not use feedback to 

10 automatically adjust any valves or flow controllers in the blend module. Once set for a defined 

blend the flow controllers and valves for a given blend in the blend module are preferably not 

modified by the controller and are instead maintained at a steady-state. Only if a technician 

determines that something has gone wrong, or if there is a part failure in the blend module will 

the blend module be interrupted or modified. In alternative embodiments, if any of those 

15 sensors detects a blended slurry or chemical blend that is out of range (specification), 

feedback (via the controller for the apparatus) may cause taking a blend train offline, which 

will either stop blending (if no other blend train is in standby) or it will swap to the standby train 

which becomes the new online train. 

[00125] If the liquid particle counter or particle size distribution analyzer indicates that the 

20 number or distribution of particles are out of specification, in addition to the just-described 

reactions to the out-of-specification slurry or chemical blend, the blended slurry or chemical 

blend can be directed to the appropriate treatment means (for examples, one or more filter 

elements to remove large particles or membranes and filter elements) as described earlier to 

remove either small particles and/or large particles, if they are present in the slurry or 

25 chemical blend. In one embodiment shown in Figure 4, pipe 219 leads to a filter bank so all of 

the slurry or chemical blend is filtered to remove large particles. In alternative embodiments 

separate valves or pipes may be provided to redirect the slurry and/or chemical blend through 

a filter element when the particle size distribution analyzer indicates that the particle size 

distribution is out of specification and larger particles need to be removed from the slurry or 

30 chemical blend, and/or the controller may trigger pump 101D in separate filter loop 700 in the 

distribution module to push a larger percentage of the slurry or chemical blend through the 

filter loop 700 to remove the larger particles. In the same way, although not shown, a 

treatment means (described earlier) to remove the small particles may be provided and the 

controller may be programmed to direct out of specification slurry or chemical blend through 

35 the treatment means when the particle size distribution analyzer indicates that the slurry or 

chemical blend has too many small particles therein. In other embodiments If the liquid 

particle counter or particle size distribution analyzer indicates that the number or distribution 
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of particles are out of specification, the online filter bank(s) will be placed offline, and the 

standby filter bank(s) will be placed online. 

[00126] The analytical module 301 shown in Figure 4 may be used to analyze other streams 

from other parts of the apparatus 20, for example, the distribution module 400 as will be 

5 described below. The location of the analytical module 301 as shown in Figure 4 is for 

illustration purposes only. The analytical module 301 may be mounted in the apparatus in 

any convenient location and slurry or chemical blend sample loops that draw slurry or 

chemical blend from locations (sample ports) within the apparatus and optionally return the 

slurry or chemical blend or a portion of the slurry or chemical blend back (to other return 

10 sample ports) may be provided in multiple locations within the apparatus as will be explained 

below, and provide the added benefit of not having to duplicate the analytical equipment in 

each of the modules, thereby saving analytical equipment costs. The slurry or chemical blend 

sample loop shown in Figure 4 consists of slip stream 213 located downstream of blend 

module pump 251 into which slurry or chemical blend flows and is returned via tube 221 

15 located upstream of the blend module pump 251. 

[00127] Additionally although not shown in Figure 4 or any of the figures, the apparatus 

and/or the modules may comprise check valves wherever there are junctions in the pipes to 

prevent the back flow of any of the streams. There are check valves (not shown) after each of 

the flow controllers in the blend modules and may be used elsewhere in the apparatus if 

20 desired. The blend module shown in Figure 4 may also comprise an additional (redundant 

backup) blend train (pipes, flow controllers, static mixers, etc.) like the embodiment shown in 

Figure 1B with the parts labeled A and B. Additionally, although only one static mixer and 

pump are shown in the blend module shown in Figure 4, one or more static mixers and/or one 

or more pumps can be used if desired. 

25 [00128] The junctions 299, 298, 297 and 295 shown in Figure 4, combine two streams and 

thereby decrease the number of streams from two to one by each junction, and junctions 296 

and 294 split 1 pipe into 2 pipes. The junctions may not match the shapes in the drawings 

and can be T-shaped or Y-shaped junctions or any shape instead. 

30 

[00129] As shown, the pipes comprise flow controllers, e.g. volumetric flow controllers 260, 

261 and 262 that control the flow of each of the streams A, B and C in pipes 210, 211 and 212 

respectively. Alternatively, the flow controllers in those pipes could be controlled by mass flow 

meters, including (Coriolis) mass flow meters. In some embodiments, it may be desirable to 

use weight measurements to measure the weight of some of the components of the slurry or 

chemical blend and to check the weight of the blended slurry or chemical blend in the tanks if 

35 desired; however, the preferred blend module controls the combination of at least two and in 

some embodiments all of the components of the slurry or chemical blend using flow 

controllers, that may be volumetric flow controllers. 
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of particles are out of specification, the online filter bank(s) will be placed offline, and the 

standby filter bank(s) will be placed online. 

[00126] The analytical module 301 shown in Figure 4 may be used to analyze other streams 

from other parts of the apparatus 20, for example, the distribution module 400 as will be 

5 described below. The location of the analytical module 301 as shown in Figure 4 is for 

illustration purposes only. The analytical module 301 may be mounted in the apparatus in 

any convenient location and slurry or chemical blend sample loops that draw slurry or 

chemical blend from locations (sample ports) within the apparatus and optionally return the 

slurry or chemical blend or a portion of the slurry or chemical blend back (to other return 

10 sample ports) may be provided in multiple locations within the apparatus as will be explained 

below, and provide the added benefit of not having to duplicate the analytical equipment in 

each of the modules, thereby saving analytical equipment costs. The slurry or chemical blend 

sample loop shown in Figure 4 consists of slip stream 213 located downstream of blend 

module pump 251 into which slurry or chemical blend flows and is returned via tube 221 

15 located upstream of the blend module pump 251. 

[00127] Additionally although not shown in Figure 4 or any of the figures, the apparatus 

and/or the modules may comprise check valves wherever there are junctions in the pipes to 

prevent the back flow of any of the streams. There are check valves (not shown) after each of 

the flow controllers in the blend modules and may be used elsewhere in the apparatus if 

20 desired. The blend module shown in Figure 4 may also comprise an additional (redundant 

backup) blend train (pipes, flow controllers, static mixers, etc.) like the embodiment shown in 

Figure 1B with the parts labeled A and B. Additionally, although only one static mixer and 

pump are shown in the blend module shown in Figure 4, one or more static mixers and/or one 

or more pumps can be used if desired. 

25 [00128] The junctions 299, 298, 297 and 295 shown in Figure 4, combine two streams and 

thereby decrease the number of streams from two to one by each junction, and junctions 296 

and 294 split 1 pipe into 2 pipes. The junctions may not match the shapes in the drawings 

and can be T-shaped or Y-shaped junctions or any shape instead. 

[00129] As shown, the pipes comprise flow controllers, e.g. volumetric flow controllers 260, 

30 261 and 262 that control the flow of each of the streams A, B and C in pipes 210, 211 and 212 

respectively. Alternatively, the flow controllers in those pipes could be controlled by mass flow 

meters, including (Coriolis) mass flow meters. In some embodiments, it may be desirable to 

use weight measurements to measure the weight of some of the components of the slurry or 

chemical blend and to check the weight of the blended slurry or chemical blend in the tanks if 

35 desired; however, the preferred blend module controls the combination of at least two and in 

some embodiments all of the components of the slurry or chemical blend using flow 

controllers, that may be volumetric flow controllers. 
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[00130] In the embodiments shown in Figures 1B, 3 and 4, streams A, B, and C can 

independently comprise individual components of the blended slurry or chemical blend that 

may include, as mentioned above, raw slurry, chemical component streams (comprising one 

or more chemicals, neat or in a solution), and ultra-pure water (UPW) or deionized water 

5 (DIW) (UPW and DIW are used interchangeably herein), partially blended slurry or partially 

blended chemical blend (that is raw slurry or a chemical component blended with one or more 

additional components), recycled slurry or fully blended slurry or fully blended chemical blend. 

In the preferred embodiment, stream A is a chemical component in solution, stream B is water 

and stream C is raw slurry when making blended slurry or a chemical component when 

10 making a chemical blend (when making blended slurry, Stream C is typically the raw slurry 

provided via pipe 212 from the feed module 100 as described above for the embodiments 

shown in Figures 1B, 3 and 4). In some embodiments, it is beneficial to combine a chemical 

component stream (stream A) with water (stream B) (prior to combining it with the raw slurry 

and/or another chemical component) to neutralize and dilute what is oftentimes a high or low 

15 pH chemical component stream, such as, an acid or a base. In the embodiment shown in 

Figure 4, the mixed water and chemical stream is combined with the fully blended slurry or 

fully blended chemical blend stream S to further dilute the mixed chemical and water stream 

(stream D) in the fully blended slurry or fully blended chemical blend stream S. By combining 

the fully blended slurry stream or fully blended chemical blend stream (Stream S) with the 

20 mixed chemicals and water stream (stream D) to form the partially blended slurry stream or 

partially blended chemical blend stream (Stream E), the pH of the raw slurry stream or 

chemical component stream (Stream C) will not be as greatly impacted when combined with 

the partially blended slurry or partially blended chemical blend in Stream E as compared to 

combining Stream C with Stream D directly, thereby reducing the effects of or avoiding pH 

25 shock as compared to combining the chemical stream and either the raw slurry stream when 

blended slurry is made or second chemical component stream first when a chemical blend is 

made. 

[00131] When stream A comprises the chemical stream and it is hydrogen peroxide or 

another peroxide, it may be beneficial to provide a peroxide sensor 345 as shown in Figure 

30 1B. The peroxide sensor can be an index of refraction or an auto-titrator type sensor and it 

can be such that it sends an electronic signal to the controller (not shown). The flow rate of 

the hydrogen peroxide in stream A may be increased or decreased via the flow controller 

260A depending upon the measurement made by the peroxide sensor and communicated to 

the controller (not shown) or information may just be maintained in a data logger and used to 

35 alert a technician if out of an acceptable range. 

[00132] If present the hydrogen peroxide concentration in blended slurry or chemical streams 

may degrade over time (that is, the measured concentration may decrease over time), so if 
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[00130] In the embodiments shown in Figures 1B, 3 and 4, streams A, B, and C can 

independently comprise individual components of the blended slurry or chemical blend that 

may include, as mentioned above, raw slurry, chemical component streams (comprising one 

or more chemicals, neat or in a solution), and ultra-pure water (UPW) or deionized water 

5 (DIW) (UPW and DIW are used interchangeably herein), partially blended slurry or partially 

blended chemical blend (that is raw slurry or a chemical component blended with one or more 

additional components), recycled slurry or fully blended slurry or fully blended chemical blend. 

In the preferred embodiment, stream A is a chemical component in solution, stream B is water 

and stream C is raw slurry when making blended slurry or a chemical component when 

10 making a chemical blend (when making blended slurry, Stream C is typically the raw slurry 

provided via pipe 212 from the feed module 100 as described above for the embodiments 

shown in Figures 1B, 3 and 4). In some embodiments, it is beneficial to combine a chemical 

component stream (stream A) with water (stream B) (prior to combining it with the raw slurry 

and/or another chemical component) to neutralize and dilute what is oftentimes a high or low 

15 pH chemical component stream, such as, an acid or a base. In the embodiment shown in 

Figure 4, the mixed water and chemical stream is combined with the fully blended slurry or 

fully blended chemical blend stream S to further dilute the mixed chemical and water stream 

(stream D) in the fully blended slurry or fully blended chemical blend stream S. By combining 

the fully blended slurry stream or fully blended chemical blend stream (Stream S) with the 

20 mixed chemicals and water stream (stream D) to form the partially blended slurry stream or 

partially blended chemical blend stream (Stream E), the pH of the raw slurry stream or 

chemical component stream (Stream C) will not be as greatly impacted when combined with 

the partially blended slurry or partially blended chemical blend in Stream E as compared to 

combining Stream C with Stream D directly, thereby reducing the effects of or avoiding pH 

25 shock as compared to combining the chemical stream and either the raw slurry stream when 

blended slurry is made or second chemical component stream first when a chemical blend is 

made. 

[00131] When stream A comprises the chemical stream and it is hydrogen peroxide or 

another peroxide, it may be beneficial to provide a peroxide sensor 345 as shown in Figure 

30 1B. The peroxide sensor can be an index of refraction or an auto-titrator type sensor and it 

can be such that it sends an electronic signal to the controller (not shown). The flow rate of 

the hydrogen peroxide in stream A may be increased or decreased via the flow controller 

260A depending upon the measurement made by the peroxide sensor and communicated to 

the controller (not shown) or information may just be maintained in a data logger and used to 

35 alert a technician if out of an acceptable range. 

[00132] If present the hydrogen peroxide concentration in blended slurry or chemical streams 

may degrade over time (that is, the measured concentration may decrease over time), so if 
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low hydrogen peroxide concentration (out of specification) is detected by sensor 345, an 

alarm may be generated to indicate to a technician to change out the hydrogen peroxide 

supply and already blended slurry or already blended chemical blend may be dumped and 

replaced, or the already blended slurry or chemical blend may be dosed with fresh or 

5 additional hydrogen peroxide to compensate for the degraded H202. A method and the 

embodiment that provides for dosing by the blend module into the distribution tank is shown 

and described below with reference to Figure 17. 

[00133] In the embodiment shown in Figure 4 or in other embodiments of the blend module 

comprising an already blended slurry or an already blended chemical blend stream that is 

10 combined with one or more other component streams to make a blended slurry or chemical 

blend, the already blended slurry or chemical blend stream S that is combined with the other 

component streams, for example the raw slurry, water and chemical component streams, can 

be from 2 to 80%, or 10 to 70%, or 20 to 60% or 25 to 55% of the total volume per unit time 

(flow rate) of the streams that are combined and mixed to form the additional blended slurry 

15 or additional blended chemical blend stream (Stream 217). In the embodiment shown, those 

streams are mixed in the pump 251 to form additional blended slurry or additional blended 

chemical blend of which part is the already blended slurry or already blended chemical blend 

stream, which as shown, is from the distribution tank 491. In other embodiments, the already 

blended slurry or already blended chemical blend can be from other sources, for example, the 

20 analytical module, blend module or other parts of the distribution module, e.g. the global loop. 

Although shown and described as the preferred embodiments, in alternative embodiments the 

streams A, B and C may comprise any of the possible components described as useful for 

making blended slurry or chemical blend or the same feed streams could be rearranged in the 

pipes so that they are combined in a different order (any order) in the embodiments shown. 

25 Note also that the embodiments shown, typically blend 3 components, but could be used for 4 

or more components to make a blended slurry or chemical blend or could be modified to 

blend 4 or more components. For those embodiments, blending 4 or more additional 

components to make a blended slurry or chemical blend, it may be desirable, for each 

additional component, to add an additional feed line for the component, a flow controller (to 

30 regulate the flow rate by volume or by mass per time) in that line and a junction between the 

added line and another component line or line carrying an already mixed component stream, 

and an optional static mixer downstream of the added junction. In an alternative embodiment, 

if desired, additional feed lines could be added before or after the pump or static mixers in the 

embodiments shown. Alternatively if the blended slurry or chemical blend comprises only 2 

35 components, only 2 feed lines, for example A and C may be used in each of the embodiments 

shown above and those embodiments may be simplified if desired by removing one of the 

feed lines, line B for example. In embodiments in which the apparatus is used to blend slurry 

-57- 

WO 2014/078398 PCT/US2013/069868 

low hydrogen peroxide concentration (out of specification) is detected by sensor 345, an 

alarm may be generated to indicate to a technician to change out the hydrogen peroxide 

supply and already blended slurry or already blended chemical blend may be dumped and 

replaced, or the already blended slurry or chemical blend may be dosed with fresh or 

5 additional hydrogen peroxide to compensate for the degraded H202. A method and the 

embodiment that provides for dosing by the blend module into the distribution tank is shown 

and described below with reference to Figure 17. 

[00133] In the embodiment shown in Figure 4 or in other embodiments of the blend module 

comprising an already blended slurry or an already blended chemical blend stream that is 

10 combined with one or more other component streams to make a blended slurry or chemical 

blend, the already blended slurry or chemical blend stream S that is combined with the other 

component streams, for example the raw slurry, water and chemical component streams, can 

be from 2 to 80%, or 10 to 70%, or 20 to 60% or 25 to 55% of the total volume per unit time 

(flow rate) of the streams that are combined and mixed to form the additional blended slurry 

15 or additional blended chemical blend stream (Stream 217). In the embodiment shown, those 

streams are mixed in the pump 251 to form additional blended slurry or additional blended 

chemical blend of which part is the already blended slurry or already blended chemical blend 

stream, which as shown, is from the distribution tank 491. In other embodiments, the already 

blended slurry or already blended chemical blend can be from other sources, for example, the 

20 analytical module, blend module or other parts of the distribution module, e.g. the global loop. 

Although shown and described as the preferred embodiments, in alternative embodiments the 

streams A, B and C may comprise any of the possible components described as useful for 

making blended slurry or chemical blend or the same feed streams could be rearranged in the 

pipes so that they are combined in a different order (any order) in the embodiments shown. 

25 Note also that the embodiments shown, typically blend 3 components, but could be used for 4 

or more components to make a blended slurry or chemical blend or could be modified to 

blend 4 or more components. For those embodiments, blending 4 or more additional 

components to make a blended slurry or chemical blend, it may be desirable, for each 

additional component, to add an additional feed line for the component, a flow controller (to 

30 regulate the flow rate by volume or by mass per time) in that line and a junction between the 

added line and another component line or line carrying an already mixed component stream, 

and an optional static mixer downstream of the added junction. In an alternative embodiment, 

if desired, additional feed lines could be added before or after the pump or static mixers in the 

embodiments shown. Alternatively if the blended slurry or chemical blend comprises only 2 

35 components, only 2 feed lines, for example A and C may be used in each of the embodiments 

shown above and those embodiments may be simplified if desired by removing one of the 

feed lines, line B for example. In embodiments in which the apparatus is used to blend slurry 
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and chemical blends intermittently, a valve in the pipes for the raw slurry may be closed when 

the apparatus is used to blend a chemical blend. 

[00134] Although the preferred order of combining the streams was described, this invention 

provides the benefit that the agglomeration will be reduced if the components of the blended 

5 slurry or chemical blend are combined using this invention even if the streams are combined 

in a different order. 

[00135] As stated earlier the sources of the components (other than the raw slurry and the 

already blended slurry or chemical blend) are not shown in the figures. The sources of the 

chemicals and water may be drums or tanks or other vessels. The streams may be fed into 

10 the respective pipes by pumps or gravity or from a higher pressure source to the lower 

pressure pipes. This concept is understood by those in the art. 	It is preferred for the reliability 

of the flow controllers in the blend module 200 that the components are provided to the blend 

module 200 in a substantially constant flow rate and at a substantially constant pressure. 	For 

example the flow rate should be maintained upstream of the flow controllers in the blend 

15 module such that it varies less than 5 %, less than 2% or less than 1% of full scale (typical 

total flow rate) at the flow controllers. For example the pressure preferably varies less than 

5% or less than 2% or less than 1% of full scale (typical total flow rate) for each line. The flow 

rates or pressures for the individual component lines are determined considering the line 

diameters and the quantity of each component to be added to make the blended slurry or 

20 chemical blend and will vary if the size of the pipe diameters varies. Typically water is 

provided at a pressure between from greater than 0 to 100 psi or 12 to 100 psi, and a flow 

rate between from greater than 0 to 20 Liters/min (Ipm). Typically the one or more chemical 

streams are provided at a pressure between from 7 to 17 psi (for the differential pressure flow 

controllers) or from 10 to 14 psi or about 12 psi, and flow rate between from 0.05 to 5 Ipm, or 

25 between from 0.08 to 4 Ipm, or between from 0.1 to 2 Ipm. Typically the raw slurry or 

chemical blend is provided at a pressure between from 20 to 30 psi or from 22 to 28 psi, and 

flow rate between from 15 to 25 Ipm, or between from 18 to 22 Ipm. Typically the blended 

slurry or chemical blend is provided at a pressure between from 20 to 30 psi or from 22 to 28 

psi, and flow rate between from 15 to 25 Ipm, or between from 18 to 22 Ipm. 

30 [00136] In the embodiment shown in Figure 1 B, there is a by-pass line (not shown) between 

the pipe 218 exiting the blend module connecting it to pipe 71 connected to the distribution 

module. The by-pass line (not shown) is used when the analytical package is off-line or when 

the operator or automatic controller (computer) determines that it is not necessary to direct the 

blended slurry or chemical blend from the blend module 200 to and through the analytical 

35 module 300. In one embodiment, the analytical package 300 may be the only analytical 

module provided for the apparatus and it may be desirable to provide pipes and valves to 

direct slurry or chemical blend from one or more points in and/or more than one point in one 
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and chemical blends intermittently, a valve in the pipes for the raw slurry may be closed when 

the apparatus is used to blend a chemical blend. 

[00134] Although the preferred order of combining the streams was described, this invention 

provides the benefit that the agglomeration will be reduced if the components of the blended 

5 slurry or chemical blend are combined using this invention even if the streams are combined 

in a different order. 

[00135] As stated earlier the sources of the components (other than the raw slurry and the 

already blended slurry or chemical blend) are not shown in the figures. The sources of the 

chemicals and water may be drums or tanks or other vessels. The streams may be fed into 

10 the respective pipes by pumps or gravity or from a higher pressure source to the lower 

pressure pipes. This concept is understood by those in the art. It is preferred for the reliability 

of the flow controllers in the blend module 200 that the components are provided to the blend 

module 200 in a substantially constant flow rate and at a substantially constant pressure. For 

example the flow rate should be maintained upstream of the flow controllers in the blend 

15 module such that it varies less than 5 %, less than 2% or less than 1% of full scale (typical 

total flow rate) at the flow controllers. For example the pressure preferably varies less than 

5% or less than 2% or less than 1 % of full scale (typical total flow rate) for each line. The flow 

rates or pressures for the individual component lines are determined considering the line 

diameters and the quantity of each component to be added to make the blended slurry or 

20 chemical blend and will vary if the size of the pipe diameters varies. Typically water is 

provided at a pressure between from greater than 0 to 100 psi or 12 to 100 psi, and a flow 

rate between from greater than 0 to 20 Liters/min (Ipm). Typically the one or more chemical 

streams are provided at a pressure between from 7 to 17 psi (for the differential pressure flow 

controllers) or from 10 to 14 psi or about 12 psi, and flow rate between from 0.05 to 5 Ipm, or 

25 between from 0.08 to 4 Ipm, or between from 0.1 to 2 Ipm. Typically the raw slurry or 

chemical blend is provided at a pressure between from 20 to 30 psi or from 22 to 28 psi, and 

flow rate between from 15 to 25 Ipm, or between from 18 to 22 Ipm. Typically the blended 

slurry or chemical blend is provided at a pressure between from 20 to 30 psi or from 22 to 28 

psi, and flow rate between from 15 to 25 Ipm, or between from 18 to 22 Ipm. 

30 [00136] In the embodiment shown in Figure 1B, there is a by-pass line (not shown) between 

the pipe 218 exiting the blend module connecting it to pipe 71 connected to the distribution 

module. The by-pass line (not shown) is used when the analytical package is off-line or when 

the operator or automatic controller (computer) determines that it is not necessary to direct the 

blended slurry or chemical blend from the blend module 200 to and through the analytical 

35 module 300. In one embodiment, the analytical package 300 may be the only analytical 

module provided for the apparatus and it may be desirable to provide pipes and valves to 

direct slurry or chemical blend from one or more points in and/or more than one point in one 
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or more of the modules to the analytical module 300 for testing. In such embodiments, the 

one or more lines and associated valves connecting the various slurry or chemical blend test 

points to the analytical module may operate in a continuous cycle to draw samples from and 

test the slurry or chemical blend from the various points (sample ports) in the apparatus 

5 serially and then repeat the testing continuously or semi-continuously. The testing may be in 

a set or random pattern or in a pattern directed by the operator. Alternatively a controller (not 

shown) may control the sampling based on an algorithm that determines based on the 

operation of the apparatus, when it is necessary to draw samples from the various sample 

ports provided. Sample ports are pipe or tube connections in a pipe or tube. They can be 

10 sized to allow for only a portion of the slurry or chemical blend to flow into the connected tube 

to the analytical module. Additionally the sample port or connected tube may comprise valves 

therein, if desired, to control the flow to the analytical module. As shown in Figures 1C, the 

circles labeled 1900, 1900A and 1900B indicate ports at which piping (not shown) and valves 

(not shown) are connected to the analytical package 300 (shown in Figure 1B) from the 

15 distribution module 400. Connected to each of ports 1900, 1900A and 1900B are sample 

tubes (not shown) to the analytical package 300 and return tubes to form a loop. The sample 

loops via return tubes (not shown) return the analyzed slurry or chemical blend from the 

analytical module 300 to return ports 1901 or 1901A or 1901B, respectively. At one or more 

of the ports 1900, 1900A, 1900B, or any of the ports, a hand valve (not shown) may be 

20 provided for an operator to draw a sample for off-line testing in equipment (not shown). As 

shown in Figure 2, ports 1000A and 1001B are used to form a sample loop (not shown) that 

takes slurry from port 1000A or 1000B for analysis by the liquid particle counter 34 in Figure 2 

and returns it to port 1001 after analysis or alternatively the sample could be sent via the 

sample loop or tube to analytical module 300 for analysis if a simple analytical module is 

25 provided for the apparatus. 	If there is dilution of the slurry before analysis of the slurry in the 

analytical module 300 , then the slurry is not returned to port 1001 after analysis. 	Diluted 

slurry may be directed to a waste line (not shown). 

[00137] Figure 5 shows one embodiment of the piping between the blend module 200 and 

the analytical module 300 and the piping 72A, 72B to the distribution module that can be used 

30 continuously or intermittently to direct all or a portion of the flow of blended slurry or chemical 

blend from the blend module 200 as shown (or any blend module) to and through the 

analytical module 300 or alternatively to direct all or a portion of the blended slurry or 

chemical blend to the distribution module via pipes 72A, 72B. The blend module 200 can be 

any blend module. The analytical module 300 can be any analytical module 300. The piping 

35 to the distribution module and the distribution module 400 can be any piping and/or any 

distribution module. For example a single pipe to the distribution module may be used. In 

fact, the means to redirect all or a portion of the stream 218 shown in Figure 5 comprising a 3- 
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or more of the modules to the analytical module 300 for testing. In such embodiments, the 

one or more lines and associated valves connecting the various slurry or chemical blend test 

points to the analytical module may operate in a continuous cycle to draw samples from and 

test the slurry or chemical blend from the various points (sample ports) in the apparatus 

5 serially and then repeat the testing continuously or semi-continuously. The testing may be in 

a set or random pattern or in a pattern directed by the operator. Alternatively a controller (not 

shown) may control the sampling based on an algorithm that determines based on the 

operation of the apparatus, when it is necessary to draw samples from the various sample 

ports provided. Sample ports are pipe or tube connections in a pipe or tube. They can be 

10 sized to allow for only a portion of the slurry or chemical blend to flow into the connected tube 

to the analytical module. Additionally the sample port or connected tube may comprise valves 

therein, if desired, to control the flow to the analytical module. As shown in Figures 1C, the 

circles labeled 1900, 1900A and 1900B indicate ports at which piping (not shown) and valves 

(not shown) are connected to the analytical package 300 (shown in Figure 1B) from the 

15 distribution module 400. Connected to each of ports 1900, 1900A and 1900B are sample 

tubes (not shown) to the analytical package 300 and return tubes to form a loop. The sample 

loops via return tubes (not shown) return the analyzed slurry or chemical blend from the 

analytical module 300 to return ports 1901 or 1901A or 1901B, respectively. At one or more 

of the ports 1900, 1900A, 1900B, or any of the ports, a hand valve (not shown) may be 

20 provided for an operator to draw a sample for off-line testing in equipment (not shown). As 

shown in Figure 2, ports 1000A and 1001B are used to form a sample loop (not shown) that 

takes slurry from port 1000A or 1000B for analysis by the liquid particle counter 34 in Figure 2 

and returns it to port 1001 after analysis or alternatively the sample could be sent via the 

sample loop or tube to analytical module 300 for analysis if a simple analytical module is 

25 provided for the apparatus. If there is dilution of the slurry before analysis of the slurry in the 

analytical module 300 , then the slurry is not returned to port 1001 after analysis. Diluted 

slurry may be directed to a waste line (not shown). 

[00137] Figure 5 shows one embodiment of the piping between the blend module 200 and 

the analytical module 300 and the piping 72A, 72B to the distribution module that can be used 

30 continuously or intermittently to direct all or a portion of the flow of blended slurry or chemical 

blend from the blend module 200 as shown (or any blend module) to and through the 

analytical module 300 or alternatively to direct all or a portion of the blended slurry or 

chemical blend to the distribution module via pipes 72A, 72B. The blend module 200 can be 

any blend module. The analytical module 300 can be any analytical module 300. The piping 

35 to the distribution module and the distribution module 400 can be any piping and/or any 

distribution module. For example a single pipe to the distribution module may be used. In 

fact, the means to redirect all or a portion of the stream 218 shown in Figure 5 comprising a 3-
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way valve 579, a restriction orifice 311 and the associated piping having one or more 

junctions and optional additional valves can be used anywhere in the slurry and/or chemical 

blend supply apparatus 20 to reliably direct at least a portion of the flow in a first pipe to a 

second pipe when desired, or to direct the flow only into a first pipe or only into a second pipe. 

5 The means can be used to split the flow simultaneously between the first and second pipe so 

that each pipe delivers slurry or chemical blend to different modules and/or to direct flow 

within any module simultaneously into a first pipe and/or second pipe as desired. 

[00138] Figure 5 shows a simplified blend module 200 similar to the one shown in Figure 1B. 

(The blend module 200 in Figure 5 does not comprise a backup blend train having back up 

10 flow controllers and associated piping like the one shown in Figure 1B.) The same or similar 

numbers used in Figure 5 represent the same or similar parts as those shown in Figure 1 B. 

Also shown in Figure 5 is the analytical module 300 comprising an analytical package 

comprising one or more sensors and related piping that provides for the flow of slurry or 

chemical blend to the analytical package after blending the slurry or chemical blend in the 

15 blend module 200. 

[00139] To by-pass the analytical package, 3-way valve 579 is open such that the blended 

slurry or chemical blend flowing in pipe 218 from the blend module 200 flows through pipe 

518, through 3-way valve 579 through pipe 519 to pipe 71 and thereby to the distribution 

module (not shown in Figure 5). At the same time valve 557 in line 218 can be closed to 

20 prevent blended slurry or chemical blend from entering the analytical package 310. 

Alternatively, to partially or fully direct the blended slurry or chemical blend from the blend 

module 200 to the analytical module 300, the 3-way valve 579 could be changed from one 

open position to a second open position such that the blended slurry or chemical blend 

flowing in pipe 218 from the blend module 200 flows through pipe 518, through 3-way valve 

25 579 through pipe 520 to the restriction orifice 311 which allows either none or only a portion of 

the blended slurry or chemical blend to flow into pipe 521, to junction 595, to pipe 519, to and 

through pipe 71 and thereby to the distribution module 400 (for example as shown in Figure 

1C) via lines 72A and/or 72B. (Note optional valve 558 in line 571 may be closed to prevent 

the flow of slurry or chemical blend from the by-pass line 519 into the analytical module return 

30 line 571, but is open when slurry or chemical blend is flowing through the one or more 

analytical apparatuses 310.) In conjunction with changing the 3-way valve 579 from a first 

position to a second position, the optional valve 557 in line 218 is switched from a closed to 

open position. 	Because of the restriction orifice 311, the restricted flow of the blended slurry 

or chemical blend in pipes 520 and 518 causes the blended slurry or chemical blend 

35 upstream of pipes 520 and 518 to flow through pipe 218 toward the analytical apparatus(es) 

of analytical package 310. Line 218 may have a check valve to prevent the flow of slurry or 

chemical blend upstream into the blend module 200. The restriction orifice 311 creates a 
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way valve 579, a restriction orifice 311 and the associated piping having one or more 

junctions and optional additional valves can be used anywhere in the slurry and/or chemical 

blend supply apparatus 20 to reliably direct at least a portion of the flow in a first pipe to a 

second pipe when desired, or to direct the flow only into a first pipe or only into a second pipe. 

5 The means can be used to split the flow simultaneously between the first and second pipe so 

that each pipe delivers slurry or chemical blend to different modules and/or to direct flow 

within any module simultaneously into a first pipe and/or second pipe as desired. 

[00138] Figure 5 shows a simplified blend module 200 similar to the one shown in Figure 1B. 

(The blend module 200 in Figure 5 does not comprise a backup blend train having back up 

10 flow controllers and associated piping like the one shown in Figure 1B.) The same or similar 

numbers used in Figure 5 represent the same or similar parts as those shown in Figure 1B. 

Also shown in Figure 5 is the analytical module 300 comprising an analytical package 

comprising one or more sensors and related piping that provides for the flow of slurry or 

chemical blend to the analytical package after blending the slurry or chemical blend in the 

15 blend module 200. 

[00139] To by-pass the analytical package, 3-way valve 579 is open such that the blended 

slurry or chemical blend flowing in pipe 218 from the blend module 200 flows through pipe 

518, through 3-way valve 579 through pipe 519 to pipe 71 and thereby to the distribution 

module (not shown in Figure 5). At the same time valve 557 in line 218 can be closed to 

20 prevent blended slurry or chemical blend from entering the analytical package 310. 

Alternatively, to partially or fully direct the blended slurry or chemical blend from the blend 

module 200 to the analytical module 300, the 3-way valve 579 could be changed from one 

open position to a second open position such that the blended slurry or chemical blend 

flowing in pipe 218 from the blend module 200 flows through pipe 518, through 3-way valve 

25 579 through pipe 520 to the restriction orifice 311 which allows either none or only a portion of 

the blended slurry or chemical blend to flow into pipe 521, to junction 595, to pipe 519, to and 

through pipe 71 and thereby to the distribution module 400 (for example as shown in Figure 

1C) via lines 72A and/or 72B. (Note optional valve 558 in line 571 may be closed to prevent 

the flow of slurry or chemical blend from the by-pass line 519 into the analytical module return 

30 line 571, but is open when slurry or chemical blend is flowing through the one or more 

analytical apparatuses 310.) In conjunction with changing the 3-way valve 579 from a first 

position to a second position, the optional valve 557 in line 218 is switched from a closed to 

open position. Because of the restriction orifice 311, the restricted flow of the blended slurry 

or chemical blend in pipes 520 and 518 causes the blended slurry or chemical blend 

35 upstream of pipes 520 and 518 to flow through pipe 218 toward the analytical apparatus(es) 

of analytical package 310. Line 218 may have a check valve to prevent the flow of slurry or 

chemical blend upstream into the blend module 200. The restriction orifice 311 creates a 
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back pressure that causes the flow of at least a portion of the slurry or chemical blend to the 

analytical apparatus(es) of analytical package 310 of the analytical module 300. 	The blended 

slurry or chemical blend in pipe 218 flows through open valve 557 to the analytical 

apparatus(es) of analytical package 310 and through valve 558 from the analytical 

5 apparatus(es) of analytical package 310. After exiting the analytical apparatus(es) of 

analytical package 310, as shown in Figure 5, the blended slurry or chemical blend flows 

through pipe 571 through open valve 558 (alternatively a check valve) in pipe 571 to line 71 to 

the distribution module. (If the slurry or chemical blend flows into pipe 519 at the junction 596, 

it will not flow past closed valve 579 nor the and restriction orifice 311. Additionally, preferably 

10 a portion of the flow in pipe 520 passes through the restriction orifice 311, and via junction 

595 will flow through pipe 519 and meet up with the analyzed slurry or chemical blend from 

the analytical apparatus(es) of analytical package 310 and is transported to the distribution 

module via pipes 71 and 72A and/or 72B. The distribution module may comprise a 

distribution tank and/or a global loop. The controller can control the intermittent or continuous 

15 flow of a portion of or all of the slurry or chemical blend to the analytical module by opening 

and closing the valves as described. 

[00140] Figure 5 shows the apparatus may comprise an optional sample line 598 and sample 

compartment 599 that in this embodiment is located between the analytical module 300 and 

the distribution module 400 (as shown in Figure 1C), but in alternative embodiments could be 

20 provided any where it may be desirable to take a sample of the blended slurry or chemical 

blend for testing off-line or to collect a larger quantity of the raw slurry, or blended slurry or 

chemical blend. For example, although not shown, it may be desired to collect a sample of 

blended slurry or chemical blend returning from the global loop (part of the distribution module 

400 described below) to analyze it off-line. Compartment 599 is a sample compartment into 

25 which a container (not shown) may be received. The sample compartment 599 may comprise 

a housing and a door and piping and valves for filling a container that is placed within the 

(carboy) compartment 599. The container could be used to collect a large quantity of blended 

slurry or chemical blend that was not made for the distribution loop but was made for the 

purpose of, for example, bench testing and/or further analysis. For example, the container 

30 can be a 5-gallon container or larger. 	If blended slurry or chemical blend is to be collected in 

the container, valves (not shown) in line 71 and line 598 are switched from open to partially or 

fully closed and closed to partially or fully open, respectively to direct a controlled or discrete 

amount of the flow of blended slurry or chemical blend into the container. After the container 

has received the desired amount of slurry or chemical blend, as indicated by a level indicator 

35 (not shown), weight sensor (not shown), or as measured by the flow controller 541 in line 598, 

or other sensor or manual control, the valves (not shown) in line 71 and line 598 are switched 

from partially or fully closed to open and partially or fully open to closed, respectively. (The 
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back pressure that causes the flow of at least a portion of the slurry or chemical blend to the 

analytical apparatus(es) of analytical package 310 of the analytical module 300. The blended 

slurry or chemical blend in pipe 218 flows through open valve 557 to the analytical 

apparatus(es) of analytical package 310 and through valve 558 from the analytical 

5 apparatus(es) of analytical package 310. After exiting the analytical apparatus(es) of 

analytical package 310, as shown in Figure 5, the blended slurry or chemical blend flows 

through pipe 571 through open valve 558 (alternatively a check valve) in pipe 571 to line 71 to 

the distribution module. (If the slurry or chemical blend flows into pipe 519 at the junction 596, 

it will not flow past closed valve 579 nor the and restriction orifice 311. Additionally, preferably 

10 a portion of the flow in pipe 520 passes through the restriction orifice 311, and via junction 

595 will flow through pipe 519 and meet up with the analyzed slurry or chemical blend from 

the analytical apparatus(es) of analytical package 310 and is transported to the distribution 

module via pipes 71 and 72A and/or 72B. The distribution module may comprise a 

distribution tank and/or a global loop. The controller can control the intermittent or continuous 

15 flow of a portion of or all of the slurry or chemical blend to the analytical module by opening 

and closing the valves as described. 

[00140] Figure 5 shows the apparatus may comprise an optional sample line 598 and sample 

compartment 599 that in this embodiment is located between the analytical module 300 and 

the distribution module 400 (as shown in Figure 1C), but in alternative embodiments could be 

20 provided any where it may be desirable to take a sample of the blended slurry or chemical 

blend for testing off-line or to collect a larger quantity of the raw slurry, or blended slurry or 

chemical blend. For example, although not shown, it may be desired to collect a sample of 

blended slurry or chemical blend returning from the global loop (part of the distribution module 

400 described below) to analyze it off-line. Compartment 599 is a sample compartment into 

25 which a container (not shown) may be received. The sample compartment 599 may comprise 

a housing and a door and piping and valves for filling a container that is placed within the 

(carboy) compartment 599. The container could be used to collect a large quantity of blended 

slurry or chemical blend that was not made for the distribution loop but was made for the 

purpose of, for example, bench testing and/or further analysis. For example, the container 

30 can be a 5-gallon container or larger. If blended slurry or chemical blend is to be collected in 

the container, valves (not shown) in line 71 and line 598 are switched from open to partially or 

fully closed and closed to partially or fully open, respectively to direct a controlled or discrete 

amount of the flow of blended slurry or chemical blend into the container. After the container 

has received the desired amount of slurry or chemical blend, as indicated by a level indicator 

35 (not shown), weight sensor (not shown), or as measured by the flow controller 541 in line 598, 

or other sensor or manual control, the valves (not shown) in line 71 and line 598 are switched 

from partially or fully closed to open and partially or fully open to closed, respectively. (The 

-61 -



WO 2014/078398 	 PCT/US2013/069868 

flow controller 541 can work in conjunction with totaling software that is part of the controller 

(not shown) to determine when the desired amount of slurry or chemical blend has flowed into 

the container. When the desired amount of slurry or chemical blend is in the container, the 

software automatically closes a valve in line 598 to stop the flow of the blended slurry or 

5 chemical blend to the container. Alternatively or additionally, manual valves can be provided.) 

The container then is removable from line 598 and the compartment 599. The compartment 

599 may be provided with a door that is safety interlocked to prevent access to the container 

while it is being filled or otherwise access controlled. The container can be transported to a 

test bench or elsewhere. 

10 [0100] Additionally the apparatus may comprise optional filter element and filtering step if 

desired after the blend module 200 although not shown in Figure 5 or 1B (similar to the filter 

element and filtering shown in embodiment shown in Figure 4 or any filter embodiments 

shown and described herein) prior to the flow of the blended slurry or chemical blend into the 

distribution module 400 (as shown, for example, in Figure 1C) and/or prior to the flow of the 

15 blended slurry or chemical blend into the optional analytical module 300. Although filter 230 

in Fig. 4 is shown as a single filter bank comprising 2 filters, it is just representative of any 

type of the filter elements, e.g. filter loop, parallel filters or filter banks, etc.) 

[0101] The embodiments of the slurry and/or chemical blend supply apparatus shown in 

Figures 1B and 5 comprise analytical modules 300. The analytical module is employed for 

20 sampling for at least one and in some embodiments multiple slurry or chemical blend streams. 

The blended slurry or chemical blend stream 218 is sent to the analytical module 300 

comprising analytical package 310 as shown in Figure 5. As discussed above, when 3-way 

valve 579 is actuated to cause flow through line 520 through restriction orifice 311, this 

causes a backpressure. This backpressure causes flow through the analytical package 310 

25 when valves 557 and 558 are open. 

[0102] The analytical package 310 typically comprises one or more analytical apparatuses or 

equipment, such as one or more pH sensors, one or more density sensors, one or more 

conductivity sensors, one or more hydrogen peroxide sensors and one or more liquid particle 

counters and/or one or more particle size distribution analyzers. The purpose of using two or 

30 more sensors (two or more of the same analytical apparatuses) to measure and monitor one 

characteristic of the slurry or chemical blend is to check for variations in the measurements by 

two or more apparatuses measuring the same characteristics. A variation between 

measurements by the sensors of the analytical apparatuses that are measuring the same 

characteristics of the slurry or chemical blend may indicate that the slurry or chemical blend is 

35 out of specification or that one of the sensors is failing. Sensors age and fail. When one 

sensor fails it can be replaced while the second senor (analytical apparatus) is relied upon to 
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flow controller 541 can work in conjunction with totaling software that is part of the controller 

(not shown) to determine when the desired amount of slurry or chemical blend has flowed into 

the container. When the desired amount of slurry or chemical blend is in the container, the 

software automatically closes a valve in line 598 to stop the flow of the blended slurry or 

5 chemical blend to the container. Alternatively or additionally, manual valves can be provided.) 

The container then is removable from line 598 and the compartment 599. The compartment 

599 may be provided with a door that is safety interlocked to prevent access to the container 

while it is being filled or otherwise access controlled. The container can be transported to a 

test bench or elsewhere. 

10 [0100] Additionally the apparatus may comprise optional filter element and filtering step if 

desired after the blend module 200 although not shown in Figure 5 or 1B (similar to the filter 

element and filtering shown in embodiment shown in Figure 4 or any filter embodiments 

shown and described herein) prior to the flow of the blended slurry or chemical blend into the 

distribution module 400 (as shown, for example, in Figure 1C) and/or prior to the flow of the 

15 blended slurry or chemical blend into the optional analytical module 300. Although filter 230 

in Fig. 4 is shown as a single filter bank comprising 2 filters, it is just representative of any 

type of the filter elements, e.g. filter loop, parallel filters or filter banks, etc.) 

[0101] The embodiments of the slurry and/or chemical blend supply apparatus shown in 

Figures 1B and 5 comprise analytical modules 300. The analytical module is employed for 

20 sampling for at least one and in some embodiments multiple slurry or chemical blend streams. 

The blended slurry or chemical blend stream 218 is sent to the analytical module 300 

comprising analytical package 310 as shown in Figure 5. As discussed above, when 3-way 

valve 579 is actuated to cause flow through line 520 through restriction orifice 311, this 

causes a backpressure. This backpressure causes flow through the analytical package 310 

25 when valves 557 and 558 are open. 

[0102] The analytical package 310 typically comprises one or more analytical apparatuses or 

equipment, such as one or more pH sensors, one or more density sensors, one or more 

conductivity sensors, one or more hydrogen peroxide sensors and one or more liquid particle 

counters and/or one or more particle size distribution analyzers. The purpose of using two or 

30 more sensors (two or more of the same analytical apparatuses) to measure and monitor one 

characteristic of the slurry or chemical blend is to check for variations in the measurements by 

two or more apparatuses measuring the same characteristics. A variation between 

measurements by the sensors of the analytical apparatuses that are measuring the same 

characteristics of the slurry or chemical blend may indicate that the slurry or chemical blend is 

35 out of specification or that one of the sensors is failing. Sensors age and fail. When one 

sensor fails it can be replaced while the second senor (analytical apparatus) is relied upon to 
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monitor the characteristic of the slurry or chemical blend while the slurry and/or chemical 

blend supply apparatus continues to blend and distribute slurry or chemical blend. 

[0103] Examples of densitometers useful in the apparatus include vibrating U-tube 

densitometers, such as those commercially available from Analytical Flow Technologies, and 

5 Anton Paar. Examples of conductivity sensors are those that are commercially available from 

Horiba and Georg Fisher. Examples of hydrogen peroxide sensor are Jetalon index of 

refraction or an auto-titrator type. 	Examples of a pH sensor are liquid or solid electrolyte types 

commercially available from ABB. 

[0104] Additional streams (not shown in Figures 4 or 5) may be directed separately through 

10 analytical package 310 of analytical module 300. The slurry and/or chemical blend supply 

apparatus may be equipped with a single analytical package 310 having redundant analytical 

apparatuses (that is more than 1 apparatus (sensor) measuring the same slurry or chemical 

blend characteristic) and piping that is part of the analytical module 300 that may be used to 

allow sample streams from various sample ports in the slurry and/or chemical blend supply 

15 apparatus to flow into the analytical package 310. 

[0105] One way to provide for the flow of sample streams to the analytical package (also 

referred to as analytical module) is to provide 1-way sample tubes or 2-way tubes, referred to 

as sample loops located such that when one or more centrifugal pumps are operating sample 

streams flow to the analytical module 300. The line the pump operates in may be equipped 

20 with a tee (sample port) in the line on the discharge side of the pump to provide for a sample 

tube to the analytical package. Alternatively, the line the pump operates in may be equipped 

with a tee (return sample port) in the line on the suction side of the pump, and a second tee 

(sample port) in the line on the discharge side of the pump to provide for a sample loop. 

There will be a pressure differential between the discharge and suction side, and there can be 

25 flow from the tee on the discharge side to the tee on the suction side, through the analytical 

package. One such embodiment is shown in Figure 11. The flow described passes through 

the discharge tee (sample port) 1900 on the discharge side of the pump to pipe 1120 to a 3-

way valve 1124 which is normally open to a pipe (sample tube) 1126 to another 3-way-valve 

1128, which is normally open to pipe 1127 to the other discharge side tee (sample port) 1901. 

30 Sample pipe 1127 is the return sample tube which is part of a sample loop. The normally 

closed port on the discharge 3-way valve 1124 is connected to the inlet pipe 1125 to the 

analytical package 1300, and the normally closed port on the suction 3-way valve 1128 is 

connected to the outlet pipe 1129 from the analytical package. When both 3-way valves are 

actuated, flow is diverted to the normally closed ports on the 3-way valves 1124, 1128, and 

35 slurry or chemical blend flows through pipe 1125 to and through the analytical package 1300. 

The flow rate through the analytical package 1300 is controlled by a rotameter 1137 or more 

than one rotameters 1137, 1140 in the analytical package typically with a 3-6 Ipm flow rate 
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monitor the characteristic of the slurry or chemical blend while the slurry and/or chemical 

blend supply apparatus continues to blend and distribute slurry or chemical blend. 

[0103] Examples of densitometers useful in the apparatus include vibrating U-tube 

densitometers, such as those commercially available from Analytical Flow Technologies, and 

5 Anton Paar. Examples of conductivity sensors are those that are commercially available from 

Horiba and Georg Fisher. Examples of hydrogen peroxide sensor are Jetalon index of 

refraction or an auto-titrator type. Examples of a pH sensor are liquid or solid electrolyte types 

commercially available from ABB. 

[0104] Additional streams (not shown in Figures 4 or 5) may be directed separately through 

10 analytical package 310 of analytical module 300. The slurry and/or chemical blend supply 

apparatus may be equipped with a single analytical package 310 having redundant analytical 

apparatuses (that is more than 1 apparatus (sensor) measuring the same slurry or chemical 

blend characteristic) and piping that is part of the analytical module 300 that may be used to 

allow sample streams from various sample ports in the slurry and/or chemical blend supply 

15 apparatus to flow into the analytical package 310. 

[0105] One way to provide for the flow of sample streams to the analytical package (also 

referred to as analytical module) is to provide 1-way sample tubes or 2-way tubes, referred to 

as sample loops located such that when one or more centrifugal pumps are operating sample 

streams flow to the analytical module 300. The line the pump operates in may be equipped 

20 with a tee (sample port) in the line on the discharge side of the pump to provide for a sample 

tube to the analytical package. Alternatively, the line the pump operates in may be equipped 

with a tee (return sample port) in the line on the suction side of the pump, and a second tee 

(sample port) in the line on the discharge side of the pump to provide for a sample loop. 

There will be a pressure differential between the discharge and suction side, and there can be 

25 flow from the tee on the discharge side to the tee on the suction side, through the analytical 

package. One such embodiment is shown in Figure 11. The flow described passes through 

the discharge tee (sample port) 1900 on the discharge side of the pump to pipe 1120 to a 3-

way valve 1124 which is normally open to a pipe (sample tube) 1126 to another 3-way-valve 

1128, which is normally open to pipe 1127 to the other discharge side tee (sample port) 1901. 

30 Sample pipe 1127 is the return sample tube which is part of a sample loop. The normally 

closed port on the discharge 3-way valve 1124 is connected to the inlet pipe 1125 to the 

analytical package 1300, and the normally closed port on the suction 3-way valve 1128 is 

connected to the outlet pipe 1129 from the analytical package. When both 3-way valves are 

actuated, flow is diverted to the normally closed ports on the 3-way valves 1124, 1128, and 

35 slurry or chemical blend flows through pipe 1125 to and through the analytical package 1300. 

The flow rate through the analytical package 1300 is controlled by a rotameter 1137 or more 

than one rotameters 1137, 1140 in the analytical package typically with a 3-6 Ipm flow rate 
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range. The rotameters are equipped with a needle valve which can be adjusted to reduce or 

increase flow. The pump speed also determines how much flow through the analytical 

package occurs. 

[0106] The sample tube described in the above paragraph can be connected to (and is fed 

5 slurry or chemical blend from) the pipes at or near one or multiple pumps. In a preferred 

embodiment, the slurry or chemical blend flowing through at least one pump may be sampled 

by the analytical module 300. In one embodiment, one sample line that supplies samples to 

the analytical package after (downstream of) a pump is connected to the line that supplies the 

global loop. In another embodiment, another sample line is after pump 251 connected to (in 

10 fluid communication with) the line that supplies the distribution tank 491 and optionally 

supplies the filtration package (element) and is used for dynamic blending meaning blending 

with a pump as shown in Figure 4. The sample loop in Figure 4 is line 213 to analytical 

package 301 and return line 221. 	In the distribution loop shown in Figure 1C, the sampling 

ports are labeled 1900A, 1900B and 1900 and the return ports are 1901A, 1901 B, and 1901 

15 respectively for the sample loops. 	Two sample loops for the slurry or chemical blend global 

loops A and B and the other draws the sample after the filter 430 or 431 and the return is 

before the filter 430 or 431 in the filter loop. 

[0107] The slurry and/or chemical blend supply apparatus of this invention may comprise an 

analytical module comprising one or more tubes that are each connected to one or more 

20 

25 

sample ports, the sample ports are located in (connected to) the piping in the apparatus in a 

module (feed and/or blend and/or distribution) other than the analytical module. The sample 

ports are where the samples are drawn from and transported to the analytical module via the 

one or more tubes for analysis in the analytical module. The slurry and/or chemical blend 

supply apparatus may comprise an analytical module comprising one or more sample loops, 

each loop is connected by at least two tubes to at least two sample ports located in the piping 

in the apparatus in a module other than the analytical module (that is, feed and/or blend 

and/or distribution). One sample port and connected tube for each loop is where the samples 

are drawn from and transported to the analytical module, the second tube and second sample 

port is through which at least a portion of the slurry or chemical blend sample is returned 

30 typically to the module from which it was drawn. The slurry and/or chemical blend supply 

apparatus of this invention may comprise one or more sample port(s) and tube(s), and/or 

sample loops in one or more or all of any of the feed and/or blend and/or distribution modules. 

[0108] Figure 11 shows the analytical module 300 having a sample loop 2000, sample ports 

1900 and 1901, and a pump 101D in fluid communication with it. (Sample ports 1900 and 

35 1901 and pump 101D coincide with those found on the filter loop 700 shown in Figure 1C.) 

Sample port 1900 is the sample port to the analytical package 1300, 1116 and the sample 

port 1901 is the return sample port from the sample loop 2000 from the analytical package. 
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range. The rotameters are equipped with a needle valve which can be adjusted to reduce or 

increase flow. The pump speed also determines how much flow through the analytical 

package occurs. 

[0106] The sample tube described in the above paragraph can be connected to (and is fed 

5 slurry or chemical blend from) the pipes at or near one or multiple pumps. In a preferred 

embodiment, the slurry or chemical blend flowing through at least one pump may be sampled 

by the analytical module 300. In one embodiment, one sample line that supplies samples to 

the analytical package after (downstream of) a pump is connected to the line that supplies the 

global loop. In another embodiment, another sample line is after pump 251 connected to (in 

10 fluid communication with) the line that supplies the distribution tank 491 and optionally 

supplies the filtration package (element) and is used for dynamic blending meaning blending 

with a pump as shown in Figure 4. The sample loop in Figure 4 is line 213 to analytical 

package 301 and return line 221. In the distribution loop shown in Figure 1C, the sampling 

ports are labeled 1900A, 1900B and 1900 and the return ports are 1901 A, 1901B, and 1901 

15 respectively for the sample loops. Two sample loops for the slurry or chemical blend global 

loops A and B and the other draws the sample after the filter 430 or 431 and the return is 

before the filter 430 or 431 in the filter loop. 

[0107] The slurry and/or chemical blend supply apparatus of this invention may comprise an 

analytical module comprising one or more tubes that are each connected to one or more 

20 sample ports, the sample ports are located in (connected to) the piping in the apparatus in a 

module (feed and/or blend and/or distribution) other than the analytical module. The sample 

ports are where the samples are drawn from and transported to the analytical module via the 

one or more tubes for analysis in the analytical module. The slurry and/or chemical blend 

supply apparatus may comprise an analytical module comprising one or more sample loops, 

25 each loop is connected by at least two tubes to at least two sample ports located in the piping 

in the apparatus in a module other than the analytical module (that is, feed and/or blend 

and/or distribution). One sample port and connected tube for each loop is where the samples 

are drawn from and transported to the analytical module, the second tube and second sample 

port is through which at least a portion of the slurry or chemical blend sample is returned 

30 typically to the module from which it was drawn. The slurry and/or chemical blend supply 

apparatus of this invention may comprise one or more sample port(s) and tube(s), and/or 

sample loops in one or more or all of any of the feed and/or blend and/or distribution modules. 

[0108] Figure 11 shows the analytical module 300 having a sample loop 2000, sample ports 

1900 and 1901, and a pump 101D in fluid communication with it. (Sample ports 1900 and 

35 1901 and pump 101D coincide with those found on the filter loop 700 shown in Figure 1C.) 

Sample port 1900 is the sample port to the analytical package 1300, 1116 and the sample 

port 1901 is the return sample port from the sample loop 2000 from the analytical package. 
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Sample loop 2000 comprises pipe 1120 to the analytical package 1300 and pipe 1127 from 

the analytical module 300 and optional by-pass line 1126 and the optional valves (as shown) 

and other pipes (for example 1125, 1122, 1132) that transport the fluid to the analytical 

package of the analytical module 300 and pipes 1129 (and others) that return the slurry or 

5 chemical blend to the return sample port 1901. The analytical module 300 comprises the 

sample loop and analytical packages (multiple analytical apparatuses and sensors) with pipes 

to the analytical apparatuses of the analytical module 300 and valves and rotometers to 

control the flow through the analytical module. As shown, the analytical module comprises pH 

sensors 1111, 1112, densitometer 1113, conductivity sensor 1114, hydrogen peroxide sensor 

10 1115, and optional liquid particle counter and/or optional particle size distribution analyzer 

1116; however, alternative embodiments may comprise fewer or more sensors and/or fewer 

or more types of sensors. Alternative embodiments of the analytical module could comprise 

at least one type of sensor selected from the group consisting of pH sensors, densitometers, 

conductivity sensors, hydrogen peroxide sensors, and liquid particle counters and/or particle 

15 size distribution analyzers or at least two types of sensors in any combination of sensors. In 

alternative embodiments, the analytical module may comprise one or two or more of pH 

sensors, and/or one or two or more densitometers, and/or one or two or more conductivity 

sensors, and/or one or two or more hydrogen peroxide sensors, and/or one or two or more 

liquid particle counter sensors and/or one or two or more particle size distribution analyzers 

20 and/or one or two or more other types of sensors in any combination. In one embodiment for 

an apparatus that supplies chemical blend only, the analytical module may not require liquid 

particle counters or particle size distribution analyzers. 	For a chemical blend the analytical 

module may comprise one or two pH sensors, conductivity and peroxide sensors. In 

preferred embodiments, redundant sensors are provided so the accuracy of the sensors can 

25 be checked. Sensors that measure the same quantity +/- an allowable range indicate that the 

sensors are both accurate and working properly. If one of the sensors begins to sense a 

value that is not near and possibly drifting away from the expected value, then that indicates 

that the sensor may have begun to age and that it should be replaced. If one sensor 

continues to generate readings that are within an expected range, then the process will 

30 continue and a technician will be alerted to replace the sensor (or the sensor probe or other 

analytical equipment) or run diagnostic tests, or check the connections between the slurry or 

chemical blend sample supply and/or electrical supply and/or replace the sensor with a new 

sensor. 	If the sensor is fixed or replaced by the technician and it still does not read within the 

specification and/or all the sensors are out of range, then something is not right with the slurry 

35 or chemical blend and the slurry or chemical blend supply components and/or the functioning 

of the flow controllers in the blend module should be checked. Action will need to be taken if 

the blended slurry or chemical blend is out of the specification. 	If the slurry or chemical blend 
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Sample loop 2000 comprises pipe 1120 to the analytical package 1300 and pipe 1127 from 

the analytical module 300 and optional by-pass line 1126 and the optional valves (as shown) 

and other pipes (for example 1125, 1122, 1132) that transport the fluid to the analytical 

package of the analytical module 300 and pipes 1129 (and others) that return the slurry or 

5 chemical blend to the return sample port 1901. The analytical module 300 comprises the 

sample loop and analytical packages (multiple analytical apparatuses and sensors) with pipes 

to the analytical apparatuses of the analytical module 300 and valves and rotometers to 

control the flow through the analytical module. As shown, the analytical module comprises pH 

sensors 1111, 1112, densitometer 1113, conductivity sensor 1114, hydrogen peroxide sensor 

10 1115, and optional liquid particle counter and/or optional particle size distribution analyzer 

1116; however, alternative embodiments may comprise fewer or more sensors and/or fewer 

or more types of sensors. Alternative embodiments of the analytical module could comprise 

at least one type of sensor selected from the group consisting of pH sensors, densitometers, 

conductivity sensors, hydrogen peroxide sensors, and liquid particle counters and/or particle 

15 size distribution analyzers or at least two types of sensors in any combination of sensors. In 

alternative embodiments, the analytical module may comprise one or two or more of pH 

sensors, and/or one or two or more densitometers, and/or one or two or more conductivity 

sensors, and/or one or two or more hydrogen peroxide sensors, and/or one or two or more 

liquid particle counter sensors and/or one or two or more particle size distribution analyzers 

20 and/or one or two or more other types of sensors in any combination. In one embodiment for 

an apparatus that supplies chemical blend only, the analytical module may not require liquid 

particle counters or particle size distribution analyzers. For a chemical blend the analytical 

module may comprise one or two pH sensors, conductivity and peroxide sensors. In 

preferred embodiments, redundant sensors are provided so the accuracy of the sensors can 

25 be checked. Sensors that measure the same quantity +/- an allowable range indicate that the 

sensors are both accurate and working properly. If one of the sensors begins to sense a 

value that is not near and possibly drifting away from the expected value, then that indicates 

that the sensor may have begun to age and that it should be replaced. If one sensor 

continues to generate readings that are within an expected range, then the process will 

30 continue and a technician will be alerted to replace the sensor (or the sensor probe or other 

analytical equipment) or run diagnostic tests, or check the connections between the slurry or 

chemical blend sample supply and/or electrical supply and/or replace the sensor with a new 

sensor. If the sensor is fixed or replaced by the technician and it still does not read within the 

specification and/or all the sensors are out of range, then something is not right with the slurry 

35 or chemical blend and the slurry or chemical blend supply components and/or the functioning 

of the flow controllers in the blend module should be checked. Action will need to be taken if 

the blended slurry or chemical blend is out of the specification. If the slurry or chemical blend 
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is out of specification and the sensors are functioning, the controller (computer) could be 

programmed to automatically perform or a technician could perform one or all of the following 

steps: terminate blending, adjust the flow controllers in the blend train (blend module) to alter 

the composition of the blended slurry or chemical blend being made, redirect (more of) the 

5 raw or blended slurry or chemical blend to a filter or other treatment means, and/or dump all 

or a portion of the slurry or chemical blend in the one or more distribution or feed or other 

tanks, or direct the slurry or chemical blend to a filter element or small particle removal means 

(treatment means) (e.g. one or more membranes and one or more filters) or to a waste 

stream. 

10 [0109] As shown in Figure 11 a slip stream of slurry or chemical blend from sample port 1900 

enters the slurry or chemical blend sample tube 1120 (part of the sample loop 2000) that 

splits at junction 1121 into tubes 1123 and 1122. When 3-way valve 1124 is open such that 

tube 1123 is in fluid communication with tube 1125, the slurry or chemical blend in tube 1123 

flows towards the portion 1300 of the analytical package 310 of the analytical module 300 

15 comprising sensors 1111, 1112, 1113, 1114, 1115. The portion 1300 of the analytical 

package 310 does not include the liquid particle counter and/or particle distribution analyzer 

1116. 	In alternative embodiments, the liquid particle counter could be a particle size 

distribution analyzer and/or both sensors could be present in series. When valve 1130 is 

open such that tube 1122 is in fluid communication with tube 1132, then the slurry or chemical 

20 blend in tube 1122 flows to the liquid particle counter 1116. Alternatively, when 3-way valve 

1124 is closed to tube 1125 and open to tube 1126, and valve 1128 is such that tube 1126 is 

in fluid communication with tube 1127, the slurry or chemical blend flows from connection 

point 1900 through tubes 1120, 1123, through valves 1124 to tube 1126 through valve 1128 

to tube 1127 and via sample port 1901 back to the filter loop in the distribution module 400. 

25 (In alternative embodiments the slurry or chemical blend could be taken from and returned to 

the blend module (preferably after the blended slurry or chemical blend has been made) or 

taken from and returned to the global loop in the distribution module as shown in Figure 1C at 

sample ports 1900A and 1900B with return sample ports 1901A and 1901B respectively. (In 

the blend module, shown in Figure 4, junction 296 may be similar to or equivalent to port 900 

30 and junction (sample port) 295 is equivalent to port 1900 in Figure 11.) 

[0110] When valve 1124 is such that slurry or chemical blend flows into the portion 1300 of 

the analytical package 300, the pH, density, and conductivity are measured and 

communicated to the controller (computer, not shown) for the apparatus 20. The slurry or 

chemical blend exiting the portion 1300 of the analytical package in tube 1134 splits between 

35 tubes 1135 and 1138 based on the valves 1136, 1140. In the embodiment shown in Figure 

11, the analytical module further comprises flow meter 1137 in line 1138 and flow meter 1141 

in line 1135. Flow meters may be rotometers. The valves (may be needle valves) 1136 and 
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is out of specification and the sensors are functioning, the controller (computer) could be 

programmed to automatically perform or a technician could perform one or all of the following 

steps: terminate blending, adjust the flow controllers in the blend train (blend module) to alter 

the composition of the blended slurry or chemical blend being made, redirect (more of) the 

5 raw or blended slurry or chemical blend to a filter or other treatment means, and/or dump all 

or a portion of the slurry or chemical blend in the one or more distribution or feed or other 

tanks, or direct the slurry or chemical blend to a filter element or small particle removal means 

(treatment means) (e.g. one or more membranes and one or more filters) or to a waste 

stream. 

10 [0109] As shown in Figure 11 a slip stream of slurry or chemical blend from sample port 1900 

enters the slurry or chemical blend sample tube 1120 (part of the sample loop 2000) that 

splits at junction 1121 into tubes 1123 and 1122. When 3-way valve 1124 is open such that 

tube 1123 is in fluid communication with tube 1125, the slurry or chemical blend in tube 1123 

flows towards the portion 1300 of the analytical package 310 of the analytical module 300 

15 comprising sensors 1111, 1112, 1113, 1114, 1115. The portion 1300 of the analytical 

package 310 does not include the liquid particle counter and/or particle distribution analyzer 

1116. In alternative embodiments, the liquid particle counter could be a particle size 

distribution analyzer and/or both sensors could be present in series. When valve 1130 is 

open such that tube 1122 is in fluid communication with tube 1132, then the slurry or chemical 

20 blend in tube 1122 flows to the liquid particle counter 1116. Alternatively, when 3-way valve 

1124 is closed to tube 1125 and open to tube 1126, and valve 1128 is such that tube 1126 is 

in fluid communication with tube 1127, the slurry or chemical blend flows from connection 

point 1900 through tubes 1120, 1123, through valves 1124 to tube 1126 through valve 1128 

to tube 1127 and via sample port 1901 back to the filter loop in the distribution module 400. 

25 (In alternative embodiments the slurry or chemical blend could be taken from and returned to 

the blend module (preferably after the blended slurry or chemical blend has been made) or 

taken from and returned to the global loop in the distribution module as shown in Figure 1C at 

sample ports 1900A and 1900B with return sample ports 1901A and 1901B respectively. (In 

the blend module, shown in Figure 4, junction 296 may be similar to or equivalent to port 900 

30 and junction (sample port) 295 is equivalent to port 1900 in Figure 11.) 

[0110] When valve 1124 is such that slurry or chemical blend flows into the portion 1300 of 

the analytical package 300, the pH, density, and conductivity are measured and 

communicated to the controller (computer, not shown) for the apparatus 20. The slurry or 

chemical blend exiting the portion 1300 of the analytical package in tube 1134 splits between 

35 tubes 1135 and 1138 based on the valves 1136, 1140. In the embodiment shown in Figure 

11, the analytical module further comprises flow meter 1137 in line 1138 and flow meter 1141 

in line 1135. Flow meters may be rotometers. The valves (may be needle valves) 1136 and 
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1140 can be manually adjusted by a technician based on the reading on the flow meters. In 

alternative embodiments flow meters can communicate with the controller and the valves 

1136 and 1140 can be adjusted via computer control. Valve 1140 controls the amount of flow 

through the hydrogen peroxide sensor 1115 because the hydrogen peroxide sensor in the 

5 embodiment shown requires a small amount of sample flowing through the sensor. Typically 

the flow rate through the entire analytical package is 3-6 liters/min (that is the flow in tube 

1120 is 3-6 liters/min). Only a small portion (for example 40 to 80 ml/min) of the slurry or 

chemical blend flowing to the analytical package 310 flows to the liquid particle counter and/or 

particle size distribution analyzer 1116 and only a small portion (for example 35-400 ml/min) 

10 flows through the hydrogen peroxide sensor 1115. 	By reading the flow meters 1137, 1141, 

the flow in the valves 1136, 1140 can be adjusted to achieve the desired flow rates through 

the hydrogen peroxide sensor. 

[0111] When valve 1130 is open to the fluid in tube 1122, the fluid in tube 1122 flows into the 

liquid particle counter and/or particle size distribution analyzer 1116. 	In the embodiment 

15 shown in Figure 11, the slurry or chemical blend is diluted and analyzed and if the slurry or 

chemical blend is diluted for analysis by the liquid particle counter and/or particle size 

distribution analyzer 1116, then the slurry and/or chemical blend is dumped to drain via line 

1133. Typically a chemical blend is not diluted, before a liquid particle counter or a particle 

size distribution analyzer. 

20 [0112] Figure 12 shows one embodiment of an analytical module 300 comprising a sensor 

and related flow controls and valves with no dilution of the slurry or chemical blend. 	In the 

figure 12 is shown a liquid particle counter and/or particle size distribution analyzer 1204, 

although it can be any sensor that requires that the flow of slurry or chemical blend through 

the sensor be controlled but not diluted. Slurry or chemical blend flows through sample pipe 

25 1201 (from one of the modules in the apparatus) through valve 1202 which may be a needle 

valve, through pipe 1203, through sensor 1204 to pipe 1205 through (needle) valve 1206 to 

pipe 1207 to flow sensor 1208 through pipe 1209 through pneumatically controlled valve 1217 

and through pipe 1218 which returns the slurry or chemical blend back to the apparatus. To 

control the flow through the sensor (analytical apparatus) 1204 the flow sensor 1208 

30 measures the flow rate of the slurry or chemical blend in pipe 1207 and communicates that 

flow rate to the controller 1250 and an internal controller 1219. 	A PID calculation is 

performed using an already determined set point and the internal controller 1219 

communicates with the controller (PLC, computer or otherwise) 1250 and the controller 1250 

communicates with the solenoid manifold (not shown) to adjust the air pressure to the 

35 pneumatically-controlled proportional valve 1217 which causes the valve 1217 to open or 

close as directed by the controller 1250. The needle valves 1202 and 1206 that are shown 

may be three-way valves that may be connected to a DIW supply (not shown) that may be 
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1140 can be manually adjusted by a technician based on the reading on the flow meters. In 

alternative embodiments flow meters can communicate with the controller and the valves 

1136 and 1140 can be adjusted via computer control. Valve 1140 controls the amount of flow 

through the hydrogen peroxide sensor 1115 because the hydrogen peroxide sensor in the 

5 embodiment shown requires a small amount of sample flowing through the sensor. Typically 

the flow rate through the entire analytical package is 3-6 liters/min (that is the flow in tube 

1120 is 3-6 liters/min). Only a small portion (for example 40 to 80 ml/min) of the slurry or 

chemical blend flowing to the analytical package 310 flows to the liquid particle counter and/or 

particle size distribution analyzer 1116 and only a small portion (for example 35-400 ml/min) 

10 flows through the hydrogen peroxide sensor 1115. By reading the flow meters 1137, 1141, 

the flow in the valves 1136, 1140 can be adjusted to achieve the desired flow rates through 

the hydrogen peroxide sensor. 

[0111] When valve 1130 is open to the fluid in tube 1122, the fluid in tube 1122 flows into the 

liquid particle counter and/or particle size distribution analyzer 1116. In the embodiment 

15 shown in Figure 11, the slurry or chemical blend is diluted and analyzed and if the slurry or 

chemical blend is diluted for analysis by the liquid particle counter and/or particle size 

distribution analyzer 1116, then the slurry and/or chemical blend is dumped to drain via line 

1133. Typically a chemical blend is not diluted, before a liquid particle counter or a particle 

size distribution analyzer. 

20 [0112] Figure 12 shows one embodiment of an analytical module 300 comprising a sensor 

and related flow controls and valves with no dilution of the slurry or chemical blend. In the 

figure 12 is shown a liquid particle counter and/or particle size distribution analyzer 1204, 

although it can be any sensor that requires that the flow of slurry or chemical blend through 

the sensor be controlled but not diluted. Slurry or chemical blend flows through sample pipe 

25 1201 (from one of the modules in the apparatus) through valve 1202 which may be a needle 

valve, through pipe 1203, through sensor 1204 to pipe 1205 through (needle) valve 1206 to 

pipe 1207 to flow sensor 1208 through pipe 1209 through pneumatically controlled valve 1217 

and through pipe 1218 which returns the slurry or chemical blend back to the apparatus. To 

control the flow through the sensor (analytical apparatus) 1204 the flow sensor 1208 

30 measures the flow rate of the slurry or chemical blend in pipe 1207 and communicates that 

flow rate to the controller 1250 and an internal controller 1219. A PID calculation is 

performed using an already determined set point and the internal controller 1219 

communicates with the controller (PLC, computer or otherwise) 1250 and the controller 1250 

communicates with the solenoid manifold (not shown) to adjust the air pressure to the 

35 pneumatically-controlled proportional valve 1217 which causes the valve 1217 to open or 

close as directed by the controller 1250. The needle valves 1202 and 1206 that are shown 

may be three-way valves that may be connected to a DIW supply (not shown) that may be 
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used for a separate flushing step when needed. Additionally, the sensor 1204 communicates 

electrically with the human machine interface 1260 to show the value that it measured or 

sensed and it is also electrically communicated to the controller 1250 (PLC or the like) for the 

apparatus 20 as already stated. 

5 [0113] Figure 13 shows an alternative embodiment of an analytical module that may be part 

of a slurry and/or chemical blend supply apparatus of the invention. The analytical module 

300 (and/or the slurry and/or chemical blend supply apparatus) comprises dilution equipment 

that is used to dilute a slurry or chemical blend sample prior to the analysis of the sample by a 

sensor (analytical apparatus) 1323. Shown in Figure 13 is a sensor (analytical apparatus) 

10 1323, such as, a liquid particle counter or particle size distribution analyzer upstream of which 

is located dilution equipment to perform a dilution step to provide the slurry or chemical blend, 

typically slurry, within an expected particle concentration, that is within the optimum or 

appropriate range for measurement by the liquid particle counter or other analytical apparatus 

1323. The dilution equipment comprises an ultra-pure water source, piping, and/or one or 

15 more of each of the following: pump (e.g. a peristaltic pump), valves (e.g. needle valve), 

rotometer and optionally a dilution fixture. 	The analytical module is in-line, and/or the dilution 

equipment is in-line and part of the analytical module. The dilution equipment may comprise 

a single or double dilution. The analytical module may also or alternatively comprise one or 

more sample loops and by pass lines (described above) from any one or a plurality of 

20 modules, for example the feed and/or blend and/or distribution modules. The raw or blended 

slurry or chemical blend to be measured is supplied via line 1330 (which may be line 1330 in 

Figure 2) and ultra pure water is supplied via line 1309 from a deionized water (DIW) source 

(not shown). There are also optional containers or bottles, 1301 and 1302, and associated 

with container 1302 an optional pump, piping and rotometer (flow meter) which may be used 

25 to supply additional components to be added to the slurry or chemical blend or solutions to be 

measured. The flow meters may be used in a feed back control loop to control the speed of 

the pump 1305, 1306. Container 1301, which is connected via line 1303 to the slurry or 

chemical blend supply line 1330, is a container, or bottle, to be used to supply slurry or 

chemical blend samples which may or may not be different from the slurry or chemical blend 

30 supplied via 1330. Alternatively, container 1301 may comprise a sample of known particle 

concentration, size and distribution and is used for the purpose of calibrating or verifying that 

the liquid particle counter or particle size distribution analyzer is still operating as desired and 

expected. 

[0114] Container 1302, which is connected via line 1312 to the ultra pure water supply line 

35 1311, is a container, or bottle that may be used to supply additional fluid to adjust the 

properties, typically pH, of the ultra pure water used to dilute the slurry or the chemical blend. 

It may be desirable to adjust the pH to test the effect of changing the pH of a raw slurry or 
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used for a separate flushing step when needed. Additionally, the sensor 1204 communicates 

electrically with the human machine interface 1260 to show the value that it measured or 

sensed and it is also electrically communicated to the controller 1250 (PLC or the like) for the 

apparatus 20 as already stated. 

5 [0113] Figure 13 shows an alternative embodiment of an analytical module that may be part 

of a slurry and/or chemical blend supply apparatus of the invention. The analytical module 

300 (and/or the slurry and/or chemical blend supply apparatus) comprises dilution equipment 

that is used to dilute a slurry or chemical blend sample prior to the analysis of the sample by a 

sensor (analytical apparatus) 1323. Shown in Figure 13 is a sensor (analytical apparatus) 

10 1323, such as, a liquid particle counter or particle size distribution analyzer upstream of which 

is located dilution equipment to perform a dilution step to provide the slurry or chemical blend, 

typically slurry, within an expected particle concentration, that is within the optimum or 

appropriate range for measurement by the liquid particle counter or other analytical apparatus 

1323. The dilution equipment comprises an ultra-pure water source, piping, and/or one or 

15 more of each of the following: pump (e.g. a peristaltic pump), valves (e.g. needle valve), 

rotometer and optionally a dilution fixture. The analytical module is in-line, and/or the dilution 

equipment is in-line and part of the analytical module. The dilution equipment may comprise 

a single or double dilution. The analytical module may also or alternatively comprise one or 

more sample loops and by pass lines (described above) from any one or a plurality of 

20 modules, for example the feed and/or blend and/or distribution modules. The raw or blended 

slurry or chemical blend to be measured is supplied via line 1330 (which may be line 1330 in 

Figure 2) and ultra pure water is supplied via line 1309 from a deionized water (DIW) source 

(not shown). There are also optional containers or bottles, 1301 and 1302, and associated 

with container 1302 an optional pump, piping and rotometer (flow meter) which may be used 

25 to supply additional components to be added to the slurry or chemical blend or solutions to be 

measured. The flow meters may be used in a feed back control loop to control the speed of 

the pump 1305, 1306. Container 1301, which is connected via line 1303 to the slurry or 

chemical blend supply line 1330, is a container, or bottle, to be used to supply slurry or 

chemical blend samples which may or may not be different from the slurry or chemical blend 

30 supplied via 1330. Alternatively, container 1301 may comprise a sample of known particle 

concentration, size and distribution and is used for the purpose of calibrating or verifying that 

the liquid particle counter or particle size distribution analyzer is still operating as desired and 

expected. 

[0114] Container 1302, which is connected via line 1312 to the ultra pure water supply line 

35 1311, is a container, or bottle that may be used to supply additional fluid to adjust the 

properties, typically pH, of the ultra pure water used to dilute the slurry or the chemical blend. 

It may be desirable to adjust the pH to test the effect of changing the pH of a raw slurry or 
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chemical blend sample, for example. The flow of the fluid in container 1302 is controlled by 

pump 1306 typically a peristaltic pump and flow meter 1313 which may be capable of 

controlling the pump via feedback or used to manually adjust the pump. If no fluid is flowing 

from container 1302 a check valve (not shown) or a closed valve (not shown) in line 1312 

5 prevents any flow from or into line 1312. 

[0115] The slurry or chemical blend or the slurry or chemical blend sample contained in 1301 

is delivered to the liquid particle counter or particle size distribution analyzer 1323, by optional 

pump 1305, (a flow controller may alternatively be used if the sample is already flowing under 

pressure from another source) typically a peristaltic pump, via line 1304. The flow rate of the 

10 slurry or chemical blend that discharges from the pump 1305 into line 1317 is measured by 

flow indicator 1318, which may be used by a technician to adjust the flow of the pump 1305 

(or the flow controller if used instead of the pump). Alternatively a controller could be used to 

control the pump 1305 using the flow rate measured by the flow indicator 1318. Ultra pure 

water supplied via line 1309 is delivered by the pressure from the facilities to the liquid particle 

15 counter and/or particle size distribution analyzer 1323. The rotometer 1310 displays and the 

needle valve 1307 provides adjustability of the flow rate of the supplied ultrapure water in line 

1309. 	The fluid in the optional container 1302 is optionally delivered by the pump 1306, 

typically peristaltic pump, and connected to the ultra pure water stream, line 1311, via line 

1314 and line 1312, and the flow rate is displayed by the flow indicator 1313. The manual 

20 valve 1315, typically needle valve, is used to adjust or shut off the flow of the ultrapure water 

optionally combined with the fluid from the container 1302, or just the UPW in line 1311, and 

also provides the effect of mixing the two, ultrapure water and the fluid from container 1302, if 

present. The manual valve 1320, typically a needle valve, is used to adjust or shut off the 

flow of the mixture of slurry or chemical blend and ultrapure water and optional compositions 

25 from containers 1302 and 1301, via line 1319, which is delivered to the liquid particle counter 

and/or particle size distribution analyzer (or other analytical apparatus) 1323 via line 1321 and 

line 1322, and also provides the effect of mixing the two or three or four streams. The liquid 

particle counter and/or particle size distribution analyzer 1323 is controlled by the controller 

(not shown) and communicates with the human-machine interface 1360 which is electrically 

30 connected to sensor 1323. There is bypass connection, via line 1324, manual valve 1325, 

typically needle valve 1325, and line 1326, which allows the fluid to go to the drain directly 

without going through the liquid particle counter and/or particle size distribution analyzer 

1323. The flow through the bypass line 1324 can be adjusted or shut off by the manual valve 

1325. The fluid after going through the particle counter and/or particle size distribution 

35 analyzer 1323 flows to the drain via line 1327, rotometer 1328, valve 1331 and line 1329. The 

flow rate through the sensor 1323 is measured and displayed by the rotometer 1328 and can 

be adjusted by (manually) adjusting the needle valve 1331. 
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20 valve 1315, typically needle valve, is used to adjust or shut off the flow of the ultrapure water 
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also provides the effect of mixing the two, ultrapure water and the fluid from container 1302, if 

present. The manual valve 1320, typically a needle valve, is used to adjust or shut off the 

flow of the mixture of slurry or chemical blend and ultrapure water and optional compositions 

25 from containers 1302 and 1301, via line 1319, which is delivered to the liquid particle counter 

and/or particle size distribution analyzer (or other analytical apparatus) 1323 via line 1321 and 

line 1322, and also provides the effect of mixing the two or three or four streams. The liquid 

particle counter and/or particle size distribution analyzer 1323 is controlled by the controller 

(not shown) and communicates with the human-machine interface 1360 which is electrically 

30 connected to sensor 1323. There is bypass connection, via line 1324, manual valve 1325, 

typically needle valve 1325, and line 1326, which allows the fluid to go to the drain directly 

without going through the liquid particle counter and/or particle size distribution analyzer 

1323. The flow through the bypass line 1324 can be adjusted or shut off by the manual valve 

1325. The fluid after going through the particle counter and/or particle size distribution 

35 analyzer 1323 flows to the drain via line 1327, rotometer 1328, valve 1331 and line 1329. The 

flow rate through the sensor 1323 is measured and displayed by the rotometer 1328 and can 

be adjusted by (manually) adjusting the needle valve 1331. 

-69-



WO 2014/078398 	 PCT/US2013/069868 

[0116] Figure 14 shows an in-line analytical module comprising a sensor 1434 and piping and 

valves to provide for the dilution of the slurry or chemical blend in two steps before the sensor 

measures a characteristic of the slurry or chemical blend. UPW is supplied via pipe 1416 to 

the analytical module shown and splits into pipes 1417 and 1414. UPW flows through valve 

5 1415 and rotometer 1418 through pipe 1419 to pipe 1410. Pipe 1410 has slurry or chemical 

blend flowing therein. Slurry or chemical blend is supplied to the analytical module shown via 

pipe 1401. The flow of the water through valve 1415 is as described above, either manually 

or by using feedback controls to the valve using the measurement by the flow meter 1418. 

The flow of the slurry or chemical blend in pipe 1401 is controlled by a flow controller 

10 comprising a flow sensor 1402, a pneumatically controlled valve 1404 having an internal valve 

controller 1406 and the pneumatic control valve 1405. Such valves are commercially 

available from for example SMC Electronic. The measurement from the flow sensor 1402 is 

used by the internal valve controller 1406 to modify the flow of air pressure to the valve 1405 

to open or close the valve 1404. 	The slurry or chemical blend flows through the 

15 pneumatically controlled valve 1404 through a visual sensor flow meter 1409 through a 

dilution fixture 1500A which is used to mix the slurry or chemical blend into the UPW from 

pipe 1419. (The dilution fixture 1500A is shown in Figure 15 and will be described below.) 

The diluted slurry or diluted chemical blend stream in pipe 1410 is then transported through 

needle valve 1420 which helps to regulate the flow and to mix the diluted slurry or diluted 

20 chemical blend stream. The valve 1422 in line 1421 determines whether the diluted slurry or 

diluted chemical blend stream is directed to the drain via line 1440, or undergoes further 

processing via line 1423. The diluted slurry or chemical blend in line 1423 either flows to a 

second dilution step via line 1441 which is connected to line 1423 or flows in line 1442 toward 

line 1449 and the sensor skipping the second dilution step. Open valve 1424 in line 1441 and 

25 closed valve 1432 in line 1442 causes the diluted slurry or diluted chemical blend from the 

first dilution step to flow in line 1441 to the second dilution step. 	Closed valve 1424 in line 

1441 and open valve 1432 in line 1442 causes the diluted slurry or diluted chemical blend 

from the first dilution step to flow in line 1442 toward the sensor 1434 after a single dilution 

step. If valve 1424 is open, the slurry or diluted chemical blend flows through a pneumatically 

30 controlled valve 1428 comprising flow senor 1425, internal controller 1426, pneumatic control 

valve 1427 and the valve 1428. Valve 1428 controls the flow rate of the diluted slurry or 

diluted chemical blend from the first dilution step in line 1443. The diluted slurry or diluted 

chemical blend flows through line 1443, visual flow sensor 1429 and line 1444 to dilution 

fixture 1500B that is at the junction between the UPW line 1445 and the diluted slurry or 

35 diluted chemical blend line 1444. The flow of UPW into the dilution fixture 1500B is controlled 

in the UPW line via a rotometer 1430 and adjustable needle valve 1446. After the dilution 

fixture 1500B, the twice diluted slurry or diluted chemical blend flows in line 1447 through 

-70- 

WO 2014/078398 PCT/US2013/069868 

[0116] Figure 14 shows an in-line analytical module comprising a sensor 1434 and piping and 

valves to provide for the dilution of the slurry or chemical blend in two steps before the sensor 

measures a characteristic of the slurry or chemical blend. UPW is supplied via pipe 1416 to 

the analytical module shown and splits into pipes 1417 and 1414. UPW flows through valve 

5 1415 and rotometer 1418 through pipe 1419 to pipe 1410. Pipe 1410 has slurry or chemical 

blend flowing therein. Slurry or chemical blend is supplied to the analytical module shown via 
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The flow of the slurry or chemical blend in pipe 1401 is controlled by a flow controller 

10 comprising a flow sensor 1402, a pneumatically controlled valve 1404 having an internal valve 
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15 pneumatically controlled valve 1404 through a visual sensor flow meter 1409 through a 

dilution fixture 1500A which is used to mix the slurry or chemical blend into the UPW from 

pipe 1419. (The dilution fixture 1500A is shown in Figure 15 and will be described below.) 

The diluted slurry or diluted chemical blend stream in pipe 1410 is then transported through 

needle valve 1420 which helps to regulate the flow and to mix the diluted slurry or diluted 

20 chemical blend stream. The valve 1422 in line 1421 determines whether the diluted slurry or 

diluted chemical blend stream is directed to the drain via line 1440, or undergoes further 

processing via line 1423. The diluted slurry or chemical blend in line 1423 either flows to a 

second dilution step via line 1441 which is connected to line 1423 or flows in line 1442 toward 

line 1449 and the sensor skipping the second dilution step. Open valve 1424 in line 1441 and 

25 closed valve 1432 in line 1442 causes the diluted slurry or diluted chemical blend from the 

first dilution step to flow in line 1441 to the second dilution step. Closed valve 1424 in line 

1441 and open valve 1432 in line 1442 causes the diluted slurry or diluted chemical blend 

from the first dilution step to flow in line 1442 toward the sensor 1434 after a single dilution 

step. If valve 1424 is open, the slurry or diluted chemical blend flows through a pneumatically 

30 controlled valve 1428 comprising flow senor 1425, internal controller 1426, pneumatic control 

valve 1427 and the valve 1428. Valve 1428 controls the flow rate of the diluted slurry or 

diluted chemical blend from the first dilution step in line 1443. The diluted slurry or diluted 

chemical blend flows through line 1443, visual flow sensor 1429 and line 1444 to dilution 

fixture 1500B that is at the junction between the UPW line 1445 and the diluted slurry or 

35 diluted chemical blend line 1444. The flow of UPW into the dilution fixture 1500B is controlled 

in the UPW line via a rotometer 1430 and adjustable needle valve 1446. After the dilution 

fixture 1500B, the twice diluted slurry or diluted chemical blend flows in line 1447 through 
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needle valve 1431 which helps to blend the twice diluted slurry or diluted chemical blend as it 

flows to line 1448, past junction 1454 through line 1449, past junction 1455, through line 1450 

to the sensor 1434 through line 1451 and through the needle valve 1456 and rotometer 1435 

to the drain via line 1452. The needle valve 1456 and rotometer provide for the final 

5 adjustment of the flow rate through sensor 1434. Also provided is a by-pass line 1453 at 

junction 1455 into line 1449. The bypass consists of valve 1433 that must be open to cause 

the twice diluted slurry or diluted chemical blend to flow into the bypass from line 1449. From 

there the twice diluted slurry or diluted chemical blend flows to line 1453, to line 1440 and to 

the drain via line 1452. 

10 [0117] Note even though the dilution apparatuses and steps have been described for slurries 

and chemical blends, a slurry is more likely to be diluted for the purpose of subsequent 

analysis by a particle counter or particle distribution analyzer. 

[0118] The rotometers, as described before, may be the type that display a flow rate and the 

adjacent or built in needle valves may be adjusted manually to provide the desired flow rate. 

15 The flow rate through the sensors may be any flow rate or from 1 ml/min to 25 liters/min, or 

from 1 to 200 ml/minute or from 6-8 ml/minute. 	For particle counters, the control of the 

volume of fluid analyzed is very important, and too the dilution of starting slurry or chemical 

blend. For this reason, the use of precise and high quality flow sensors and valves is 

important. In alternative embodiments, instead of manual valves and visual readers, the 

20 dilution process may be fully automated with machine readable sensors and electrical signal 

controlled valves, such as pneumatic valves. 

[0119] The dilution fixture 1500A which may be used in one or more dilution steps as shown 

in Figure 14 is shown in more detail in Figure 15. The dilution fixture 1500A comprises a tube 

1440 that is connected to a T-shaped pipe connector 1505. The pipe connector 1505 has a 

25 cap 1506 over one of the openings into which the tube 1440 is pushed into and held in place 

by compression. (Because of the low flow rates and pressures, the connection does not 

leak.) The other two openings of the T-shaped pipe connector are attached via tube fittings 

1561 and 1560 to tubes 1419 and 1410, respectively. UPW flows into the T-shaped pipe 

connector from tube 1419. The slurry or chemical blend or diluted slurry or diluted chemical 

30 blend (depending upon the embodiment) is introduced via the tube 1440 into the UPW. The 

slurry or chemical blend or diluted slurry or diluted chemical blend drips into the UPW from the 

tube. The diluted slurry or chemical blend flows out of the T-shaped pipe connector via pipe 

1410. The tubes can be any size depending upon the desired flow. In the present 

embodiment, that requires low flows, the tube 1440 that introduces the slurry or chemical 

35 blend is 1/8 inch and tubes 1419 and 1410 are 1/4  inch tubes. The flow of the slurry or 

chemical blend to be diluted is typically from 1 to 100 ml/min or from 2 to 50 ml/min or from 5 
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needle valve 1431 which helps to blend the twice diluted slurry or diluted chemical blend as it 

flows to line 1448, past junction 1454 through line 1449, past junction 1455, through line 1450 

to the sensor 1434 through line 1451 and through the needle valve 1456 and rotometer 1435 

to the drain via line 1452. The needle valve 1456 and rotometer provide for the final 

5 adjustment of the flow rate through sensor 1434. Also provided is a by-pass line 1453 at 

junction 1455 into line 1449. The bypass consists of valve 1433 that must be open to cause 

the twice diluted slurry or diluted chemical blend to flow into the bypass from line 1449. From 

there the twice diluted slurry or diluted chemical blend flows to line 1453, to line 1440 and to 

the drain via line 1452. 

10 [0117] Note even though the dilution apparatuses and steps have been described for slurries 

and chemical blends, a slurry is more likely to be diluted for the purpose of subsequent 

analysis by a particle counter or particle distribution analyzer. 

[0118] The rotometers, as described before, may be the type that display a flow rate and the 

adjacent or built in needle valves may be adjusted manually to provide the desired flow rate. 

15 The flow rate through the sensors may be any flow rate or from 1 ml/min to 25 liters/min, or 

from 1 to 200 ml/minute or from 6-8 ml/minute. For particle counters, the control of the 

volume of fluid analyzed is very important, and too the dilution of starting slurry or chemical 

blend. For this reason, the use of precise and high quality flow sensors and valves is 

important. In alternative embodiments, instead of manual valves and visual readers, the 

20 dilution process may be fully automated with machine readable sensors and electrical signal 

controlled valves, such as pneumatic valves. 

[0119] The dilution fixture 1500A which may be used in one or more dilution steps as shown 

in Figure 14 is shown in more detail in Figure 15. The dilution fixture 1500A comprises a tube 

1440 that is connected to a T-shaped pipe connector 1505. The pipe connector 1505 has a 

25 cap 1506 over one of the openings into which the tube 1440 is pushed into and held in place 

by compression. (Because of the low flow rates and pressures, the connection does not 

leak.) The other two openings of the T-shaped pipe connector are attached via tube fittings 

1561 and 1560 to tubes 1419 and 1410, respectively. UPW flows into the T-shaped pipe 

connector from tube 1419. The slurry or chemical blend or diluted slurry or diluted chemical 

30 blend (depending upon the embodiment) is introduced via the tube 1440 into the UPW. The 

slurry or chemical blend or diluted slurry or diluted chemical blend drips into the UPW from the 

tube. The diluted slurry or chemical blend flows out of the T-shaped pipe connector via pipe 

1410. The tubes can be any size depending upon the desired flow. In the present 

embodiment, that requires low flows, the tube 1440 that introduces the slurry or chemical 

35 blend is 1/8 inch and tubes 1419 and 1410 are % inch tubes. The flow of the slurry or 

chemical blend to be diluted is typically from 1 to 100 ml/min or from 2 to 50 ml/min or from 5 
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to 10 ml/min and the flow of the UPW is from 10 to 500 ml/min or from 20 to 150 ml/min or 

from 40 to 100 ml/min. 

[0120] The analytical modules shown in the figures can be provided with slurry or chemical 

blend samples from various sample ports and sample loops in the apparatus as described 

5 above. It is preferred that at least one analytical module in an apparatus is continuously used 

to monitor the slurry or chemical blend and has slurry or chemical blend or UPW flowing 

through it on a continuous basis from the one or more sample ports in the apparatus. The 

UPW flowing alone through the sensor is for the purpose of performing a rinse of the 

analytical module. The order of sampling from the sample ports if there are more than one 

10 sample ports, may simply be in succession such as from a first sample port, then a second 

sample port and then a third sample port and then a fourth sample port and so on (for 

whatever number of sample ports exists and has slurry or chemical blend flowing through 

them), etc. and then the process may repeat for each of the sample ports beginning with the 

first sample port again. In alternative embodiments, the sampling from the sample ports may 

15 follow a different pattern and can be in any pattern or no pattern at all. A UPW rinse may be 

provided between each sample or between every other sample or daily or at any desired 

interval. The software in the controller for the apparatus 20 can control the taking of samples 

from the sample ports and the order and the timing of the sampling from each port, which may 

be overridden by a technician, if needed. 

20 [0121] In one embodiment of this invention, the apparatus of this invention comprises at least 

two liquid particle counters and/or particle distribution analyzers. 	In that embodiment, a first 

liquid particle counter and/or second particle size distribution analyzer is used in the feed 

module for analyzing the raw slurry and a second liquid particle counter and/or second 

distribution analyzer is used for analyzing the blended slurry sampled from the blend module 

25 and the distribution module. 	By having separate liquid particle counters and/or particle size 

distribution analyzers for those separate modules, the dilution step or steps (flow rates, valve 

openings, pump speeds, rotometer readings, etc) upstream of those sensors can be carefully 

established separately and then not changed for the raw slurry and the blended slurry to 

improve the reliability of the dilution and therefore the reliability of the sensor readings. 

30 [0122] Following the blend module 200 and optional analytical module 300, the slurry or 

chemical blend is transported to the distribution module 400 which can comprise one or more 

distribution tanks and pumps and global loops as shown in Figure 1C and 6 or one or more 

pumps and one or more pressurized vessels and one or more global loops as shown in Figure 

19 and one or more pumps and one or more pressure samplers and one or more global 

35 loops. 

[0123] In the embodiment of the apparatus 20 shown in Figures 1B and 1C the blended slurry 

or (blended) chemical blend or a portion of the blended slurry or (blended) chemical blend 
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to 10 ml/min and the flow of the UPW is from 10 to 500 ml/min or from 20 to 150 ml/min or 

from 40 to 100 ml/min. 
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to monitor the slurry or chemical blend and has slurry or chemical blend or UPW flowing 

through it on a continuous basis from the one or more sample ports in the apparatus. The 

UPW flowing alone through the sensor is for the purpose of performing a rinse of the 

analytical module. The order of sampling from the sample ports if there are more than one 

10 sample ports, may simply be in succession such as from a first sample port, then a second 

sample port and then a third sample port and then a fourth sample port and so on (for 

whatever number of sample ports exists and has slurry or chemical blend flowing through 

them), etc. and then the process may repeat for each of the sample ports beginning with the 

first sample port again. In alternative embodiments, the sampling from the sample ports may 

15 follow a different pattern and can be in any pattern or no pattern at all. A UPW rinse may be 

provided between each sample or between every other sample or daily or at any desired 

interval. The software in the controller for the apparatus 20 can control the taking of samples 

from the sample ports and the order and the timing of the sampling from each port, which may 

be overridden by a technician, if needed. 

20 [0121] In one embodiment of this invention, the apparatus of this invention comprises at least 

two liquid particle counters and/or particle distribution analyzers. In that embodiment, a first 

liquid particle counter and/or second particle size distribution analyzer is used in the feed 

module for analyzing the raw slurry and a second liquid particle counter and/or second 

distribution analyzer is used for analyzing the blended slurry sampled from the blend module 

25 and the distribution module. By having separate liquid particle counters and/or particle size 

distribution analyzers for those separate modules, the dilution step or steps (flow rates, valve 

openings, pump speeds, rotometer readings, etc) upstream of those sensors can be carefully 

established separately and then not changed for the raw slurry and the blended slurry to 

improve the reliability of the dilution and therefore the reliability of the sensor readings. 

30 [0122] Following the blend module 200 and optional analytical module 300, the slurry or 

chemical blend is transported to the distribution module 400 which can comprise one or more 

distribution tanks and pumps and global loops as shown in Figure 1C and 6 or one or more 

pumps and one or more pressurized vessels and one or more global loops as shown in Figure 

19 and one or more pumps and one or more pressure samplers and one or more global 

35 loops. 

[0123] In the embodiment of the apparatus 20 shown in Figures 1B and 1C the blended slurry 

or (blended) chemical blend or a portion of the blended slurry or (blended) chemical blend 
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flows through the analytical module 300 or a by-pass (not shown in Figure 1 B, but shown in 

the embodiment in Figure 5) of the analytical module prior to flowing to one or more 

distribution tanks. As shown in Figures 1B and 1C, the slurry or chemical blend is transported 

via line 71 from the analytical module or the by-pass to either or both of lines 72A and 72B to 

5 either or both of distribution tanks 491A and 491 B. The distribution module 400 may 

comprise one or more distribution tanks. More than one distribution tank may be provided for 

large fabs having high demand for blended slurry or (blended) chemical blend and the more 

than one distribution tanks may supply one or more global loops. Alternatively, one 

distribution tank may be provided as a backup to the other distribution tank in case the first 

10 distribution tank fails or the slurry or chemical blend in one distribution tank is somehow 

contaminated and must be dumped and the tank cleaned. The redundant distribution tank, 

pump and global loop could be idle until needed. In some embodiments having more than 

one distribution tank, although not preferred, the second distribution tank can be filled with the 

same slurry or chemical blend from the first distribution tank and the first distribution tank can 

15 be used to supply slurry or chemical blend through a global loop and distributed to the tools 

until a switch-over from the first distribution tank and loop to the second distribution tank and 

loop is needed and provided by the controller. Alternatively, the apparatus 20 comprising the 

feed module, the blend module, optional analytical module and a distribution module 

comprising the more than one distribution tanks and distribution loop lines (which may also be 

20 referred to as global loop lines, distribution loop or the global loop) could blend different 

slurries and/or chemical blends (in the simplest embodiment having the same components but 

having different slurry and/or chemical concentration(s)) to each distribution tank in series 

and supply the blended slurry and/or blended chemical blend from each (first and second) 

distribution tank to the same global loop in series or to two different (a first and second) global 

25 loops simultaneously. The first and second global loops then could be used to provide slurry 

or chemical blend to the same tools in series or to different tools that are in fluid 

communication with each global loop. This invention provides an apparatus that can 

simultaneously blend to and supply the blended slurry or chemical blend (to one or more 

global loops and/or one or more CMP or other tools) from a single or more than one 

30 distribution tanks. The blend module using flow controllers, (staged) parallel static and/or 

(staged) parallel dynamic blending (using a pump) makes that possible. The apparatus and 

method (of using it) does not require batch blending processes using load cells or the like to 

measure the components before or during the blending process. If the global loop requires 

continuous blending of slurry or chemical blend, the apparatus 20 can continuously blend and 

35 supply blended slurry and/or chemical blend to the global loop. 	Embodiments of this invention 

can provide a continuous supply of 10 liters per minute or more or 14 liters per minute or more 

or 18 liters per minute or more of blended slurry or chemical blend to a plurality of tools, for 
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flows through the analytical module 300 or a by-pass (not shown in Figure 1B, but shown in 

the embodiment in Figure 5) of the analytical module prior to flowing to one or more 

distribution tanks. As shown in Figures 1B and 1C, the slurry or chemical blend is transported 

via line 71 from the analytical module or the by-pass to either or both of lines 72A and 72B to 

5 either or both of distribution tanks 491A and 491B. The distribution module 400 may 

comprise one or more distribution tanks. More than one distribution tank may be provided for 

large fabs having high demand for blended slurry or (blended) chemical blend and the more 

than one distribution tanks may supply one or more global loops. Alternatively, one 

distribution tank may be provided as a backup to the other distribution tank in case the first 

10 distribution tank fails or the slurry or chemical blend in one distribution tank is somehow 

contaminated and must be dumped and the tank cleaned. The redundant distribution tank, 

pump and global loop could be idle until needed. In some embodiments having more than 

one distribution tank, although not preferred, the second distribution tank can be filled with the 

same slurry or chemical blend from the first distribution tank and the first distribution tank can 

15 be used to supply slurry or chemical blend through a global loop and distributed to the tools 

until a switch-over from the first distribution tank and loop to the second distribution tank and 

loop is needed and provided by the controller. Alternatively, the apparatus 20 comprising the 

feed module, the blend module, optional analytical module and a distribution module 

comprising the more than one distribution tanks and distribution loop lines (which may also be 

20 referred to as global loop lines, distribution loop or the global loop) could blend different 

slurries and/or chemical blends (in the simplest embodiment having the same components but 

having different slurry and/or chemical concentration(s)) to each distribution tank in series 

and supply the blended slurry and/or blended chemical blend from each (first and second) 

distribution tank to the same global loop in series or to two different (a first and second) global 

25 loops simultaneously. The first and second global loops then could be used to provide slurry 

or chemical blend to the same tools in series or to different tools that are in fluid 

communication with each global loop. This invention provides an apparatus that can 

simultaneously blend to and supply the blended slurry or chemical blend (to one or more 

global loops and/or one or more CMP or other tools) from a single or more than one 

30 distribution tanks. The blend module using flow controllers, (staged) parallel static and/or 

(staged) parallel dynamic blending (using a pump) makes that possible. The apparatus and 

method (of using it) does not require batch blending processes using load cells or the like to 

measure the components before or during the blending process. If the global loop requires 

continuous blending of slurry or chemical blend, the apparatus 20 can continuously blend and 

35 supply blended slurry and/or chemical blend to the global loop. Embodiments of this invention 

can provide a continuous supply of 10 liters per minute or more or 14 liters per minute or more 

or 18 liters per minute or more of blended slurry or chemical blend to a plurality of tools, for 
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example 8 or more tools, or 10 or more, or 12 or more tools or 16 or more tools or 20 or more 

or 26 or more tools (via a global loop). 

[0124] In yet another embodiment, one distribution tank may be used for slurry and the 

second tank may be used for a separately blended chemical blend (not containing slurry 

5 particles) that may be circulated in a separate global loop and used for example as a rinse 

stream in for example the same or different CMP tools. In one embodiment the first 

distribution tank and second distribution tank and first and second global loops in fluid 

communication therewith respectively can alternate the supply of slurry from the first 

distribution tank and first global loop and the supply of a chemical blend (for example post- 

10 CMP cleans) from the second distribution tank and second global loop to the same tools in 

fluid communication with the distribution module comprising first and second distribution tanks 

and first and second global loops. In embodiments in which a chemical blend (without slurry 

particles) is blended, the blend module is used the same way in the process described above 

except no raw slurry flows into the blend module. Part or all of the downstream filtering and 

15 analysis of the chemical blend in the analytical module may be bypassed if desired. These 

steps maybe accomplished by closing the appropriate one or more valves. 

[0125] Figure 1C shows that the flow of the blended slurry or chemical blend in the 

distribution module 400 may be directed into line 72A or line 72B by open and closed valves 

20 

(not shown) in line 72A and line 72B to one of the first and second distribution tanks 491A, 

491B. If the valve (not shown) in line 72B is closed, and the valve (not shown) in line 72A is 

open, the blended slurry or chemical blend will flow through line 72A to tank 491A only. First 

distribution tank 491A will fill to a previously defined minimum level as measured by the level 

sensor 82A which communicates with a controller (not shown) and at that time the controller 

will send a signal to pump 101A to begin pumping the slurry or chemical blend through the 

25 distribution loop 111A. The pump 101A will draw (with the help of gravity) the slurry or 

chemical blend out of the distribution tank 491A via the tank's exit opening 727 connected to 

line 74A to line 75A through pump 101A to and through the distribution loop 111A which 

includes line 76A to line 77A through optional pressure sensor 78A through optional flow 

sensor 79A to line 80A which are all part of the global or distribution loop 111A. The 

30 distribution loop 111A, line 80A, delivers the slurry or chemical blend to individual branched 

lines (not shown) that are in fluid communication between the global loop and CMP or other 

tools (not shown). The individual lines connected to the global loop 111A have individual 

valves (also not shown) that may be closed to the slurry or chemical blend or the individual 

lines or the global loop may have bypass loops that connect with each tool and return the 

35 slurry or chemical blend to the global loop when the CMP or other tools are not in operation. 

If the blended slurry or chemical blend by-passes the CMP or other tools or otherwise is 

unused by the CMP tools, the global loop(s) return(s) the unused blended slurry or chemical 
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example 8 or more tools, or 10 or more, or 12 or more tools or 16 or more tools or 20 or more 

or 26 or more tools (via a global loop). 

[0124] In yet another embodiment, one distribution tank may be used for slurry and the 

second tank may be used for a separately blended chemical blend (not containing slurry 

5 particles) that may be circulated in a separate global loop and used for example as a rinse 

stream in for example the same or different CMP tools. In one embodiment the first 

distribution tank and second distribution tank and first and second global loops in fluid 

communication therewith respectively can alternate the supply of slurry from the first 

distribution tank and first global loop and the supply of a chemical blend (for example post-

10 CMP cleans) from the second distribution tank and second global loop to the same tools in 

fluid communication with the distribution module comprising first and second distribution tanks 

and first and second global loops. In embodiments in which a chemical blend (without slurry 

particles) is blended, the blend module is used the same way in the process described above 

except no raw slurry flows into the blend module. Part or all of the downstream filtering and 

15 analysis of the chemical blend in the analytical module may be bypassed if desired. These 

steps maybe accomplished by closing the appropriate one or more valves. 

[0125] Figure 1C shows that the flow of the blended slurry or chemical blend in the 

distribution module 400 may be directed into line 72A or line 72B by open and closed valves 

(not shown) in line 72A and line 72B to one of the first and second distribution tanks 491 A, 

20 491B. If the valve (not shown) in line 72B is closed, and the valve (not shown) in line 72A is 

open, the blended slurry or chemical blend will flow through line 72A to tank 491A only. First 

distribution tank 491A will fill to a previously defined minimum level as measured by the level 

sensor 82A which communicates with a controller (not shown) and at that time the controller 

will send a signal to pump 101A to begin pumping the slurry or chemical blend through the 

25 distribution loop 111 A. The pump 101A will draw (with the help of gravity) the slurry or 

chemical blend out of the distribution tank 491A via the tank's exit opening 727 connected to 

line 74A to line 75A through pump 101A to and through the distribution loop 111A which 

includes line 76A to line 77A through optional pressure sensor 78A through optional flow 

sensor 79A to line 80A which are all part of the global or distribution loop 111 A. The 

30 distribution loop 111 A, line 80A, delivers the slurry or chemical blend to individual branched 

lines (not shown) that are in fluid communication between the global loop and CMP or other 

tools (not shown). The individual lines connected to the global loop 111A have individual 

valves (also not shown) that may be closed to the slurry or chemical blend or the individual 

lines or the global loop may have bypass loops that connect with each tool and return the 

35 slurry or chemical blend to the global loop when the CMP or other tools are not in operation. 

If the blended slurry or chemical blend by-passes the CMP or other tools or otherwise is 

unused by the CMP tools, the global loop(s) return(s) the unused blended slurry or chemical 
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blend via the global loop return pipe 86A, 86B to the distribution module, e.g., one or more 

distribution tank(s) 491A, 491B. In operation there is preferably always some unused blended 

slurry or chemical blend in all parts of the global loop that is returned to the distribution tank 

491A. The complete distribution loop 111A is not shown in Figure 1C. It is understood that 

5 there is piping not shown connecting pipe 80A and 83A which transports the blended slurry or 

chemical blend away from the distribution tank(s) to the CMP or other tools and transports 

(returns) a portion of it back to the distribution tanks. The global loop 111A also comprises 

one or more back pressure controllers in the loop. As shown in Figure 1C, located relatively 

near the distribution tank 491A, as part of the global loop 111A, the global loop 111A 

10 comprises back pressure controller 84A. The back pressure controller 84A is located 

downstream of the junctions (not shown) to the CMP or other tools (not shown) in the global 

loop 111A in line 83A that is near the return line 86A that is part of the global loop 111A. The 

one or more back pressure controller(s) 84A in the global loop work in conjunction with the 

pump 101A and pressure sensor 78A. The pressure sensor 78A measures the pressure, it is 

15 communicated to the controller (computer, LPC or the like) (not shown) for the apparatus 

which compares it to a set point. A PID calculation is performed and the back pressure 

controller valve is adjusted based upon the controller's electrical signal sent to the back 

pressure controller 84A. The flow sensor measures the flow rate and via the controller 

(computer, LPC) determines if the pump speed should be modified and if so communicates 

20 with the pump 101A to speed up or slow down the pump speed. These feedback control 

loops that adjust the pump speed and the back pressure controller repeat the measuring, 

calculating and adjusting steps continuously or every minute or for any pre-set desired time 

period which may be longer or shorter than every minute. The back pressure controller and 

pump speed are adjusted continuously or at set intervals to maintain slurry or chemical blend 

25 everywhere in the distribution loop at all times including a sufficient amount to supply the CMP 

or other tools that are in operation and using the blended slurry and/or chemical blend, but 

limiting the maximum pressure so that the pipes do not rupture. 

[0126] In a preferred mode the maximum level in the distribution tank will rarely be reached 

and the amount of blended slurry or chemical blend present in a tank will for the majority of 

30 the time that the apparatus 20 is in operation be between from 20% to 80% or between from 

30% to 70% of the volume of the tank and the controller (not shown) for the apparatus 20 will 

use feedback from the various level sensors and pressure and flow rate sensors in the 

modules to adjust the feed rates in the feed module 100, if present, and the flow rates in the 

blend module 200 such that blended slurry or chemical blend is made and provided to the 

35 distribution module 400 at a volumetric rate that is similar and preferably nearly equivalent 

(within +/- 20% or within +/- 15% or within +/- 10%) to the rate (volume/time or mass/time) that 

the blended slurry or chemical blend from the distribution tank is consumed by the CMP or 
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blend via the global loop return pipe 86A, 86B to the distribution module, e.g., one or more 

distribution tank(s) 491 A, 491B. In operation there is preferably always some unused blended 

slurry or chemical blend in all parts of the global loop that is returned to the distribution tank 

491 A. The complete distribution loop 111A is not shown in Figure 1C. It is understood that 

5 there is piping not shown connecting pipe 80A and 83A which transports the blended slurry or 

chemical blend away from the distribution tank(s) to the CMP or other tools and transports 

(returns) a portion of it back to the distribution tanks. The global loop 111A also comprises 

one or more back pressure controllers in the loop. As shown in Figure 1C, located relatively 

near the distribution tank 491 A, as part of the global loop 111A, the global loop 111A 

10 comprises back pressure controller 84A. The back pressure controller 84A is located 

downstream of the junctions (not shown) to the CMP or other tools (not shown) in the global 

loop 111A in line 83A that is near the return line 86A that is part of the global loop 111 A. The 

one or more back pressure controller(s) 84A in the global loop work in conjunction with the 

pump 101A and pressure sensor 78A. The pressure sensor 78A measures the pressure, it is 

15 communicated to the controller (computer, LPC or the like) (not shown) for the apparatus 

which compares it to a set point. A PID calculation is performed and the back pressure 

controller valve is adjusted based upon the controller's electrical signal sent to the back 

pressure controller 84A. The flow sensor measures the flow rate and via the controller 

(computer, LPC) determines if the pump speed should be modified and if so communicates 

20 with the pump 101A to speed up or slow down the pump speed. These feedback control 

loops that adjust the pump speed and the back pressure controller repeat the measuring, 

calculating and adjusting steps continuously or every minute or for any pre-set desired time 

period which may be longer or shorter than every minute. The back pressure controller and 

pump speed are adjusted continuously or at set intervals to maintain slurry or chemical blend 

25 everywhere in the distribution loop at all times including a sufficient amount to supply the CMP 

or other tools that are in operation and using the blended slurry and/or chemical blend, but 

limiting the maximum pressure so that the pipes do not rupture. 

[0126] In a preferred mode the maximum level in the distribution tank will rarely be reached 

and the amount of blended slurry or chemical blend present in a tank will for the majority of 

30 the time that the apparatus 20 is in operation be between from 20% to 80% or between from 

30% to 70% of the volume of the tank and the controller (not shown) for the apparatus 20 will 

use feedback from the various level sensors and pressure and flow rate sensors in the 

modules to adjust the feed rates in the feed module 100, if present, and the flow rates in the 

blend module 200 such that blended slurry or chemical blend is made and provided to the 

35 distribution module 400 at a volumetric rate that is similar and preferably nearly equivalent 

(within +/- 20% or within +/-15% or within +/-10%) to the rate (volume/time or mass/time) that 

the blended slurry or chemical blend from the distribution tank is consumed by the CMP or 

-75-



WO 2014/078398 	 PCT/US2013/069868 

other tools and not returned to the distribution tank via the global loop. 	If the consumption of 

the slurry and chemical blend from the distribution module decreases and the tank reaches a 

high level, then a level sensor will via the controller stop the blending of the slurry or chemical 

blend in the blend module. The raw slurry in the feed module will continue to circulate around 

5 the feed module loop, but the valve between the feed module and the blend module will close. 

The blended slurry or chemical blend will continue to circulate around the global loop. When 

the level in the distribution tank reaches a certain level which may be a relatively low level, 

which may be established based on the rate of blending versus the typical rate of 

consumption, the blend module will be activated again. 

10 [0127] Similarly, after the blend module 200 and/or the analytical module 300, the flow of 

blended slurry or chemical blend may be directed into line 72B via a closed valve (not shown) 

in line 72A and an open valve (not shown) in line 72B to the second distribution tank 491B. 

Note anything described above for the first distribution tank and first distribution (or global) 

loop may be part of the second distribution tank and the second distribution (or global) loop 

15 and vice versa. 	Distribution tank 491B will initially fill to a previously defined minimum level as 

measured by the level sensor 82A at which time pump 101A, if called for by the controller (not 

shown), will begin pumping the slurry or chemical blend through the distribution loop 111A. 

The distribution tank will continue to be filled via line 72B from the blend module 200 until a 

predefined maximum level is reached as determined by the level sensor 82B at which time 

20 the flow of blended slurry or chemical blend from the blend module 200 will stop. If a large 

increase in demand is expected, additional blended slurry or chemical blend can be made and 

directed to distribution tank 491B to at least partially fill tank 491B with blended slurry or 

chemical blend as a back up supply to distribution tank 491A. The slurry or chemical blend in 

distribution tank 491 B can be circulated in global loop 111A or 111 B and used when needed. 

25 [0128] The pump 101B will draw (with the help of gravity) the slurry or chemical blend out of 

the distribution tank 491B via line 74B to line 75B through pump 101B to and through the 

distribution loop 101B which includes line 76B to line 77B through optional pressure sensor 

78B through optional flow sensor 79B to line 80B which are part of the global or distribution 

loop 111 B. The distribution loop 111B, line 80B, delivers the slurry or chemical blend to 

30 individual branched lines (not shown) that are in fluid communication between the global loop 

and CMP tools (not shown). The individual lines connected to the global loop 111 B have 

individual valves (also not shown) that may be closed to the slurry or chemical blend or the 

individual lines, or the global loop may have bypass loops off the global loop that cause the 

slurry or chemical blend to return to the global loop when the CMP or other tools are not in 

35 operation. After by-passing or returning from the CMP or other tools or by-passing the lines or 

branched lines to the CMP or other tools, each global loop returns unused blended slurry or 

chemical blend to one or more distribution tank(s). The global loop 111B also comprises one 

-76- 

WO 2014/078398 PCT/US2013/069868 

other tools and not returned to the distribution tank via the global loop. If the consumption of 

the slurry and chemical blend from the distribution module decreases and the tank reaches a 

high level, then a level sensor will via the controller stop the blending of the slurry or chemical 

blend in the blend module. The raw slurry in the feed module will continue to circulate around 

5 the feed module loop, but the valve between the feed module and the blend module will close. 

The blended slurry or chemical blend will continue to circulate around the global loop. When 

the level in the distribution tank reaches a certain level which may be a relatively low level, 

which may be established based on the rate of blending versus the typical rate of 

consumption, the blend module will be activated again. 

10 [0127] Similarly, after the blend module 200 and/or the analytical module 300, the flow of 

blended slurry or chemical blend may be directed into line 72B via a closed valve (not shown) 

in line 72A and an open valve (not shown) in line 72B to the second distribution tank 491B. 

Note anything described above for the first distribution tank and first distribution (or global) 

loop may be part of the second distribution tank and the second distribution (or global) loop 

15 and vice versa. Distribution tank 491B will initially fill to a previously defined minimum level as 

measured by the level sensor 82A at which time pump 101 A, if called for by the controller (not 

shown), will begin pumping the slurry or chemical blend through the distribution loop 111 A. 

The distribution tank will continue to be filled via line 72B from the blend module 200 until a 

predefined maximum level is reached as determined by the level sensor 82B at which time 

20 the flow of blended slurry or chemical blend from the blend module 200 will stop. If a large 

increase in demand is expected, additional blended slurry or chemical blend can be made and 

directed to distribution tank 491B to at least partially fill tank 491B with blended slurry or 

chemical blend as a back up supply to distribution tank 491A. The slurry or chemical blend in 

distribution tank 491B can be circulated in global loop 111A or 111B and used when needed. 

25 [0128] The pump 101B will draw (with the help of gravity) the slurry or chemical blend out of 

the distribution tank 491B via line 74B to line 75B through pump 101B to and through the 

distribution loop 101B which includes line 76B to line 77B through optional pressure sensor 

78B through optional flow sensor 79B to line 80B which are part of the global or distribution 

loop 111B. The distribution loop 111B, line 80B, delivers the slurry or chemical blend to 

30 individual branched lines (not shown) that are in fluid communication between the global loop 

and CMP tools (not shown). The individual lines connected to the global loop 111B have 

individual valves (also not shown) that may be closed to the slurry or chemical blend or the 

individual lines, or the global loop may have bypass loops off the global loop that cause the 

slurry or chemical blend to return to the global loop when the CMP or other tools are not in 

35 operation. After by-passing or returning from the CMP or other tools or by-passing the lines or 

branched lines to the CMP or other tools, each global loop returns unused blended slurry or 

chemical blend to one or more distribution tank(s). The global loop 111B also comprises one 

-76-



WO 2014/078398 	 PCT/US2013/069868 

or more back pressure controllers in the loop. As shown in Figure 1C, located relatively near 

the distribution tank 491B, as part of the global loop 111B, the global loop 111 B comprises 

back pressure controller 84B. The one or more back pressure controller(s) in the global loop 

111B work in conjunction with the flow sensor 79B and the pump 101B and the pressure 

5 sensor 78B as described above. 

[0129] As shown in Figure 1C, there are provided multiple lines in fluid communication with 

and between the various distribution tanks 491A, 491B, pumps 101A, 101B, 101C, and global 

loops 111A, 111 B that make it possible to divert the incoming blended slurry and/or chemical 

blend from the blend module to either distribution tank, from one distribution tank to one of a 

10 plurality of pumps provided in the distribution module 400 (as shown one or more, such as 

two or three different pumps 101A, 101B or 101C) and as shown from any of those pumps to 

either global loop 111A and 111B. The redundancy of distribution tanks and global loops can 

be used as backup systems when only one distribution tank is necessary for the amount of 

blended slurry or chemical blend needed in a fabrication plant or the multiple distribution tanks 

15 and global loops can be used simultaneously to supply many CMP tools. As shown, if one of 

the distribution tanks and one global loop is in use, in the embodiment shown, then there are 

two backup pumps. For example if distribution tank 491A, pump 101A and global loop 111A 

are being used, then pump 101B is a backup and so is optional pump 101C. If both 

distribution tanks 491A and 491B, pumps 101A and 101B, and global loops 111A and 111B 

20 are in operation, then pump 101C is a backup pump for both pumps 101A and 101B. In other 

embodiments only pump 101C can backup pumps 101A and 101B meaning that piping may 

be provided from distribution loop 111A including pump 101A and pump 101C and piping may 

be provided for distribution loop 111 B including pump 101B to pump 101C but no piping from 

pump 101A in distribution loop 111A to pump 101B in distribution loop 111 B may be provided. 

25 [0130] Preferably the apparatus 20 is run so that the amount of blended slurry and/or 

chemical blend being made in the blend module 200 is about equivalent to the amount of 

blended slurry and/or chemical blend being consumed in the one or more global loops so that 

a somewhat continuous steady flow of blended slurry and/or chemical blend from the blend 

module to the distribution module is established and additionally that there is at least a small 

30 portion of the slurry and/or chemical blend in the feed module 100, blend module 200 (while it 

is blending), distribution module 400 and optional analytical module 300 flowing and 

recirculating continuously. 	It is preferable that there are no stagnant modules where slurry 

and/or chemical blend (especially slurry) is not in motion. 	If lines, tanks, sensors, etc. are not 

in use, it is preferred to flush them with DIW after the slurry or chemical blend exits the lines 

35 and discard the flush water via a waste stream. 

[0131] It is possible and beneficial to add one or more filter elements (for example, filters or 

banks of filters) to filter the slurry or chemical blend or a portion of the slurry or chemical blend 
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or more back pressure controllers in the loop. As shown in Figure 1C, located relatively near 

the distribution tank 491B, as part of the global loop 111B, the global loop 111B comprises 

back pressure controller 84B. The one or more back pressure controller(s) in the global loop 

111B work in conjunction with the flow sensor 79B and the pump 101B and the pressure 

5 sensor 78B as described above. 

[0129] As shown in Figure 1C, there are provided multiple lines in fluid communication with 

and between the various distribution tanks 491A, 491B, pumps 101A, 101B, 101C, and global 

loops 111 A, 111B that make it possible to divert the incoming blended slurry and/or chemical 

blend from the blend module to either distribution tank, from one distribution tank to one of a 

10 plurality of pumps provided in the distribution module 400 (as shown one or more, such as 

two or three different pumps 101 A, 101B or 101C) and as shown from any of those pumps to 

either global loop 111A and 111B. The redundancy of distribution tanks and global loops can 

be used as backup systems when only one distribution tank is necessary for the amount of 

blended slurry or chemical blend needed in a fabrication plant or the multiple distribution tanks 

15 and global loops can be used simultaneously to supply many CMP tools. As shown, if one of 

the distribution tanks and one global loop is in use, in the embodiment shown, then there are 

two backup pumps. For example if distribution tank 491 A, pump 101A and global loop 111A 

are being used, then pump 101B is a backup and so is optional pump 101C. If both 

distribution tanks 491A and 491B, pumps 101A and 101B, and global loops 111A and 111B 

20 are in operation, then pump 101C is a backup pump for both pumps 101A and 101B. In other 

embodiments only pump 101C can backup pumps 101A and 101B meaning that piping may 

be provided from distribution loop 111A including pump 101A and pump 101C and piping may 

be provided for distribution loop 111B including pump 101B to pump 101C but no piping from 

pump 101A in distribution loop 111A to pump 101B in distribution loop 111B may be provided. 

25 [0130] Preferably the apparatus 20 is run so that the amount of blended slurry and/or 

chemical blend being made in the blend module 200 is about equivalent to the amount of 

blended slurry and/or chemical blend being consumed in the one or more global loops so that 

a somewhat continuous steady flow of blended slurry and/or chemical blend from the blend 

module to the distribution module is established and additionally that there is at least a small 

30 portion of the slurry and/or chemical blend in the feed module 100, blend module 200 (while it 

is blending), distribution module 400 and optional analytical module 300 flowing and 

recirculating continuously. It is preferable that there are no stagnant modules where slurry 

and/or chemical blend (especially slurry) is not in motion. If lines, tanks, sensors, etc. are not 

in use, it is preferred to flush them with DIW after the slurry or chemical blend exits the lines 

35 and discard the flush water via a waste stream. 

[0131] It is possible and beneficial to add one or more filter elements (for example, filters or 

banks of filters) to filter the slurry or chemical blend or a portion of the slurry or chemical blend 
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at one or multiple locations within the apparatus to remove large particles from the slurry or 

chemical blend that are either present in the raw slurry or chemical component(s) or are 

formed in the slurry or chemical blend as a result of the blending or moving of the slurry or 

chemical components within the apparatus. The filter elements with lines to and from the 

5 filters may be inserted into the lines to filter 100% of the slurry or chemical blend moving 

through a line (no bypass of the filter). Since the filters may become blocked by large 

particles when in use causing the flow through the filter elements to be restricted, in some 

embodiments, it is preferable to provide a bypass line to bypass the filter element so that the 

flow of the slurry or chemical blend can continue while a filter is being changed, and it is even 

10 more preferable to provide at least 2 filters (or banks of filters) each in parallel so that when 

one filter or filter bank comprising one or more filters is being changed, the flow can be 

directed to and through the other filter or filter bank. The parallel filters may be located in a 

filter loop. 	It is preferred to have at least one filter or banks of filters or parallel filters or banks 

of filters in each of the feed, blending and distribution modules. 	It is preferred to have at least 

15 one filter, bank of filters or parallel filters or banks of filters in the global loop, that may be 

located in a filter loop, preferably upstream of the tools. 	Preferably that filter element will filter 

a majority of or all of the blended slurry or chemical blend flowing in the global loop upstream 

of the tools. 

[0132] Pressure sensors can be used to measure the pressure upstream or downstream of 

20 the filter (element, e.g. filter bank) to determine when the flow should be directed away from a 

first filter (or other filter element, e.g. bank of one or more filters) and associated pipes and 

valves to a second filter (or other filter element, e.g. bank of one or more filters) and its 

associated pipes and valves or through a bypass pipe, if parallel filters are not provided. For 

parallel filters, the pressure sensor can communicate with the controller for the apparatus to 

25 cause a change in valves to direct the slurry or chemical blend away from the first filter (first 

filter element, e.g. bank of one or more filters) to the second filter (or second filter element, 

e.g. bank of one or more filters). When the flow of slurry and/or chemical blend is stopped to 

the first filter (or bank of one or more filters), the controller can signal a technician to change 

the filter(s) and the process can be repeated until the flow to the second filter(s) or the second 

30 filter element becomes restricted. 	The location of the filter(s) or other one or more filter 

elements in fluid communication with at least one global loop provides constant filtration to 

one or both global loops (or wherever the filter element, e.g. filters or filter banks are located). 

[0133] Figure 1C shows one embodiment of distribution module 400 comprising one or more 

filters, specifically parallel banks of one or more filters 430 and 431. 	In the embodiment 

35 shown the distribution tank comprises a separate filter loop comprising a filter piping loop that 

flows slurry or chemical blend from a source, in this embodiment, the distribution tank through 

one or more filters and returns the slurry or chemical blend to the source, in this embodiment, 
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at one or multiple locations within the apparatus to remove large particles from the slurry or 

chemical blend that are either present in the raw slurry or chemical component(s) or are 

formed in the slurry or chemical blend as a result of the blending or moving of the slurry or 

chemical components within the apparatus. The filter elements with lines to and from the 

5 filters may be inserted into the lines to filter 100% of the slurry or chemical blend moving 

through a line (no bypass of the filter). Since the filters may become blocked by large 

particles when in use causing the flow through the filter elements to be restricted, in some 

embodiments, it is preferable to provide a bypass line to bypass the filter element so that the 

flow of the slurry or chemical blend can continue while a filter is being changed, and it is even 

10 more preferable to provide at least 2 filters (or banks of filters) each in parallel so that when 

one filter or filter bank comprising one or more filters is being changed, the flow can be 

directed to and through the other filter or filter bank. The parallel filters may be located in a 

filter loop. It is preferred to have at least one filter or banks of filters or parallel filters or banks 

of filters in each of the feed, blending and distribution modules. It is preferred to have at least 

15 one filter, bank of filters or parallel filters or banks of filters in the global loop, that may be 

located in a filter loop, preferably upstream of the tools. Preferably that filter element will filter 

a majority of or all of the blended slurry or chemical blend flowing in the global loop upstream 

of the tools. 

[0132] Pressure sensors can be used to measure the pressure upstream or downstream of 

20 the filter (element, e.g. filter bank) to determine when the flow should be directed away from a 

first filter (or other filter element, e.g. bank of one or more filters) and associated pipes and 

valves to a second filter (or other filter element, e.g. bank of one or more filters) and its 

associated pipes and valves or through a bypass pipe, if parallel filters are not provided. For 

parallel filters, the pressure sensor can communicate with the controller for the apparatus to 

25 cause a change in valves to direct the slurry or chemical blend away from the first filter (first 

filter element, e.g. bank of one or more filters) to the second filter (or second filter element, 

e.g. bank of one or more filters). When the flow of slurry and/or chemical blend is stopped to 

the first filter (or bank of one or more filters), the controller can signal a technician to change 

the filter(s) and the process can be repeated until the flow to the second filter(s) or the second 

30 filter element becomes restricted. The location of the filter(s) or other one or more filter 

elements in fluid communication with at least one global loop provides constant filtration to 

one or both global loops (or wherever the filter element, e.g. filters or filter banks are located). 

[0133] Figure 1C shows one embodiment of distribution module 400 comprising one or more 

filters, specifically parallel banks of one or more filters 430 and 431. In the embodiment 

35 shown the distribution tank comprises a separate filter loop comprising a filter piping loop that 

flows slurry or chemical blend from a source, in this embodiment, the distribution tank through 

one or more filters and returns the slurry or chemical blend to the source, in this embodiment, 
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the distribution tank. The pipes in the filter loop may be independent of any other loop or 

piping in the apparatus. The filter loop preferably comprises a pump that causes the slurry or 

chemical blend to flow from the distribution tank (source) through one or more filters or banks 

of filters and return to the distribution tank (source). The filter loop comprises pipes that 

5 connect the distribution tank (source) to the pump to the one or more filters or filter banks. 

The pump is preferably independent of the rest of the apparatus 20 and only pumps slurry or 

chemical blend from a source and through the filter loop and back to the source or near the 

source via a return pipe. In this embodiment the slurry is drawn from the distribution module 

and is returned to the distribution module. 	It could be from the distribution tank and back to 

10 the same or to the global loop, or from the global loop and back to the global loop or to the 

distribution tank. The filter loop preferably comprises more than one filter or banks of more 

than one filter and appropriate valving, sensors and piping to switch from a first filter or bank 

of filters to a second filter or bank of filters when it is time for a filter change. 

[0134] When it is desired to filter the slurry or chemical blend in the distribution tank 491A, it 

15 is done so through filter loop 700. Filter loop 700 comprises a slurry or chemical blend source 

(in this embodiment the distribution tank 491A), pump 101D, and one or more filters 430, 431 

and piping, optional valves and optional pressure sensors. To filter slurry or chemical blend in 

the filter loop 700, pump 101D is activated and an optional valve (not shown) in line 91A 

and/or optional valve (not shown) in line 75A may be adjusted so that the slurry or chemical 

20 blend flows into line 91A, through pump 101D, through line 92, through line 93, through the 

first filter bank 430, through line 94, through line 97 and through tank return line 98 to 

distribution tank 491A. In the embodiment shown, the flow of slurry or chemical blend through 

filter 430 in the filter loop 700 will continue as described until one or more of the following 

occurs: (a) the filter age limits have been exceeded causing a filter bank swap, (b) the global 

25 loop needs more slurry or chemical blend fed to it from the distribution tank and there is not 

enough slurry or chemical blend in the distribution tank to continue to direct slurry or chemical 

blend through the filter loop and the global loop, or (c) a pressure sensor (not shown) senses 

an increase in the pressure in the line 93 and the controller switches the flow of slurry or 

chemical blend from first filter bank 430 to second filter bank 431 or (d) the liquid particle 

30 counter is out of specification triggering a filter change. 	Flow is switched from line 93 to line 

95 by switching valves in lines 93 and 95 from open to closed and closed to open 

respectively. The action of pump 101 D then causes the slurry or chemical blend to flow 

through line 95 through second filter bank 431 through line 96 and returns to distribution tank 

491A via return line 98. 	Filtration will continue in the filter loop 700 via second filter bank 431 

35 until at least one or more of the events (a), (b), and (d) described above occur or (e) a 

pressure sensor in line 95 detects that the filters in second filter bank 431 are getting blocked 

up and need changing, then the valves in lines 93 and 95 will switch from closed to open and 
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the distribution tank. The pipes in the filter loop may be independent of any other loop or 

piping in the apparatus. The filter loop preferably comprises a pump that causes the slurry or 

chemical blend to flow from the distribution tank (source) through one or more filters or banks 

of filters and return to the distribution tank (source). The filter loop comprises pipes that 

5 connect the distribution tank (source) to the pump to the one or more filters or filter banks. 

The pump is preferably independent of the rest of the apparatus 20 and only pumps slurry or 

chemical blend from a source and through the filter loop and back to the source or near the 

source via a return pipe. In this embodiment the slurry is drawn from the distribution module 

and is returned to the distribution module. It could be from the distribution tank and back to 

10 the same or to the global loop, or from the global loop and back to the global loop or to the 

distribution tank. The filter loop preferably comprises more than one filter or banks of more 

than one filter and appropriate valving, sensors and piping to switch from a first filter or bank 

of filters to a second filter or bank of filters when it is time for a filter change. 

[0134] When it is desired to filter the slurry or chemical blend in the distribution tank 491 A, it 

15 is done so through filter loop 700. Filter loop 700 comprises a slurry or chemical blend source 

(in this embodiment the distribution tank 491 A), pump 101D, and one or more filters 430, 431 

and piping, optional valves and optional pressure sensors. To filter slurry or chemical blend in 

the filter loop 700, pump 101D is activated and an optional valve (not shown) in line 91A 

and/or optional valve (not shown) in line 75A may be adjusted so that the slurry or chemical 

20 blend flows into line 91 A, through pump 101D, through line 92, through line 93, through the 

first filter bank 430, through line 94, through line 97 and through tank return line 98 to 

distribution tank 491 A. In the embodiment shown, the flow of slurry or chemical blend through 

filter 430 in the filter loop 700 will continue as described until one or more of the following 

occurs: (a) the filter age limits have been exceeded causing a filter bank swap, (b) the global 

25 loop needs more slurry or chemical blend fed to it from the distribution tank and there is not 

enough slurry or chemical blend in the distribution tank to continue to direct slurry or chemical 

blend through the filter loop and the global loop, or (c) a pressure sensor (not shown) senses 

an increase in the pressure in the line 93 and the controller switches the flow of slurry or 

chemical blend from first filter bank 430 to second filter bank 431 or (d) the liquid particle 

30 counter is out of specification triggering a filter change. Flow is switched from line 93 to line 

95 by switching valves in lines 93 and 95 from open to closed and closed to open 

respectively. The action of pump 101D then causes the slurry or chemical blend to flow 

through line 95 through second filter bank 431 through line 96 and returns to distribution tank 

491A via return line 98. Filtration will continue in the filter loop 700 via second filter bank 431 

35 until at least one or more of the events (a), (b), and (d) described above occur or (e) a 

pressure sensor in line 95 detects that the filters in second filter bank 431 are getting blocked 

up and need changing, then the valves in lines 93 and 95 will switch from closed to open and 
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open to closed respectively and the flow of slurry or chemical blend will switch to first filter 

bank 430. The valve changes described above may be performed manually or automatically 

by a controller (not shown) for the slurry or chemical blend supply apparatus. 

[0135] The filter loop 700 was described above with the source of the slurry or chemical blend 

5 being distribution tank 491A. The filter loop 700 will operate the same if the source of the 

slurry or chemical blend is second distribution tank 491B shown in Figure 1C, except that the 

pump 101 D would draw the slurry or chemical blend from second distribution tank 491B via 

line 91B. (Valves (not shown) in lines 91A and 91B would have to be switched from open to 

closed and closed to open respectively to cause the slurry or chemical blend to flow from 

10 second distribution tank 491B through pump 101 D and through the rest of the filter loop 700. 

The filter loop would operate as described above with the slurry or chemical blend from 

distribution tank 491 B except that the return line 99 (instead of return line 98) would return the 

slurry or chemical blend to distribution tank 491B. 	In an alternate embodiment if both 

distribution tanks are to be used simultaneously, a second filter loop could be provided for the 

15 second distribution tank 491B similar to filter loop 700 shown in Figure 1C, which would be 

used by the first distribution tank 491A. 

[0136] When either or both of the distribution tanks are operating, either or both distribution 

tanks can supply slurry and/or chemical blend to the filter loop 700, and/or the global loops 

111A, 111 B. 	Either or both of the distribution tanks can simultaneously supply slurry (the 

20 same or two different slurries), a slurry and a chemical blend or two different chemical blends 

or the same chemical blend to the filter loop and either or both global loops. For distribution 

tank 491A valves (not shown) in lines 91A and 75A can be set or controlled so that some of 

the slurry or chemical blend in line 74A will flow (continuously or semi-continuously or at 

whatever interval is desired) through the filter loop 700 by action of pump 101 D and the rest of 

25 the slurry or chemical blend in line 74A will flow continuously through the global loop 111A by 

action of pump 101A. Alternatively, either or both of the distribution tanks can alternatively 

supply slurry or chemical blend to the filter loop. 	For distribution tank 491A valves (not 

shown) in lines 91A and 75A can be set or controlled so that all of the slurry or chemical blend 

in line 74A will flow through the filter loop 700 by action of pump 101D or all of the slurry or 

30 chemical blend in line 74A will flow through the global loop 111A by action of pump 101A. In 

some embodiments only some of the slurry or chemical blend will be filtered prior to flowing it 

through the global loop. Alternatively, in other embodiments, all of the slurry or chemical 

blend will be filtered prior to sending it to the global loop. 	In the preferred embodiment the 

blended slurry or chemical blend is provided to the distribution tank which is providing slurry or 

35 chemical blend to the global loop and simultaneously supplying a portion of the slurry or 

chemical blend to the filter loop. When simultaneous filtering is happening to a portion of the 

slurry or chemical blend from the distribution tank, at the same time the global loop is 
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open to closed respectively and the flow of slurry or chemical blend will switch to first filter 

bank 430. The valve changes described above may be performed manually or automatically 

by a controller (not shown) for the slurry or chemical blend supply apparatus. 

[0135] The filter loop 700 was described above with the source of the slurry or chemical blend 

5 being distribution tank 491 A. The filter loop 700 will operate the same if the source of the 

slurry or chemical blend is second distribution tank 491B shown in Figure 1C, except that the 

pump 101D would draw the slurry or chemical blend from second distribution tank 491B via 

line 91B. (Valves (not shown) in lines 91A and 91B would have to be switched from open to 

closed and closed to open respectively to cause the slurry or chemical blend to flow from 

10 second distribution tank 491B through pump 101D and through the rest of the filter loop 700. 

The filter loop would operate as described above with the slurry or chemical blend from 

distribution tank 491B except that the return line 99 (instead of return line 98) would return the 

slurry or chemical blend to distribution tank 491B. In an alternate embodiment if both 

distribution tanks are to be used simultaneously, a second filter loop could be provided for the 

15 second distribution tank 491B similar to filter loop 700 shown in Figure 1C, which would be 

used by the first distribution tank 491A. 

[0136] When either or both of the distribution tanks are operating, either or both distribution 

tanks can supply slurry and/or chemical blend to the filter loop 700, and/or the global loops 

111 A, 111B. Either or both of the distribution tanks can simultaneously supply slurry (the 

20 same or two different slurries), a slurry and a chemical blend or two different chemical blends 

or the same chemical blend to the filter loop and either or both global loops. For distribution 

tank 491A valves (not shown) in lines 91A and 75A can be set or controlled so that some of 

the slurry or chemical blend in line 74A will flow (continuously or semi-continuously or at 

whatever interval is desired) through the filter loop 700 by action of pump 101D and the rest of 

25 the slurry or chemical blend in line 74A will flow continuously through the global loop 111A by 

action of pump 101 A. Alternatively, either or both of the distribution tanks can alternatively 

supply slurry or chemical blend to the filter loop. For distribution tank 491A valves (not 

shown) in lines 91A and 75A can be set or controlled so that all of the slurry or chemical blend 

in line 74A will flow through the filter loop 700 by action of pump 101D or all of the slurry or 

30 chemical blend in line 74A will flow through the global loop 111A by action of pump 101 A. In 

some embodiments only some of the slurry or chemical blend will be filtered prior to flowing it 

through the global loop. Alternatively, in other embodiments, all of the slurry or chemical 

blend will be filtered prior to sending it to the global loop. In the preferred embodiment the 

blended slurry or chemical blend is provided to the distribution tank which is providing slurry or 

35 chemical blend to the global loop and simultaneously supplying a portion of the slurry or 

chemical blend to the filter loop. When simultaneous filtering is happening to a portion of the 

slurry or chemical blend from the distribution tank, at the same time the global loop is 
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supplied, then only a statistical amount of slurry or chemical blend will be filtered prior to being 

pumped into and through the global loop. The statistical amount can be increased or 

decreased based on the portion of the slurry or chemical blend directed to the filters. 

[0137] The flow of the slurry or chemical blend through the filter loop 700 may be continuous 

5 so the slurry or chemical blend or a portion thereof in the distribution tank is continuously 

having large particles or agglomerates, if present therein, removed therefrom. 

[0138] In alternative embodiments pipe 97 could be returned to the global loop preferably on 

the suction side of the pump 101. 

[0139] The filter loop 700 has been described where the source is the distribution tank; 

10 however, it would be beneficial to provide a filter loop using an alternative source for the slurry 

or chemical blend to be filtered elsewhere in the apparatus. 	For example, a filter loop would 

be beneficial using the slurry supply container or day tank as the source (parts of the feed 

module). Because slurry or chemical blend has the potential to degrade over time and/or 

degrade upon movement, (mixing, blending, and air contact) through the apparatus, it is 

15 preferred to provide filtering in more than one module, for examples, in the feed and 

distribution modules, the blend and distribution modules, or the feed and the blend modules, 

or the feed, blend and distribution modules. Further, the analytical module may have a filter 

loop too in combination with any of the embodiments just described. Providing an 

independent filter loop comprising at least one filter, a pump, valving and piping is preferred in 

20 the feed module and the distribution module, and optionally the blend module too or in the 

blend and the distribution module or in any of the combination of modules just described. 

[0140] Figure 6 shows an alternative embodiment of a distribution module 400 comprising a 

global loop, pump, one or more filters and a slurry or chemical blend supply line. The 

distribution tank 491 is supplied blended slurry or chemical blend via supply line 72 (that may 

25 be from a blend module 300). Distribution tank 491 supplies blended slurry or chemical blend 

to a global loop 111 by the action of pump 101. The global loop 111 supplies one or more 

CMP or other tools (not shown) and within the global loop is a filter bank 432, that filters the 

blended slurry and/or chemical blend before it is returned to the distribution tank 491. Adding 

a filter element or filter banks into the global loop provides the benefit, especially if the filter or 

30 filter banks are provided upstream of CMP or other tools, that all of the slurry or chemical 

blend will be filtered prior to use in the CMP or other tools and filtered in close proximity to the 

CMP or other tools. 	Preferably a pair of filters or filter banks that may be in a filter loop are 

provided, that are preferably in a parallel arrangement and may switch from a first filter or filter 

bank to a second filter or filter bank when needed as described above. This switch from a first 

35 filter or filter bank to a second filter or filter bank is sometimes referred to as a filter swap. 

[00141] Figure 17 shows another embodiment of a slurry and/or chemical blend apparatus of 

this invention comprising a blend module and a distribution module. Only part of the 
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supplied, then only a statistical amount of slurry or chemical blend will be filtered prior to being 

pumped into and through the global loop. The statistical amount can be increased or 

decreased based on the portion of the slurry or chemical blend directed to the filters. 

[0137] The flow of the slurry or chemical blend through the filter loop 700 may be continuous 

5 so the slurry or chemical blend or a portion thereof in the distribution tank is continuously 

having large particles or agglomerates, if present therein, removed therefrom. 

[0138] In alternative embodiments pipe 97 could be returned to the global loop preferably on 

the suction side of the pump 101. 

[0139] The filter loop 700 has been described where the source is the distribution tank; 

10 however, it would be beneficial to provide a filter loop using an alternative source for the slurry 

or chemical blend to be filtered elsewhere in the apparatus. For example, a filter loop would 

be beneficial using the slurry supply container or day tank as the source (parts of the feed 

module). Because slurry or chemical blend has the potential to degrade over time and/or 

degrade upon movement, (mixing, blending, and air contact) through the apparatus, it is 

15 preferred to provide filtering in more than one module, for examples, in the feed and 

distribution modules, the blend and distribution modules, or the feed and the blend modules, 

or the feed, blend and distribution modules. Further, the analytical module may have a filter 

loop too in combination with any of the embodiments just described. Providing an 

independent filter loop comprising at least one filter, a pump, valving and piping is preferred in 

20 the feed module and the distribution module, and optionally the blend module too or in the 

blend and the distribution module or in any of the combination of modules just described. 

[0140] Figure 6 shows an alternative embodiment of a distribution module 400 comprising a 

global loop, pump, one or more filters and a slurry or chemical blend supply line. The 

distribution tank 491 is supplied blended slurry or chemical blend via supply line 72 (that may 

25 be from a blend module 300). Distribution tank 491 supplies blended slurry or chemical blend 

to a global loop 111 by the action of pump 101. The global loop 111 supplies one or more 

CMP or other tools (not shown) and within the global loop is a filter bank 432, that filters the 

blended slurry and/or chemical blend before it is returned to the distribution tank 491. Adding 

a filter element or filter banks into the global loop provides the benefit, especially if the filter or 

30 filter banks are provided upstream of CMP or other tools, that all of the slurry or chemical 

blend will be filtered prior to use in the CMP or other tools and filtered in close proximity to the 

CMP or other tools. Preferably a pair of filters or filter banks that may be in a filter loop are 

provided, that are preferably in a parallel arrangement and may switch from a first filter or filter 

bank to a second filter or filter bank when needed as described above. This switch from a first 

35 filter or filter bank to a second filter or filter bank is sometimes referred to as a filter swap. 

[00141] Figure 17 shows another embodiment of a slurry and/or chemical blend apparatus of 

this invention comprising a blend module and a distribution module. Only part of the 
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distribution module is shown in Figure 17. As shown, the distribution module comprises a 

distribution tank. In most cases, the same or similar numbers as used in the alternative 

embodiments were used in Figure 17. In another embodiment of the methods and 

apparatuses of this invention, the components are at least partially blended by flowing 

5 multiple component streams into fewer and fewer pipes until there is a single pipe containing 

all the component streams that are used to make a blended chemical blend. So for example, 

for a blend module having first, second and third components flowing in first, second and third 

component pipes, first and second component pipes can flow into a first combined pipe and 

then the first combined pipe and the third component pipe can flow into a second combined 

10 pipe. For an example with 4 components flowing in first, second, third and fourth component 

pipes, first and second component pipes can flow into a first combined pipe, and 2 pipes 

which may be selected from the first combined pipe, the third component pipe and the fourth 

component pipe flow into a second combined pipe, and the second combined pipe and the 

remaining pipe may be combined. For five or more components, the same process may be 

15 repeated, just another component pipe is added to the blend module. 

[00142] As shown in Figure 17, the blend module (any of the blend modules) may comprise 

one or more static mixers in the lines comprising partially or fully blended slurry or chemical 

blend. The flow is controlled in the component feed lines using flow controllers. As shown in 

Figure 17, the blend module 200 comprises lines for three components used to form the slurry 

20 or chemical blend. The components A, B and C flow respectively into the blend module 200 

via lines 210, 211 and 212, typically from a Bulk Chemical Supply portion of a manufacturing 

facility, or from a feed module if a blended slurry is to be made. Alternatively, chemical or 

other components could be supplied from drums. The water or chemicals can be pumped or 

supplied via another high pressure source or via gravity. Each of the lines 210, 211 and 212 

25 for chemicals A, B, and C respectively may flow into either or both of the lines labeled A and B 

that are in fluid communication with the component feed lines as follows: component feed line 

210 is in fluid communication with lines 210A and 210B; component feed line 211 is in fluid 

communication with lines 211A and 211B; and component feed line 212 is in fluid 

communication with lines 212A and 212B. Lines 212A, 210A and 211A each have flow 

30 controllers therein, respectively 262A, 260A and 261A. As shown, in Figure 17, the blend 

module 200 that is part of apparatus 20 comprises optional redundant lines 210B, 211B and 

212B having separate flow controllers 260B, 261B and 262B respectively. The pipes and flow 

controllers therein labeled B may be used when there is a problem with one or more of the 

lines 212A, 210A and 211A and/or one or more of the flow controllers 262A, 260A and 261A. 

35 The A parts and the B parts in the blend module may be referred to as separate blend trains, 

that is blend train A and blend train B. In one embodiment, the parts of the blend module 200 

labeled with the B following the number in the blend module are parts of a backup (redundant) 
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distribution module is shown in Figure 17. As shown, the distribution module comprises a 

distribution tank. In most cases, the same or similar numbers as used in the alternative 

embodiments were used in Figure 17. In another embodiment of the methods and 

apparatuses of this invention, the components are at least partially blended by flowing 

5 multiple component streams into fewer and fewer pipes until there is a single pipe containing 

all the component streams that are used to make a blended chemical blend. So for example, 

for a blend module having first, second and third components flowing in first, second and third 

component pipes, first and second component pipes can flow into a first combined pipe and 

then the first combined pipe and the third component pipe can flow into a second combined 

10 pipe. For an example with 4 components flowing in first, second, third and fourth component 

pipes, first and second component pipes can flow into a first combined pipe, and 2 pipes 

which may be selected from the first combined pipe, the third component pipe and the fourth 

component pipe flow into a second combined pipe, and the second combined pipe and the 

remaining pipe may be combined. For five or more components, the same process may be 

15 repeated, just another component pipe is added to the blend module. 

[00142] As shown in Figure 17, the blend module (any of the blend modules) may comprise 

one or more static mixers in the lines comprising partially or fully blended slurry or chemical 

blend. The flow is controlled in the component feed lines using flow controllers. As shown in 

Figure 17, the blend module 200 comprises lines for three components used to form the slurry 

20 or chemical blend. The components A, B and C flow respectively into the blend module 200 

via lines 210, 211 and 212, typically from a Bulk Chemical Supply portion of a manufacturing 

facility, or from a feed module if a blended slurry is to be made. Alternatively, chemical or 

other components could be supplied from drums. The water or chemicals can be pumped or 

supplied via another high pressure source or via gravity. Each of the lines 210, 211 and 212 

25 for chemicals A, B, and C respectively may flow into either or both of the lines labeled A and B 

that are in fluid communication with the component feed lines as follows: component feed line 

210 is in fluid communication with lines 21 OA and 210B; component feed line 211 is in fluid 

communication with lines 211A and 211B; and component feed line 212 is in fluid 

communication with lines 212A and 212B. Lines 212A, 210A and 211A each have flow 

30 controllers therein, respectively 262A, 260A and 261 A. As shown, in Figure 17, the blend 

module 200 that is part of apparatus 20 comprises optional redundant lines 210B, 211B and 

212B having separate flow controllers 260B, 261B and 262B respectively. The pipes and flow 

controllers therein labeled B may be used when there is a problem with one or more of the 

lines 212A, 210A and 211A and/or one or more of the flow controllers 262A, 260A and 261 A. 

35 The A parts and the B parts in the blend module may be referred to as separate blend trains, 

that is blend train A and blend train B. In one embodiment, the parts of the blend module 200 

labeled with the B following the number in the blend module are parts of a backup (redundant) 
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blend train B in the blend module. The embodiment shown in Figure 17 will be described for 

flow through the parts identified with an A, blend train A, however, it is understood that the B 

parts of the blend module work the same way and can be used simultaneously or as a back-

up as described for the A parts in the embodiments. Valving (not shown) in the A and B lines 

5 would be opened and closed or partially opened or partially closed to direct the flow of the 

components to the A-labeled parts and/or the 6-labeled parts. It is preferred that the valves 

are either open or closed and that the A-labeled blend train or the 6-labeled blend train is 

used to blend a slurry or chemical blend. 

[00143] Flow controllers 261A, 260A and 262A work as described above in reference to 

10 Figures 113, 3 and 4. In the embodiment shown in Figure 17, lines 212A and 211A, after 

exiting the flow controllers in each line are combined into line 214 forming a partially blended 

slurry or a partially blended chemical stream comprising component C and component B and 

line 214 is combined with line 210A after it exits flow controller 260A into line 215 forming a 

blended slurry or blended chemical blend stream comprising components A, B and C. The 

15 blended stream comprising components A, B and C then flows into a static mixer 241 to mix 

the components that originally were in lines 210A, 211A and 212A. 

[00144] In alternative embodiments, multiple static mixers could be used, for example to mix 

the partially blended chemical blend in line 214 (comprising components B and C) before 

combining the component A stream in line 210A with stream 214. 

20 [00145] In the embodiment shown in Figure 17, the slurry or chemical blend in line 218 that 

exits mixer 241 (comprising mixed components A, B and C) flows through an optional filter 

265. The filter is provided to collect any particles that may form due to any chemical reactions 

between the components due to the blending or that were present as an impurity in one of the 

otherwise typically high purity component streams A, B and C. Alternatively one or more 

25 banks of filters could be provided that can be in series or in parallel arrangements and/or may 

be in a filter loop as described above for any of the filter elements used in any of the other 

modules or embodiments described above. If the apparatus supplies a chemical blend only, 

two or more filters with decreasing pore sizes in series are preferred. 

[00146] The filter elements including filter loops may be used in one or more of the feed 

30 module, blend module, analytical module and distribution module or connected to any piping 

in any embodiment of this invention. 

[00147] After the filter element 265, the slurry and/or chemical blend supply apparatus 20 

may comprise an optional analytical module 310 in fluid communication with the filter element 

and to which the slurry or chemical blend exiting the filter flows. As shown line 70 connects 

35 and transports the slurry or chemical blend exiting the filter module to the analytical module 

310. The slurry or chemical blend exiting the analytical module flows to the distribution tank 

491 via line 71. Embodiments of the analytical module have been described in detail above 
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blend train B in the blend module. The embodiment shown in Figure 17 will be described for 

flow through the parts identified with an A, blend train A, however, it is understood that the B 

parts of the blend module work the same way and can be used simultaneously or as a back­

up as described for the A parts in the embodiments. Valving (not shown) in the A and B lines 

5 would be opened and closed or partially opened or partially closed to direct the flow of the 

components to the A-labeled parts and/or the B-labeled parts. It is preferred that the valves 

are either open or closed and that the A-labeled blend train or the B-labeled blend train is 

used to blend a slurry or chemical blend. 

[00143] Flow controllers 261A, 260A and 262A work as described above in reference to 

10 Figures 1B, 3 and 4. In the embodiment shown in Figure 17, lines 212A and 211A, after 

exiting the flow controllers in each line are combined into line 214 forming a partially blended 

slurry or a partially blended chemical stream comprising component C and component B and 

line 214 is combined with line 210A after it exits flow controller 260A into line 215 forming a 

blended slurry or blended chemical blend stream comprising components A, B and C. The 

15 blended stream comprising components A, B and C then flows into a static mixer 241 to mix 

the components that originally were in lines 210A, 211A and 212A. 

[00144] In alternative embodiments, multiple static mixers could be used, for example to mix 

the partially blended chemical blend in line 214 (comprising components B and C) before 

combining the component A stream in line 21 OA with stream 214. 

20 [00145] In the embodiment shown in Figure 17, the slurry or chemical blend in line 218 that 

exits mixer 241 (comprising mixed components A, B and C) flows through an optional filter 

265. The filter is provided to collect any particles that may form due to any chemical reactions 

between the components due to the blending or that were present as an impurity in one of the 

otherwise typically high purity component streams A, B and C. Alternatively one or more 

25 banks of filters could be provided that can be in series or in parallel arrangements and/or may 

be in a filter loop as described above for any of the filter elements used in any of the other 

modules or embodiments described above. If the apparatus supplies a chemical blend only, 

two or more filters with decreasing pore sizes in series are preferred. 

[00146] The filter elements including filter loops may be used in one or more of the feed 

30 module, blend module, analytical module and distribution module or connected to any piping 

in any embodiment of this invention. 

[00147] After the filter element 265, the slurry and/or chemical blend supply apparatus 20 

may comprise an optional analytical module 310 in fluid communication with the filter element 

and to which the slurry or chemical blend exiting the filter flows. As shown line 70 connects 

35 and transports the slurry or chemical blend exiting the filter module to the analytical module 

310. The slurry or chemical blend exiting the analytical module flows to the distribution tank 

491 via line 71. Embodiments of the analytical module have been described in detail above 
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and will not be repeated here. In alternative embodiments, the analytical module may, 

alternatively or additionally, be located downstream of the distribution tank 491 and may 

analyze the slurry or chemical blend prior to its delivery to its point of use which may be a tool, 

such as a cleaning tool in a semiconductor fab or another slurry or chemical blend mixing 

5 device, such as, a separate slurry supply apparatus. The analytical module may receive and 

analyze the entire stream or a portion which may be a small portion of the slurry or chemical 

blend if needed or for some slurries or chemical blends the analytical module may be by- 

passed if desired. 	Note also that the location of the filter and the analytical module may be 

switched if desired, and the filter element may be by-passed unless the analysis of the slurry 

10 by the analytical module indicates that the slurry or chemical blend should be analyzed in 

which case the slurry will be directed to the filter element by the controller, by opening and 

closing valves (not shown) and filtered by the filter element. 

15 

[00148] In this embodiment, the slurry and/or chemical blend supply apparatus 20 may 

further comprises means to dose the chemical blend in the tank 491. As shown, pipes 210D, 

211D and 212D are provided for components A, B and C respectively. If, for example, an 

operator, one or more analytical apparatuses that are part of the analytical module, or an 

algorithm (may be based on time) determines that a dose of one or more of the chemical 

components is needed into the slurry or chemical blend present in the distribution tank, the 

flow into one or more of the pipes 210D, 211D and 212D of the respective component(s) is 

20 allowed by opening the one or more corresponding three-way valves 210V, 211V and/or 212V 

present connected to pipes 210D, 211D and 212D. In the embodiment shown in Figure 17, 

while the dosing is taking place, the overall controller for the apparatus will adjust the flow of 

the component(s) through one or more flow controllers 260A (or 260B), 261A (or 261B) and/or 

262A (or 262B) to allow only the component or components to flow to the distribution tank 

25 491 for dosing the distribution tank. The flow of one or more of the components may be 

stopped. 	Preferably, the blending in the blend module will be temporarily discontinued until 

the flow of the one or more components measured by the flow controller 260A (or 260B), 

261A (or 261 B) and/or 262A (or 262B) for the dosing step is complete. The dosing may be 

timed by the controller using totaling software to provide the total amount of desired 

30 component or components to be dosed into the distribution tank. Providing a dosing means is 

particularly desirable if one or more of the components in the chemical blend has (have) a 

relatively short shelf life. Additionally, dosing the distribution tank may be in response to an 

analysis of the slurry or chemical blend being analyzed in analytical module 310 after blending 

or after being transported in the global loop (not shown). The analytical module 310 may 

35 receive slurry or chemical blend for analysis via sample ports and tubes or loops as described 

above. (In separate embodiments pipes 210D, 211D and 212D may be equipped with 
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and will not be repeated here. In alternative embodiments, the analytical module may, 

alternatively or additionally, be located downstream of the distribution tank 491 and may 

analyze the slurry or chemical blend prior to its delivery to its point of use which may be a tool, 

such as a cleaning tool in a semiconductor fab or another slurry or chemical blend mixing 

5 device, such as, a separate slurry supply apparatus. The analytical module may receive and 

analyze the entire stream or a portion which may be a small portion of the slurry or chemical 

blend if needed or for some slurries or chemical blends the analytical module may be by­

passed if desired. Note also that the location of the filter and the analytical module may be 

switched if desired, and the filter element may be by-passed unless the analysis of the slurry 

10 by the analytical module indicates that the slurry or chemical blend should be analyzed in 

which case the slurry will be directed to the filter element by the controller, by opening and 

closing valves (not shown) and filtered by the filter element. 

[00148] In this embodiment, the slurry and/or chemical blend supply apparatus 20 may 

further comprises means to dose the chemical blend in the tank 491. As shown, pipes 210D, 

15 211D and 212D are provided for components A, B and C respectively. If, for example, an 

operator, one or more analytical apparatuses that are part of the analytical module, or an 

algorithm (may be based on time) determines that a dose of one or more of the chemical 

components is needed into the slurry or chemical blend present in the distribution tank, the 

flow into one or more of the pipes 210D, 211D and 212D of the respective component(s) is 

20 allowed by opening the one or more corresponding three-way valves 210V, 211V and/or 212V 

present connected to pipes 210D, 211D and 212D. In the embodiment shown in Figure 17, 

while the dosing is taking place, the overall controller for the apparatus will adjust the flow of 

the component(s) through one or more flow controllers 260A (or 260B), 261A (or 261B) and/or 

262A (or 262B) to allow only the component or components to flow to the distribution tank 

25 491 for dosing the distribution tank. The flow of one or more of the components may be 

stopped. Preferably, the blending in the blend module will be temporarily discontinued until 

the flow of the one or more components measured by the flow controller 260A (or 260B), 

261A (or 261B) and/or 262A (or 262B) for the dosing step is complete. The dosing may be 

timed by the controller using totaling software to provide the total amount of desired 

30 component or components to be dosed into the distribution tank. Providing a dosing means is 

particularly desirable if one or more of the components in the chemical blend has (have) a 

relatively short shelf life. Additionally, dosing the distribution tank may be in response to an 

analysis of the slurry or chemical blend being analyzed in analytical module 310 after blending 

or after being transported in the global loop (not shown). The analytical module 310 may 

35 receive slurry or chemical blend for analysis via sample ports and tubes or loops as described 

above. (In separate embodiments pipes 210D, 211D and 212D may be equipped with 
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separate flow controllers (not shown), especially when located upstream of flow controllers 

260A, 261A and 262A.) 

[00149] Also provided in the embodiment of the slurry and/or chemical blend supply 

apparatus shown in Figure 17 is a sample compartment 599. The sample compartment was 

5 described above in reference to Figure 5, the only difference being that valve 542, although 

described above was not shown in Figure 5, but is shown in line 598 of Figure 17. The 

description above is otherwise fully applicable here. 

[00150] 	In the embodiment shown in Figure 17, if one or more of the components are strong 

acids or bases (having either a low pH and/or high pH), it is preferred to mix the most reactive 

10 

15 

component with the least reactive component, that is, typically either a strong acid or base 

should be combined first with water, an unreactive diluent or unreactive solvent. In this way, 

the most reactive component will be diluted before combining it with the next component to be 

added to make a partially blended slurry or partially blended chemical blend or to make the 

fully blended slurry or fully blended chemical blend. As shown in Figure 17, it is therefore, 

preferred to introduce water or unreactive diluent or unreactive solvent into the blend module 

200 as stream B. If there are 2 other components to be combined, stream C will typically be 

the most reactive and stream A will be less reactive than stream C. If a slurry is being 

blended, the raw slurry is typically stream A or C. 

20 

[00151] 	Figure 18 shows an alternative embodiment of a portion of the blend module, 

showing three individual component streams comprising lines 210, 211 and 212 for each of 

components A, B, and C that flow into and combine in a split mixer 600. (The split mixer as 

shown is used instead of the blend trains using the staged blending or the pump (dynamic) 

blending shown in the other figures. In alternative embodiments, it could be used in addition 

to the staged or pump blending.) The amounts of components A, B and C that are mixed by 

25 the split mixer are controlled by flow controllers 260, 261 and 262 respectively. The split 

mixer 600 optionally comprises one or more static mixers 241, one or more feed pipes for 

each of the component streams to be combined (as shown pipes 210, 211 and 212), 

connected to receiving pipe 220 that is connected at opposite ends of the receiving pipe (as 

shown) to at least 2 split pipes (labeled 32A and 32C) such that the flow of the components 

30 into the split mixer are split between the at least 2 split pipes that come together or are 

ultimately reconnected in a rejoinder pipe 218 in which all the components are present as the 

blended slurry or blended chemical blend. Within one or more of the split pipes 32A and 32C 

may comprise one or more static mixers 241. The feed pipes 210, 211, 212 and receiving 

pipe 220 may be connected via connectors 222 shown as t-shaped connectors. It is preferred 

35 to use the split mixer 600 when one or more of the components may be reactive with or 

potentially negatively impacted by one or more of the components if quickly mixed together at 

high concentrations and one of the components is not reactive with either of the reactive 
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separate flow controllers (not shown), especially when located upstream of flow controllers 

260A, 261A and 262A.) 

[00149] Also provided in the embodiment of the slurry and/or chemical blend supply 

apparatus shown in Figure 17 is a sample compartment 599. The sample compartment was 

5 described above in reference to Figure 5, the only difference being that valve 542, although 

described above was not shown in Figure 5, but is shown in line 598 of Figure 17. The 

description above is otherwise fully applicable here. 

[00150] In the embodiment shown in Figure 17, if one or more of the components are strong 

acids or bases (having either a low pH and/or high pH), it is preferred to mix the most reactive 

10 component with the least reactive component, that is, typically either a strong acid or base 

should be combined first with water, an unreactive diluent or unreactive solvent. In this way, 

the most reactive component will be diluted before combining it with the next component to be 

added to make a partially blended slurry or partially blended chemical blend or to make the 

fully blended slurry or fully blended chemical blend. As shown in Figure 17, it is therefore, 

15 preferred to introduce water or unreactive diluent or unreactive solvent into the blend module 

200 as stream B. If there are 2 other components to be combined, stream C will typically be 

the most reactive and stream A will be less reactive than stream C. If a slurry is being 

blended, the raw slurry is typically stream A or C. 

[00151] Figure 18 shows an alternative embodiment of a portion of the blend module, 

20 showing three individual component streams comprising lines 210, 211 and 212 for each of 

components A, B, and C that flow into and combine in a split mixer 600. (The split mixer as 

shown is used instead of the blend trains using the staged blending or the pump (dynamic) 

blending shown in the other figures. In alternative embodiments, it could be used in addition 

to the staged or pump blending.) The amounts of components A, B and C that are mixed by 

25 the split mixer are controlled by flow controllers 260, 261 and 262 respectively. The split 

mixer 600 optionally comprises one or more static mixers 241, one or more feed pipes for 

each of the component streams to be combined (as shown pipes 210, 211 and 212), 

connected to receiving pipe 220 that is connected at opposite ends of the receiving pipe (as 

shown) to at least 2 split pipes (labeled 32A and 32C) such that the flow of the components 

30 into the split mixer are split between the at least 2 split pipes that come together or are 

ultimately reconnected in a rejoinder pipe 218 in which all the components are present as the 

blended slurry or blended chemical blend. Within one or more of the split pipes 32A and 32C 

may comprise one or more static mixers 241. The feed pipes 210, 211, 212 and receiving 

pipe 220 may be connected via connectors 222 shown as t-shaped connectors. It is preferred 

35 to use the split mixer 600 when one or more of the components may be reactive with or 

potentially negatively impacted by one or more of the components if quickly mixed together at 

high concentrations and one of the components is not reactive with either of the reactive 
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components. In that embodiment the least reactive component (as shown component B) can 

be introduced between the one or more reactive components (as shown components A and 

C) such that the flow of component B will split between the split pipes 32A and 32C and will 

dilute each of the reactive components A and C in each of those pipes. Typically, component 

5 B is water or an unreactive liquid diluent. The amounts and ratio of the flow of component B 

into each of the split pipes 32A and 32C will be dependent upon the relative flow rates of the 

components flowing into the split mixer, any flow directors if present in the pipes and/or the 

connectors including the shape of the connectors, and the pipe sizes. 	In the embodiment 

shown in Figure 18, the split mixer can be used so that a majority, if not all, of component A 

10 will flow through pipe 32A with a portion of component B, and a majority, if not all, of 

component C will flow through pipe 32C with the balance of component B flowing into the split 

mixer 600. The flow rates of each of the components A, B and C into each split pipe 32A and 

32C can be adjusted by adjusting the size of the pipes in the split mixer, or adding flow 

directors within the pipes or the flow connectors, which can include changing the angle that 

15 the component stream is directed into the split mixer, for example using a Y-shaped 

connector instead of a T-shaped connector. Other examples of flow directors, include putting 

any type of restriction in a pipe to limit the flow therein or change the direction of the flow, 

such as a valve, e.g. a check valve or the like. Both of the streams in pipe 32A and 32C will 

be blended by the static mixers and the streams will meet and mix in the connection 222 that 

20 attaches to and combines the contents of pipes 32A and 32C into rejoinder pipe 218. The 

stream in rejoinder pipe 218 is the blended slurry or chemical blend. 	In alternative 

embodiments, not shown in which more than 3 components are blended, a split mixer can be 

used as is, if two of the component streams are combined upstream or downstream of the 

split mixer. Alternatively, another feed pipe can be added to the split mixer to provide 4 feed 

25 pipes into pipe 220 or alternatively into one or both of the split pipes 32A and 32C. 

Depending upon the expected or desired flows through the pipes, pipe sizing or check valves 

can be provided in the split mixer 600 to provide for the desired mixing and flow. The split 

mixer is shown in Figure 18 as having a rectangular shape, it can be rectangular or diamond 

or curved (meaning, for example, that the receiving pipe may not have defined ends and may 

30 just bend into split pipes that may run adjacent to each other to a connector to the rejoinder 

pipe) or any shape desired as long as at least a first component stream is split into at least 

two streams and at least a first portion of the first component stream is mixed with at least a 

portion (preferably at least a majority) of a second component stream, and preferably 

simultaneously a second portion of a first component stream is mixed with at least a portion 

35 (preferably at least a majority) of a third component stream. 

[00152] Line 218 in Figure 18 comprises the blended slurry or chemical blend that flows to 

the distribution module 400 and may flow through (or a portion or a sample thereof may flow 
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components. In that embodiment the least reactive component (as shown component B) can 

be introduced between the one or more reactive components (as shown components A and 

C) such that the flow of component B will split between the split pipes 32A and 32C and will 

dilute each of the reactive components A and C in each of those pipes. Typically, component 

5 B is water or an unreactive liquid diluent. The amounts and ratio of the flow of component B 

into each of the split pipes 32A and 32C will be dependent upon the relative flow rates of the 

components flowing into the split mixer, any flow directors if present in the pipes and/or the 

connectors including the shape of the connectors, and the pipe sizes. In the embodiment 

shown in Figure 18, the split mixer can be used so that a majority, if not all, of component A 

10 will flow through pipe 32A with a portion of component B, and a majority, if not all, of 

component C will flow through pipe 32C with the balance of component B flowing into the split 

mixer 600. The flow rates of each of the components A, B and C into each split pipe 32A and 

32C can be adjusted by adjusting the size of the pipes in the split mixer, or adding flow 

directors within the pipes or the flow connectors, which can include changing the angle that 

15 the component stream is directed into the split mixer, for example using a Y-shaped 

connector instead of a T-shaped connector. Other examples of flow directors, include putting 

any type of restriction in a pipe to limit the flow therein or change the direction of the flow, 

such as a valve, e.g. a check valve or the like. Both of the streams in pipe 32A and 32C will 

be blended by the static mixers and the streams will meet and mix in the connection 222 that 

20 attaches to and combines the contents of pipes 32A and 32C into rejoinder pipe 218. The 

stream in rejoinder pipe 218 is the blended slurry or chemical blend. In alternative 

embodiments, not shown in which more than 3 components are blended, a split mixer can be 

used as is, if two of the component streams are combined upstream or downstream of the 

split mixer. Alternatively, another feed pipe can be added to the split mixer to provide 4 feed 

25 pipes into pipe 220 or alternatively into one or both of the split pipes 32A and 32C. 

Depending upon the expected or desired flows through the pipes, pipe sizing or check valves 

can be provided in the split mixer 600 to provide for the desired mixing and flow. The split 

mixer is shown in Figure 18 as having a rectangular shape, it can be rectangular or diamond 

or curved (meaning, for example, that the receiving pipe may not have defined ends and may 

30 just bend into split pipes that may run adjacent to each other to a connector to the rejoinder 

pipe) or any shape desired as long as at least a first component stream is split into at least 

two streams and at least a first portion of the first component stream is mixed with at least a 

portion (preferably at least a majority) of a second component stream, and preferably 

simultaneously a second portion of a first component stream is mixed with at least a portion 

35 (preferably at least a majority) of a third component stream. 

[00152] Line 218 in Figure 18 comprises the blended slurry or chemical blend that flows to 

the distribution module 400 and may flow through (or a portion or a sample thereof may flow 

-86-



WO 2014/078398 	 PCT/US2013/069868 

through) an optional filter element 265 and/or an optional analytical module 310, as shown in 

Figure 17. As shown in Figure 17, the entire stream of the chemical blend or blended slurry is 

filtered in the filter element 265 and the entire stream of the chemical blend or blended slurry 

is analyzed is the analytical module 310. Alternatively, only a sample of the stream of the 

5 blended slurry or chemical blend is analyzed in the analytical module and/or only a portion of 

the stream of the blended slurry or chemical blend is filtered by the filter element 265. 	In an 

alternative embodiment, line 218 may connect with a blend module pump, if a pump is 

needed to transport the chemical blend or blended slurry to one or more of the distribution 

module, filter element and/or analytical module. 

10 [0141] 	Figure 19 shows another embodiment of the distribution module of this invention that 

can be used in combination with any of the other modules (blending and/or analytical and/or 

feed module) or aspects in an apparatus of this invention. As shown in Figure 19, the slurry 

or chemical blend is transported via line 71 from the blend module to the distribution module 

400 comprising a distribution tank 491. As with the other embodiments, line 71 may be 

15 connected directly to and transport slurry directly from the blend module, an analytical 

module, a filter element before or after either of the blend module or analytical module, or 

from a by-pass line for either or both of an analytical module and a filter element. The 

distribution module 400 may comprise one or more distribution tanks (as shown and/or 

described for earlier embodiments). 

20 As shown in Figure 19, the distribution module 400 comprises one or more distribution tanks, 

as shown one distribution tank 491 and at least one global loop, as shown two global loops 

111A and 111B supplied by the distribution tank 491. Additionally, the distribution module 

400 comprises at least one pressure vessel element, two pressure vessel elements 920A and 

920B are shown, each one being in fluid communication with the distribution tank 491 and 

25 one of the global loops 111A or 111B. The distribution module 400 may further comprise one 

or more filter elements. As shown, there are two filter elements 265A, 265B downstream of 

each of the pressure vessel elements. Each global loop comprises at least one filter element. 

Additionally, the distribution module 400 comprises at least one pump, as shown, each 

pressure vessel element 920A and 920B has at least one pump 101A, 101B that is in fluid 

30 communication with it and transports slurry or chemical blend to the pressure vessel element 

920A or 920B from the distribution tank 491. In alternative embodiments, one pump could be 

used with the addition of at least one valve or two or more valves and associated piping to 

transport slurry or chemical blend to one or two or more pressure vessel elements. Further in 

another alternative embodiment, one pressure vessel element 920A could transport blended 

35 slurry or chemical blend to one or more global loops, however, in the preferred mode there 

are two pressure vessel elements, each having at least one pump in fluid communication 

therewith. Additionally or alternatively, two or more pressure vessel elements could supply a 
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through) an optional filter element 265 and/or an optional analytical module 310, as shown in 

Figure 17. As shown in Figure 17, the entire stream of the chemical blend or blended slurry is 

filtered in the filter element 265 and the entire stream of the chemical blend or blended slurry 

is analyzed is the analytical module 310. Alternatively, only a sample of the stream of the 

5 blended slurry or chemical blend is analyzed in the analytical module and/or only a portion of 

the stream of the blended slurry or chemical blend is filtered by the filter element 265. In an 

alternative embodiment, line 218 may connect with a blend module pump, if a pump is 

needed to transport the chemical blend or blended slurry to one or more of the distribution 

module, filter element and/or analytical module. 

10 [0141] Figure 19 shows another embodiment of the distribution module of this invention that 

can be used in combination with any of the other modules (blending and/or analytical and/or 

feed module) or aspects in an apparatus of this invention. As shown in Figure 19, the slurry 

or chemical blend is transported via line 71 from the blend module to the distribution module 

400 comprising a distribution tank 491. As with the other embodiments, line 71 may be 

15 connected directly to and transport slurry directly from the blend module, an analytical 

module, a filter element before or after either of the blend module or analytical module, or 

from a by-pass line for either or both of an analytical module and a filter element. The 

distribution module 400 may comprise one or more distribution tanks (as shown and/or 

described for earlier embodiments). 

20 As shown in Figure 19, the distribution module 400 comprises one or more distribution tanks, 

as shown one distribution tank 491 and at least one global loop, as shown two global loops 

111A and 111B supplied by the distribution tank 491. Additionally, the distribution module 

400 comprises at least one pressure vessel element, two pressure vessel elements 920A and 

920B are shown, each one being in fluid communication with the distribution tank 491 and 

25 one of the global loops 111A or 111B. The distribution module 400 may further comprise one 

or more filter elements. As shown, there are two filter elements 265A, 265B downstream of 

each of the pressure vessel elements. Each global loop comprises at least one filter element. 

Additionally, the distribution module 400 comprises at least one pump, as shown, each 

pressure vessel element 920A and 920B has at least one pump 101 A, 101B that is in fluid 

30 communication with it and transports slurry or chemical blend to the pressure vessel element 

920A or 920B from the distribution tank 491. In alternative embodiments, one pump could be 

used with the addition of at least one valve or two or more valves and associated piping to 

transport slurry or chemical blend to one or two or more pressure vessel elements. Further in 

another alternative embodiment, one pressure vessel element 920A could transport blended 

35 slurry or chemical blend to one or more global loops, however, in the preferred mode there 

are two pressure vessel elements, each having at least one pump in fluid communication 

therewith. Additionally or alternatively, two or more pressure vessel elements could supply a 
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single global loop. In that embodiment, the pressure vessel elements 920A, 920B would each 

be connected to the same global loop that would preferably comprise at least one filter 

element and at least one flow transmitter downstream of the pressure vessel element in the 

global loop. The pressure vessel element 920A, 920B could simultaneously or in an 

5 alternating fashion supply the same global loop. Alternatively, one pressure vessel element 

could be used only for back up purposes should one pressure vessel element not function. As 

in earlier described embodiments, the pump, pressure vessel element and global loop labeled 

with a B may be provided as a backup of the A labeled parts and will only be used in case of a 

failure. In alternative embodiments, the A and B labeled parts will be used simultaneously to 

10 supply two different global loops to two different or the same sets of tools or both pressure 

vessel elements will be used serially to supply the same global loop. 

[0142] 	As shown in Figure 19, the distribution module comprises a connection (pipe) 

between the pressure vessel element 920A to a pressurized air or inert gas source 992, and a 

pressure regulator 991A located in the pipe between the pressure vessel element 920A and 

15 the pressurized air or inert gas source. The pressure regulator may be an electronic pressure 

regulator. The pressure regulator maintains the pressure in the pressure vessels 986A and 

987A at a pressure at or lower than the pressure of the pressurized air or inert gas source 

992, preferably less than the pressure of the pressurized air or inert gas source 992. The 

pump that supplies the one or more pressure vessels of the pressure vessel element is 

20 selected so that it can push the slurry or chemical blend at a pressure higher than the 

pressure in the pressure vessels so that the slurry or chemical blend will flow into the pressure 

vessels. By the action of the pressure regulator, the pressure in the (one or more pressure 

vessels of the) pressure vessel element will be maintained at a substantially steady pressure 

even if the action of the pump imparts an uneven or unsteady (a pulsing) pressure to the 

25 pumped slurry or chemical blend that is pumped into the pressure vessel element. Stated 

differently, the pressure regulator 991A is used to regulate the pressure and maintain the 

pressure in the one or more pressure vessels of the pressure vessel element at a steady 

pressure within a desired range in the pressure vessel element. In the preferred embodiment, 

while the global loop is continuously supplied by the pressure vessel element, the pump in 

30 fluid communication with the pressure vessel element continuously supplies the pressure 

vessel element with slurry or chemical blend and the pressure regulator continuously 

maintains the pressure in the pressure vessel element at a steady pressure, so that the 

supply to the global loop of the slurry or chemical blend is continuous and at a substantially 

steady flow rate. 

35 [0143] 	The rate at which the blended slurry or chemical blend is pumped by either or both 

of pumps 101A and/or 101B to the one or more pressure vessel elements is typically 

determined by the rate that slurry or chemical blend exits the one or more pressure vessel 
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single global loop. In that embodiment, the pressure vessel elements 920A, 920B would each 

be connected to the same global loop that would preferably comprise at least one filter 

element and at least one flow transmitter downstream of the pressure vessel element in the 

global loop. The pressure vessel element 920A, 920B could simultaneously or in an 

5 alternating fashion supply the same global loop. Alternatively, one pressure vessel element 

could be used only for back up purposes should one pressure vessel element not function. As 

in earlier described embodiments, the pump, pressure vessel element and global loop labeled 

with a B may be provided as a backup of the A labeled parts and will only be used in case of a 

failure. In alternative embodiments, the A and B labeled parts will be used simultaneously to 

10 supply two different global loops to two different or the same sets of tools or both pressure 

vessel elements will be used serially to supply the same global loop. 

[0142] As shown in Figure 19, the distribution module comprises a connection (pipe) 

between the pressure vessel element 920A to a pressurized air or inert gas source 992, and a 

pressure regulator 991A located in the pipe between the pressure vessel element 920A and 

15 the pressurized air or inert gas source. The pressure regulator may be an electronic pressure 

regulator. The pressure regulator maintains the pressure in the pressure vessels 986A and 

987A at a pressure at or lower than the pressure of the pressurized air or inert gas source 

992, preferably less than the pressure of the pressurized air or inert gas source 992. The 

pump that supplies the one or more pressure vessels of the pressure vessel element is 

20 selected so that it can push the slurry or chemical blend at a pressure higher than the 

pressure in the pressure vessels so that the slurry or chemical blend will flow into the pressure 

vessels. By the action of the pressure regulator, the pressure in the (one or more pressure 

vessels of the) pressure vessel element will be maintained at a substantially steady pressure 

even if the action of the pump imparts an uneven or unsteady (a pulsing) pressure to the 

25 pumped slurry or chemical blend that is pumped into the pressure vessel element. Stated 

differently, the pressure regulator 991A is used to regulate the pressure and maintain the 

pressure in the one or more pressure vessels of the pressure vessel element at a steady 

pressure within a desired range in the pressure vessel element. In the preferred embodiment, 

while the global loop is continuously supplied by the pressure vessel element, the pump in 

30 fluid communication with the pressure vessel element continuously supplies the pressure 

vessel element with slurry or chemical blend and the pressure regulator continuously 

maintains the pressure in the pressure vessel element at a steady pressure, so that the 

supply to the global loop of the slurry or chemical blend is continuous and at a substantially 

steady flow rate. 

35 [0143] The rate at which the blended slurry or chemical blend is pumped by either or both 

of pumps 101A and/or 101B to the one or more pressure vessel elements is typically 

determined by the rate that slurry or chemical blend exits the one or more pressure vessel 
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elements and enters the one or more global loops. If both global loops are to be supplied 

simultaneously by both pressure vessel elements, the distribution tank and related pumps and 

piping can be sized so that they are able to supply both global loops simultaneously. In an 

alternative embodiment both pressure vessel elements may be supplied serially and the 

5 distribution tank, pumps and piping can be sized for that level of operation. The flow rate of 

the slurry or chemical blend to the global loops can be regulated by regulating the pressure 

(via the pressure regulator) in the pressure vessel element. To increase the flow rate, the 

pressure in one or both of the pressure vessel elements can be increased; to decrease the 

flow rate the pressure can be decreased. 

10 [0144] 	Like in other embodiments, in the distribution module in Figure 19, blended slurry or 

chemical blend will flow to and fill the distribution tank 491 to a previously defined minimum 

level as measured by the level sensor 939, which may be an ultrasonic level sensor, which 

communicates with a controller (not shown) that the distribution tank 491 is ready to supply 

slurry or chemical blend to at least one of the global loops. The controller will already know 

15 by previous programming or a technician's input if one or both of the global loops are to be 

supplied and on what basis. 	If one global loop is to be supplied, then the controller will send a 

signal to both of the valves 931A and 931 B to direct one to close and one to open and also it 

will send a signal to one pump 101A or 101B to begin pumping the slurry or chemical blend. 

(The operating pump and open valve will be located in the same plumbing line labeled A or 

20 B.) For example, if global loop 111A is to be supplied, then valve 931B will be (or remain) 

closed and pump 101B will be (or remain) idle and valve 931A will open or remain open and 

pump 101A will pump slurry or chemical blend to the pressure vessel element 920A. When 

pump 101A is pumping, it will draw the slurry or chemical blend out of the distribution tank 491 

via the tank's exit opening 727 connected to line 74 through pipe junction 930 through valve 

25 931A, through pump 101A and push the slurry or chemical blend (at a higher pressure than 

the pressure vessel element 920A through pipe 76A to the pressure vessel element 920A. 

The pressure vessel element 920A comprises one, two or more pressurized vessels, two 

pressure vessels 986A and 987A are shown. The pressure vessel element 920A further 

comprises pipes 973 and 974 that provide a connection to and are in fluid communication 

30 between the pressure vessels 986A and 987A and a pipe 972 that connects to a pressurized 

air or inert gas source 992. (For some embodiments, a pressurized inert gas source will be 

preferred or required.) Pipe 972A comprises a pressure regulator 991A that controls the 

connection between pressurized air or inert gas source 992 and the pressure vessels 986A 

and 987A of pressure vessel element 920A. The (electronic) pressure regulator 991A is used 

35 to maintain the pressure within a desired range in each pressure vessel element 920A. 

[0145] 	When pump 101A is running the slurry or chemical blend is transported into pressure 

vessels 986A and 987A. The pump 101A can achieve a pressure greater than the regulated 
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elements and enters the one or more global loops. If both global loops are to be supplied 

simultaneously by both pressure vessel elements, the distribution tank and related pumps and 

piping can be sized so that they are able to supply both global loops simultaneously. In an 

alternative embodiment both pressure vessel elements may be supplied serially and the 

5 distribution tank, pumps and piping can be sized for that level of operation. The flow rate of 

the slurry or chemical blend to the global loops can be regulated by regulating the pressure 

(via the pressure regulator) in the pressure vessel element. To increase the flow rate, the 

pressure in one or both of the pressure vessel elements can be increased; to decrease the 

flow rate the pressure can be decreased. 

10 [0144] Like in other embodiments, in the distribution module in Figure 19, blended slurry or 

chemical blend will flow to and fill the distribution tank 491 to a previously defined minimum 

level as measured by the level sensor 939, which may be an ultrasonic level sensor, which 

communicates with a controller (not shown) that the distribution tank 491 is ready to supply 

slurry or chemical blend to at least one of the global loops. The controller will already know 

15 by previous programming or a technician's input if one or both of the global loops are to be 

supplied and on what basis. If one global loop is to be supplied, then the controller will send a 

signal to both of the valves 931A and 931B to direct one to close and one to open and also it 

will send a signal to one pump 101A or 101B to begin pumping the slurry or chemical blend. 

(The operating pump and open valve will be located in the same plumbing line labeled A or 

20 B.) For example, if global loop 111A is to be supplied, then valve 931B will be (or remain) 

closed and pump 101B will be (or remain) idle and valve 931A will open or remain open and 

pump 101A will pump slurry or chemical blend to the pressure vessel element 920A. When 

pump 101A is pumping, it will draw the slurry or chemical blend out of the distribution tank 491 

via the tank's exit opening 727 connected to line 74 through pipe junction 930 through valve 

25 931 A, through pump 101A and push the slurry or chemical blend (at a higher pressure than 

the pressure vessel element 920A through pipe 76A to the pressure vessel element 920A. 

The pressure vessel element 920A comprises one, two or more pressurized vessels, two 

pressure vessels 986A and 987A are shown. The pressure vessel element 920A further 

comprises pipes 973 and 974 that provide a connection to and are in fluid communication 

30 between the pressure vessels 986A and 987A and a pipe 972 that connects to a pressurized 

air or inert gas source 992. (For some embodiments, a pressurized inert gas source will be 

preferred or required.) Pipe 972A comprises a pressure regulator 991A that controls the 

connection between pressurized air or inert gas source 992 and the pressure vessels 986A 

and 987A of pressure vessel element 920A. The (electronic) pressure regulator 991A is used 

35 to maintain the pressure within a desired range in each pressure vessel element 920A. 

[0145] When pump 101A is running the slurry or chemical blend is transported into pressure 

vessels 986A and 987A. The pump 101A can achieve a pressure greater than the regulated 
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pressure inside the pressure vessels 986A and 987A. The pump can be any kind of pump, 

for example, diaphragm or centrifugal pumps as described earlier. For this embodiment, a 

diaphragm is preferred because of the higher pressure needed to transport the slurry or 

chemical blend into the pressure vessels 986A, 987A of pressure vessel element 920A. 

5 Because of the higher pump pressures, and the use of the diaphragm pump to fill the 

pressure vessels 986A, 987A, this embodiment of a distribution module is preferred for 

chemical blends. 

[0146] 	The pump 101A is preferably sized so that, if necessary, it can fill the pressure 

vessel(s) in fluid communications therewith (in this embodiment pressure vessels 986A and 

10 987A) in a fraction (such as less than 50% or less than 30%) of the time that it takes to empty 

the pressure vessels 986A and 987A at the maximum flow rate, that way, for example, the 

pump 101A used to supply the one or more pressure vessel elements will, if working properly, 

always be able to provide more slurry or chemical blend to the pressure vessels 986A and 

987A than is drawn from the pressure vessels 986A, 987A. Because of the pressurized air or 

15 inert gas present in the pressure vessels 986A, 987A, and the absence of valves in the line 

between the pump 101A and the pressure vessels 986A, 987A nor between the pressure 

regulator 991A and the pressure vessels 986A, 987A, the slurry or chemical blend pumped by 

pump 101A will flow substantially equally (to maintain a pressure balance) into both pressure 

vessels 986A and 987A via lines 975 and 976 that are in fluid communication with pipe 76A 

20 and pump 101A. Both pressure vessels 986A and 987A will be at the same pressure. When 

the maximum fill level in the pressure vessels 986A and 987A has been reached, one or both 

level indicators 882 and 982 on pressure vessels 986A and 987A, respectively, will 

communicate with the controller (not shown) or with the pump 101A to tell the pump 101A to 

stop pumping slurry or chemical blend to the pressure vessel element 920A. (In an 

25 embodiment for which both pressure vessel elements are in use by distribution module 400 

intermittently, meaning that only one pressure vessel element is filled and supplies a global 

loop at one time, a computer may switch from one pressure vessel element 920A to the other 

based on a timer. If the pressure vessel element 920A is being used to supply a global loop 

and it is almost time to switch to pressure vessel element 920B, the pump 101A will stop 

30 pumping, valves 931A and 931 B will switch from open to closed and closed to open 

respectively and pump 101 B will start pumping slurry or chemical blend from the distribution 

tank 491 to the pressure vessel element 920B that functions the same as pressure vessel 

element 920A. Prior to bringing the pressure vessel element 920B on line, by opening valve 

927B to the global loop, a sample of the slurry or the chemical blend may be sent via a 

35 sample tube or sample loop to an analytical module for testing and only if the slurry or 

chemical blend is in specification will the slurry or chemical blend from the pressure vessel 

element 920B be sent to the global loop. While testing the slurry or chemical blend from 
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pressure inside the pressure vessels 986A and 987A. The pump can be any kind of pump, 

for example, diaphragm or centrifugal pumps as described earlier. For this embodiment, a 

diaphragm is preferred because of the higher pressure needed to transport the slurry or 

chemical blend into the pressure vessels 986A, 987A of pressure vessel element 920A. 

5 Because of the higher pump pressures, and the use of the diaphragm pump to fill the 

pressure vessels 986A, 987A, this embodiment of a distribution module is preferred for 

chemical blends. 

[0146] The pump 101A is preferably sized so that, if necessary, it can fill the pressure 

vessel(s) in fluid communications therewith (in this embodiment pressure vessels 986A and 

10 987A) in a fraction (such as less than 50% or less than 30%) of the time that it takes to empty 

the pressure vessels 986A and 987A at the maximum flow rate, that way, for example, the 

pump 101A used to supply the one or more pressure vessel elements will, if working properly, 

always be able to provide more slurry or chemical blend to the pressure vessels 986A and 

987A than is drawn from the pressure vessels 986A, 987A. Because of the pressurized air or 

15 inert gas present in the pressure vessels 986A, 987A, and the absence of valves in the line 

between the pump 101A and the pressure vessels 986A, 987A nor between the pressure 

regulator 991A and the pressure vessels 986A, 987A, the slurry or chemical blend pumped by 

pump 101A will flow substantially equally (to maintain a pressure balance) into both pressure 

vessels 986A and 987A via lines 975 and 976 that are in fluid communication with pipe 76A 

20 and pump 101A. Both pressure vessels 986A and 987A will be at the same pressure. When 

the maximum fill level in the pressure vessels 986A and 987A has been reached, one or both 

level indicators 882 and 982 on pressure vessels 986A and 987A, respectively, will 

communicate with the controller (not shown) or with the pump 101A to tell the pump 101A to 

stop pumping slurry or chemical blend to the pressure vessel element 920A. (In an 

25 embodiment for which both pressure vessel elements are in use by distribution module 400 

intermittently, meaning that only one pressure vessel element is filled and supplies a global 

loop at one time, a computer may switch from one pressure vessel element 920A to the other 

based on a timer. If the pressure vessel element 920A is being used to supply a global loop 

and it is almost time to switch to pressure vessel element 920B, the pump 101A will stop 

30 pumping, valves 931A and 931B will switch from open to closed and closed to open 

respectively and pump 101B will start pumping slurry or chemical blend from the distribution 

tank 491 to the pressure vessel element 920B that functions the same as pressure vessel 

element 920A. Prior to bringing the pressure vessel element 920B on line, by opening valve 

927B to the global loop, a sample of the slurry or the chemical blend may be sent via a 

35 sample tube or sample loop to an analytical module for testing and only if the slurry or 

chemical blend is in specification will the slurry or chemical blend from the pressure vessel 

element 920B be sent to the global loop. While testing the slurry or chemical blend from 
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pressure vessel element 920B the slurry or chemical blend for pressure vessel element 920A 

will continue to be delivered to the global loop until the pressure vessels 986A and 987A are 

empty. Then valve 927A will close and valve 927B will open and the slurry or chemical blend 

from pressure vessel element 920B will supply the global loop. The pipes and the pressure 

5 regulator 991 B between the pressurized air or inert gas source 992B and pressure vessels 

986B and 987B will provide the substantially even pushing force necessary to cause the slurry 

or chemical blend in pressure vessels 986B and 987B to flow to and preferably through the 

global loop. 

[0147] 	As stated above, in one embodiment the pumping rate of pump 101A could be 

10 such that the supply to the pressure vessel element 920A of slurry or chemical blend is at a 

rate that is similar to the amount of slurry or chemical blend provided from pressure vessel 

element 920A so that the pump 101A is running at a substantially steady rate continuously. 

Pressure vessel element 920B could also operate the same way as pressure vessel element 

920A, and pump 101B could be running continuously like pump 101A (as compared to an on- 

15 and-off manner) except that pump 101B would supply pressure vessel element 920B. 

Additionally, pressure vessel elements 920A and 920B and pressure vessels 986A, 987A, 

986B and 987B could all be supplied continuously with slurry or chemical blend and emptied 

continuously to supply one or more global loops. 

[0148] 	Upon exiting the pressure vessel element 920A the slurry or chemical blend is 

20 transported through pipe 77A to the global loop 111A. The global loop as shown comprises 

an optional filter element 265A, optional flow transmitter 79A. The slurry or chemical blend 

from the pressure vessel element 920A will flow through optional flow sensor 79A to line 80A 

which are all part of the global or distribution loop 111A. The distribution loop 111A delivers 

the slurry or chemical blend to supply CMP or other tools (not shown). 	If the slurry or 

25 chemical blend by-passes or is otherwise unused by the tools, the global loop(s) return(s) the 

unused slurry or chemical blend via the global loop return pipe 86A to distribution tank 491. 

As described above, in operation there is preferably always some unused slurry or chemical 

blend in all parts of the global loop that is returned to the distribution tank 491. The complete 

distribution loop 111A (or 111 B) is not shown in Figure 19. The global loop 111A comprises 

30 back pressure controller 84A. The back pressure controller 84A is located downstream of the 

junctions (not shown) to the tools (not shown) in fluid communication with the global loop 

111A in line 83A and is located in the global loop near the return line 86A. The one or more 

back pressure controllers 84A in the global loop communicates with the controller (computer, 

LPC) if the pressure falls below a certain level in the global loop. The controller will increase 

35 the pump speed 101A to supply more chemical blend or slurry to the pressure vessel element 

920A and/or the pressure regulator 991A may increase the pressure in the pressure vessel 

element 920A to increase the flow of slurry or chemical blend to the global loop. These 
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pressure vessel element 920B the slurry or chemical blend for pressure vessel element 920A 

will continue to be delivered to the global loop until the pressure vessels 986A and 987A are 

empty. Then valve 927A will close and valve 927B will open and the slurry or chemical blend 

from pressure vessel element 920B will supply the global loop. The pipes and the pressure 

5 regulator 991B between the pressurized air or inert gas source 992B and pressure vessels 

986B and 987B will provide the substantially even pushing force necessary to cause the slurry 

or chemical blend in pressure vessels 986B and 987B to flow to and preferably through the 

global loop. 

[0147] As stated above, in one embodiment the pumping rate of pump 101A could be 

10 such that the supply to the pressure vessel element 920A of slurry or chemical blend is at a 

rate that is similar to the amount of slurry or chemical blend provided from pressure vessel 

element 920A so that the pump 101A is running at a substantially steady rate continuously. 

Pressure vessel element 920B could also operate the same way as pressure vessel element 

920A, and pump 101B could be running continuously like pump 101A (as compared to an on-

15 and-off manner) except that pump 101B would supply pressure vessel element 920B. 

Additionally, pressure vessel elements 920A and 920B and pressure vessels 986A, 987A, 

986B and 987B could all be supplied continuously with slurry or chemical blend and emptied 

continuously to supply one or more global loops. 

[0148] Upon exiting the pressure vessel element 920A the slurry or chemical blend is 

20 transported through pipe 77A to the global loop 111 A. The global loop as shown comprises 

an optional filter element 265A, optional flow transmitter 79A. The slurry or chemical blend 

from the pressure vessel element 920A will flow through optional flow sensor 79A to line 80A 

which are all part of the global or distribution loop 111 A. The distribution loop 111A delivers 

the slurry or chemical blend to supply CMP or other tools (not shown). If the slurry or 

25 chemical blend by-passes or is otherwise unused by the tools, the global loop(s) return(s) the 

unused slurry or chemical blend via the global loop return pipe 86A to distribution tank 491. 

As described above, in operation there is preferably always some unused slurry or chemical 

blend in all parts of the global loop that is returned to the distribution tank 491. The complete 

distribution loop 111A (or 111B) is not shown in Figure 19. The global loop 111A comprises 

30 back pressure controller 84A. The back pressure controller 84A is located downstream of the 

junctions (not shown) to the tools (not shown) in fluid communication with the global loop 

111A in line 83A and is located in the global loop near the return line 86A. The one or more 

back pressure controllers 84A in the global loop communicates with the controller (computer, 

LPC) if the pressure falls below a certain level in the global loop. The controller will increase 

35 the pump speed 101A to supply more chemical blend or slurry to the pressure vessel element 

920A and/or the pressure regulator 991A may increase the pressure in the pressure vessel 

element 920A to increase the flow of slurry or chemical blend to the global loop. These 

-91 -



WO 2014/078398 	 PCT/US2013/069868 

feedback control loops that adjust one or more of the pump speed, pressure regulator, and 

the back pressure controller repeat the measuring, calculating and adjusting steps 

continuously or every minute or for any pre-set desired time period which may be longer or 

shorter than every minute. The back pressure controller and pressure regulator and/or pump 

5 speed are adjusted continuously or at set intervals to maintain slurry or chemical blend 

everywhere in the distribution loop at all times including a sufficient amount to supply the tools 

that are in operation and using the blended slurry and/or chemical blend, but limiting the 

maximum pressure so that the pipes do not rupture. 

[0149] 	In one method of operating the embodiment shown in Figure 19, especially when the 

10 global loops supply the same tools, or there is only one global loop (not shown) that is 

supplied slurry or chemical blend from either pressure vessel element 920A or 920B, the A 

labeled parts in the distribution module can be on-line when the B parts are being filled and 

off-line (and/or the slurry or chemical blend in the B parts is sent to the analytical module), 

and once the pressure vessels 986B and 987B are beginning to be filled, the B parts can wait 

15 

20 

on standby until the A parts are emptied or close to empty. In an embodiment in which the 

pressure vessel elements are used in an alternating (on and off) mode, once the pressure 

vessel element 920A has been emptied or nearly emptied of the slurry or chemical blend that 

is in the pressure vessels 986A and 987A, then the pressure vessel element 920B can be 

brought on line, and pressure vessel element 920A taken off-line for cleaning or maintenance, 

for example. 

[0150] 	In an alternative embodiment of operating the distribution module shown in Figure 

25 

19, both pressure vessel element 920A and 920B are continuously on-line and both pressure 

vessel element 920A and 920B can each supply a different global loop 111A and 111 B 

respectively, and the global loops my supply the same or different tools. As described above, 

in a preferred mode the maximum level in the distribution tank will rarely be reached and the 

amount of blended slurry or chemical blend present in a tank will for the majority of the time 

that the apparatus 20 is in operation be between from 20% to 80% or between from 30% to 

70% of the volume of the tank and the controller (not shown) for the apparatus 20 will use 

feedback from the various level sensors and pressure and flow rate sensors in the modules to 

30 adjust the feed rates in the feed module 100, if present, and the flow rates in the blend 

module 200 such that blended slurry or chemical blend is made and provided to the 

distribution module 400 at a volumetric rate that is similar and preferably nearly equivalent 

(within +/- 20% or within +/- 15% or within +/- 10%) to the rate (volume/time or mass/time) that 

the blended slurry or chemical blend from the distribution tank is consumed by the CMP or 

35 other tools and not returned to the distribution tank via the one or more global loops. The 

pressure vessels 986A,B and 987A,B may be for example, between 5 to 20 liters, or 8 to 17 
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feedback control loops that adjust one or more of the pump speed, pressure regulator, and 

the back pressure controller repeat the measuring, calculating and adjusting steps 

continuously or every minute or for any pre-set desired time period which may be longer or 

shorter than every minute. The back pressure controller and pressure regulator and/or pump 

5 speed are adjusted continuously or at set intervals to maintain slurry or chemical blend 

everywhere in the distribution loop at all times including a sufficient amount to supply the tools 

that are in operation and using the blended slurry and/or chemical blend, but limiting the 

maximum pressure so that the pipes do not rupture. 

[0149] In one method of operating the embodiment shown in Figure 19, especially when the 

10 global loops supply the same tools, or there is only one global loop (not shown) that is 

supplied slurry or chemical blend from either pressure vessel element 920A or 920B, the A 

labeled parts in the distribution module can be on-line when the B parts are being filled and 

off-line (and/or the slurry or chemical blend in the B parts is sent to the analytical module), 

and once the pressure vessels 986B and 987B are beginning to be filled, the B parts can wait 

15 on standby until the A parts are emptied or close to empty. In an embodiment in which the 

pressure vessel elements are used in an alternating (on and off) mode, once the pressure 

vessel element 920A has been emptied or nearly emptied of the slurry or chemical blend that 

is in the pressure vessels 986A and 987A, then the pressure vessel element 920B can be 

brought on line, and pressure vessel element 920A taken off-line for cleaning or maintenance, 

20 for example. 

[0150] In an alternative embodiment of operating the distribution module shown in Figure 

19, both pressure vessel element 920A and 920B are continuously on-line and both pressure 

vessel element 920A and 920B can each supply a different global loop 111A and 111B 

respectively, and the global loops my supply the same or different tools. As described above, 

25 in a preferred mode the maximum level in the distribution tank will rarely be reached and the 

amount of blended slurry or chemical blend present in a tank will for the majority of the time 

that the apparatus 20 is in operation be between from 20% to 80% or between from 30% to 

70% of the volume of the tank and the controller (not shown) for the apparatus 20 will use 

feedback from the various level sensors and pressure and flow rate sensors in the modules to 

30 adjust the feed rates in the feed module 100, if present, and the flow rates in the blend 

module 200 such that blended slurry or chemical blend is made and provided to the 

distribution module 400 at a volumetric rate that is similar and preferably nearly equivalent 

(within +/- 20% or within +/-15% or within +/-10%) to the rate (volume/time or mass/time) that 

the blended slurry or chemical blend from the distribution tank is consumed by the CMP or 

35 other tools and not returned to the distribution tank via the one or more global loops. The 

pressure vessels 986A,B and 987A,B may be for example, between 5 to 20 liters, or 8 to 17 
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liters or 10 to 15 liters each depending upon the desired flow rates of chemical blend or slurry 

from the pressure vessels to the one or more global loops. 

[0151] 	Similar to earlier described embodiments, global loop 111B and (in the embodiment 

shown) pressure vessel element 920B perform the same way as described for global loop 

5 111A and pressure vessel element 920A. Additionally the pump 101A and 101B also perform 

in the same way as described above for pump 101A. The operation of pump 101 B, pressure 

vessel element 920B, pressure regulator 991 B and global loop 111 B will not be repeated 

here. (In an alternate embodiment, a single pump and/or a single pressure vessel element 

could be used to supply two global loops by providing valves after the pump and/or after the 

10 pressure vessel element to direct the slurry or chemical blend to either global loops or to both 

global loops simultaneously. Additionally, although not shown one or more sets of at least 

two valves and at least one pipe could be provided in the embodiment shown in Figure 19 to 

make it possible to divert the blended slurry and/or chemical blend from global loop 111A to 

global loop 111 B, and/or from pipe 77A to pipe 77B and/or from pipe 76A to pipe 76B. The 

15 pipes (not shown) between the A labeled parts of the distribution module 400 to the B labeled 

parts may be provided for backup in case any of the pump 101A, pressure vessel element 

920A, pressure regulator 991A, optional filter element 265A, global loop 111A fails. 	If both of 

the pumps 101A, 101B, pressure vessel element 920A, 920B and global loops 111A, 111B 

are in use, then depending upon where a failure occurs, then one of the pumps and one of the 

20 pressure vessel elements if they are sized correctly may be used to supply one or both global 

loops simultaneously, if desired. 

[0152] 	The apparatus 20 comprising the distribution module 400 shown in Figure 19 may 

be run so that the amount of blended slurry or chemical blend being made in the blend 

module 200 is about equivalent to the amount of blended slurry or chemical blend being 

25 consumed in the one or more global loops so that a somewhat continuous steady flow of 

blended slurry or chemical blend from the blend module to the distribution module is 

established and additionally, if present, that there is at least a small portion of slurry and/or 

chemical blend in the feed module 100 (if present), distribution module 400 and optional 

analytical module 300 flowing and recirculating continuously. 	It is preferable that there are no 

30 stagnant modules where slurry and/or chemical blend (especially slurry) is not in motion. If 

lines, tanks, sensors, etc. are not in use, it is preferred to flush them with DIW after the slurry 

or chemical blend exits the lines and discard the flush water via a waste stream. 

[0153] 	As shown in Figure 19, the distribution module 400 comprises a filter element 265 

that can be present anywhere before or within the global loop or elsewhere in the distribution 

35 module, for example at the tank exit or upstream of either or both pumps. The filter element 

can be any of the filter elements described above. The filter element can filter a portion of or 

up to 100% of the slurry or chemical blend stream moving through a line that is part of the 
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liters or 10 to 15 liters each depending upon the desired flow rates of chemical blend or slurry 

from the pressure vessels to the one or more global loops. 

[0151] Similar to earlier described embodiments, global loop 111B and (in the embodiment 

shown) pressure vessel element 920B perform the same way as described for global loop 

5 111A and pressure vessel element 920A. Additionally the pump 101A and 101B also perform 

in the same way as described above for pump 101 A. The operation of pump 101B, pressure 

vessel element 920B, pressure regulator 991B and global loop 111B will not be repeated 

here. (In an alternate embodiment, a single pump and/or a single pressure vessel element 

could be used to supply two global loops by providing valves after the pump and/or after the 

10 pressure vessel element to direct the slurry or chemical blend to either global loops or to both 

global loops simultaneously. Additionally, although not shown one or more sets of at least 

two valves and at least one pipe could be provided in the embodiment shown in Figure 19 to 

make it possible to divert the blended slurry and/or chemical blend from global loop 111A to 

global loop 111B, and/or from pipe 77A to pipe 77B and/or from pipe 76A to pipe 76B. The 

15 pipes (not shown) between the A labeled parts of the distribution module 400 to the B labeled 

parts may be provided for backup in case any of the pump 101 A, pressure vessel element 

920A, pressure regulator 991A, optional filter element 265A, global loop 111A fails. If both of 

the pumps 101 A, 101B, pressure vessel element 920A, 920B and global loops 111A, 111B 

are in use, then depending upon where a failure occurs, then one of the pumps and one of the 

20 pressure vessel elements if they are sized correctly may be used to supply one or both global 

loops simultaneously, if desired. 

[0152] The apparatus 20 comprising the distribution module 400 shown in Figure 19 may 

be run so that the amount of blended slurry or chemical blend being made in the blend 

module 200 is about equivalent to the amount of blended slurry or chemical blend being 

25 consumed in the one or more global loops so that a somewhat continuous steady flow of 

blended slurry or chemical blend from the blend module to the distribution module is 

established and additionally, if present, that there is at least a small portion of slurry and/or 

chemical blend in the feed module 100 (if present), distribution module 400 and optional 

analytical module 300 flowing and recirculating continuously. It is preferable that there are no 

30 stagnant modules where slurry and/or chemical blend (especially slurry) is not in motion. If 

lines, tanks, sensors, etc. are not in use, it is preferred to flush them with DIW after the slurry 

or chemical blend exits the lines and discard the flush water via a waste stream. 

[0153] As shown in Figure 19, the distribution module 400 comprises a filter element 265 

that can be present anywhere before or within the global loop or elsewhere in the distribution 

35 module, for example at the tank exit or upstream of either or both pumps. The filter element 

can be any of the filter elements described above. The filter element can filter a portion of or 

up to 100% of the slurry or chemical blend stream moving through a line that is part of the 
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distribution module. As described above for other embodiments, it may be desirable to 

provide a bypass line to bypass the filter element or to provide at least 2 filters (or banks of 

filters) in parallel and/or that may be provided in a separate filter loop, so that the stream can 

be directed away from one or more plugged filters to unplugged filters. Additionally, pressure 

5 sensors can be provided to measure the pressure upstream or downstream of the filter 

(element, e.g. filter bank) to determine when the flow of slurry or chemical blend should be 

directed away from a first (plugged) filter (or other filter element, e.g. bank of one or more 

filters) and associated pipes and valves to a second (unplugged) filter (or other filter element, 

e.g. bank of one or more filters) and its associated pipes and valves as described above and 

10 a filter change signaled to a technician. The location of the filter(s) or other one or more filter 

elements in fluid communication with at least one global loop provides filtration to one or both 

global loops (or wherever the filter element, e.g. filter or filter bank is located). 	(In 

embodiments having more than one global loop, each global loop preferably has its own filter 

element.) Filtering the slurry and/or chemical blend in the global loop close to and (directly) 

15 upstream of the tools is beneficial for preventing unwanted particles from being transported to 

the tools. 	In one embodiment the filter element 265 comprises two filters in series, the first 

filter being for relatively larger particles and the second filter being for relatively smaller 

particles. 	Note that for chemical blends, the provision and placement of multiple filter 

elements, although desirable for some chemical blends is not as important as compared to 

20 blended slurries. Additionally, for some chemical blends whose component will not separate if 

stagnant, in the embodiment shown in Figure 19, and other distribution modules described 

herein, a circulation loop for the chemical blend may not be required (since no particles will 

settle if not in motion), so the global loop, may be modified to dead head and not return to the 

distribution tank, if desired. 

25 [0154] 	The distribution module further comprises sample ports 900, 900A and 900B. 

Sample loops comprising tubing (not shown) attached to the ports located at 900 and 900A 

and 900B can be used to draw samples of the slurry or chemical blend and transport the 

sample to an analytical module such as one of the analytical modules shown in Figures 1B, 4 

and 5. Alternatively, the samples may be transported to the analytical module, analyzed in 

30 the analytical module and then sent to a waste stream (not shown). In an alternative 

embodiment, samples of the slurry or chemical blend are drawn from ports 900, 900A or 900B 

and transported to an analytical module via tubes (not shown) and returned to the distribution 

tank 491 via line 936. 

[0155] 	The distribution tank 491 may or may not be open to the ambient atmosphere. As 

35 shown in Figure 19, particularly when the distribution tank 491 is used for the distribution of a 

hazardous, reactive and/or volatile slurry or chemical blend or components thereof, the 

distribution tank may be sealed from the ambient atmosphere. In those cases, the distribution 
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distribution module. As described above for other embodiments, it may be desirable to 

provide a bypass line to bypass the filter element or to provide at least 2 filters (or banks of 

filters) in parallel and/or that may be provided in a separate filter loop, so that the stream can 

be directed away from one or more plugged filters to unplugged filters. Additionally, pressure 

5 sensors can be provided to measure the pressure upstream or downstream of the filter 

(element, e.g. filter bank) to determine when the flow of slurry or chemical blend should be 

directed away from a first (plugged) filter (or other filter element, e.g. bank of one or more 

filters) and associated pipes and valves to a second (unplugged) filter (or other filter element, 

e.g. bank of one or more filters) and its associated pipes and valves as described above and 

10 a filter change signaled to a technician. The location of the filter(s) or other one or more filter 

elements in fluid communication with at least one global loop provides filtration to one or both 

global loops (or wherever the filter element, e.g. filter or filter bank is located). (In 

embodiments having more than one global loop, each global loop preferably has its own filter 

element.) Filtering the slurry and/or chemical blend in the global loop close to and (directly) 

15 upstream of the tools is beneficial for preventing unwanted particles from being transported to 

the tools. In one embodiment the filter element 265 comprises two filters in series, the first 

filter being for relatively larger particles and the second filter being for relatively smaller 

particles. Note that for chemical blends, the provision and placement of multiple filter 

elements, although desirable for some chemical blends is not as important as compared to 

20 blended slurries. Additionally, for some chemical blends whose component will not separate if 

stagnant, in the embodiment shown in Figure 19, and other distribution modules described 

herein, a circulation loop for the chemical blend may not be required (since no particles will 

settle if not in motion), so the global loop, may be modified to dead head and not return to the 

distribution tank, if desired. 

25 [0154] The distribution module further comprises sample ports 900, 900A and 900B. 

Sample loops comprising tubing (not shown) attached to the ports located at 900 and 900A 

and 900B can be used to draw samples of the slurry or chemical blend and transport the 

sample to an analytical module such as one of the analytical modules shown in Figures 1B, 4 

and 5. Alternatively, the samples may be transported to the analytical module, analyzed in 

30 the analytical module and then sent to a waste stream (not shown). In an alternative 

embodiment, samples of the slurry or chemical blend are drawn from ports 900, 900A or 900B 

and transported to an analytical module via tubes (not shown) and returned to the distribution 

tank 491 via line 936. 

[0155] The distribution tank 491 may or may not be open to the ambient atmosphere. As 

35 shown in Figure 19, particularly when the distribution tank 491 is used for the distribution of a 

hazardous, reactive and/or volatile slurry or chemical blend or components thereof, the 

distribution tank may be sealed from the ambient atmosphere. In those cases, the distribution 
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tank may be provided with a cover 938, which when closed will attach to the tank 491 in such 

a way to provide a near or fully air-tight and water-tight seal to the distribution tank 491. The 

cover and the tank may be provided with mating threaded parts, the cover and/or tank may 

have one or more gaskets and one or more locking mechanisms, such as screws, or the 

5 cover and the tank may be closed and sealed by using an adhesive. Additionally, depending 

upon the composition of the slurry or chemical blend, the distribution tank may be provided 

with a pipe 937 that provides to the head space at the top of the tank a pressurized flow of 

inert gas. In the embodiment having an inert gas supplied to the headspace in the distribution 

tank, the inert gas may be introduced into the distribution tank before any slurry or chemical 

10 

15 

20 

blend is introduced into the distribution tank to lessen or avoid any contact of the slurry or 

chemical blend with air. 

[0156] 	In this embodiment, the feed pipes into the tank 491 are shown penetrating the tank 

through the tank cover 938, which may be done if the tank has a tank liner made of 

polytetrafluoroethylene (e.g. Teflon®) or similar material. To avoid breaching the tank liner, 

the side walls of the tank were not breached by any pipes which all pass through the cover. 

In an alternative embodiment another pipe through the cover could replace the exit opening at 

the bottom of the tank too. This tank is especially suited for caustic materials. Alternative 

embodiments of the tank may be substituted herein, such as the one shown in Figure 7 and 8, 

if non-caustic chemical blends and slurries are to be held therein. One of more of the pipes, 

for example return pipes 86A and 86B may have eductors thereon. In this and alternative 

embodiments of the other tanks, instead of or in addition to eductors, the tanks may comprise 

a mechanical or other mixer (not shown) to mix the slurry or chemical blend in the tank. 

[0157] The description of filters and filter elements and any of the other aspects of the 

distribution module described above in reference to the other figures and embodiments is 

25 applicable to the embodiment shown in Figure 19 and are incorporated herein by reference. 

[0158] Figure 7 shows a top-view of a tank that may be a distribution tank or a day tank useful 

in this invention showing two eductors at the bottom portion of the tank and two capped 

eductor connectors. Figure 8 shows a cross-sectional view of the same tank in Figure 7 taken 

along the line Y-Y' showing the side view of one eductor and the capped eductor connectors. 

30 Figure 9 shows an eductor that may be used in the invention. 

[0159] It is desirable to use the eductors located near the bottom or, stated differently, in the 

bottom portion of the tank for the flow of the slurry or chemical blend into the tank that is 

returned to the tank, for example, via the recirculation line for the day tank (of the feed 

module) and via the return from the global loop or the return pipe for the filter loop for the 

35 blended slurry or chemical blend that is returned to the distribution tank (of the distribution 

module). (As shown in Figure 7 is the return line 728 to the tank 725, which for example for 

the feed module is the line 21 that is part of the recirculation loop 82 for the feed tank 80.) 
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tank may be provided with a cover 938, which when closed will attach to the tank 491 in such 

a way to provide a near or fully air-tight and water-tight seal to the distribution tank 491. The 

cover and the tank may be provided with mating threaded parts, the cover and/or tank may 

have one or more gaskets and one or more locking mechanisms, such as screws, or the 

5 cover and the tank may be closed and sealed by using an adhesive. Additionally, depending 

upon the composition of the slurry or chemical blend, the distribution tank may be provided 

with a pipe 937 that provides to the head space at the top of the tank a pressurized flow of 

inert gas. In the embodiment having an inert gas supplied to the headspace in the distribution 

tank, the inert gas may be introduced into the distribution tank before any slurry or chemical 

10 blend is introduced into the distribution tank to lessen or avoid any contact of the slurry or 

chemical blend with air. 

[0156] In this embodiment, the feed pipes into the tank 491 are shown penetrating the tank 

through the tank cover 938, which may be done if the tank has a tank liner made of 

polytetrafluoroethylene (e.g. Teflon®) or similar material. To avoid breaching the tank liner, 

15 the side walls of the tank were not breached by any pipes which all pass through the cover. 

In an alternative embodiment another pipe through the cover could replace the exit opening at 

the bottom of the tank too. This tank is especially suited for caustic materials. Alternative 

embodiments of the tank may be substituted herein, such as the one shown in Figure 7 and 8, 

if non-caustic chemical blends and slurries are to be held therein. One of more of the pipes, 

20 for example return pipes 86A and 86B may have eductors thereon. In this and alternative 

embodiments of the other tanks, instead of or in addition to eductors, the tanks may comprise 

a mechanical or other mixer (not shown) to mix the slurry or chemical blend in the tank. 

[0157] The description of filters and filter elements and any of the other aspects of the 

distribution module described above in reference to the other figures and embodiments is 

25 applicable to the embodiment shown in Figure 19 and are incorporated herein by reference. 

[0158] Figure 7 shows a top-view of a tank that may be a distribution tank or a day tank useful 

in this invention showing two eductors at the bottom portion of the tank and two capped 

eductor connectors. Figure 8 shows a cross-sectional view of the same tank in Figure 7 taken 

along the line Y-Y' showing the side view of one eductor and the capped eductor connectors. 

30 Figure 9 shows an eductor that may be used in the invention. 

[0159] It is desirable to use the eductors located near the bottom or, stated differently, in the 

bottom portion of the tank for the flow of the slurry or chemical blend into the tank that is 

returned to the tank, for example, via the recirculation line for the day tank (of the feed 

module) and via the return from the global loop or the return pipe for the filter loop for the 

35 blended slurry or chemical blend that is returned to the distribution tank (of the distribution 

module). (As shown in Figure 7 is the return line 728 to the tank 725, which for example for 

the feed module is the line 21 that is part of the recirculation loop 82 for the feed tank 80.) 
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The eductors are used because for every volume of the returned slurry or chemical blend that 

flows through the eductor per unit time into the tank, a multiple of that volume per unit time of 

slurry or chemical blend that is present in the tank is sucked into and through the eductor. 

Useful eductors that can be used in the tanks of this invention may circulate 2 to 20 gallons, 2 

5 to 10 gallons, or 4 to 5 gallons for each gallon introduced into the tank via each eductor. This 

helps to keep all of the slurry and/or chemical blend present in the tank moving. Depending 

upon the size of the tank and the volumetric flow rate of slurry or chemical blend that is 

typically returned to the tank and volume of slurry or chemical blend that must be kept in 

motion in the tank, any number of the eductors can be used, for example, from 1 to 10 

10 eductors, or 1 to 8 or 1 to 6 or 1 to 4 or 1 to 3 or 1 to 2 eductors. The total flow of all of the 

slurry or chemical blend in the tank is preferably at a rotational average speed that is higher at 

or near the sidewall of the tank and decreases towards the center. The preferred rotational 

speed of the moving slurry or chemical blend is such that the circular motion of the slurry or 

chemical blend is noticeable, and the top of the slurry or chemical blend is a bit agitated, but 

15 mostly level across the top of the slurry or chemical blend. 	It is presently believed that the 

slurry or chemical blend slowly rises along the inside surface of the tank sidewall as it flows in 

a circular motion around the circumference of the tank and then at or near the top of the slurry 

or chemical blend, the slurry or chemical blend flows away from the sidewall of the tank and 

into the center and then flows to the bottom of the tank. Regardless of the motion, by using 

20 the eductors for the return slurry or chemical blend, the slurry or chemical blend seems to be 

mixed from the bottom to the top of the tank. By the motion provided by the educators, the 

slurry or chemical blend at or near the bottom of the tank does not stay at the bottom of the 

tank and the top of the slurry or chemical blend does not stay there either where the slurry 

might form a crust by semi-continuous or continuous exposure to the air or inert gas in the 

25 tank. 

[0160] To prevent a loss of water by the agitated slurry or chemical blend, humidified air or 

nitrogen or other inert gas may be added to the top of the tanks via a small pipe (not shown) 

located above the maximum level of the slurry or chemical blend in the tank inserted through 

the lid or upper wall of the tank. The tanks shown in Figure 7 and 8 are preferably at 

30 atmospheric pressure. (The tank shown in Figure 19 is at slightly above atmospheric 

pressure due to the cover and the inert gas added to the headspace.) 

[0161] Figure 7 shows a top-view of a tank 725 that may be used in the apparatus and 

method of this invention as either the day tank or the distribution tank. Figure 8 shows a side 

view of the same tank 725 taken along line Y-Y' on Figure 7. As shown, tank 725 comprises 

35 vertical or near vertical sidewall 788, a conical-shaped bottom wall 726, an exit opening 727, 

one or more eductors for the return slurry or chemical blend, and one or more lines in which 

the slurry or chemical blend flows to the one or more eductors. The conical bottom wall 726 
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The eductors are used because for every volume of the returned slurry or chemical blend that 

flows through the eductor per unit time into the tank, a multiple of that volume per unit time of 

slurry or chemical blend that is present in the tank is sucked into and through the eductor. 

Useful eductors that can be used in the tanks of this invention may circulate 2 to 20 gallons, 2 

5 to 10 gallons, or 4 to 5 gallons for each gallon introduced into the tank via each eductor. This 

helps to keep all of the slurry and/or chemical blend present in the tank moving. Depending 

upon the size of the tank and the volumetric flow rate of slurry or chemical blend that is 

typically returned to the tank and volume of slurry or chemical blend that must be kept in 

motion in the tank, any number of the eductors can be used, for example, from 1 to 10 

10 eductors, or 1 to 8 or 1 to 6 or 1 to 4 or 1 to 3 or 1 to 2 eductors. The total flow of all of the 

slurry or chemical blend in the tank is preferably at a rotational average speed that is higher at 

or near the sidewall of the tank and decreases towards the center. The preferred rotational 

speed of the moving slurry or chemical blend is such that the circular motion of the slurry or 

chemical blend is noticeable, and the top of the slurry or chemical blend is a bit agitated, but 

15 mostly level across the top of the slurry or chemical blend. It is presently believed that the 

slurry or chemical blend slowly rises along the inside surface of the tank sidewall as it flows in 

a circular motion around the circumference of the tank and then at or near the top of the slurry 

or chemical blend, the slurry or chemical blend flows away from the sidewall of the tank and 

into the center and then flows to the bottom of the tank. Regardless of the motion, by using 

20 the eductors for the return slurry or chemical blend, the slurry or chemical blend seems to be 

mixed from the bottom to the top of the tank. By the motion provided by the educators, the 

slurry or chemical blend at or near the bottom of the tank does not stay at the bottom of the 

tank and the top of the slurry or chemical blend does not stay there either where the slurry 

might form a crust by semi-continuous or continuous exposure to the air or inert gas in the 

25 tank. 

[0160] To prevent a loss of water by the agitated slurry or chemical blend, humidified air or 

nitrogen or other inert gas may be added to the top of the tanks via a small pipe (not shown) 

located above the maximum level of the slurry or chemical blend in the tank inserted through 

the lid or upper wall of the tank. The tanks shown in Figure 7 and 8 are preferably at 

30 atmospheric pressure. (The tank shown in Figure 19 is at slightly above atmospheric 

pressure due to the cover and the inert gas added to the headspace.) 

[0161] Figure 7 shows a top-view of a tank 725 that may be used in the apparatus and 

method of this invention as either the day tank or the distribution tank. Figure 8 shows a side 

view of the same tank 725 taken along line Y-Y' on Figure 7. As shown, tank 725 comprises 

35 vertical or near vertical sidewall 788, a conical-shaped bottom wall 726, an exit opening 727, 

one or more eductors for the return slurry or chemical blend, and one or more lines in which 

the slurry or chemical blend flows to the one or more eductors. The conical bottom wall 726 
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of the tank 725 slopes down, typically from 5 to 35 degrees, or from 25 to 35 degrees from the 

horizontal to the exit opening 727. The exit opening 727 may be connected to recirculation 

and/or distribution loops or other pipes. For example, exit opening 727 may be connected to 

line 25 if the tank is day tank 80 shown in Figure 1A and line 74A (74B) if the tank is 

5 distribution tank 491A (491 B) shown in Figure 1C. Tank 725 may be made of high density 

polyethylene (HDPE) or polyvinylidene difluoride (PVDF) or other rotomoldable resin and may 

be sized from 30 to 45 inches inside diameter to hold from 25 to 1000 or from 50 to 600 or 

from 75 to 500 or from 75 to 350 gallons of slurry or chemical blend. Useful tanks are 

available from suppliers such as St. Gobain and Chemtainer. 

10 [0162] The return line 21 that is part of the recirculation loop 82 to the day tank 80 may return 

the raw slurry or chemical blend to the bottom portion of the day tank 80. Further, the return 

line 86A (or 86B) to distribution tank 491A (or 491B) from the global loop 111A (or 111B) may 

return the blended slurry or chemical blend to the bottom portion of the tank 491A (or 491 B). 

The bottom portion of the tank is the lower half of the tank height or 40% or less, or 30% or 

15 less, or 25% or less, or 20% or less, or 15% or less, or 10% or less wherein the tank height is 

measured from the exit opening 727 to top 777 of the tank. It is preferred that the eductors 

are located below the preset minimum level of slurry or chemical blend for the tank in the 

bottom portion of the tank. Typically one or more pumps that draw slurry or chemical blend 

from the tank may not begin to run or continue to run unless the slurry or chemical blend is 

20 above the preset minimum level in the tank. A level sensor in communication with the 

controller can be used to start and stop the pump based on the level of slurry or chemical 

blend in the tank. 

[0163] The return line that introduces the returned slurry or chemical blend into the tank in 

Figures 7 and 8 is labeled 728; however, it is understood that it could be, for example, return 

25 line 21 or 86A (or 86B) as shown in Figures 1A and 1C. Additionally, as shown in Figure 1C 

the return line (for example, 98 or 99 in Figure 1C) from the filter loop may be connected to 

line 728 also. 	Line 728, as shown in this embodiment, is connected via a substantially 

horizontal tube and substantially vertical tubes to eductors 761 and 763, with two-, three-, and 

four-way pipe joints/connectors and 90 degree pipe joints/connectors and eductor connectors 

30 therebetween. Figure 7 shows a substantially horizontal pipe 799 that traverses around most 

of the circumference of the tank 725, preferably the outside circumference of the sidewall 788 

of the tank 725. As shown, the pipe 799 (comprising pipe sections 730, 732 and 734 and pipe 

joints 729, 731, 733 and 735) is mounted such that the return slurry or chemical blend flows 

into the pipe 799 that traverses 270 degrees around the (outside) circumference of the tank 

35 725 and connects with four vertical pipes (only vertical pipes 771 and 772 are shown in Figure 

8). The vertical pipes are preferably also on the outside of the tank 725. Pipe 799 is 

preferably mounted at a slight decline from its connection to pipe 728 to its connection to the 
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of the tank 725 slopes down, typically from 5 to 35 degrees, or from 25 to 35 degrees from the 

horizontal to the exit opening 727. The exit opening 727 may be connected to recirculation 

and/or distribution loops or other pipes. For example, exit opening 727 may be connected to 

line 25 if the tank is day tank 80 shown in Figure 1A and line 74A (74B) if the tank is 

5 distribution tank 491A (491B) shown in Figure 1C. Tank 725 may be made of high density 

polyethylene (HDPE) or polyvinylidene difluoride (PVDF) or other rotomoldable resin and may 

be sized from 30 to 45 inches inside diameter to hold from 25 to 1000 or from 50 to 600 or 

from 75 to 500 or from 75 to 350 gallons of slurry or chemical blend. Useful tanks are 

available from suppliers such as St. Gobain and Chemtainer. 

10 [0162] The return line 21 that is part of the recirculation loop 82 to the day tank 80 may return 

the raw slurry or chemical blend to the bottom portion of the day tank 80. Further, the return 

line 86A (or 86B) to distribution tank 491A (or 491B) from the global loop 111A (or 111B) may 

return the blended slurry or chemical blend to the bottom portion of the tank 491A (or 491B). 

The bottom portion of the tank is the lower half of the tank height or 40% or less, or 30% or 

15 less, or 25% or less, or 20% or less, or 15% or less, or 10% or less wherein the tank height is 

measured from the exit opening 727 to top 777 of the tank. It is preferred that the eductors 

are located below the preset minimum level of slurry or chemical blend for the tank in the 

bottom portion of the tank. Typically one or more pumps that draw slurry or chemical blend 

from the tank may not begin to run or continue to run unless the slurry or chemical blend is 

20 above the preset minimum level in the tank. A level sensor in communication with the 

controller can be used to start and stop the pump based on the level of slurry or chemical 

blend in the tank. 

[0163] The return line that introduces the returned slurry or chemical blend into the tank in 

Figures 7 and 8 is labeled 728; however, it is understood that it could be, for example, return 

25 line 21 or 86A (or 86B) as shown in Figures 1A and 1C. Additionally, as shown in Figure 1C 

the return line (for example, 98 or 99 in Figure 1C) from the filter loop may be connected to 

line 728 also. Line 728, as shown in this embodiment, is connected via a substantially 

horizontal tube and substantially vertical tubes to eductors 761 and 763, with two-, three-, and 

four-way pipe joints/connectors and 90 degree pipe joints/connectors and eductor connectors 

30 therebetween. Figure 7 shows a substantially horizontal pipe 799 that traverses around most 

of the circumference of the tank 725, preferably the outside circumference of the sidewall 788 

of the tank 725. As shown, the pipe 799 (comprising pipe sections 730, 732 and 734 and pipe 

joints 729, 731, 733 and 735) is mounted such that the return slurry or chemical blend flows 

into the pipe 799 that traverses 270 degrees around the (outside) circumference of the tank 

35 725 and connects with four vertical pipes (only vertical pipes 771 and 772 are shown in Figure 

8). The vertical pipes are preferably also on the outside of the tank 725. Pipe 799 is 

preferably mounted at a slight decline from its connection to pipe 728 to its connection to the 
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last vertical pipe (to the eductor) around the circumference which may be at any location 

around the circumference. The two vertical pipes that are not shown are in fluid 

communication with the two eductors 761, 763, and their eductor connectors 742 and 746, 

respectively. As shown, eductor connectors 740, 744, 742, 746 penetrate the wall of the tank 

5 725 at about the same height from the bottom of the tank as the eductors to which they are 

connected and are in fluid communication. Alternatively, horizontal pipe 799 could flow 360° 

or greater or fewer degrees, or 300° or fewer degrees or 270° or fewer degrees or 180° or 

fewer degrees or 90° or fewer degrees or 45° or fewer degrees around the outside 

circumference of the tank 725 and direct slurry or chemical blend into any number of 

10 eductors. Alternatively, pipe 728 could introduce the retuned slurry or chemical blend directly 

into a single eductor. 

[0164] As shown, the horizontal pipe 799 is made up of connectors 729, 731, 733 and 735 

and pipe segments 730, 732, 734. The connectors 729, 731, 733 and 735 connect and are in 

fluid communication with the horizontal sections of pipe 799 and connect to two vertical pipes 

15 (not shown) that are in fluid communication with the eductors 761, 763 and eductor 

connectors 742, 746, respectively. Additional vertical pipes 771, 772 are in fluid 

communication with eductor connectors 740, 744 that have caps 741, 745 thereon, 

respectively. For the vertical pipes (771, 772) that flow to capped eductors, or for which an 

eductor may be attached but presently is not in use, hand valves (hand valves 795 and 797 

20 are shown) are provided in the vertical lines and may be closed to prevent the flow of the 

slurry or chemical blend into the vertical tubes (vertical tubes 771, 772 are shown). 

[0165] The eductors 763 and 761, as shown, are attached to elbow connectors 753 and 751 

respectively which are connected to the eductor connectors 746 and 742 that penetrate the 

sidewall 788 of the tank 725 and via elbow joints (not shown as connected to the educators 

25 but shown as 785 and 781 for the eductor connectors, 740 and 744 that are capped) connect 

with the vertical lines (vertical lines 772 and 771 are shown for the capped eductor connectors 

740 and 744) and then through pipe connections 735 and 731 to the (near) horizontal line 799 

that provides for the flow of slurry or chemical blend to the eductors. It is preferred that the 

length of the connectors and piping (collectively the plumbing) to the one or more eductors 

30 located inside the tank (and to the one or more supply conduit) is minimized (that is, it is less 

than 10 or less than 6 or less than 3 or less than 2 times the length (the biggest dimension) of 

the eductor) so that the interference between the plumbing in the tank and the slurry or 

chemical blend circulating in the tank is minimized. (This is compared to piping through the 

cover and running vertically from the cover to the bottom of the tank. 	Pipes running vertically 

35 from the cover will interfere with the circulation of the slurry and chemical blend in the tank.) 

The eductors are mounted in the tank so that the slurry or chemical blend exiting the eductor 

is directed at an angle that may be at any angle pointed (below the horizontal that is) towards 
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last vertical pipe (to the eductor) around the circumference which may be at any location 

around the circumference. The two vertical pipes that are not shown are in fluid 

communication with the two eductors 761, 763, and their eductor connectors 742 and 746, 

respectively. As shown, eductor connectors 740, 744, 742, 746 penetrate the wall of the tank 

5 725 at about the same height from the bottom of the tank as the eductors to which they are 

connected and are in fluid communication. Alternatively, horizontal pipe 799 could flow 360° 

or greater or fewer degrees, or 300° or fewer degrees or 270° or fewer degrees or 180° or 

fewer degrees or 90° or fewer degrees or 45° or fewer degrees around the outside 

circumference of the tank 725 and direct slurry or chemical blend into any number of 

10 eductors. Alternatively, pipe 728 could introduce the retuned slurry or chemical blend directly 

into a single eductor. 

[0164] As shown, the horizontal pipe 799 is made up of connectors 729, 731, 733 and 735 

and pipe segments 730, 732, 734. The connectors 729, 731, 733 and 735 connect and are in 

fluid communication with the horizontal sections of pipe 799 and connect to two vertical pipes 

15 (not shown) that are in fluid communication with the eductors 761, 763 and eductor 

connectors 742, 746, respectively. Additional vertical pipes 771, 772 are in fluid 

communication with eductor connectors 740, 744 that have caps 741, 745 thereon, 

respectively. For the vertical pipes (771, 772) that flow to capped eductors, or for which an 

eductor may be attached but presently is not in use, hand valves (hand valves 795 and 797 

20 are shown) are provided in the vertical lines and may be closed to prevent the flow of the 

slurry or chemical blend into the vertical tubes (vertical tubes 771, 772 are shown). 

[0165] The eductors 763 and 761, as shown, are attached to elbow connectors 753 and 751 

respectively which are connected to the eductor connectors 746 and 742 that penetrate the 

sidewall 788 of the tank 725 and via elbow joints (not shown as connected to the educators 

25 but shown as 785 and 781 for the eductor connectors, 740 and 744 that are capped) connect 

with the vertical lines (vertical lines 772 and 771 are shown for the capped eductor connectors 

740 and 744) and then through pipe connections 735 and 731 to the (near) horizontal line 799 

that provides for the flow of slurry or chemical blend to the eductors. It is preferred that the 

length of the connectors and piping (collectively the plumbing) to the one or more eductors 

30 located inside the tank (and to the one or more supply conduit) is minimized (that is, it is less 

than 10 or less than 6 or less than 3 or less than 2 times the length (the biggest dimension) of 

the eductor) so that the interference between the plumbing in the tank and the slurry or 

chemical blend circulating in the tank is minimized. (This is compared to piping through the 

cover and running vertically from the cover to the bottom of the tank. Pipes running vertically 

35 from the cover will interfere with the circulation of the slurry and chemical blend in the tank.) 

The eductors are mounted in the tank so that the slurry or chemical blend exiting the eductor 

is directed at an angle that may be at any angle pointed (below the horizontal that is) towards 
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the bottom surface of the tank, may be horizontal or may be at any angle pointed (above the 

horizontal that is) towards the top surface of the tank, the educator is optionally also pointed 

partially at and partially along the tank sidewall, as shown in the Figures 7 and 8. The slurry 

or chemical blend exiting the eductors will cause the slurry or chemical blend located near or 

5 along the bottom wall to move and will cause slurry or chemical blend to flow along the 

sidewall of the tank too. As shown, the eductor is positioned so that the slurry and/or 

chemical blend exiting the eductor is directed at an angle a that may be between from 0 

degree to 45 degrees, or between from 0 to 40 degrees or between from 0 to 35 degrees or 

between from 5 to 35 degrees or between from 3 to 40 degrees above or below the horizontal 

10 dashed line and measured from the horizontal line shown in Figure 8. For the sake of clarity, 

the eductor shown in Figure 8 is at an angle a below the horizontal line. 

[0166] The angle of the eductors and the number of eductors in the tank are selected to 

provide a slurry or chemical blend that is in continuous motion. The motion of the tank does 

not provide large waves or splashing in the tank. The motion of the slurry or chemical blend 

15 in the tank should be visible on the surface of the slurry and/or chemical blend. In one 

embodiment, the eductors provide for a velocity gradient across the diameter of the tank, that 

is, the movement of the slurry or chemical blend is at a higher velocity near the sidewall of the 

tank, and the velocity decreases towards the center of the tank. In this embodiment, the 

majority of the slurry or chemical blend preferably moves in a clockwise or counterclockwise 

20 motion along and around the interior sidewall of the tank and the velocity of the slurry or 

chemical blend is higher at or near the sidewall and slower in the center of the tank. The 

movement of the slurry or chemical blend may provide a net slow downward velocity of the 

slurry or chemical blend in the center of the tank and a net faster upward velocity at or near 

the sidewall. 

25 [0167] The tank may also comprise one or more supply conduits, for example supply conduit 

778 as shown in Figures 7 and 8. One or more supply conduits are used for the supply of 

slurry or chemical blend into the tank from other than a recirculation loop. For example supply 

into the distribution tank (shown in Figure 1C) would be from line 72A or 72B, and for the day 

tank (shown in Figure 1A) would be from line 55. The supply conduits are also located in the 

30 bottom portion of the tank below the minimum expected level for the slurry or chemical blend 

when it is operating to supply the global loop. In this embodiment of the tank, supply conduits 

778 do not comprise an educator, just a pipe that opens into the bottom of the tank. (In other 

embodiments, each supply conduit may comprise an eductor.) In some embodiments the 

angle of the pipe opening and the direction of the pipe opening are similar to those described 

35 for one or more of the eductors. The piping to the supply conduit 778 is not shown but may 

be similar to the piping to the eductors for the return line especially if more than one supply 

pipe is provided into the tank. Like the eductors the supply pipe penetrates the sidewall of the 
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chemical blend exiting the eductor is directed at an angle a that may be between from 0 

degree to 45 degrees, or between from 0 to 40 degrees or between from 0 to 35 degrees or 

between from 5 to 35 degrees or between from 3 to 40 degrees above or below the horizontal 

10 dashed line and measured from the horizontal line shown in Figure 8. For the sake of clarity, 

the eductor shown in Figure 8 is at an angle a below the horizontal line. 

[0166] The angle of the eductors and the number of eductors in the tank are selected to 

provide a slurry or chemical blend that is in continuous motion. The motion of the tank does 

not provide large waves or splashing in the tank. The motion of the slurry or chemical blend 

15 in the tank should be visible on the surface of the slurry and/or chemical blend. In one 

embodiment, the eductors provide for a velocity gradient across the diameter of the tank, that 

is, the movement of the slurry or chemical blend is at a higher velocity near the sidewall of the 

tank, and the velocity decreases towards the center of the tank. In this embodiment, the 

majority of the slurry or chemical blend preferably moves in a clockwise or counterclockwise 

20 motion along and around the interior sidewall of the tank and the velocity of the slurry or 

chemical blend is higher at or near the sidewall and slower in the center of the tank. The 

movement of the slurry or chemical blend may provide a net slow downward velocity of the 

slurry or chemical blend in the center of the tank and a net faster upward velocity at or near 

the sidewall. 

25 [0167] The tank may also comprise one or more supply conduits, for example supply conduit 

778 as shown in Figures 7 and 8. One or more supply conduits are used for the supply of 

slurry or chemical blend into the tank from other than a recirculation loop. For example supply 

into the distribution tank (shown in Figure 1C) would be from line 72A or 72B, and for the day 

tank (shown in Figure 1A) would be from line 55. The supply conduits are also located in the 

30 bottom portion of the tank below the minimum expected level for the slurry or chemical blend 

when it is operating to supply the global loop. In this embodiment of the tank, supply conduits 

778 do not comprise an educator, just a pipe that opens into the bottom of the tank. (In other 

embodiments, each supply conduit may comprise an eductor.) In some embodiments the 

angle of the pipe opening and the direction of the pipe opening are similar to those described 

35 for one or more of the eductors. The piping to the supply conduit 778 is not shown but may 

be similar to the piping to the eductors for the return line especially if more than one supply 

pipe is provided into the tank. Like the eductors the supply pipe penetrates the sidewall of the 

-99-



WO 2014/078398 
	

PCT/US2013/069868 

tank at about the same level that the exit of the supply pipe is located in the tank. 	It is 

preferred that the tank comprises supply and/or return lines that penetrate the wall at about 

the same level as described above. 

[0168] The optimum angle of the eductors to provide for movement of all of the slurry or 

5 chemical blend in the tank may require the adjustment of the angle of the eductors; therefore, 

the eductors provided in the tank are provided with adjustment means, for example an 

adjustable elbow. To determine the optimum angle and number of the eductors, an operation 

should consider the tank diameter, the shape of the bottom of the tank, the amount of slurry or 

chemical blend in the tank, the number of the eductors, the flow rate through the eductors, the 

10 eductor multiplier and the slurry or chemical blend characteristics. 	In some embodiments, the 

typical return flow rate into the distribution tank or day tank may be 20 liters/min +/- 4-5 

liters/minute, the eductor may circulate 3-4 liters for every 1 liter of flow into the eductor, the 

tank diameter may be 31 to 45 inches inner diameter (30 to 50 inches inner diameter), the 

height of tank may be 8 feet and the eductor angle may be within 45 degrees above or below 

15 the horizontal line, for example 6 degrees upward from the horizontal or 15 degrees below the 

horizontal. 

[0169] The total volumetric flow rate through the eductors is preferably between from 5 to 40 

liters per minute or 10 to 30 liters per minute, plus the additional flow due to the eductor 

circulation multiplier(s). As shown the two eductors 761, 763 are positioned so that the exiting 

20 flow is directed in the same direction around the circumference of the tank 725. However, if 

the flow rate of the slurry or chemical blend added to the tank from the eductors is such that 

the returned slurry or chemical blend is causing too much movement, for example the slurry or 

chemical blend is moving too fast along the tank sidewall and the radian speed of the slurry or 

chemical blend is having a detrimental impact on the slurry or chemical blend, it may be 

25 desirable to add a third (or one or more) eductor facing in the opposite direction from the 

eductors already present. Depending on how much change in the flow rate is desired, the 

eductor that may be added, may be smaller than the eductors already present in the tank. 

Additionally, the flow to the eductor can be decreased by using the valves in the vertical lines 

to increase or decrease the flow to one or more of the eductors. On the other hand, if two 

30 eductors do not provide enough movement of the slurry or chemical blend, additional eductors 

may be provided and positioned so that all of the flow is in the same circumferential direction, 

meaning that all of the slurry or chemical blend exits the eductors flowing in the same circular 

direction into the tank. 	If the amount of the slurry or chemical blend to be returned to the tank 

is too much for the eductors, an additional line (not shown) that penetrates into the tank 725 

35 preferably near the bottom, similar to the supply line, may be provided so that the flow of the 

slurry or chemical blend though the eductors does not cause the flow rate around the tank to 

increase above a preset maximum value. 
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tank at about the same level that the exit of the supply pipe is located in the tank. It is 

preferred that the tank comprises supply and/or return lines that penetrate the wall at about 

the same level as described above. 

[0168] The optimum angle of the eductors to provide for movement of all of the slurry or 

5 chemical blend in the tank may require the adjustment of the angle of the eductors; therefore, 

the eductors provided in the tank are provided with adjustment means, for example an 

adjustable elbow. To determine the optimum angle and number of the eductors, an operation 

should consider the tank diameter, the shape of the bottom of the tank, the amount of slurry or 

chemical blend in the tank, the number of the eductors, the flow rate through the eductors, the 

10 eductor multiplier and the slurry or chemical blend characteristics. In some embodiments, the 

typical return flow rate into the distribution tank or day tank may be 20 liters/min +/- 4-5 

liters/minute, the eductor may circulate 3-4 liters for every 1 liter of flow into the eductor, the 

tank diameter may be 31 to 45 inches inner diameter (30 to 50 inches inner diameter), the 

height of tank may be 8 feet and the eductor angle may be within 45 degrees above or below 

15 the horizontal line, for example 6 degrees upward from the horizontal or 15 degrees below the 

horizontal. 

[0169] The total volumetric flow rate through the eductors is preferably between from 5 to 40 

liters per minute or 10 to 30 liters per minute, plus the additional flow due to the eductor 

circulation multiplier(s). As shown the two eductors 761, 763 are positioned so that the exiting 

20 flow is directed in the same direction around the circumference of the tank 725. However, if 

the flow rate of the slurry or chemical blend added to the tank from the eductors is such that 

the returned slurry or chemical blend is causing too much movement, for example the slurry or 

chemical blend is moving too fast along the tank sidewall and the radian speed of the slurry or 

chemical blend is having a detrimental impact on the slurry or chemical blend, it may be 

25 desirable to add a third (or one or more) eductor facing in the opposite direction from the 

eductors already present. Depending on how much change in the flow rate is desired, the 

eductor that may be added, may be smaller than the eductors already present in the tank. 

Additionally, the flow to the eductor can be decreased by using the valves in the vertical lines 

to increase or decrease the flow to one or more of the eductors. On the other hand, if two 

30 eductors do not provide enough movement of the slurry or chemical blend, additional eductors 

may be provided and positioned so that all of the flow is in the same circumferential direction, 

meaning that all of the slurry or chemical blend exits the eductors flowing in the same circular 

direction into the tank. If the amount of the slurry or chemical blend to be returned to the tank 

is too much for the eductors, an additional line (not shown) that penetrates into the tank 725 

35 preferably near the bottom, similar to the supply line, may be provided so that the flow of the 

slurry or chemical blend though the eductors does not cause the flow rate around the tank to 

increase above a preset maximum value. 
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[0170] Figure 9 shows one embodiment of an eductor 763 that is useful in this invention. 

Eductors like the one shown are commercially available from BEX. The educator comprises a 

threaded portion 993 which is connected to the elbow 753 (shown in Figure 7) via a threaded 

portion of the elbow 753 (not shown). 

5 [0171] Figure 16 shows the piping at the bottom of a tank 725. The apparatus 20 is able to 

respond to surges in demand by having already blended slurry or chemical blend circulating in 

the tanks and loops. To improve the tanks ability to respond to surges in demand, the piping 

at the bottom of the tank may be a double line loop. One embodiment of the distribution tank 

491A is shown in Figure 16. In the embodiment shown, the slurry and/or chemical blend 

10 supply apparatus comprises a tank comprising line 74A that exits the tank 491A having two 

connections 1601, 1603 to the exit opening 727 (at the bottom of the tank) and via piping 

forms a double line loop 1600. (The two connections at the exit opening may be provided in a 

pipe connected to the exit opening 727 that forms the double loop 1600.) Shown connected 

to the double line loop 1600 are lines 91A to the filter loop and line 75A to the global loop as 

15 shown in Figure 1C. When demand is high because of the two connections 1601, 1603 to the 

exit opening 727 at the bottom of the tank, the flow of the slurry or chemical blend from the 

tank will not restrict the supply and become a limiting factor. The flow rate of the slurry or 

chemical blend provided by the double lines from the tank will meet the demand. 

20 

[0172] As stated above the pipes, tubing, hand valves, pneumatic valves, pumps, tanks, 

eductors, etc, used to construct the individual modules and the apparatus described herein 

are mostly off-the-shelf items. The plumbing is connected using pipes or tubing connectors 

that are manufactured with mating threaded portions that in the case of the tubing may require 

cutting the tubes and flaring the tube ends. These manufacturing techniques are known to a 

person of ordinary skill. 

25 [0173] The apparatuses of this invention although it may be designed and used to provide for 

flexibility in the supply of one or more blended slurries and/or one or more chemical blends, it 

may be designed and used to provide for large volumes (in many cases more than 10 Ipm) of 

high quality, consistently blended slurry or chemical blend (with little variation in the 

percentage of the composition and particle sizes (if slurry) therein), to be provided to large 

30 numbers of tools (e.g., 8 or more). Most of the prior art systems are designed to supply small 

volumes of slurry or chemical blends and to supply a small number of tools (e.g., 1-4 tools.). 

The apparatus, herein, that blends slurry, preferably tests the raw slurry using a liquid particle 

counter and/or particle size distribution analyzer in the feed module, which can be used to 

analyze the raw slurry to detect bad slurry before much of or any volume of the raw slurry 

35 from the slurry supply container reaches the feed tank or blend module. The liquid particle 

counter and/or particle size distribution analyzer in the feed module can be used only to 

analyze the raw slurry (not the blended slurry) so that the dilution equipment (e.g., valves, 
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[0170] Figure 9 shows one embodiment of an eductor 763 that is useful in this invention. 

Eductors like the one shown are commercially available from BEX. The educator comprises a 

threaded portion 993 which is connected to the elbow 753 (shown in Figure 7) via a threaded 

portion of the elbow 753 (not shown). 

5 [0171] Figure 16 shows the piping at the bottom of a tank 725. The apparatus 20 is able to 

respond to surges in demand by having already blended slurry or chemical blend circulating in 

the tanks and loops. To improve the tanks ability to respond to surges in demand, the piping 

at the bottom of the tank may be a double line loop. One embodiment of the distribution tank 

491A is shown in Figure 16. In the embodiment shown, the slurry and/or chemical blend 

10 supply apparatus comprises a tank comprising line 74A that exits the tank 491A having two 

connections 1601, 1603 to the exit opening 727 (at the bottom of the tank) and via piping 

forms a double line loop 1600. (The two connections at the exit opening may be provided in a 

pipe connected to the exit opening 727 that forms the double loop 1600.) Shown connected 

to the double line loop 1600 are lines 91A to the filter loop and line 75A to the global loop as 

15 shown in Figure 1C. When demand is high because of the two connections 1601, 1603 to the 

exit opening 727 at the bottom of the tank, the flow of the slurry or chemical blend from the 

tank will not restrict the supply and become a limiting factor. The flow rate of the slurry or 

chemical blend provided by the double lines from the tank will meet the demand. 

[0172] As stated above the pipes, tubing, hand valves, pneumatic valves, pumps, tanks, 

20 eductors, etc, used to construct the individual modules and the apparatus described herein 

are mostly off-the-shelf items. The plumbing is connected using pipes or tubing connectors 

that are manufactured with mating threaded portions that in the case of the tubing may require 

cutting the tubes and flaring the tube ends. These manufacturing techniques are known to a 

person of ordinary skill. 

25 [0173] The apparatuses of this invention although it may be designed and used to provide for 

flexibility in the supply of one or more blended slurries and/or one or more chemical blends, it 

may be designed and used to provide for large volumes (in many cases more than 10 Ipm) of 

high quality, consistently blended slurry or chemical blend (with little variation in the 

percentage of the composition and particle sizes (if slurry) therein), to be provided to large 

30 numbers of tools (e.g., 8 or more). Most of the prior art systems are designed to supply small 

volumes of slurry or chemical blends and to supply a small number of tools (e.g., 1 -4 tools.). 

The apparatus, herein, that blends slurry, preferably tests the raw slurry using a liquid particle 

counter and/or particle size distribution analyzer in the feed module, which can be used to 

analyze the raw slurry to detect bad slurry before much of or any volume of the raw slurry 

35 from the slurry supply container reaches the feed tank or blend module. The liquid particle 

counter and/or particle size distribution analyzer in the feed module can be used only to 

analyze the raw slurry (not the blended slurry) so that the dilution equipment (e.g., valves, 
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pumps, piping, etc. for the desired slurry and water flow rates) associated with that liquid 

particle counter and/or particle size distribution analyzer can be set and unchanged for the 

optimized dilution ratio (slurry:water ratio) of the slurry for the liquid particle counter and/or 

particle size distribution analyzer (matching the dilution to the sensitivity ranges of the 

5 equipment). 	(In the same way, a second liquid particle counter and/or particle size distribution 

analyzer can be provided for analyzing only the blended slurry in the apparatus, and a 

different optimized dilution ratio, if needed, can be used for the blended slurry. The blended 

slurry likely requires a different dilution ratio (as compared to the raw slurry) prior to analysis 

by the second liquid particle counter and/or particle size distribution analyzer and the dilution 

10 equipment (e.g. valves, pumps, piping for the desired slurry and water flow rates, etc.) 

associated with the liquid particle counter and/or particle size distribution analyzer can be 

optimized for the blended slurry, set and unchanged to provide consistent dilution of the 

blended slurry prior to analysis by the second liquid particle counter and/or particle size 

distribution analyzer.) The analysis of only the raw slurry supply (continuously or semi- 

15 continuously or with each new slurry supply container being added to the feed module), if the 

apparatus is used to blend large volumes of the same blended slurry will be of the same raw 

slurry. By checking the quality of the raw slurry supply, with the same analytical equipment 

that is used to only analyze the raw slurry and the raw slurry supply is the same raw slurry for 

large quantities of slurry to be blended, there is decreased likelihood that there will be dilution 

20 errors, or other errors and the results of the analysis by that equipment will be more reliable. 

Filter elements and/or treatment means in the blend and other modules are also provided to 

maintain the high quality of the slurry and chemical blend. The entire slurry supply and/or 

chemical blend supply apparatus can be designed and operated in a substantially steady-

state manner for the large quantities of the same slurry and/or chemical blend. Once a steady 

25 state is established, the flow rates and pressures throughout the apparatus are kept 

substantially consistent. 	In normal operation, the volumes of slurry and/or chemical blend in 

the feed and distribution modules are kept at volumes (tank levels) that can respond to 

increased demand by the tools (providing slurry or chemical blend so that the slurry or 

chemical blend circulates in the circulating loops (global loop) continuously) without running 

30 out of slurry or chemical blend and with a sufficient buffer amount so that the blend module 

can run at its steady-state rate and replace the volume in the distribution tank when the 

demand increases, and the volumes of raw slurry in the feed module can be replaced, if 

necessary, in its range of ordinary steady-state operation. The buffer volumes in the feed 

module and the distribution module make it possible for the blend module flow controllers to 

35 be kept at the same (unchanged) settings (within the most accurate range for each flow 

controller) with consistent upstream supplies of the components (pressures and flow rates) to 

the flow controllers to consistently blend the same slurry or chemical blend when the blend 
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pumps, piping, etc. for the desired slurry and water flow rates) associated with that liquid 

particle counter and/or particle size distribution analyzer can be set and unchanged for the 

optimized dilution ratio (slurry:water ratio) of the slurry for the liquid particle counter and/or 

particle size distribution analyzer (matching the dilution to the sensitivity ranges of the 

5 equipment). (In the same way, a second liquid particle counter and/or particle size distribution 

analyzer can be provided for analyzing only the blended slurry in the apparatus, and a 

different optimized dilution ratio, if needed, can be used for the blended slurry. The blended 

slurry likely requires a different dilution ratio (as compared to the raw slurry) prior to analysis 

by the second liquid particle counter and/or particle size distribution analyzer and the dilution 

10 equipment (e.g. valves, pumps, piping for the desired slurry and water flow rates, etc.) 

associated with the liquid particle counter and/or particle size distribution analyzer can be 

optimized for the blended slurry, set and unchanged to provide consistent dilution of the 

blended slurry prior to analysis by the second liquid particle counter and/or particle size 

distribution analyzer.) The analysis of only the raw slurry supply (continuously or semi-

15 continuously or with each new slurry supply container being added to the feed module), if the 

apparatus is used to blend large volumes of the same blended slurry will be of the same raw 

slurry. By checking the quality of the raw slurry supply, with the same analytical equipment 

that is used to only analyze the raw slurry and the raw slurry supply is the same raw slurry for 

large quantities of slurry to be blended, there is decreased likelihood that there will be dilution 

20 errors, or other errors and the results of the analysis by that equipment will be more reliable. 

Filter elements and/or treatment means in the blend and other modules are also provided to 

maintain the high quality of the slurry and chemical blend. The entire slurry supply and/or 

chemical blend supply apparatus can be designed and operated in a substantially steady-

state manner for the large quantities of the same slurry and/or chemical blend. Once a steady 

25 state is established, the flow rates and pressures throughout the apparatus are kept 

substantially consistent. In normal operation, the volumes of slurry and/or chemical blend in 

the feed and distribution modules are kept at volumes (tank levels) that can respond to 

increased demand by the tools (providing slurry or chemical blend so that the slurry or 

chemical blend circulates in the circulating loops (global loop) continuously) without running 

30 out of slurry or chemical blend and with a sufficient buffer amount so that the blend module 

can run at its steady-state rate and replace the volume in the distribution tank when the 

demand increases, and the volumes of raw slurry in the feed module can be replaced, if 

necessary, in its range of ordinary steady-state operation. The buffer volumes in the feed 

module and the distribution module make it possible for the blend module flow controllers to 

35 be kept at the same (unchanged) settings (within the most accurate range for each flow 

controller) with consistent upstream supplies of the components (pressures and flow rates) to 

the flow controllers to consistently blend the same slurry or chemical blend when the blend 
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module is blending. (If more than one slurry and/or chemical blend is to be blended, separate 

blend trains may be provided for each and the flow controllers in each blend train with 

unchanged setpoints (once established) therein for the separate materials to be blended.) 

Once the equipment parts and settings are established and the apparatus is running at 

5 steady-state, the apparatus can operate for days, weeks or months using the steady-state 

settings to supply a plurality of tools a consistent, high quality blend of slurry or chemical 

blend. The slurry provided by the apparatus of this invention to CMP tools may lead to a 

reduction in slurry generated defects on wafers as compared to slurry supplied to the same 

CMP tools using a different slurry supply apparatus. The apparatus may only be turned off for 

10 scheduled maintenance; however, redundant tanks, pumps, filter elements and piping can be 

provided in the apparatus so that the intervals for turning off the entire apparatus for 

maintenance can be longer than similar equipment. 

[0174] This invention further provides methods of manufacturing the apparatus. Some 

embodiments are as follows: 

15 A method of manufacturing a slurry and/or chemical blend supply apparatus comprising the 

steps of: constructing a feed module and/or analytical module and/or blend module and/or 

distribution module. A method of manufacturing comprising, alone or in combination with the 

prior method providing a feed module comprising at least one feed tank, at least one pump 

and piping, connecting a first pump to piping and connecting said piping to said at least one 

20 feed tank, said first pump and said piping is for transporting raw slurry to said at least one 

feed tank from a slurry supply container, said method further comprising the step of 

connecting additional piping to said at least one feed tank to form a circulation loop and 

connecting a second pump in said circulation loop to draw slurry from said at least one feed 

tank and return at least some of the raw slurry to said at least one feed tank. This invention 

25 provides alone or in combination with any of the just described methods of manufacturing a 

method comprising the step of connecting a back pressure controller within said circulation 

loop of said feed module. 

[0175] This invention provides any of the prior described methods of manufacturing alone or 

in combination with a method comprising the step of connecting a flow sensor within said 

30 circulation loop that is used to measure the flow rate in said circulation loop and further 

installing said flow sensor so that said measured flow rate can be used to directly or indirectly 

electrically communicate with and regulate the second pump. This invention further provides 

alone or in combination with any of the prior described methods of manufacturing a method 

comprising the step of connecting a pressure sensor and a back pressure controller in said 

35 circulation loop, wherein said pressure sensor is used to measure the pressure in said 

circulation loop and said valve in said back pressure controller is regulated based on the 

pressure measured by said pressure sensor via electrical connections, the electrical 
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module is blending. (If more than one slurry and/or chemical blend is to be blended, separate 

blend trains may be provided for each and the flow controllers in each blend train with 

unchanged setpoints (once established) therein for the separate materials to be blended.) 

Once the equipment parts and settings are established and the apparatus is running at 

5 steady-state, the apparatus can operate for days, weeks or months using the steady-state 

settings to supply a plurality of tools a consistent, high quality blend of slurry or chemical 

blend. The slurry provided by the apparatus of this invention to CMP tools may lead to a 

reduction in slurry generated defects on wafers as compared to slurry supplied to the same 

CMP tools using a different slurry supply apparatus. The apparatus may only be turned off for 

10 scheduled maintenance; however, redundant tanks, pumps, filter elements and piping can be 

provided in the apparatus so that the intervals for turning off the entire apparatus for 

maintenance can be longer than similar equipment. 

[0174] This invention further provides methods of manufacturing the apparatus. Some 

embodiments are as follows: 

15 A method of manufacturing a slurry and/or chemical blend supply apparatus comprising the 

steps of: constructing a feed module and/or analytical module and/or blend module and/or 

distribution module. A method of manufacturing comprising, alone or in combination with the 

prior method providing a feed module comprising at least one feed tank, at least one pump 

and piping, connecting a first pump to piping and connecting said piping to said at least one 

20 feed tank, said first pump and said piping is for transporting raw slurry to said at least one 

feed tank from a slurry supply container, said method further comprising the step of 

connecting additional piping to said at least one feed tank to form a circulation loop and 

connecting a second pump in said circulation loop to draw slurry from said at least one feed 

tank and return at least some of the raw slurry to said at least one feed tank. This invention 

25 provides alone or in combination with any of the just described methods of manufacturing a 

method comprising the step of connecting a back pressure controller within said circulation 

loop of said feed module. 

[0175] This invention provides any of the prior described methods of manufacturing alone or 

in combination with a method comprising the step of connecting a flow sensor within said 

30 circulation loop that is used to measure the flow rate in said circulation loop and further 

installing said flow sensor so that said measured flow rate can be used to directly or indirectly 

electrically communicate with and regulate the second pump. This invention further provides 

alone or in combination with any of the prior described methods of manufacturing a method 

comprising the step of connecting a pressure sensor and a back pressure controller in said 

35 circulation loop, wherein said pressure sensor is used to measure the pressure in said 

circulation loop and said valve in said back pressure controller is regulated based on the 

pressure measured by said pressure sensor via electrical connections, the electrical 
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connections may also be connected to a controller. Any of the prior described methods of 

manufacturing further comprising alone or in combination with the step of connecting at least 

one pipe to the circulation loop that is connected to and thereby transfers raw slurry to a blend 

module. 

5 [0176] This invention further provides alone or in combination with any of the prior described 

methods of manufacturing a method comprising the step of connecting electrical connections 

between said pressure sensor and the second (feed) pump so that a decrease in pressure 

below a set point will result in an increase in said second pump speed. This invention further 

provides alone or in combination with any of the prior described methods of manufacturing a 

10 method comprising the step of connecting an in-line liquid particle counter via a slip stream 

connected between said particle counter and a pipe downstream of the first (slurry transfer) 

pump in the feed module so that the liquid particle counter can analyze a sample of the raw 

slurry. This invention further provides alone or in combination with any of the prior described 

methods of manufacturing a method comprising the step of connecting an in-line particle size 

15 distribution analyzer via a slip stream preferably downstream of the first (raw slurry transfer 

from the container) pump so that the particle size distribution analyzer can analyze a sample 

of the raw slurry in the feed module. Additionally upstream or downstream of the particle size 

distribution analyzer may be connected to a liquid particle counter so that the liquid particle 

counter can analyze a sample of the raw slurry. A single slip stream or tubing loop may take 

20 

25 

a sample to the particle size distribution analyzer and/or liquid particle counter or separate slip 

streams or tubing loops may be provided to each. Alternatively, one or both of the particle 

size distribution analyzer and the liquid particle counter may provide for analysis of the entire 

raw slurry stream. 	This invention further provides alone or in combination with any of the 

prior method, a method of manufacturing the slurry and/or chemical blend supply apparatus, 

comprising the step of connecting a slip stream or sample loop from sample ports connected 

in the piping in any module in the slurry and/or chemical blend supply apparatus. 

[0177] Any of the prior described methods of manufacturing further comprising the step of 

connecting an in-line analytical apparatus and connecting in fluid communication therewith at 

least one slip stream, preferably at least two slip streams so that said analytical apparatus can 

30 draw samples of raw slurry or chemical blend from at least one location in a module via the 

one or more slip streams connected to sample ports connected to the piping in the module. 

Any of the prior described methods of manufacturing further comprising the step of arranging 

said slip streams into sample loops by providing a slip stream from said analytical apparatus 

to piping in said module from which the sample was drawn. Any of the prior described 

35 methods of manufacturing further comprising connecting a dilution apparatus which may 

comprise the connection of a dilution fixture prior to said in-line analytical apparatus to provide 

for the dilution of the sample prior to analyzing a slurry or chemical blend sample. Said 
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connections may also be connected to a controller. Any of the prior described methods of 

manufacturing further comprising alone or in combination with the step of connecting at least 

one pipe to the circulation loop that is connected to and thereby transfers raw slurry to a blend 

module. 

5 [0176] This invention further provides alone or in combination with any of the prior described 

methods of manufacturing a method comprising the step of connecting electrical connections 

between said pressure sensor and the second (feed) pump so that a decrease in pressure 

below a set point will result in an increase in said second pump speed. This invention further 

provides alone or in combination with any of the prior described methods of manufacturing a 

10 method comprising the step of connecting an in-line liquid particle counter via a slip stream 

connected between said particle counter and a pipe downstream of the first (slurry transfer) 

pump in the feed module so that the liquid particle counter can analyze a sample of the raw 

slurry. This invention further provides alone or in combination with any of the prior described 

methods of manufacturing a method comprising the step of connecting an in-line particle size 

15 distribution analyzer via a slip stream preferably downstream of the first (raw slurry transfer 

from the container) pump so that the particle size distribution analyzer can analyze a sample 

of the raw slurry in the feed module. Additionally upstream or downstream of the particle size 

distribution analyzer may be connected to a liquid particle counter so that the liquid particle 

counter can analyze a sample of the raw slurry. A single slip stream or tubing loop may take 

20 a sample to the particle size distribution analyzer and/or liquid particle counter or separate slip 

streams or tubing loops may be provided to each. Alternatively, one or both of the particle 

size distribution analyzer and the liquid particle counter may provide for analysis of the entire 

raw slurry stream. This invention further provides alone or in combination with any of the 

prior method, a method of manufacturing the slurry and/or chemical blend supply apparatus, 

25 comprising the step of connecting a slip stream or sample loop from sample ports connected 

in the piping in any module in the slurry and/or chemical blend supply apparatus. 

[0177] Any of the prior described methods of manufacturing further comprising the step of 

connecting an in-line analytical apparatus and connecting in fluid communication therewith at 

least one slip stream, preferably at least two slip streams so that said analytical apparatus can 

30 draw samples of raw slurry or chemical blend from at least one location in a module via the 

one or more slip streams connected to sample ports connected to the piping in the module. 

Any of the prior described methods of manufacturing further comprising the step of arranging 

said slip streams into sample loops by providing a slip stream from said analytical apparatus 

to piping in said module from which the sample was drawn. Any of the prior described 

35 methods of manufacturing further comprising connecting a dilution apparatus which may 

comprise the connection of a dilution fixture prior to said in-line analytical apparatus to provide 

for the dilution of the sample prior to analyzing a slurry or chemical blend sample. Said 

-104-



WO 2014/078398 	 PCT/US2013/069868 

dilution apparatus may be a multiple (e.g. double) dilution apparatus that may comprise two or 

more dilution fixtures, said method further comprising connecting pipes and valves and a high 

purity water source to one or more pipes carrying a sample of slurry or a chemical blend. 

[0178] Any of the prior described methods of manufacturing further comprising the step of 

5 connecting at least one peristaltic pump, at least one flow sensor and at least one needle 

valve upstream of said analytical module (which may comprise a liquid particle counter and/or 

particle size distribution analyzer) to dilute the slurry or chemical blend sample prior to 

analyzing the diluted sample. Any of the prior described methods of manufacturing further 

comprising the steps of connecting more than one flow sensor, more than one needle valve 

10 and more than one pneumatically controlled valve upstream of said analytical apparatus to 

dilute the slurry or chemical blend sample prior to analyzing the diluted sample. Any of the 

prior described methods of manufacturing further comprising the step of connecting one or 

more analytical apparatuses and one or more dilution fixtures upstream of said one or more 

analytical apparatuses, said dilution fixtures for the purpose of introducing slurry or chemical 

15 blend into UPW to create a diluted sample. Any of the prior described methods of 

manufacturing further wherein said one or more analytical apparatuses connected in said 

connecting step is selected from the group consisting of one or more pH sensors, one or more 

hydrogen peroxide sensors, one or more density sensors, one or more conductivity sensors, 

one or more liquid particle counters and one or more particle size distribution analyzers. Any 

20 of the prior described methods of manufacturing further comprising connecting to said 

circulation loop that is connected to said raw slurry tank, a blend module, said blend module 

comprises pipes for each of two or more flowing component streams that flow into a single 

pipe to form a blended slurry chemical blend stream, one of said component streams is said 

raw slurry stream from said circulations loop. 

25 [0179] Any of the prior described methods of manufacturing further comprising the step of 

connecting said blend module comprising a pipe for each component stream and at least one 

flow controller in each of the component pipes to control the flow rate of the components and 

wherein said component pipes are connected and combined into a single pipe to form the 

blended slurry or chemical blend stream. Any of the prior described methods of 

30 manufacturing further comprising the step of connecting a blend module comprising pipes for 

each of three or more component streams and at least one flow controller in each of those 

pipes to control the flow rate of the components and wherein two of said component pipes are 

combined into a single pipe downstream of the flow controllers in each of the pipes to form a 

partially blended slurry or chemical blend stream and then the third component stream is 

35 combined with the partially blended slurry or chemical blend stream downstream of the flow 

controller in the third component pipe to form a blended slurry or chemical blend. Any of the 

prior described methods of manufacturing further comprising the step of connecting a static 
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dilution apparatus may be a multiple (e.g. double) dilution apparatus that may comprise two or 

more dilution fixtures, said method further comprising connecting pipes and valves and a high 

purity water source to one or more pipes carrying a sample of slurry or a chemical blend. 

[0178] Any of the prior described methods of manufacturing further comprising the step of 

5 connecting at least one peristaltic pump, at least one flow sensor and at least one needle 

valve upstream of said analytical module (which may comprise a liquid particle counter and/or 

particle size distribution analyzer) to dilute the slurry or chemical blend sample prior to 

analyzing the diluted sample. Any of the prior described methods of manufacturing further 

comprising the steps of connecting more than one flow sensor, more than one needle valve 

10 and more than one pneumatically controlled valve upstream of said analytical apparatus to 

dilute the slurry or chemical blend sample prior to analyzing the diluted sample. Any of the 

prior described methods of manufacturing further comprising the step of connecting one or 

more analytical apparatuses and one or more dilution fixtures upstream of said one or more 

analytical apparatuses, said dilution fixtures for the purpose of introducing slurry or chemical 

15 blend into UPW to create a diluted sample. Any of the prior described methods of 

manufacturing further wherein said one or more analytical apparatuses connected in said 

connecting step is selected from the group consisting of one or more pH sensors, one or more 

hydrogen peroxide sensors, one or more density sensors, one or more conductivity sensors, 

one or more liquid particle counters and one or more particle size distribution analyzers. Any 

20 of the prior described methods of manufacturing further comprising connecting to said 

circulation loop that is connected to said raw slurry tank, a blend module, said blend module 

comprises pipes for each of two or more flowing component streams that flow into a single 

pipe to form a blended slurry chemical blend stream, one of said component streams is said 

raw slurry stream from said circulations loop. 

25 [0179] Any of the prior described methods of manufacturing further comprising the step of 

connecting said blend module comprising a pipe for each component stream and at least one 

flow controller in each of the component pipes to control the flow rate of the components and 

wherein said component pipes are connected and combined into a single pipe to form the 

blended slurry or chemical blend stream. Any of the prior described methods of 

30 manufacturing further comprising the step of connecting a blend module comprising pipes for 

each of three or more component streams and at least one flow controller in each of those 

pipes to control the flow rate of the components and wherein two of said component pipes are 

combined into a single pipe downstream of the flow controllers in each of the pipes to form a 

partially blended slurry or chemical blend stream and then the third component stream is 

35 combined with the partially blended slurry or chemical blend stream downstream of the flow 

controller in the third component pipe to form a blended slurry or chemical blend. Any of the 

prior described methods of manufacturing further comprising the step of connecting a static 
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mixer downstream of where the component pipes are connected and the component streams 

flow together in said blend module. Any of the prior described methods of manufacturing 

further comprising the step of connecting a pipe from the blend module to an analytical 

module (apparatus(es)) so that at least a portion of the blended slurry chemical blend stream 

5 is analyzed by said analytical module (apparatus(es)). Any of the prior described methods of 

manufacturing further comprising the step of connecting at least one pipe between the blend 

module and the distribution module so that at least a portion of the blended slurry or chemical 

blend stream from the blend module is transported to the distribution module. 

[0180] Any of the prior described methods of manufacturing further comprising the step of 

10 connecting at least one pipe between the analytical module and the distribution module so 

that at least a portion of the blended slurry or chemical blend stream from the analytical 

module is transported to the distribution module. Any of the prior described methods of 

manufacturing further comprising the step of connecting more than one pipe between the 

analytical module and the distribution module so that at least a portion of the blended slurry or 

15 chemical blend stream from the analytical module is transported to and from the distribution 

module. Any of the prior described methods of manufacturing comprising the step of 

connecting at least one pipe from the blend module to the distribution module so that at least 

a portion of the blended slurry or chemical blend stream from the blend module is transported 

to the distribution module. Any of the prior described methods of manufacturing comprising 

20 the step of connecting at least one pipe from the analytical module to the distribution module 

so that at least a portion of the slurry or chemical blend stream from the analytical module is 

transported to the distribution module. Any of the prior described methods of manufacturing 

further comprising the step of connecting a pipe between a blend module and said circulation 

loop of said feed module wherein said blend module comprises at least two pipes and a 

25 pump, each of said two pipes is for flowing a component stream to be blended in said blend 

module, wherein said at least two pipes are combined to form a single stream in a single pipe 

within 1 foot of said pump and passing the single stream through the pump to dynamically 

blend the streams. Any of the prior described methods of manufacturing further comprising 

the step of connecting flow controllers in said two pipes for said component streams upstream 

30 of said single pipe in said blend module. Any of the prior described methods of manufacturing 

further comprising the step of connecting a pipe between said feed module and said blend 

module, said blend module comprising at least three pipes for one each of at least three 

component streams, at least one static mixer and at least one pump; connecting two of said at 

least three pipes into a first single pipe and connecting a static mixer in said first single pipe; 

35 connecting said first single pipe and the last pipe of the at least three pipes to a last single 

pipe wherein the final combination of said at least three component streams in said last single 

pipe is connected to said pump and flows into said pump to dynamically blend the streams. 
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mixer downstream of where the component pipes are connected and the component streams 

flow together in said blend module. Any of the prior described methods of manufacturing 

further comprising the step of connecting a pipe from the blend module to an analytical 

module (apparatus(es)) so that at least a portion of the blended slurry chemical blend stream 

5 is analyzed by said analytical module (apparatus(es)). Any of the prior described methods of 

manufacturing further comprising the step of connecting at least one pipe between the blend 

module and the distribution module so that at least a portion of the blended slurry or chemical 

blend stream from the blend module is transported to the distribution module. 

[0180] Any of the prior described methods of manufacturing further comprising the step of 

10 connecting at least one pipe between the analytical module and the distribution module so 

that at least a portion of the blended slurry or chemical blend stream from the analytical 

module is transported to the distribution module. Any of the prior described methods of 

manufacturing further comprising the step of connecting more than one pipe between the 

analytical module and the distribution module so that at least a portion of the blended slurry or 

15 chemical blend stream from the analytical module is transported to and from the distribution 

module. Any of the prior described methods of manufacturing comprising the step of 

connecting at least one pipe from the blend module to the distribution module so that at least 

a portion of the blended slurry or chemical blend stream from the blend module is transported 

to the distribution module. Any of the prior described methods of manufacturing comprising 

20 the step of connecting at least one pipe from the analytical module to the distribution module 

so that at least a portion of the slurry or chemical blend stream from the analytical module is 

transported to the distribution module. Any of the prior described methods of manufacturing 

further comprising the step of connecting a pipe between a blend module and said circulation 

loop of said feed module wherein said blend module comprises at least two pipes and a 

25 pump, each of said two pipes is for flowing a component stream to be blended in said blend 

module, wherein said at least two pipes are combined to form a single stream in a single pipe 

within 1 foot of said pump and passing the single stream through the pump to dynamically 

blend the streams. Any of the prior described methods of manufacturing further comprising 

the step of connecting flow controllers in said two pipes for said component streams upstream 

30 of said single pipe in said blend module. Any of the prior described methods of manufacturing 

further comprising the step of connecting a pipe between said feed module and said blend 

module, said blend module comprising at least three pipes for one each of at least three 

component streams, at least one static mixer and at least one pump; connecting two of said at 

least three pipes into a first single pipe and connecting a static mixer in said first single pipe; 

35 connecting said first single pipe and the last pipe of the at least three pipes to a last single 

pipe wherein the final combination of said at least three component streams in said last single 

pipe is connected to said pump and flows into said pump to dynamically blend the streams. 
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Any of the prior described methods of manufacturing further comprising the step of connecting 

a pipe between the distribution module and the blend module to provide for a stream of 

already blended slurry or already blended chemical blend from said distribution module to be 

combined with at least one of the streams (comprising one or more components, that is a 

5 partially blended slurry or a partially blended chemical blend stream or a fully blended slurry 

or a fully blended chemical blend stream) in the blend module. Any of the prior described 

methods of manufacturing wherein said connecting step connects the pipe from the 

distribution module to the last single pipe that flows into said pump to dynamically blend the 

streams. 

10 [0181] Any of the prior described methods of manufacturing further comprising the step of 

connecting at least one pipe (may be a tube or slip stream) between said blend module and 

an analytical module, wherein said at least one pipe is connected to said blend module 

downstream of said pump that dynamically blends the streams. Any of the prior described 

methods of manufacturing further comprising the step of connecting at least one pipe from the 

15 analytical module (that is, downstream of the analytical equipment in said analytical module) 

to the blend module upstream of the blend module pump. Any of the prior described methods 

of manufacturing further comprising the step of connecting at least one filter in said blend 

module in a pipe downstream of the pump in the blend module. Any of the prior described 

methods of manufacturing further comprising the step of connecting at least one filter in said 

20 blend module in the last single pipe in said blend module. Any of the prior described methods 

of manufacturing further comprising the step of connecting at least one pipe between the 

blend module and the distribution module wherein said distribution module comprises a tank 

and wherein said at least one pipe transports a blended slurry or chemical blend stream from 

said blend module to said distribution tank. Any of the prior described methods of 

25 manufacturing further comprising the step of connecting a three-way valve and a restriction 

orifice in at least one pipe and connecting a second pipe to said three-way valve, said valve 

when open to said second pipe provides for restricted flow of slurry or chemical blend in said 

pipe having said restricted orifice therein, said pipe having said restricted orifice is used to 

change the direction of at least part of said slurry or chemical blend stream. Any of the prior 

30 described methods of manufacturing further comprising the step of connecting said pipe 

having said restricted orifice to an analytical module. Any of the prior described methods of 

manufacturing further comprising the step of connecting a pipe between said blend module 

pump and said distribution module and connecting a slip stream tube to said pipe between 

said blend module pump and said distribution module and connecting said slip stream to said 

35 analytical module. Any of the prior described methods of manufacturing further comprising 

the step of connecting a pipe from said blend module to a carboy compartment for removing 

samples of the blended slurry or chemical blend. Any of the prior described methods of 
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Any of the prior described methods of manufacturing further comprising the step of connecting 

a pipe between the distribution module and the blend module to provide for a stream of 

already blended slurry or already blended chemical blend from said distribution module to be 

combined with at least one of the streams (comprising one or more components, that is a 

5 partially blended slurry or a partially blended chemical blend stream or a fully blended slurry 

or a fully blended chemical blend stream) in the blend module. Any of the prior described 

methods of manufacturing wherein said connecting step connects the pipe from the 

distribution module to the last single pipe that flows into said pump to dynamically blend the 

streams. 

10 [0181] Any of the prior described methods of manufacturing further comprising the step of 

connecting at least one pipe (may be a tube or slip stream) between said blend module and 

an analytical module, wherein said at least one pipe is connected to said blend module 

downstream of said pump that dynamically blends the streams. Any of the prior described 

methods of manufacturing further comprising the step of connecting at least one pipe from the 

15 analytical module (that is, downstream of the analytical equipment in said analytical module) 

to the blend module upstream of the blend module pump. Any of the prior described methods 

of manufacturing further comprising the step of connecting at least one filter in said blend 

module in a pipe downstream of the pump in the blend module. Any of the prior described 

methods of manufacturing further comprising the step of connecting at least one filter in said 

20 blend module in the last single pipe in said blend module. Any of the prior described methods 

of manufacturing further comprising the step of connecting at least one pipe between the 

blend module and the distribution module wherein said distribution module comprises a tank 

and wherein said at least one pipe transports a blended slurry or chemical blend stream from 

said blend module to said distribution tank. Any of the prior described methods of 

25 manufacturing further comprising the step of connecting a three-way valve and a restriction 

orifice in at least one pipe and connecting a second pipe to said three-way valve, said valve 

when open to said second pipe provides for restricted flow of slurry or chemical blend in said 

pipe having said restricted orifice therein, said pipe having said restricted orifice is used to 

change the direction of at least part of said slurry or chemical blend stream. Any of the prior 

30 described methods of manufacturing further comprising the step of connecting said pipe 

having said restricted orifice to an analytical module. Any of the prior described methods of 

manufacturing further comprising the step of connecting a pipe between said blend module 

pump and said distribution module and connecting a slip stream tube to said pipe between 

said blend module pump and said distribution module and connecting said slip stream to said 

35 analytical module. Any of the prior described methods of manufacturing further comprising 

the step of connecting a pipe from said blend module to a carboy compartment for removing 

samples of the blended slurry or chemical blend. Any of the prior described methods of 
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manufacturing further comprising the steps of: providing a distribution module comprising one 

or more distribution tanks, one or more distribution global loops, and one or more pumps, said 

at least one distribution tank, at least one distribution global loop and at least one pump are in 

fluid communication, and connecting said distribution module to said blend module via at least 

5 one pipe. Any of the prior described methods of manufacturing further comprising the step of 

connecting at least one filter or filter element via at least one pipe into fluid communication 

with said distribution tank. Any of the prior described methods of manufacturing wherein at 

least one filter or filter element is connected within the global loop so that blended slurry or 

chemical blend flows from the global loop through at least one of the at least one filter or filter 

10 element and after passing through the at least one of the at least one filter or filter element the 

blended slurry or chemical blend returns to the global loop downstream of said at least one of 

the at least one filter or filter element. Any of the prior described methods of manufacturing 

further comprising the step of connecting one or more sample ports in said distribution module 

and connecting the sample ports via tubes to the analytical module to provide slurry or 

15 chemical blend from said distribution module to said analytical module for testing. Any of the 

prior described methods of manufacturing further comprising the step of connecting one or 

more sample ports in said distribution module and connecting to the sample ports tubes that 

are also connected to the analytical module to provide slurry or chemical blend from said 

distribution module to said analytical module for testing, and also optionally further comprising 

20 the step of connecting a tube between said analytical module and said distribution module to 

return at least a portion of the sample to the distribution module after testing by the analytical 

module wherein optionally only one analytical module is provided for the slurry and/or 

chemical blend apparatus. 

[0182] Any of the prior described methods of manufacturing further comprising the step of 

25 connecting one or more back pressure controllers and pressure sensors in the distribution 

module's global loop. Any of the prior described methods of manufacturing further comprising 

the step of connecting one or more flow sensors in the distribution module's global loop. Any 

of the prior described methods of manufacturing further comprising the step of connecting the 

return exit pipe of the distribution module's global loop to the distribution tank and attaching 

30 one or more eductors to the exit of the return pipe of the global loop into the distribution tank. 

[0183] A method of manufacturing a slurry and/or chemical blend supply apparatus 

comprising the step of connecting at least one pipe to a tank and connecting at least one 

eductor to said at least one pipe. Any of the prior described methods of manufacturing a 

slurry and/or chemical blend supply apparatus of any of the preceding claims wherein said 

35 apparatus further comprises a tank, and said tank comprises one or more eductors located at 

the bottom portion of said tank comprising the step of attaching said one or more educators to 

a return pipe located at the bottom of the tank. Any of the prior described methods of 
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manufacturing further comprising the steps of: providing a distribution module comprising one 

or more distribution tanks, one or more distribution global loops, and one or more pumps, said 

at least one distribution tank, at least one distribution global loop and at least one pump are in 

fluid communication, and connecting said distribution module to said blend module via at least 

5 one pipe. Any of the prior described methods of manufacturing further comprising the step of 

connecting at least one filter or filter element via at least one pipe into fluid communication 

with said distribution tank. Any of the prior described methods of manufacturing wherein at 

least one filter or filter element is connected within the global loop so that blended slurry or 

chemical blend flows from the global loop through at least one of the at least one filter or filter 

10 element and after passing through the at least one of the at least one filter or filter element the 

blended slurry or chemical blend returns to the global loop downstream of said at least one of 

the at least one filter or filter element. Any of the prior described methods of manufacturing 

further comprising the step of connecting one or more sample ports in said distribution module 

and connecting the sample ports via tubes to the analytical module to provide slurry or 

15 chemical blend from said distribution module to said analytical module for testing. Any of the 

prior described methods of manufacturing further comprising the step of connecting one or 

more sample ports in said distribution module and connecting to the sample ports tubes that 

are also connected to the analytical module to provide slurry or chemical blend from said 

distribution module to said analytical module for testing, and also optionally further comprising 

20 the step of connecting a tube between said analytical module and said distribution module to 

return at least a portion of the sample to the distribution module after testing by the analytical 

module wherein optionally only one analytical module is provided for the slurry and/or 

chemical blend apparatus. 

[0182] Any of the prior described methods of manufacturing further comprising the step of 

25 connecting one or more back pressure controllers and pressure sensors in the distribution 

module's global loop. Any of the prior described methods of manufacturing further comprising 

the step of connecting one or more flow sensors in the distribution module's global loop. Any 

of the prior described methods of manufacturing further comprising the step of connecting the 

return exit pipe of the distribution module's global loop to the distribution tank and attaching 

30 one or more eductors to the exit of the return pipe of the global loop into the distribution tank. 

[0183] A method of manufacturing a slurry and/or chemical blend supply apparatus 

comprising the step of connecting at least one pipe to a tank and connecting at least one 

eductor to said at least one pipe. Any of the prior described methods of manufacturing a 

slurry and/or chemical blend supply apparatus of any of the preceding claims wherein said 

35 apparatus further comprises a tank, and said tank comprises one or more eductors located at 

the bottom portion of said tank comprising the step of attaching said one or more educators to 

a return pipe located at the bottom of the tank. Any of the prior described methods of 
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manufacturing comprising the step of connecting a strainer in at least one pipe of said 

apparatus to remove debris or particles. Any of the prior described methods of manufacturing 

a slurry and/or chemical blend supply apparatus comprising the step of connecting to a tank a 

double line loop to a pipe at the exit opening of said tank. Any of the prior described methods 

5 of manufacturing further comprising the step of connecting at least one of each of a 

centrifugal pump, a diaphragm pump and a peristaltic pump to the slurry and/or chemical 

blend supply apparatus. 

[0184] This invention further provides the method of manufacturing any of the embodiments 

of a slurry and/or chemical blend supply apparatus disclosed herein which entails the step of 

10 connecting the component parts of the apparatus or modules of the apparatus in such a way 

to manufacture the slurry and/or chemical blend supply apparatuses described and shown in 

the specification including the drawings. 	This invention further provides the use of any of the 

apparatuses disclosed or claimed herein to blend, supply, dilute, transport and/or analyze the 

slurry and/or chemical blend. 

15 Additional embodiments (possible claims) of this invention include the following: 

1. 	A slurry and/or chemical blend supply apparatus, methods of use and methods 

of manufacturing the apparatus comprising any of the modules or aspects of the modules or 

components described in the specification or claims, alone or in any combination. 

2. A slurry and/or chemical blend supply apparatus comprising an optional feed 

20 module comprising at least one pump and tank for holding raw slurry, and a circulation loop 

connected to the tank for circulating the raw slurry in the tank. 

3. The slurry and/or chemical blend supply apparatus of any of the preceding claims 

wherein said circulation loop further comprises a pump connected to a pipe at or near the 

bottom of the tank and a return pipe that returns the raw slurry to the tank. 

25 4. The slurry and/or chemical blend supply apparatus of any of the preceding claims 

wherein said circulation loop further comprises a back pressure controller. 

5. The slurry and/or chemical blend supply apparatus of any of the preceding claims 

wherein said circulation loop comprises a flow sensor (that may be used to regulate the speed 

of the pump). 

30 6. The slurry and/or chemical blend supply apparatus of any of the preceding claims 

wherein said circulation loop comprises a pressure sensor (that may be used to regulate the 

back pressure controller). 

7. The slurry and/or chemical blend supply apparatus of any of the preceding claims 

wherein said circulation loop comprises at least one pipe connected to the circulation loop that 

35 transfers slurry to the blend module. 
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manufacturing comprising the step of connecting a strainer in at least one pipe of said 

apparatus to remove debris or particles. Any of the prior described methods of manufacturing 

a slurry and/or chemical blend supply apparatus comprising the step of connecting to a tank a 

double line loop to a pipe at the exit opening of said tank. Any of the prior described methods 

5 of manufacturing further comprising the step of connecting at least one of each of a 

centrifugal pump, a diaphragm pump and a peristaltic pump to the slurry and/or chemical 

blend supply apparatus. 

[0184] This invention further provides the method of manufacturing any of the embodiments 

of a slurry and/or chemical blend supply apparatus disclosed herein which entails the step of 

10 connecting the component parts of the apparatus or modules of the apparatus in such a way 

to manufacture the slurry and/or chemical blend supply apparatuses described and shown in 

the specification including the drawings. This invention further provides the use of any of the 

apparatuses disclosed or claimed herein to blend, supply, dilute, transport and/or analyze the 

slurry and/or chemical blend. 

15 Additional embodiments (possible claims) of this invention include the following: 

1. A slurry and/or chemical blend supply apparatus, methods of use and methods 

of manufacturing the apparatus comprising any of the modules or aspects of the modules or 

components described in the specification or claims, alone or in any combination. 

2. A slurry and/or chemical blend supply apparatus comprising an optional feed 

20 module comprising at least one pump and tank for holding raw slurry, and a circulation loop 

connected to the tank for circulating the raw slurry in the tank. 

3. The slurry and/or chemical blend supply apparatus of any of the preceding claims 

wherein said circulation loop further comprises a pump connected to a pipe at or near the 

bottom of the tank and a return pipe that returns the raw slurry to the tank. 

25 4. The slurry and/or chemical blend supply apparatus of any of the preceding claims 

wherein said circulation loop further comprises a back pressure controller. 

5. The slurry and/or chemical blend supply apparatus of any of the preceding claims 

wherein said circulation loop comprises a flow sensor (that may be used to regulate the speed 

of the pump). 

30 6. The slurry and/or chemical blend supply apparatus of any of the preceding claims 

wherein said circulation loop comprises a pressure sensor (that may be used to regulate the 

back pressure controller). 

7. The slurry and/or chemical blend supply apparatus of any of the preceding claims 

wherein said circulation loop comprises at least one pipe connected to the circulation loop that 

35 transfers slurry to the blend module. 

-109-



WO 2014/078398 	 PCT/US2013/069868 

8. The slurry and/or chemical blend supply apparatus of any of the preceding claims 

wherein said circulation loop comprises one or more pumps that pump raw slurry from one or 

more slurry supply containers and transfers the slurry to the tank. 

9. The slurry and/or chemical blend supply apparatus of any of the preceding claims 

5 wherein said feed module can supply raw slurry to the blend module on-demand. 

10. A slurry and/or chemical blend supply apparatus alone or in combination with 

any of the preceding claims wherein said feed module further comprises or comprises an in-

line liquid particle counter and/or particle size distribution analyzer and one or more sample 

ports that can draw slurry samples from at least one or two or more locations in the feed 

10 module, optionally the slurry can be analyzed before transporting it from the slurry supply 

container to the feed tank, said in-line liquid particle counter and/or particle size distribution 

analyzer may optionally analyze only raw slurry, with the apparatus comprising a second 

optional in-line liquid particle counter and/or particle size distribution analyzer for analyzing 

only blended slurry and/or chemical blend. 

15 11. The slurry and/or chemical blend supply apparatus alone or in combination with 

any of the preceding claims further comprising or comprises an in-line liquid particle counter 

and/or particle size distribution analyzer or other analytical apparatus, sensor or module. 

12. The slurry and/or chemical blend supply apparatus of any of claims 10-11 further 

wherein said liquid particle counter and/or particle size distribution analyzer to other analytical 

20 apparatus, sensor or module comprises a single dilution means or perform a single dilution 

step prior to analyzing a slurry sample. 

13. The slurry and/or chemical blend supply apparatus of any of claims 10-12 further 

wherein said liquid particle counter and/or particle size distribution analyzer or other analytical 

apparatus, sensor or module comprises double dilution means to perform two dilution steps of 

25 the slurry sample prior to analyzing the diluted sample. 

14. The slurry and/or chemical blend supply apparatus of any of claims 10-13 

wherein said liquid particle counter and/or particle size distribution analyzer or other analytical 

apparatus, sensor or module comprises at least one peristaltic pump, flow sensors and 

needle valves to dilute the slurry sample prior to analyzing the diluted sample. 

30 15. The slurry and/or chemical blend supply apparatus of any of claims 10-14 

wherein said liquid particle counter and/or particle size distribution analyzer or other analytical 

apparatus, sensor or module comprises more than one flow sensors, more than one needle 

valves and more than one pneumatically controlled valves to dilute the slurry sample prior to 

analyzing the diluted sample. 

35 16. The slurry and/or chemical blend supply apparatus of any of claims 10-15 

wherein said apparatus and/or said liquid particle counter and/or particle size distribution 

analyzer or other analytical apparatus, sensor or module further comprises one or more than 
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8. The slurry and/or chemical blend supply apparatus of any of the preceding claims 

wherein said circulation loop comprises one or more pumps that pump raw slurry from one or 

more slurry supply containers and transfers the slurry to the tank. 

9. The slurry and/or chemical blend supply apparatus of any of the preceding claims 

5 wherein said feed module can supply raw slurry to the blend module on-demand. 

10. A slurry and/or chemical blend supply apparatus alone or in combination with 

any of the preceding claims wherein said feed module further comprises or comprises an in­

line liquid particle counter and/or particle size distribution analyzer and one or more sample 

ports that can draw slurry samples from at least one or two or more locations in the feed 

10 module, optionally the slurry can be analyzed before transporting it from the slurry supply 

container to the feed tank, said in-line liquid particle counter and/or particle size distribution 

analyzer may optionally analyze only raw slurry, with the apparatus comprising a second 

optional in-line liquid particle counter and/or particle size distribution analyzer for analyzing 

only blended slurry and/or chemical blend. 

15 11. The slurry and/or chemical blend supply apparatus alone or in combination with 

any of the preceding claims further comprising or comprises an in-line liquid particle counter 

and/or particle size distribution analyzer or other analytical apparatus, sensor or module. 

12. The slurry and/or chemical blend supply apparatus of any of claims 10-11 further 

wherein said liquid particle counter and/or particle size distribution analyzer to other analytical 

20 apparatus, sensor or module comprises a single dilution means or perform a single dilution 

step prior to analyzing a slurry sample. 

13. The slurry and/or chemical blend supply apparatus of any of claims 10-12 further 

wherein said liquid particle counter and/or particle size distribution analyzer or other analytical 

apparatus, sensor or module comprises double dilution means to perform two dilution steps of 

25 the slurry sample prior to analyzing the diluted sample. 

14. The slurry and/or chemical blend supply apparatus of any of claims 10-13 

wherein said liquid particle counter and/or particle size distribution analyzer or other analytical 

apparatus, sensor or module comprises at least one peristaltic pump, flow sensors and 

needle valves to dilute the slurry sample prior to analyzing the diluted sample. 

30 15. The slurry and/or chemical blend supply apparatus of any of claims 10-14 

wherein said liquid particle counter and/or particle size distribution analyzer or other analytical 

apparatus, sensor or module comprises more than one flow sensors, more than one needle 

valves and more than one pneumatically controlled valves to dilute the slurry sample prior to 

analyzing the diluted sample. 

35 16. The slurry and/or chemical blend supply apparatus of any of claims 10-15 

wherein said apparatus and/or said liquid particle counter and/or particle size distribution 

analyzer or other analytical apparatus, sensor or module further comprises one or more than 
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one dilution fixtures for the purpose of introducing the slurry or diluted slurry into UPW to 

create the diluted sample. 

17. The slurry and/or chemical blend supply apparatus of claims 10-16 wherein the 

analytical apparatus, sensor or module comprises one or more of the group consisting of one 

5 or more pH sensors, one or more hydrogen peroxide sensors, one or more density sensors, 

one or more conductivity sensors, optionally one or more liquid particle counters and 

optionally one or more particle size distribution analyzers. 

18. A slurry and/or chemical blend supply apparatus alone or in combination with 

any of the preceding claims further comprising or comprising a blend module that combines 

10 two or more flowing component streams to form a blended slurry or chemical blend in a pipe. 

19. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims wherein said blend module comprises a pipe for each component stream and at least 

one flow controller in each of the component pipes to control the flow rate of the components 

and wherein said component pipes are connected and combined into a single pipe to form the 

15 blended slurry or chemical blend stream. 

20. The slurry and/or chemical blend supply apparatus of any of the preceding claims 

wherein said blend module combines three or more flowing component streams and 

comprises a pipe for each component stream and at least one flow controller in each of those 

pipes to control the flow rate of the components and wherein two component pipes comprising 

20 a first and second component streams are combined into a single pipe to form a partially 

blended slurry or partially blended chemical blend stream and the third component stream is 

combined with the partially blended slurry or partially blended chemical blend stream. 

21. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims wherein said blend module further comprises one or more static mixers downstream of 

25 where any two or all of the component pipes are connected and the component streams flow 

together. 

22. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims wherein at least a portion of the blended slurry or chemical blend stream from the 

blend module passes through and is analyzed in an analytical module comprising one or more 

30 analytical apparatuses, optionally also comprising single or double dilution equipment and/or 

optionally comprising a liquid particle counter and/or particle size distribution analyzer. 

23. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims wherein at least a portion of the blended slurry or chemical blend stream from the 

blend module is transported to the distribution module. 

35 24. The slurry and/or chemical blend supply apparatus of any of the preceding claims 

wherein at least a portion of the blended slurry or chemical blend stream from the analytical 

module is transported to the distribution module. 
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17. The slurry and/or chemical blend supply apparatus of claims 10-16 wherein the 

analytical apparatus, sensor or module comprises one or more of the group consisting of one 

5 or more pH sensors, one or more hydrogen peroxide sensors, one or more density sensors, 
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one flow controller in each of the component pipes to control the flow rate of the components 

and wherein said component pipes are connected and combined into a single pipe to form the 

15 blended slurry or chemical blend stream. 

20. The slurry and/or chemical blend supply apparatus of any of the preceding claims 

wherein said blend module combines three or more flowing component streams and 

comprises a pipe for each component stream and at least one flow controller in each of those 

pipes to control the flow rate of the components and wherein two component pipes comprising 

20 a first and second component streams are combined into a single pipe to form a partially 

blended slurry or partially blended chemical blend stream and the third component stream is 

combined with the partially blended slurry or partially blended chemical blend stream. 

21. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims wherein said blend module further comprises one or more static mixers downstream of 

25 where any two or all of the component pipes are connected and the component streams flow 

together. 

22. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims wherein at least a portion of the blended slurry or chemical blend stream from the 

blend module passes through and is analyzed in an analytical module comprising one or more 

30 analytical apparatuses, optionally also comprising single or double dilution equipment and/or 

optionally comprising a liquid particle counter and/or particle size distribution analyzer. 

23. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims wherein at least a portion of the blended slurry or chemical blend stream from the 

blend module is transported to the distribution module. 

35 24. The slurry and/or chemical blend supply apparatus of any of the preceding claims 

wherein at least a portion of the blended slurry or chemical blend stream from the analytical 

module is transported to the distribution module. 
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25. The slurry and/or chemical blend supply apparatus of any of the preceding claims 

wherein at least a portion of the blended slurry or chemical blend stream from the analytical 

module is transported to the blend module. 

26. The slurry and/or chemical blend supply apparatus of any of the preceding claims 

5 wherein at least a portion of the blended slurry or chemical blend stream from the blend 

module is simultaneously transported to each of the distribution module and the analytical 

module. 

27. The slurry and/or chemical blend supply apparatus of any of the preceding claims 

wherein said apparatus comprises a blend module wherein two or more component streams 

10 selected from the group consisting of raw slurry, water, one or more chemical components, 

one or more chemical components blended with water, partially blended slurry, fully blended 

slurry, partially blended chemical blend and fully blended chemical blend wherein said blend 

module further comprises a blend module pump and at least two of said component streams 

that are connected to and are combined in a single pipe to form a single stream within 1 foot 

15 upstream of the pump and said single pipe is connected to the pump so that the single stream 

is passed through the pump to dynamically blend the streams to form a blended slurry or 

chemical blend stream. 

28. The slurry and/or chemical blend apparatus of claim 27 wherein said pipes for 

each of said component streams comprise flow controllers therein to control the amount of 

20 each component that is combined with the other components to form the blended slurry or 

chemical blend stream. 

29. The slurry and/or chemical blend supply apparatus of any of claims 26-28 

wherein the pipes for each of three component streams flowing therein are combined in 

stages, the first two pipes (first and second pipes) for the first two component streams are 

25 

30 

combined into a single (combined streams) pipe, said single (combined streams) pipe 

optionally having a static mixer therein to form a partially blended slurry and/or partially 

blended chemical blend stream, said single (combined streams) pipe is connected to a third 

pipe comprising said third component stream to form a second single pipe, said second single 

pipe being in fluid communication with a downstream pump, to dynamically blend the first, 

second and third component streams to form a blended slurry or chemical blend stream. 

30. The slurry and/or chemical blend supply apparatus of any of claims 26-29 

wherein a stream of already blended slurry or already blended chemical blend is combined 

with the other slurry or chemical blend component streams in said blend module. 

31. The slurry and/or chemical blend supply apparatus of any of the claims 26-30 

35 further comprising a pipe connected to said blend module downstream of said blend module 

pump and said analytical module wherein at least a sample of the blended slurry or chemical 

blend stream is sent to an analytical module via said pipe following said blend module pump. 
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25. The slurry and/or chemical blend supply apparatus of any of the preceding claims 

wherein at least a portion of the blended slurry or chemical blend stream from the analytical 

module is transported to the blend module. 

26. The slurry and/or chemical blend supply apparatus of any of the preceding claims 

5 wherein at least a portion of the blended slurry or chemical blend stream from the blend 

module is simultaneously transported to each of the distribution module and the analytical 

module. 

27. The slurry and/or chemical blend supply apparatus of any of the preceding claims 

wherein said apparatus comprises a blend module wherein two or more component streams 

10 selected from the group consisting of raw slurry, water, one or more chemical components, 

one or more chemical components blended with water, partially blended slurry, fully blended 

slurry, partially blended chemical blend and fully blended chemical blend wherein said blend 

module further comprises a blend module pump and at least two of said component streams 

that are connected to and are combined in a single pipe to form a single stream within 1 foot 

15 upstream of the pump and said single pipe is connected to the pump so that the single stream 

is passed through the pump to dynamically blend the streams to form a blended slurry or 

chemical blend stream. 

28. The slurry and/or chemical blend apparatus of claim 27 wherein said pipes for 

each of said component streams comprise flow controllers therein to control the amount of 

20 each component that is combined with the other components to form the blended slurry or 

chemical blend stream. 

29. The slurry and/or chemical blend supply apparatus of any of claims 26-28 

wherein the pipes for each of three component streams flowing therein are combined in 

stages, the first two pipes (first and second pipes) for the first two component streams are 

25 combined into a single (combined streams) pipe, said single (combined streams) pipe 

optionally having a static mixer therein to form a partially blended slurry and/or partially 

blended chemical blend stream, said single (combined streams) pipe is connected to a third 

pipe comprising said third component stream to form a second single pipe, said second single 

pipe being in fluid communication with a downstream pump, to dynamically blend the first, 

30 second and third component streams to form a blended slurry or chemical blend stream. 

30. The slurry and/or chemical blend supply apparatus of any of claims 26-29 

wherein a stream of already blended slurry or already blended chemical blend is combined 

with the other slurry or chemical blend component streams in said blend module. 

31. The slurry and/or chemical blend supply apparatus of any of the claims 26-30 

35 further comprising a pipe connected to said blend module downstream of said blend module 

pump and said analytical module wherein at least a sample of the blended slurry or chemical 

blend stream is sent to an analytical module via said pipe following said blend module pump. 
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32. The slurry and/or chemical blend supply apparatus of any of the claim 31 

wherein at least a portion of the sample is returned to the blend module upstream of the blend 

module pump after analysis by the analytical module. 

33. The slurry and/or chemical blend supply apparatus of any of the claims 26-32 

5 wherein said blend module further comprises at least one filter or at least one filter element 

located downstream of the blend module pump and the blended slurry or chemical blend 

stream (or additional blended slurry or additional blended chemical blend) downstream of the 

blend module pump is filtered. 

34. A slurry and/or chemical blend supply apparatus alone or of any of the preceding 

10 claims further comprising at least one filter element selected from the group consisting of one 

or more filters or filter banks, in serial or parallel arrangements, that optionally may be within 

one or more filter loops, in at least one, optionally in at least two, or optionally in at least three 

modules. 

35. A slurry and/or chemical blend supply apparatus alone or of any of the 

15 preceding claims further comprising at least one filter or filter bank in a parallel arrangement 

comprising valves to isolate each filter or filter bank, the filters or filter banks operate 

sequentially, that is, when at least one filter or filter bank is on-line, the other at least one filter 

or filter bank is off-line. 

36. A slurry and/or chemical blend supply apparatus alone, or of any of the 

20 preceding claims, further comprising one or more filter loops wherein each filter loop 

comprises a pipe loop and at least one filter or filter bank that may be in a serial or parallel 

arrangement and a pump in the pipe loop; the pipe loop comprises an inlet and an outlet, said 

inlet connects to and is in fluid communication with a pipe or tank within at least one of the 

modules that supplies the slurry or chemical blend to be filtered, said outlet connects to and is 

25 in fluid communication with a pipe or tank within at least one of the modules (that may be the 

same or different module from the pipe or tank that the inlet connects to) for the return of the 

slurry or chemical blend after filtering, said pump in said filter loop draws slurry or chemical 

blend from the module to which the inlet is in fluid communication, filters the slurry or chemical 

blend in the at least one filter or filter bank and returns it to the same or a different module via 

30 the outlet. 

37. The slurry and/or chemical blend supply apparatus of claim 36 wherein said 

filter loop further comprises one or more valves in said inlet and optionally one or more valves 

in said outlet that can be opened or closed to bring said filter loop on-line or to take the filter 

loop off-line. 

35 38. The slurry and/or chemical blend supply apparatus alone or of any of the 

preceding claims further comprising or further wherein at least one filter is part of at least two 
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32. The slurry and/or chemical blend supply apparatus of any of the claim 31 

wherein at least a portion of the sample is returned to the blend module upstream of the blend 

module pump after analysis by the analytical module. 

33. The slurry and/or chemical blend supply apparatus of any of the claims 26-32 

5 wherein said blend module further comprises at least one filter or at least one filter element 

located downstream of the blend module pump and the blended slurry or chemical blend 

stream (or additional blended slurry or additional blended chemical blend) downstream of the 

blend module pump is filtered. 

34. A slurry and/or chemical blend supply apparatus alone or of any of the preceding 

10 claims further comprising at least one filter element selected from the group consisting of one 

or more filters or filter banks, in serial or parallel arrangements, that optionally may be within 

one or more filter loops, in at least one, optionally in at least two, or optionally in at least three 

modules. 

35. A slurry and/or chemical blend supply apparatus alone or of any of the 

15 preceding claims further comprising at least one filter or filter bank in a parallel arrangement 

comprising valves to isolate each filter or filter bank, the filters or filter banks operate 

sequentially, that is, when at least one filter or filter bank is on-line, the other at least one filter 

or filter bank is off-line. 

36. A slurry and/or chemical blend supply apparatus alone, or of any of the 

20 preceding claims, further comprising one or more filter loops wherein each filter loop 

comprises a pipe loop and at least one filter or filter bank that may be in a serial or parallel 

arrangement and a pump in the pipe loop; the pipe loop comprises an inlet and an outlet, said 

inlet connects to and is in fluid communication with a pipe or tank within at least one of the 

modules that supplies the slurry or chemical blend to be filtered, said outlet connects to and is 

25 in fluid communication with a pipe or tank within at least one of the modules (that may be the 

same or different module from the pipe or tank that the inlet connects to) for the return of the 

slurry or chemical blend after filtering, said pump in said filter loop draws slurry or chemical 

blend from the module to which the inlet is in fluid communication, filters the slurry or chemical 

blend in the at least one filter or filter bank and returns it to the same or a different module via 

30 the outlet. 

37. The slurry and/or chemical blend supply apparatus of claim 36 wherein said 

filter loop further comprises one or more valves in said inlet and optionally one or more valves 

in said outlet that can be opened or closed to bring said filter loop on-line or to take the filter 

loop off-line. 

35 38. The slurry and/or chemical blend supply apparatus alone or of any of the 

preceding claims further comprising or further wherein at least one filter is part of at least two 
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filter filters or two filter banks arranged in series that operate simultaneously in series with the 

stream exiting the first filter or filter bank entering the second filter or filter bank. 

39. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims wherein at least a portion of said blended slurry or chemical blend stream from said 

5 blend module is transported to said distribution tank. 

40. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims further comprising means to change the direction of at least part of a slurry or chemical 

blend stream, said means comprising using a three-way valve to direct the slurry or chemical 

blend stream into a pipe having a restricted orifice therein. 

10 41. The slurry and/or chemical blend supply apparatus of claim 40 wherein said 

means are used to direct at least part of a stream of blended slurry or chemical blend into an 

analytical module. 

42. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims wherein for said slurry or chemical blend stream after said blend module pump, at least 

15 portion of said blended slurry and/or chemical blend is directed into an analytical module. 

43. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims comprising (in or downstream of said blend module) a carboy compartment for 

removing samples of the blended slurry or chemical blend from said slurry and/or chemical 

blend supply apparatus. 

20 44. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims further wherein said apparatus further comprises one or more sample ports, located in 

at least one module, preferably in at least two or at least three modules, that provide slurry or 

chemical blend to the analytical module. 

45. The slurry and/or chemical blend supply apparatus of any of the preceding 

25 claims further wherein said blend module further comprises one or more sample loops that 

provide slurry or chemical blend to the analytical module and return it to the blend module. 

46. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims further wherein said feed module further comprises one or more sample ports that 

provide slurry or chemical blend to the analytical module. 

30 47. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims further wherein said feed module further comprises one or more sample loops that 

provide slurry or chemical blend to the analytical module and/or to a liquid particle counter or 

particle size distribution analyzer for the raw slurry and return it to the feed module. 

48. The slurry and/or chemical blend supply apparatus alone or of any of the 

35 preceding claims comprising a distribution module comprising one or more distribution tanks 

and one or more pumps. 
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stream exiting the first filter or filter bank entering the second filter or filter bank. 
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42. The slurry and/or chemical blend supply apparatus of any of the preceding 
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provide slurry or chemical blend to the analytical module and return it to the blend module. 

46. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims further wherein said feed module further comprises one or more sample ports that 

provide slurry or chemical blend to the analytical module. 

30 47. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims further wherein said feed module further comprises one or more sample loops that 

provide slurry or chemical blend to the analytical module and/or to a liquid particle counter or 

particle size distribution analyzer for the raw slurry and return it to the feed module. 

48. The slurry and/or chemical blend supply apparatus alone or of any of the 

35 preceding claims comprising a distribution module comprising one or more distribution tanks 

and one or more pumps. 
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49. The slurry and/or chemical blend supply apparatus of claim 48 further wherein 

said distribution module further comprises at least one or at least two filters, or at least one or 

at least two filter elements. 

50. The slurry and/or chemical blend supply apparatus of any of the preceding 

5 claims wherein said at least one filter or at least one filter element is in the global loop, 

optionally upstream of the one or more tools. 

51. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims further wherein said distribution module further comprises one or more sample ports 

that provide slurry or chemical blend to the analytical module. 

10 52. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims further wherein said distribution module further comprises one or more sample loops 

that provide slurry or chemical blend to the analytical module and return it to the distribution 

module. 

53. The slurry and/or chemical blend supply apparatus of any of the preceding claims 

15 further wherein said distribution module further comprises one or more global loops, one or 

more back pressure controllers and one or more pressure sensors on each of said one or 

more the global loops. 

54. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims further wherein said distribution module comprises one or more flow sensors on each 

20 of the one or more global loops. 

55. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims wherein said at least one global loop further comprises a pump connected to a pipe at 

or near the bottom of the distribution tank and a return pipe that returns the raw slurry or 

chemical blend to the tank. 

25 56. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims wherein said at least one global loop further comprises a back pressure controller. 

57. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims wherein said at least one global loop comprises a flow sensor (that may be used to 

regulate the speed of the pump). 

30 58. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims wherein said at least one global loop comprises a pressure sensor (that may be used 

to regulate the back pressure controller). 

59. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims further wherein said distribution tank and optionally the feed tank comprises one or 

35 more lines that penetrate the sidewall of the tank in the bottom portion of the tank. 
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49. The slurry and/or chemical blend supply apparatus of claim 48 further wherein 

said distribution module further comprises at least one or at least two filters, or at least one or 

at least two filter elements. 

50. The slurry and/or chemical blend supply apparatus of any of the preceding 

5 claims wherein said at least one filter or at least one filter element is in the global loop, 

optionally upstream of the one or more tools. 

51. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims further wherein said distribution module further comprises one or more sample ports 

that provide slurry or chemical blend to the analytical module. 

10 52. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims further wherein said distribution module further comprises one or more sample loops 

that provide slurry or chemical blend to the analytical module and return it to the distribution 

module. 

53. The slurry and/or chemical blend supply apparatus of any of the preceding claims 

15 further wherein said distribution module further comprises one or more global loops, one or 

more back pressure controllers and one or more pressure sensors on each of said one or 

more the global loops. 

54. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims further wherein said distribution module comprises one or more flow sensors on each 

20 of the one or more global loops. 

55. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims wherein said at least one global loop further comprises a pump connected to a pipe at 

or near the bottom of the distribution tank and a return pipe that returns the raw slurry or 

chemical blend to the tank. 

25 56. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims wherein said at least one global loop further comprises a back pressure controller. 

57. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims wherein said at least one global loop comprises a flow sensor (that may be used to 

regulate the speed of the pump). 

30 58. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims wherein said at least one global loop comprises a pressure sensor (that may be used 

to regulate the back pressure controller). 

59. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims further wherein said distribution tank and optionally the feed tank comprises one or 

35 more lines that penetrate the sidewall of the tank in the bottom portion of the tank. 
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60. A slurry and/or chemical blend supply apparatus alone or of any of the preceding 

claims wherein said apparatus further comprises a tank, and said tank comprises one or more 

eductors. 

61. A slurry and/or chemical blend supply apparatus alone or of any of the preceding 

claims wherein said apparatus further comprises a tank, and said tank comprises one or more 

eductors located at the bottom portion of said tank wherein the line connected to the educator 

penetrates the sidewall of the tank in the bottom portion of the tank. 

62. A slurry and/or chemical blend supply apparatus alone of any of the preceding 

claims further comprising a strainer in any of the lines to remove debris or particles, 

(especially in the lines preceding the pumps in the feed module that draws the slurry from a 

slurry supply container, or circulates the slurry in the circulation loop, and/or the one or more 

lines upstream of the analytical module (for example, upstream of the liquid particle counter 

and/or particle size distribution analyzer in the feed module or elsewhere in the apparatus)). 

63. A slurry and/or chemical blend supply apparatus alone or of any (e.g. feed, 

distribution tanks) of the preceding claims wherein a tank has a double line loop at its exit. 

64. A slurry and/or chemical blend supply apparatus alone or of any of the 

preceding claims comprising a particle size distribution analyzer or a liquid particle counter. 

65. An apparatus for blending a slurry and/or chemical blend for distribution to a 

tool (either alone or in combination with any of the claims or embodiments disclosed herein) 

comprising a pump fed by a single stream for which within 12 feet upstream of the pump 

comprises at least one junction where two or more streams are combined into a single 

stream, said two or more streams selected from the group consisting of raw slurry or chemical 

blend streams, water, chemical component streams comprising one or more chemicals or one 

or more chemicals and water, partially blended slurry, 	partially blended chemical blend 

streams and fully blended slurry or fully blended chemical blend streams. 

66. The apparatus of claim 65 or any of the preceding claims wherein the streams 

(two or more or three or more) are combined within 5 feet (or within 2 feet or within 1 foot) of 

said pump. 

67. The apparatus of claim 65 or 66 or any of the preceding claims wherein the 

pump is selected from the group consisting of a centrifugal pump, a diaphragm pump and a 

peristaltic pump. 

68. The apparatus of any of claims 65-67 or any of the preceding claims wherein 

the blend module pump is a centrifugal pump. 

69. The apparatus of any of claims 65-68 wherein said two or more streams are 

different. 

70. The apparatus of any of claims 65-69 or any of the preceding claims wherein at 

said one or more junctions three of said streams are combined into a single stream. 
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60. A slurry and/or chemical blend supply apparatus alone or of any of the preceding 

claims wherein said apparatus further comprises a tank, and said tank comprises one or more 

eductors. 

61. A slurry and/or chemical blend supply apparatus alone or of any of the preceding 

5 claims wherein said apparatus further comprises a tank, and said tank comprises one or more 

eductors located at the bottom portion of said tank wherein the line connected to the educator 

penetrates the sidewall of the tank in the bottom portion of the tank. 

62. A slurry and/or chemical blend supply apparatus alone of any of the preceding 

claims further comprising a strainer in any of the lines to remove debris or particles, 

10 (especially in the lines preceding the pumps in the feed module that draws the slurry from a 

slurry supply container, or circulates the slurry in the circulation loop, and/or the one or more 

lines upstream of the analytical module (for example, upstream of the liquid particle counter 

and/or particle size distribution analyzer in the feed module or elsewhere in the apparatus)). 

63. A slurry and/or chemical blend supply apparatus alone or of any (e.g. feed, 

15 distribution tanks) of the preceding claims wherein a tank has a double line loop at its exit. 

64. A slurry and/or chemical blend supply apparatus alone or of any of the 

preceding claims comprising a particle size distribution analyzer or a liquid particle counter. 

65. An apparatus for blending a slurry and/or chemical blend for distribution to a 

tool (either alone or in combination with any of the claims or embodiments disclosed herein) 

20 comprising a pump fed by a single stream for which within 12 feet upstream of the pump 

comprises at least one junction where two or more streams are combined into a single 

stream, said two or more streams selected from the group consisting of raw slurry or chemical 

blend streams, water, chemical component streams comprising one or more chemicals or one 

or more chemicals and water, partially blended slurry, partially blended chemical blend 

25 streams and fully blended slurry or fully blended chemical blend streams. 

66. The apparatus of claim 65 or any of the preceding claims wherein the streams 

(two or more or three or more) are combined within 5 feet (or within 2 feet or within 1 foot) of 

said pump. 

67. The apparatus of claim 65 or 66 or any of the preceding claims wherein the 

30 pump is selected from the group consisting of a centrifugal pump, a diaphragm pump and a 

peristaltic pump. 

68. The apparatus of any of claims 65-67 or any of the preceding claims wherein 

the blend module pump is a centrifugal pump. 

69. The apparatus of any of claims 65-68 wherein said two or more streams are 

35 different. 

70. The apparatus of any of claims 65-69 or any of the preceding claims wherein at 

said one or more junctions three of said streams are combined into a single stream. 
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71. The apparatus of any of claims 65-70 or any of the preceding claims wherein 

upstream of said pump are two or more junctions combining at least two of said component 

streams into a single stream. 

72. The apparatus of any of claims 65-71 or any of the preceding claims wherein 

5 	upstream of said pump is a first junction and a second junction wherein said first junction is 

closer to said pump, in said first junction a first stream comprising one or more chemical 

components and water is combined with a second stream comprising raw slurry and blended 

slurry flowing from said second junction wherein at said second junction a third and a fourth 

stream are combined, wherein said third stream comprises raw slurry and said fourth stream 

10 	comprises blended slurry. 

73. The apparatus of any of the preceding claims further comprising (or wherein 

said one or more filters is part of) one or more filter loops comprising a piping loop, a pump 

and one or more filters or banks of filters in said loop, said pump directs slurry and/or 

chemical blend to and from the one or more filters or banks of filters, optionally said pump 

15 	operates at higher pressures than other pumps in the distribution module (for example), 

additionally or alternatively one or more of the filters used in the filter loop have smaller pores 

than if the filter were in fluid communication (not in a filter loop) with the global loop (for 

example). 

74. The slurry and/or chemical blend supply apparatus alone or in combination with 

20 	any of the preceding claims, said apparatus comprising a feed module, a blend module, an 

analytical module and a distribution module wherein said apparatus blends and supplies 

continuously greater than 10 liters per minute of blended slurry or chemical blend to a global 

loops (or one of two global loops) that is in fluid communication with a plurality of tools. 

75. The slurry and/or chemical blend supply apparatus of any of the preceding 

25 	claims, wherein said distribution module comprises at least two distribution tanks and at least 

two global loops wherein said apparatus blends and supplies blended slurry to the first of said 

at least two distribution tanks to supply a first global loop in fluid communication with the first 

distribution tank and blends and supplies chemical blend to a second of said at least two 

distribution tanks to supply a second of said global loops in fluid communication with the 

30 	second distribution tank, said apparatus optionally also comprising a first and second blend 

train for blending the blended slurry in the first blend train and the chemical blend in the 

second blend train. 

76. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims, wherein said distribution module comprises at least two distribution tanks and at least 

35 	two global loops wherein said apparatus blends and supplies one type of blended slurry to the 

first of said at least two distribution tanks to supply the first of said global loops in fluid 

communication with the first distribution tank and blends and supplies a second blended slurry 
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71. The apparatus of any of claims 65-70 or any of the preceding claims wherein 

upstream of said pump are two or more junctions combining at least two of said component 

streams into a single stream. 

72. The apparatus of any of claims 65-71 or any of the preceding claims wherein 

5 upstream of said pump is a first junction and a second junction wherein said first junction is 

closer to said pump, in said first junction a first stream comprising one or more chemical 

components and water is combined with a second stream comprising raw slurry and blended 

slurry flowing from said second junction wherein at said second junction a third and a fourth 

stream are combined, wherein said third stream comprises raw slurry and said fourth stream 

10 comprises blended slurry. 

73. The apparatus of any of the preceding claims further comprising (or wherein 

said one or more filters is part of) one or more filter loops comprising a piping loop, a pump 

and one or more filters or banks of filters in said loop, said pump directs slurry and/or 

chemical blend to and from the one or more filters or banks of filters, optionally said pump 

15 operates at higher pressures than other pumps in the distribution module (for example), 

additionally or alternatively one or more of the filters used in the filter loop have smaller pores 

than if the filter were in fluid communication (not in a filter loop) with the global loop (for 

example). 

74. The slurry and/or chemical blend supply apparatus alone or in combination with 

20 any of the preceding claims, said apparatus comprising a feed module, a blend module, an 

analytical module and a distribution module wherein said apparatus blends and supplies 

continuously greater than 10 liters per minute of blended slurry or chemical blend to a global 

loops (or one of two global loops) that is in fluid communication with a plurality of tools. 

75. The slurry and/or chemical blend supply apparatus of any of the preceding 

25 claims, wherein said distribution module comprises at least two distribution tanks and at least 

two global loops wherein said apparatus blends and supplies blended slurry to the first of said 

at least two distribution tanks to supply a first global loop in fluid communication with the first 

distribution tank and blends and supplies chemical blend to a second of said at least two 

distribution tanks to supply a second of said global loops in fluid communication with the 

30 second distribution tank, said apparatus optionally also comprising a first and second blend 

train for blending the blended slurry in the first blend train and the chemical blend in the 

second blend train. 

76. The slurry and/or chemical blend supply apparatus of any of the preceding 

claims, wherein said distribution module comprises at least two distribution tanks and at least 

35 two global loops wherein said apparatus blends and supplies one type of blended slurry to the 

first of said at least two distribution tanks to supply the first of said global loops in fluid 

communication with the first distribution tank and blends and supplies a second blended slurry 
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to a second of said at least two distribution tanks to supply the second of said global loops in 

fluid communication with the second distribution tank, optionally also comprising a first and 

second blend train for blending each of the first and second slurries. 

77. The slurry and/or chemical blend supply apparatus of claims 75 or 76 wherein 

said apparatus wherein said first and second global loops are each in fluid communication 

with a plurality of tools (may be more than 8 tools) that may be the same or different tools for 

each global loop. 

78. The use of any of the apparatuses of any of the preceding claims. 

79. The method of making any of the apparatuses of any of the preceding claims. 

80. The process of blending at least two or more component streams selected from 

the group consisting of raw slurry or chemical blend, water, one or more chemical 

components, one or more chemical components blended with water, partially blended slurry, 

fully blended slurry and fully blended chemical blend comprising the step of combining at least 

two streams to form a single stream within 2 feet of a pump and passing the single stream 

through the pump to dynamically blend the streams in a dynamic blending step. 

81. The process of any of the preceding claims wherein the streams are combined 

within 1 foot of said pump and optionally three or more or four or more component streams 

are combined. 

82. The process of any of the preceding claims wherein the pump is a centrifugal 

pump. 

83. The process of any of the preceding claims wherein prior to said combining 

step comprises mixing (combining) three of said component streams. 

84. The process of any of the preceding claims wherein upstream of said 

combining step is a first step of combining at least two of said component streams into a 

single stream. 

85. The process of claims 84 wherein after said earlier combining step, and before 

said combining step is a second step of combining at least two of said component streams. 

87. The process of any of the preceding claims wherein said first combining step 

combines at least two or more component streams selected from the group consisting of raw 

slurry water, chemical components, partially blended slurry, fully blended slurry, partially 

blended chemical blend and fully blended chemical blend within 5 feet of a pump. 

88. The process of any of the preceding claims wherein the results from any 

apparatus that may be part of said analytical module causes the blended slurry or chemical 

blend or raw slurry to be redirected to one or more of the following: one or more filter elements 

(e.g., filter, filter loop, filter bank), one or more small particle removal means, or to a waste 

stream, or for the apparatus to adjust the flow controllers for the slurry or chemical blend 
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to a second of said at least two distribution tanks to supply the second of said global loops in 

fluid communication with the second distribution tank, optionally also comprising a first and 

second blend train for blending each of the first and second slurries. 

77. The slurry and/or chemical blend supply apparatus of claims 75 or 76 wherein 

5 said apparatus wherein said first and second global loops are each in fluid communication 

with a plurality of tools (may be more than 8 tools) that may be the same or different tools for 

each global loop. 

78. The use of any of the apparatuses of any of the preceding claims. 

79. The method of making any of the apparatuses of any of the preceding claims. 

10 80. The process of blending at least two or more component streams selected from 

the group consisting of raw slurry or chemical blend, water, one or more chemical 

components, one or more chemical components blended with water, partially blended slurry, 

fully blended slurry and fully blended chemical blend comprising the step of combining at least 

two streams to form a single stream within 2 feet of a pump and passing the single stream 

15 through the pump to dynamically blend the streams in a dynamic blending step. 

81. The process of any of the preceding claims wherein the streams are combined 

within 1 foot of said pump and optionally three or more or four or more component streams 

are combined. 

82. The process of any of the preceding claims wherein the pump is a centrifugal 

20 pump. 

83. The process of any of the preceding claims wherein prior to said combining 

step comprises mixing (combining) three of said component streams. 

84. The process of any of the preceding claims wherein upstream of said 

combining step is a first step of combining at least two of said component streams into a 

25 single stream. 

85. The process of claims 84 wherein after said earlier combining step, and before 

said combining step is a second step of combining at least two of said component streams. 

87. The process of any of the preceding claims wherein said first combining step 

combines at least two or more component streams selected from the group consisting of raw 

30 slurry water, chemical components, partially blended slurry, fully blended slurry, partially 

blended chemical blend and fully blended chemical blend within 5 feet of a pump. 

88. The process of any of the preceding claims wherein the results from any 

apparatus that may be part of said analytical module causes the blended slurry or chemical 

blend or raw slurry to be redirected to one or more of the following: one or more filter elements 

35 (e.g., filter, filter loop, filter bank), one or more small particle removal means, or to a waste 

stream, or for the apparatus to adjust the flow controllers for the slurry or chemical blend 
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component streams in the blend module, or for the distribution tank to receive a dose of one 

or more of the component streams, or for an alarm to sound. 

89. The process of using any of the apparatus of any of the preceding claims to 

blend, supply, dilute, transport, circulate or analyze the raw slurry, blended slurry or chemical 

5 blend, or raw slurry and at least two types of blended slurry or raw slurry, blended slurry and 

chemical blend, or two types of chemical blends. 

-119- 

WO 2014/078398 PCT/US2013/069868 

component streams in the blend module, or for the distribution tank to receive a dose of one 

or more of the component streams, or for an alarm to sound. 

89. The process of using any of the apparatus of any of the preceding claims to 

blend, supply, dilute, transport, circulate or analyze the raw slurry, blended slurry or chemical 

5 blend, or raw slurry and at least two types of blended slurry or raw slurry, blended slurry and 

chemical blend, or two types of chemical blends. 
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CLAIMS 

1. A slurry and/or chemical blend supply apparatus comprising a blend module 

that combines two or more flowing component streams to form a blended slurry and/or 

chemical blend in a pipe, wherein said blend module comprises a pipe for each component 

5 stream and at least one flow controller in each of at least two of the component pipes to 

control the flow rate of the components and wherein said component pipes are connected and 

combined into a single pipe to form the blended slurry or blended chemical blend stream. 

2. A slurry and/or chemical blend supply apparatus comprising a blend module, 

wherein said blend module combines three or more component streams, said blend module 

10 comprises, three or more pipes, one pipe for each of said three or more component streams 

and at least one flow controller in at least three of the pipes to control the flow rate of each of 

the three or more component streams and wherein first and second pipes of said three or 

more pipes are combined into a single pipe to form a partially blended slurry or partially 

blended chemical blend stream and a third pipe of said three or more pipes is combined with 

15 the said single pipe to combine a third component stream with the partially blended slurry or 

partially blended chemical blend stream into a second single pipe. 

3. The apparatus of claim 1 or 2 wherein said one or more component pipes are 

combined in stages. 

4. The apparatus of claim 1 wherein said blend module comprises a split mixer 

20 comprising at least three feed pipes for each of three component streams, said feed pipes are 

each connected to a receiving pipe with a middle feed pipe located between the other two 

feed pipes, at least two split pipes connected to opposite ends of said receiving pipe and a 

rejoinder pipe connected where said at least two split pipes come together. 

5. The apparatus of claim 4 wherein the least reactive of said components is 

25 introduced into the middle feed pipe. 

6. The apparatus of any of claims 1-5 wherein said blend module further 

comprises a pump. 

7. The apparatus of any of claims 1-5 wherein said blend module further 

comprises a pump and said two or three or more component pipes flow two or three or more 

30 component streams selected from the group consisting of raw slurry, water, one or more 

chemical components, one or more chemical components blended with water, partially 

blended slurry, fully blended slurry, partially blended chemical blend and fully blended 

chemical blend and further wherein said at least two component pipes are connected and 

combined into a single pipe upstream of and within 2 foot of said blend module pump. 

35 8. The apparatus of any of claims 1-5 wherein said blend module further 

comprises a pump and said three or more component pipes for three or more component 

streams selected from the group consisting of raw slurry, water, one or more chemical 
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CLAIMS 

1. A slurry and/or chemical blend supply apparatus comprising a blend module 

that combines two or more flowing component streams to form a blended slurry and/or 

chemical blend in a pipe, wherein said blend module comprises a pipe for each component 

5 stream and at least one flow controller in each of at least two of the component pipes to 

control the flow rate of the components and wherein said component pipes are connected and 

combined into a single pipe to form the blended slurry or blended chemical blend stream. 

2. A slurry and/or chemical blend supply apparatus comprising a blend module, 

wherein said blend module combines three or more component streams, said blend module 

10 comprises, three or more pipes, one pipe for each of said three or more component streams 

and at least one flow controller in at least three of the pipes to control the flow rate of each of 

the three or more component streams and wherein first and second pipes of said three or 

more pipes are combined into a single pipe to form a partially blended slurry or partially 

blended chemical blend stream and a third pipe of said three or more pipes is combined with 

15 the said single pipe to combine a third component stream with the partially blended slurry or 

partially blended chemical blend stream into a second single pipe. 

3. The apparatus of claim 1 or 2 wherein said one or more component pipes are 

combined in stages. 

4. The apparatus of claim 1 wherein said blend module comprises a split mixer 

20 comprising at least three feed pipes for each of three component streams, said feed pipes are 

each connected to a receiving pipe with a middle feed pipe located between the other two 

feed pipes, at least two split pipes connected to opposite ends of said receiving pipe and a 

rejoinder pipe connected where said at least two split pipes come together. 

5. The apparatus of claim 4 wherein the least reactive of said components is 

25 introduced into the middle feed pipe. 

6. The apparatus of any of claims 1-5 wherein said blend module further 

comprises a pump. 

7. The apparatus of any of claims 1-5 wherein said blend module further 

comprises a pump and said two or three or more component pipes flow two or three or more 

30 component streams selected from the group consisting of raw slurry, water, one or more 

chemical components, one or more chemical components blended with water, partially 

blended slurry, fully blended slurry, partially blended chemical blend and fully blended 

chemical blend and further wherein said at least two component pipes are connected and 

combined into a single pipe upstream of and within 2 foot of said blend module pump. 

35 8. The apparatus of any of claims 1-5 wherein said blend module further 

comprises a pump and said three or more component pipes for three or more component 

streams selected from the group consisting of raw slurry, water, one or more chemical 
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components, one or more chemical components blended with water, partially blended slurry, 

fully blended slurry, partially blended chemical blend and fully blended chemical blend and 

further wherein said at least three component pipes are connected and combined into a single 

pipe upstream of and within 2 foot of said blend module pump. 

5 9. The apparatus of any of claims 6-8 wherein the blend module pump is selected 

from the group consisting of a centrifugal pump, a diaphragm pump and a peristaltic pump. 

10. The apparatus of any of claims 6-8 wherein the blend module pump is a 

centrifugal pump. 

11. The apparatus of any of claims 6-10 wherein upstream of said blend module 

10 pump is a first junction of pipes and a second junction of said component pipes wherein said 

first junction is closer to said pump, in said first junction a first stream comprising one or more 

chemical components and water is combined with a second stream comprising raw slurry, 

said first stream flowing from said second junction wherein at said second junction a third and 

a fourth stream are combined, wherein said third stream comprises water and said fourth 

15 stream comprises one or more chemical components to make said first stream. 

12. The apparatus of claim 11 wherein said blend module further comprises a 

static mixer in the pipe for said first stream. 

13. The apparatus of any of the preceding claims wherein said blend module 

further comprises at least one component pipe for flowing at least one stream of fully blended 

20 slurry or fully blended chemical blend into said blend module to combine with said 

components of said blended slurry or chemical blend to form additional fully blended slurry or 

additional fully blended chemical blend. 

14. The apparatus of claim 13 wherein said blend module further comprises two 

component pipes for flowing two streams of fully blended slurry or fully blended chemical 

25 blend into said blend module to form additional fully blended slurry or additional fully blended 

chemical blend. 

15. The apparatus of any of the preceding claims further comprising an analytical 

module in fluid communication with said blend module and wherein at least a portion of the 

blended slurry or chemical blend stream from the blend module flows to and is analyzed in 

30 said analytical module. 

16. The apparatus of any of claims 6-12 further comprising an analytical module in 

fluid communication with said blend module wherein said at least a portion of the blended 

slurry and/or chemical blend stream downstream of said blend module pump flows to and is 

analyzed by said analytical module. 

35 17. The apparatus of any of the preceding claims further comprising a distribution 

module and wherein at least a portion of the blended slurry or chemical blend stream from the 

blend module is transported to the distribution module. 
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components, one or more chemical components blended with water, partially blended slurry, 

fully blended slurry, partially blended chemical blend and fully blended chemical blend and 

further wherein said at least three component pipes are connected and combined into a single 

pipe upstream of and within 2 foot of said blend module pump. 

5 9. The apparatus of any of claims 6-8 wherein the blend module pump is selected 

from the group consisting of a centrifugal pump, a diaphragm pump and a peristaltic pump. 

10. The apparatus of any of claims 6-8 wherein the blend module pump is a 

centrifugal pump. 

11. The apparatus of any of claims 6-10 wherein upstream of said blend module 

10 pump is a first junction of pipes and a second junction of said component pipes wherein said 

first junction is closer to said pump, in said first junction a first stream comprising one or more 

chemical components and water is combined with a second stream comprising raw slurry, 

said first stream flowing from said second junction wherein at said second junction a third and 

a fourth stream are combined, wherein said third stream comprises water and said fourth 

15 stream comprises one or more chemical components to make said first stream. 

12. The apparatus of claim 11 wherein said blend module further comprises a 

static mixer in the pipe for said first stream. 

13. The apparatus of any of the preceding claims wherein said blend module 

further comprises at least one component pipe for flowing at least one stream of fully blended 

20 slurry or fully blended chemical blend into said blend module to combine with said 

components of said blended slurry or chemical blend to form additional fully blended slurry or 

additional fully blended chemical blend. 

14. The apparatus of claim 13 wherein said blend module further comprises two 

component pipes for flowing two streams of fully blended slurry or fully blended chemical 

25 blend into said blend module to form additional fully blended slurry or additional fully blended 

chemical blend. 

15. The apparatus of any of the preceding claims further comprising an analytical 

module in fluid communication with said blend module and wherein at least a portion of the 

blended slurry or chemical blend stream from the blend module flows to and is analyzed in 

30 said analytical module. 

16. The apparatus of any of claims 6-12 further comprising an analytical module in 

fluid communication with said blend module wherein said at least a portion of the blended 

slurry and/or chemical blend stream downstream of said blend module pump flows to and is 

analyzed by said analytical module. 

35 17. The apparatus of any of the preceding claims further comprising a distribution 

module and wherein at least a portion of the blended slurry or chemical blend stream from the 

blend module is transported to the distribution module. 
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18. 	The apparatus of claims 1-14 further comprising a distribution module and an 

analytical module that are in fluid communication, said blend module being in fluid 

communication with said analytical module and said distribution module, wherein at least a 

portion of the blended slurry or chemical blend stream from the blend module flows to the 

5 analytical module and at least a portion of the stream from the analytical module flows to the 

distribution module. 

19. The apparatus of claims 15-17 further wherein at least a portion of the stream 

that flows to said analytical module flows to a waste stream downstream of the analytical 

module. 

10 20. The apparatus of claim 15-17 and 19 wherein at least a portion of the blended 

slurry or chemical blend stream from the analytical module is transported to the blend module. 

21. The apparatus of claims 17 and 18 wherein at least a portion of the blended 

slurry or chemical blend stream from the distribution module is transported to the blend 

module as an additional component stream that is blended in said blend module. 

15 22. The apparatus of claim 21 wherein said distribution module comprises a 

distribution tank and said blended slurry or chemical blend stream from the distribution 

module is transported from said distribution tank to said blend module. 

23. The slurry and/or chemical supply apparatus of claims 15, 16 and 18-20 

wherein a slip stream tube connects the blend module to the analytical module. 

20 24. The apparatus of claim 13 and 14 further comprising an analytical module 

wherein at least a sample of the additional fully blended slurry or additional fully blended 

chemical blend stream flows to the analytical module downstream of said blend module or 

downstream of a blend module pump. 

25. The apparatus of claim 24 wherein at least a portion of the sample is returned to 

25 the blend module as an additional component stream that is blended in said blend module. 

26. The apparatus of any of the preceding claims wherein said blend module further 

comprises at least one filter element. 

27. The apparatus of claims 6-12, 16 and 24 wherein said blend module further 

comprises at least one filter element and wherein said at least one filter element is located 

30 downstream of said blend module pump. 

28. The apparatus of any of the preceding claims further comprising a distribution 

module comprising a distribution tank and additional one or more pipes and at least one valve 

in each of said one or more pipes connecting the at least one of said component pipes in said 

blend module to said distribution tank for dosing at least one of said components directly into 

35 said distribution tank. 
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18. The apparatus of claims 1-14 further comprising a distribution module and an 

analytical module that are in fluid communication, said blend module being in fluid 

communication with said analytical module and said distribution module, wherein at least a 

portion of the blended slurry or chemical blend stream from the blend module flows to the 

5 analytical module and at least a portion of the stream from the analytical module flows to the 

distribution module. 

19. The apparatus of claims 15-17 further wherein at least a portion of the stream 

that flows to said analytical module flows to a waste stream downstream of the analytical 

module. 

10 20. The apparatus of claim 15-17 and 19 wherein at least a portion of the blended 

slurry or chemical blend stream from the analytical module is transported to the blend module. 

21. The apparatus of claims 17 and 18 wherein at least a portion of the blended 

slurry or chemical blend stream from the distribution module is transported to the blend 

module as an additional component stream that is blended in said blend module. 

15 22. The apparatus of claim 21 wherein said distribution module comprises a 

distribution tank and said blended slurry or chemical blend stream from the distribution 

module is transported from said distribution tank to said blend module. 

23. The slurry and/or chemical supply apparatus of claims 15,16 and 18-20 

wherein a slip stream tube connects the blend module to the analytical module. 

20 24. The apparatus of claim 13 and 14 further comprising an analytical module 

wherein at least a sample of the additional fully blended slurry or additional fully blended 

chemical blend stream flows to the analytical module downstream of said blend module or 

downstream of a blend module pump. 

25. The apparatus of claim 24 wherein at least a portion of the sample is returned to 

25 the blend module as an additional component stream that is blended in said blend module. 

26. The apparatus of any of the preceding claims wherein said blend module further 

comprises at least one filter element. 

27. The apparatus of claims 6-12, 16 and 24 wherein said blend module further 

comprises at least one filter element and wherein said at least one filter element is located 

30 downstream of said blend module pump. 

28. The apparatus of any of the preceding claims further comprising a distribution 

module comprising a distribution tank and additional one or more pipes and at least one valve 

in each of said one or more pipes connecting the at least one of said component pipes in said 

blend module to said distribution tank for dosing at least one of said components directly into 

35 said distribution tank. 
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29. The apparatus of claim 28 wherein said at least one valve and said one or 

more pipes for dosing the distribution tank are connected downstream of said flow controller 

in said at least one of said component pipes. 

30. The apparatus of any of the preceding claims further comprising a distribution 

5 module or wherein said distribution module comprises one or more distribution tanks, one or 

more global loops, and one or more pumps. 

31. The slurry and or chemical blend supply apparatus of claim 30 wherein said 

distribution module comprises two distribution tanks, and two or more pumps. 

32. The apparatus of any of claims 30-31 further wherein each of said one or more 

10 distribution tanks comprises one or more level sensors. 

33. The apparatus of any of claims 30-32 wherein said apparatus further 

comprises two or more distribution tanks, each distribution tank connected to at least one 

global loop. 

34. The apparatus of claim 33 wherein each distribution tank is connected to the 

15 same global loop. 

35. The apparatus of claim 33 wherein said apparatus comprises two distribution 

tanks, wherein each distribution tank is connected to a different global loop. 

36. The apparatus of claim 35, wherein said apparatus blends and supplies 

blended slurry to one of said two distribution tanks and blends and supplies chemical blend to 

20 the other of said two distribution tanks. 

37. The apparatus of any of the claims 1-29, further comprising a distribution 

module or wherein said distribution module further comprises at least one distribution tank, at 

least one pressure regulator, at least one pump at least one global loop, and at least one 

pressure vessel elements comprising one or more pressure vessels, each pressure vessel 

25 element is in fluid communication with a pressurized gas source, said at least one pressure 

regulator and said at least one pump; said at least one pump is in fluid communication with 

said distribution tank for transferring slurry or chemical blend from said at least one 

distribution tank into said at least one pressure vessel element continuously or nearly 

continuously at the same time slurry or chemical blend is supplied continuously or nearly 

30 continuously to said at least one global loop from said at least one pressure vessel element. 

38. The apparatus of claim 37, wherein said pump operates at a higher pressure 

than the pressure in the pressure vessel element into which said pump is transferring slurry or 

chemical blend. 

39. The apparatus of claim 38, wherein said apparatus comprises first and second 

35 pressure vessel elements, first and second pumps and first and second pressure regulators, 

wherein the first pressure vessel element, the first pump and the first pressure regulator 

operate together to supply slurry or chemical blend to the global loop, and the second 
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32. The apparatus of any of claims 30-31 further wherein each of said one or more 

10 distribution tanks comprises one or more level sensors. 

33. The apparatus of any of claims 30-32 wherein said apparatus further 

comprises two or more distribution tanks, each distribution tank connected to at least one 
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pressure vessel element, the second pump and the second pressure regulator operate 

together to supply slurry or chemical blend to the at least one global loop. 

40. The apparatus of claim 39, wherein first pressure vessel element, first pump 

and first pressure regulator and said second pressure vessel elements, second pumps and 

5 pressure regulator alternate their operation to supply the same global loop. 

41. The apparatus of any of claims 30-40 wherein said distribution module further 

comprises one or more filter elements. 

42. The apparatus of claim 41 wherein at least one of said one or more filter 

elements is located in the global loop. 

10 43. The apparatus of claim 42 wherein at least one of said one or more filter 

elements is a filter loop. 

44. The apparatus of any of claims 30-43 further comprising an analytical module 

and wherein said distribution module further comprises one or more sample ports and one or 

more tubes or sample loops in fluid communication with said one or more sample ports that 

15 each provide slurry and/or chemical blend to the analytical module. 

45. The apparatus of any of claims 30-44 wherein said distribution module further 

comprises one or more back pressure controllers and pressure sensors on each of the one or 

more global loops. 

46. The apparatus of any of claims 30-45 wherein said distribution module further 

20 comprises one or more flow sensors on each of the one or more global loops. 

47. A apparatus of any of the preceding claims further comprising an analytical 

module, said analytical module comprising one or more analytical apparatuses selected from 

the group consisting of in-line liquid particle counter, particle size distribution analyzer, pH 

sensor, hydrogen peroxide sensor, density sensor and conductivity sensor. 

25 48. The apparatus of claim 47 wherein said analytical module further comprises in- 

line single dilution equipment for performing a single dilution of a sample, said in-line dilution 

equipment being located upstream of said at least one of said one or more analytical 

apparatuses, and comprising at least one peristaltic pump, at least one flow sensor and at 

least one needle valve to dilute the slurry and/or chemical blend sample prior to analyzing the 

30 diluted sample. 

49. The apparatus of any of claims 47 and 48 wherein said analytical module 

further comprises in-line double dilution equipment for performing a double dilution of a 

sample, said in-line dilution equipment being located upstream of at least one of said one or 

more analytical apparatuses and comprising more than one flow sensor, more than one 

35 needle valve and more than one pneumatically controlled valve to dilute the slurry and/or 

chemical blend sample prior to analyzing the diluted sample. 
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25 48. The apparatus of claim 47 wherein said analytical module further comprises in­

line single dilution equipment for performing a single dilution of a sample, said in-line dilution 

equipment being located upstream of said at least one of said one or more analytical 

apparatuses, and comprising at least one peristaltic pump, at least one flow sensor and at 

least one needle valve to dilute the slurry and/or chemical blend sample prior to analyzing the 

30 diluted sample. 

49. The apparatus of any of claims 47 and 48 wherein said analytical module 

further comprises in-line double dilution equipment for performing a double dilution of a 

sample, said in-line dilution equipment being located upstream of at least one of said one or 

more analytical apparatuses and comprising more than one flow sensor, more than one 

35 needle valve and more than one pneumatically controlled valve to dilute the slurry and/or 

chemical blend sample prior to analyzing the diluted sample. 
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50. The apparatus of any of claims 47-49, wherein said analytical module 

comprises first and second analytical apparatuses and an inlet pipe for flowing a sample to 

said one or more analytical apparatuses wherein said pipe comprises at least one junction to 

direct said sample to at least a first analytical apparatus or to at least a second analytical 

apparatus. 

51. The apparatus of any of claims 47-50, wherein said analytical module 

comprises an inlet pipe for flowing a sample to one or more analytical apparatuses wherein 

said inlet pipe comprises at least one junction and at least one valve to direct said sample to 

in-line dilution equipment prior to flowing said diluted sample into said liquid particle counter or 

said particle size distribution analyzer, said liquid particle counter or said particle size 

distribution analyzer connected to a downstream waste stream for said diluted sample. 

52. The apparatus of claim 51 wherein said junction and said valve can 

alternatively direct said sample to one or more analytical apparatuses in said analytical 

module without dilution, said one or more analytical apparatuses without dilution are selected 

from the group consisting of one or more pH sensors, one or more hydrogen peroxide 

sensors, one or more density sensors and one or more conductivity sensors. 

53. The apparatus of any of claims 47-52 wherein said analytical module 

comprises piping downstream of said one or more analytical apparatuses to return said 

sample to a module of said slurry and/or chemical blend supply apparatus after analysis in 

said one or more analytical apparatuses. 

54. The apparatus of any of claims 47-53 wherein said analytical module further 

comprises at least one dilution fixture for diluting slurry and/or chemical blend in UPW to 

create a diluted sample prior to analyzing the diluted sample by said analytical module. 

55. The apparatus of any of claims 47-54 wherein the analytical module further 

comprises two analytical apparatuses selected from the group consisting of pH sensors, 

hydrogen peroxide sensors, density sensors, conductivity sensors and liquid particle counters 

and particle size distribution analyzers. 

56. The apparatus of any of claims 47-55 wherein said analytical module 

comprises two or more pH sensors and one or more conductivity sensors upstream of one or 

more peroxide sensors, wherein downstream of the pH and conductivity sensors and 

upstream of the one or more peroxide sensors, said analytical module comprises a pipe 

junction to split a sample stream so that only a portion of the sample stream flows to said one 

or more peroxide sensors. 

57. The apparatus of any of claims 47-56, further comprising means to redirect all 

or a portion of a stream into said analytical module comprising a 3-way valve and a restriction 

orifice. 
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58. 	The apparatus of any of claims 47-57 further comprising a blend module and a 

distribution module and an optional feed module, and further comprising more than one 

sample ports and more than one sample tubes or sample loops connected to said sample 

ports in said one or more other modules, said one or more sample ports and more than one 

5 sample tubes or sample loops being in fluid communication with said analytical module for 

analyzing samples from more than one sample port in said apparatus. 

59. The apparatus of any of the preceding claims further comprising a feed 

module, said feed module comprising a first pump and at least one feed tank for holding raw 

slurry, said first pump for transporting raw slurry from a slurry supply container into said feed 

10 tank, said feed module further comprising at least one circulation loop and a second pump in 

the at least one circulation loop connected to the at least one feed tank, said second pump for 

pumping said raw slurry from the feed tank through the circulation loop and back to the feed 

tank, wherein the circulation loop further comprises a pipe that supplies only a portion of the 

raw slurry from the circulation loop to said blend module when the blend module is blending 

15 slurry, said circulation loop further comprises a back pressure controller, and a pressure 

sensor that measures a pressure in the circulation loop that is used to regulate a valve in said 

back pressure controller to maintain said raw slurry circulating through all of the circulation 

loop continuously. 

60. The apparatus of claim 59 wherein said feed module further comprises a liquid 

20 particle counter and/or particle size distribution analyzer. 

61. The apparatus of claim 59 wherein said feed module further comprises an in-

line liquid particle counter and/or particle size distribution analyzer and further comprises more 

than one sample port for analyzing a sample of raw slurry from more than one location in the 

feed module. 

25 62. The apparatus of any of the preceding claims further comprising one or more 

filter elements, one or more membranes, or other treatment means for the removal of large or 

small particles from said slurry. 

63. The apparatus of claim 62 wherein said slurry is directed to said one or more 

filter elements, one or more membranes or other treatment means after analysis by said liquid 

30 particle counter or particle size distribution analyzer. 

64. The apparatus of any of the preceding claims further comprising a filter loop in 

the feed module. 

35 

65. The apparatus of any of the preceding claims further comprising means to 

change the direction of at least part of a stream, said means comprising a three-way valve, 

pipes and a restricted orifice in one of said pipes, said three-way valve capable of directing 

the stream into said pipe having said restricted orifice therein. 
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analyzing samples from more than one sample port in said apparatus. 

59. The apparatus of any of the preceding claims further comprising a feed 

module, said feed module comprising a first pump and at least one feed tank for holding raw 

slurry, said first pump for transporting raw slurry from a slurry supply container into said feed 

10 tank, said feed module further comprising at least one circulation loop and a second pump in 

the at least one circulation loop connected to the at least one feed tank, said second pump for 

pumping said raw slurry from the feed tank through the circulation loop and back to the feed 

tank, wherein the circulation loop further comprises a pipe that supplies only a portion of the 

raw slurry from the circulation loop to said blend module when the blend module is blending 

15 slurry, said circulation loop further comprises a back pressure controller, and a pressure 

sensor that measures a pressure in the circulation loop that is used to regulate a valve in said 

back pressure controller to maintain said raw slurry circulating through all of the circulation 
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60. The apparatus of claim 59 wherein said feed module further comprises a liquid 

20 particle counter and/or particle size distribution analyzer. 
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the feed module. 

65. The apparatus of any of the preceding claims further comprising means to 

change the direction of at least part of a stream, said means comprising a three-way valve, 

35 pipes and a restricted orifice in one of said pipes, said three-way valve capable of directing 

the stream into said pipe having said restricted orifice therein. 
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66. The apparatus of any of the preceding claims further comprising a carboy 

compartment for removing samples of the blended slurry or chemical blend from the 

apparatus. 

67. The apparatus of claim 44 wherein said distribution module further comprises 

5 	two or more sample loops that provide slurry and/or chemical blend to the analytical module 

and return it to the distribution module. 

68. The apparatus of any of the preceding claims further comprising one or more 

strainer components. 

69. The apparatus of claim 68 further wherein said strainer components are 

10 	located upstream of at least one flow controllers or at least one pump. 

70. The apparatus of any of the preceding claims further comprising one or more 

filter loops, said one or more filter loops comprising a piping loop and at least one filter 

element, and a pump within said piping loop. 

71. The apparatus of any of the preceding claims further comprising one or more 

15 	filter elements in a global loop upstream of the tools. 

72. The apparatus of any of the preceding claims further comprising at least one 

feed tank or at least one distribution tank wherein said tank comprises one or more eductors 

in the bottom portion of said tank. 

73. The apparatus of claim 72 wherein said tank comprises one or more side walls, 

20 	and further comprising piping connected to said eductors, said piping penetrates the side wall 

in the bottom portion of said tank. 

74. The apparatus of claims 72 or 73 wherein said tank further comprises a double 

exit loop. 

75. An apparatus comprising a blend module, an analytical module, a distribution 

25 	module and an optional feed module, wherein said apparatus blends and supplies greater 

than 10 liters per minute of blended slurry or chemical blend continuously to at least one 

global loop that is in fluid communication with a plurality of tools. 

76. The apparatus of claim 75 wherein said apparatus supplies 10 or more tools. 

77. The apparatus of any of the preceding claims wherein the apparatus 

30 	comprising a distribution module comprises one or more distribution tanks, one or more 

pumps and one or more global loops in fluid communication, wherein raw slurry and/or 

chemical blend in said one or more global loops are continuously or near continuously 

circulating in at least one of said one or more global loops. 

78. The apparatus of claim 77 wherein the apparatus further comprises a feed 

35 	module comprising feed tank, a pump and a circulation loop in fluid communication wherein 

raw slurry in said circulation loop is continuously or near continuously circulating. 
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79. The apparatus of any of claims 77 or 78, wherein said one or more distribution 

tanks each comprise tank level indicators, and the apparatus further comprises one or more 

blend modules that blend blended slurry and/or chemical blend when a tank level indicator in 

said one or more distribution tanks indicates that the level of blended slurry and/or chemical 

5 blend in that distribution tank is below a previously defined level. 

80. The apparatus of claim 79, wherein said blend module will stop blending when 

said one of said one or more tank level indicators in said one or more distribution tanks to 

which blended slurry and/or chemical blend is being supplied by said blend module, measures 

that the level of blended slurry and/or chemical blend being supplied by said blend module is 

10 at or above a previously defined level. 

81. The apparatus of any of claims 78-80, wherein said feed tank comprises a tank 

level indicator that will cause said apparatus to sound an alarm when said tank level indicator 

in said feed tank measures that the level of raw slurry in the feed tank is below a previously 

defined level. 

15 82. The apparatus of any of the preceding claims, wherein said one or more global 

loops comprise one or more filter elements that continuously or near continuously filter the 

blended slurry and/or chemical blend in the global loop. 

83. The apparatus of claim 82, wherein said one or more global loops comprise 

said one or more filter elements upstream of tools in fluid communication with the one or more 

20 global loops. 

84. A process of blending and supplying a slurry and/or chemical blend to a plurality 

of tools said process comprising the step of blending at least two or more component streams 

in a slurry and/or chemical blend supply apparatus, the at least two or more component 

streams being selected from the group consisting of raw slurry, water, one or more chemical 

25 components, one or more chemical components blended with water, partially blended slurry, 

fully blended slurry, partially blended chemical blend and fully blended chemical blend 

streams, by flowing the at least two or more component streams through flow controllers that 

provide measured amounts of the streams to be combined and combining at least two 

streams to form a single stream. 

30 85. The process of claim 84 further wherein the combining step to form said single 

stream occurs within 2 feet of a pump and passing said single stream through the pump. 

86. The process of claim 85 wherein the streams are combined within 1 foot of said 

pump. 

87. The process of claim 85 or 86 wherein the pump is a centrifugal pump. 

35 88. The process of any of claims 84-87 wherein said combining step comprises 

combining three of said component streams. 
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79. The apparatus of any of claims 77 or 78, wherein said one or more distribution 

tanks each comprise tank level indicators, and the apparatus further comprises one or more 

blend modules that blend blended slurry and/or chemical blend when a tank level indicator in 

said one or more distribution tanks indicates that the level of blended slurry and/or chemical 

5 blend in that distribution tank is below a previously defined level. 
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streams, by flowing the at least two or more component streams through flow controllers that 
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stream occurs within 2 feet of a pump and passing said single stream through the pump. 
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89. 	The process of any of claims 84-88 wherein prior to said combining step is a 

first step of combining at least two of said component streams to form a first partially blended 

slurry or first partially blended chemical blend stream. 

90. The process of claim 89 wherein after said first step of combining but before 

5 	said combining step is a second step of combining at least two of said component streams to 

form a second partially blended slurry or a second partially blended chemical blend stream. 

91. The process of claim 90 wherein one of said at least two component streams 

that are combined in said second step of combining is said first partially blended slurry or said 

first partially blended chemical blend. 

10 92. The process of any of claims 89-91 wherein the first step of combining is within 

5 feet of said pump. 

93. The process of any of claims 84-92 further comprising the step of pumping raw 

slurry from a slurry supply container into a feed tank and circulating said raw slurry around a 

circulation loop connected to said feed tank. 

15 94. The process of claim 93 further comprising the step of providing a raw slurry 

stream to a blend module from said circulation loop, blending said raw slurry steam in the 

blend module with one or more other component streams to make a blended slurry by flowing 

said raw slurry stream and said one or more component streams through at least one flow 

controller for each said streams and combining said streams downstream of the flow 

20 	controllers by combining the pipes for each stream into a single pipe containing all of the 

streams to create a blended slurry. 

95. The process of any of the preceding claims wherein said process further 

comprises the step of blending chemical blend, providing said chemical blend to a global loop. 

96. The process of any of the preceding claims wherein said process further 

25 	comprises the step of combining said pipes for each stream in stages and directing the single 

pipe into a pump. 

97. The process of any of the preceding claims wherein said process further 

comprises the step of directing at least a portion of said blended slurry or chemical blend, 

downstream of said combining step, to one or more of the following: one or more tools, an 

30 	analytical apparatus, an analytical module, a distribution tank, a global loop, back to the blend 

module, or to a filter element. 

98. The process of any of the preceding claims wherein said process further 

comprises the step of pumping the raw slurry in a circulation loop from said slurry supply 

container for a period of time prior to and/or simultaneously with pumping the raw slurry from 

35 	the slurry supply container into said feed tank. 

- 129 - 

WO 2014/078398 PCT/US2013/069868 

89. The process of any of claims 84-88 wherein prior to said combining step is a 

first step of combining at least two of said component streams to form a first partially blended 

slurry or first partially blended chemical blend stream. 

90. The process of claim 89 wherein after said first step of combining but before 

5 said combining step is a second step of combining at least two of said component streams to 

form a second partially blended slurry or a second partially blended chemical blend stream. 

91. The process of claim 90 wherein one of said at least two component streams 

that are combined in said second step of combining is said first partially blended slurry or said 

first partially blended chemical blend. 

10 92. The process of any of claims 89-91 wherein the first step of combining is within 

5 feet of said pump. 

93. The process of any of claims 84-92 further comprising the step of pumping raw 

slurry from a slurry supply container into a feed tank and circulating said raw slurry around a 

circulation loop connected to said feed tank. 

15 94. The process of claim 93 further comprising the step of providing a raw slurry 

stream to a blend module from said circulation loop, blending said raw slurry steam in the 

blend module with one or more other component streams to make a blended slurry by flowing 

said raw slurry stream and said one or more component streams through at least one flow 

controller for each said streams and combining said streams downstream of the flow 

20 controllers by combining the pipes for each stream into a single pipe containing all of the 

streams to create a blended slurry. 

95. The process of any of the preceding claims wherein said process further 

comprises the step of blending chemical blend, providing said chemical blend to a global loop. 

96. The process of any of the preceding claims wherein said process further 

25 comprises the step of combining said pipes for each stream in stages and directing the single 

pipe into a pump. 

97. The process of any of the preceding claims wherein said process further 

comprises the step of directing at least a portion of said blended slurry or chemical blend, 

downstream of said combining step, to one or more of the following: one or more tools, an 

30 analytical apparatus, an analytical module, a distribution tank, a global loop, back to the blend 

module, or to a filter element. 

98. The process of any of the preceding claims wherein said process further 

comprises the step of pumping the raw slurry in a circulation loop from said slurry supply 

container for a period of time prior to and/or simultaneously with pumping the raw slurry from 

35 the slurry supply container into said feed tank. 
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99. The process of any of the preceding claims wherein said process further 

comprises the step of passing raw slurry through a strainer before one or more pumps in the 

feed module. 

100. The process of any of the preceding claims wherein said process further 

5 	comprises the step of filtering said raw slurry from said slurry supply container prior to and/or 

simultaneously with transporting it to said feed tank or to said circulation loop. 

101. The process of any of the preceding claims wherein said process further 

comprises the step of filtering said raw slurry in a filter loop in communication with the slurry 

supply container prior to transferring the slurry to the feed tank. 

10 	 102. The process of one or more of the preceding claims wherein said process 

further comprises the step of by-passing the feed tank and transporting raw slurry to the blend 

module when there is an urgent demand for raw slurry in the blend module. 

103. The process of one or more of the preceding claims wherein said process 

further comprises the step of circulating raw slurry from the feed tank through a circulation 

15 	loop and back to the feed tank. 

104. This invention further provides a process comprising the step of, alone or in 

combination with any one or more other process steps of this invention, transferring at least a 

portion of the slurry in the circulation loop of the feed module to a blend module when the 

blend module is blending slurry. 

20 105. The process of one or more of the preceding claims wherein said process 

further comprises the step of, stopping the transfer of the slurry from the circulation loop in the 

feed module to the blend module when the blend module is not blending slurry. 

106. The process of one or more of the preceding claims wherein said process 

further comprises the step of filtering the slurry while it circulates in the circulation loop. 

25 107. The process of any of the preceding claims wherein said process further 

comprises the step of filtering the slurry in the circulation loop when the slurry is not being 

transferred to the blend module, and not filtering the slurry in the circulation loop when the 

slurry is being transferred to the blend module. 

108. The process of any of the preceding claims wherein said process further 

30 	comprises the step of analyzing raw slurry, chemical blend or blended slurry using one or 

more analytical apparatuses from one or more of said feed, blend or distribution modules. 

109. The process of one or more of the preceding claims wherein said process 

further comprises the step of diluting at least a portion of the slurry to form a diluted slurry 

prior to analyzing the slurry. 

35 110. The process of any of the preceding claims wherein said process further 

comprises the step of diluting said diluted slurry to form a twice diluted slurry prior to analyzing 

said slurry. 

- 130 - 

WO 2014/078398 PCT/US2013/069868 

99. The process of any of the preceding claims wherein said process further 

comprises the step of passing raw slurry through a strainer before one or more pumps in the 

feed module. 

100. The process of any of the preceding claims wherein said process further 

5 comprises the step of filtering said raw slurry from said slurry supply container prior to and/or 

simultaneously with transporting it to said feed tank or to said circulation loop. 

101. The process of any of the preceding claims wherein said process further 

comprises the step of filtering said raw slurry in a filter loop in communication with the slurry 

supply container prior to transferring the slurry to the feed tank. 

10 102. The process of one or more of the preceding claims wherein said process 

further comprises the step of by-passing the feed tank and transporting raw slurry to the blend 

module when there is an urgent demand for raw slurry in the blend module. 

103. The process of one or more of the preceding claims wherein said process 

further comprises the step of circulating raw slurry from the feed tank through a circulation 

15 loop and back to the feed tank. 

104. This invention further provides a process comprising the step of, alone or in 

combination with any one or more other process steps of this invention, transferring at least a 

portion of the slurry in the circulation loop of the feed module to a blend module when the 

blend module is blending slurry. 

20 105. The process of one or more of the preceding claims wherein said process 

further comprises the step of, stopping the transfer of the slurry from the circulation loop in the 

feed module to the blend module when the blend module is not blending slurry. 

106. The process of one or more of the preceding claims wherein said process 

further comprises the step of filtering the slurry while it circulates in the circulation loop. 

25 107. The process of any of the preceding claims wherein said process further 

comprises the step of filtering the slurry in the circulation loop when the slurry is not being 

transferred to the blend module, and not filtering the slurry in the circulation loop when the 

slurry is being transferred to the blend module. 

108. The process of any of the preceding claims wherein said process further 

30 comprises the step of analyzing raw slurry, chemical blend or blended slurry using one or 

more analytical apparatuses from one or more of said feed, blend or distribution modules. 

109. The process of one or more of the preceding claims wherein said process 

further comprises the step of diluting at least a portion of the slurry to form a diluted slurry 

prior to analyzing the slurry. 

35 110. The process of any of the preceding claims wherein said process further 

comprises the step of diluting said diluted slurry to form a twice diluted slurry prior to analyzing 

said slurry. 
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111. The process of any of the preceding claims wherein said process further 

comprises the step of transporting the slurry and/or chemical blend from one or more modules 

(feed, and/or blend and/or distribution) of the slurry and/or chemical blend supply apparatus to 

an analytical module via sample tubes or via sample loops. 

5 112. The process of any of the preceding claims wherein said process further 

comprises the step of returning the slurry and/or chemical blend to the slurry and/or chemical 

blend supply apparatus, optionally to the same module, after said analyzing step. 

113. The process of any of the preceding claims wherein said process further 

comprises controlling the flow and/or dilution of slurry and/or chemical blend in said analytical 

10 module using one or more pieces of equipment selected from the group consisting of: a 

needle valve, a peristaltic pump, a rotometer and a dilution fixture. 

114. The process of any of the preceding claims wherein said process further 

comprises transporting slurry or chemical blend from one or more feed and/or blend and/or 

distribution modules, analyzing the slurry or chemical blend, optionally diluting the slurry prior 

15 to analyzing, and optionally returning at least a portion of the slurry or chemical blend to a 

module which may be the same module from which the slurry and/or chemical blend was 

transported from. 

115. The process of any of the preceding claims wherein said process further 

comprises the step of returning the slurry or the chemical blend to the distribution tank or 

20 sending it to a waste stream. 

116. The process of any of the preceding claims wherein said process further 

comprises the step of drawing slurry or chemical blend from multiple modules sequentially for 

analysis by one or more analytical apparatuses in said analytical module. 

117. The process of any of the preceding claims wherein said process further 

25 comprises the step of using one or more measurements made by the analytical module by a 

computer for the apparatus for directing the apparatus to take action based on one or more of 

the measurements. 

118. The process of any of the preceding claims wherein said process further 

comprises the step of directing raw slurry and/or blended slurry and/or partially blended slurry 

30 and/or one or more chemical component streams and/or partially blended chemical blend 

and/or a chemical blended stream to a waste stream from any module in the apparatus, or 

directing the slurry to one or more filters, or treatment means, or adjusting the composition in 

the blend module or adding a metered amount of one or more components to the distribution 

tank from the blend module, or sending raw slurry to the blend module, or sounding an alarm. 

35 119. The process of any of the preceding claims wherein said process further 

comprises the step of analyzing raw slurry using a particle size distribution analyzer or a liquid 

particle counter prior to or at the beginning of transferring raw slurry to the feed tank from the 
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111. The process of any of the preceding claims wherein said process further 

comprises the step of transporting the slurry and/or chemical blend from one or more modules 

(feed, and/or blend and/or distribution) of the slurry and/or chemical blend supply apparatus to 

an analytical module via sample tubes or via sample loops. 

5 112. The process of any of the preceding claims wherein said process further 

comprises the step of returning the slurry and/or chemical blend to the slurry and/or chemical 

blend supply apparatus, optionally to the same module, after said analyzing step. 

113. The process of any of the preceding claims wherein said process further 

comprises controlling the flow and/or dilution of slurry and/or chemical blend in said analytical 

10 module using one or more pieces of equipment selected from the group consisting of: a 

needle valve, a peristaltic pump, a rotometer and a dilution fixture. 

114. The process of any of the preceding claims wherein said process further 

comprises transporting slurry or chemical blend from one or more feed and/or blend and/or 

distribution modules, analyzing the slurry or chemical blend, optionally diluting the slurry prior 

15 to analyzing, and optionally returning at least a portion of the slurry or chemical blend to a 

module which may be the same module from which the slurry and/or chemical blend was 

transported from. 

115. The process of any of the preceding claims wherein said process further 

comprises the step of returning the slurry or the chemical blend to the distribution tank or 

20 sending it to a waste stream. 

116. The process of any of the preceding claims wherein said process further 

comprises the step of drawing slurry or chemical blend from multiple modules sequentially for 

analysis by one or more analytical apparatuses in said analytical module. 

117. The process of any of the preceding claims wherein said process further 

25 comprises the step of using one or more measurements made by the analytical module by a 

computer for the apparatus for directing the apparatus to take action based on one or more of 

the measurements. 

118. The process of any of the preceding claims wherein said process further 

comprises the step of directing raw slurry and/or blended slurry and/or partially blended slurry 

30 and/or one or more chemical component streams and/or partially blended chemical blend 

and/or a chemical blended stream to a waste stream from any module in the apparatus, or 

directing the slurry to one or more filters, or treatment means, or adjusting the composition in 

the blend module or adding a metered amount of one or more components to the distribution 

tank from the blend module, or sending raw slurry to the blend module, or sounding an alarm. 

35 119. The process of any of the preceding claims wherein said process further 

comprises the step of analyzing raw slurry using a particle size distribution analyzer or a liquid 

particle counter prior to or at the beginning of transferring raw slurry to the feed tank from the 
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slurry supply container so that the transfer can be terminated if said analyzing step 

determines that the raw slurry is out of specification. 

120. The process of any of the preceding claims wherein said process further 

comprises the step of analyzing raw slurry using a particle size distribution analyzer or a liquid 

5 particle counter prior to transferring raw slurry to the blend module so that the transfer can be 

terminated if said analyzing step determines the raw slurry is out of specification. 

121. The process of any of the preceding claims wherein said process further 

comprises the step of analyzing blended slurry using a particle size distribution analyzer or a 

liquid particle counter or one or more other analytical apparatuses prior to transferring 

10 blended slurry to the distribution tank from the blend module so that the transfer can be 

terminated if said analyzing step determines the slurry is out of specification. 

122. The process of any of the preceding claims wherein said process further 

comprises the step of passing slurry and/or chemical blend through a strainer in one or more 

pipes in the slurry and/or chemical blend supply apparatus. 

15 123. The process of any of the preceding claims wherein said process further 

comprises the step of passing slurry and/or chemical blend through a strainer in one or more 

pipes in the slurry and/or chemical blend supply apparatus upstream of one or more of the 

pieces of equipment selected from the group consisting of flow controllers, pumps, needle 

valves, analytical apparatuses or other restricted valves or orifices. 

20 124. The process of any of the preceding claims wherein said process further 

comprises the step of controlling the flow through the circulation loop or global loop by 

measuring a flow rate using a flow sensor and using the measured flow rate to adjust a pump 

speed and measuring a pressure and using the pressure in the circulation loop or global loop 

to adjust the pump speed, and/or using a pressure sensor to adjust a back pressure 

25 controller, said back pressure controller being located near the return of the circulation loop or 

global loop. 

125. The process of any of the preceding claims wherein said process further 

comprises the step of filtering the slurry and/or chemical blend in one or more modules, 

optionally in each of the feed, blend and distribution modules. 

30 126. The process of any of the preceding claims wherein said process further 

comprises the step of filtering slurry or chemical blend in a separate filter loop, said filter loop 

comprising a pipe loop, a filter loop pump, and one or more filters in fluid communication with 

the pipe loop. 

127. The process of any of the preceding claims wherein said process further 

35 comprises the step of blending at least two or more component streams, the at least two or 

more component streams being selected from the group consisting of raw slurry, water, one 

or more chemical components, one or more chemical components blended with water, a 
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slurry supply container so that the transfer can be terminated if said analyzing step 

determines that the raw slurry is out of specification. 

120. The process of any of the preceding claims wherein said process further 

comprises the step of analyzing raw slurry using a particle size distribution analyzer or a liquid 

5 particle counter prior to transferring raw slurry to the blend module so that the transfer can be 

terminated if said analyzing step determines the raw slurry is out of specification. 

121. The process of any of the preceding claims wherein said process further 

comprises the step of analyzing blended slurry using a particle size distribution analyzer or a 

liquid particle counter or one or more other analytical apparatuses prior to transferring 

10 blended slurry to the distribution tank from the blend module so that the transfer can be 

terminated if said analyzing step determines the slurry is out of specification. 

122. The process of any of the preceding claims wherein said process further 

comprises the step of passing slurry and/or chemical blend through a strainer in one or more 

pipes in the slurry and/or chemical blend supply apparatus. 

15 123. The process of any of the preceding claims wherein said process further 

comprises the step of passing slurry and/or chemical blend through a strainer in one or more 

pipes in the slurry and/or chemical blend supply apparatus upstream of one or more of the 

pieces of equipment selected from the group consisting of flow controllers, pumps, needle 

valves, analytical apparatuses or other restricted valves or orifices. 

20 124. The process of any of the preceding claims wherein said process further 

comprises the step of controlling the flow through the circulation loop or global loop by 

measuring a flow rate using a flow sensor and using the measured flow rate to adjust a pump 

speed and measuring a pressure and using the pressure in the circulation loop or global loop 

to adjust the pump speed, and/or using a pressure sensor to adjust a back pressure 

25 controller, said back pressure controller being located near the return of the circulation loop or 

global loop. 

125. The process of any of the preceding claims wherein said process further 

comprises the step of filtering the slurry and/or chemical blend in one or more modules, 

optionally in each of the feed, blend and distribution modules. 

30 126. The process of any of the preceding claims wherein said process further 

comprises the step of filtering slurry or chemical blend in a separate filter loop, said filter loop 

comprising a pipe loop, a filter loop pump, and one or more filters in fluid communication with 

the pipe loop. 

127. The process of any of the preceding claims wherein said process further 

35 comprises the step of blending at least two or more component streams, the at least two or 

more component streams being selected from the group consisting of raw slurry, water, one 

or more chemical components, one or more chemical components blended with water, a 
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partially blended slurry, partially blended chemical blend stream, fully blended slurry or fully 

blended chemical blend stream, said process comprising the steps of flowing the at least two 

streams through flow controllers that provide measured amounts of each of the streams to be 

combined and combining the at least two streams to form a single stream, optionally wherein 

5 said combining step to form said single stream occurs upstream of the pump, within less than 

5 or 2 feet or 1 foot or 6 inches of flowing distance of said single stream to the pump and 

flowing said single stream downstream through the pump. 

128. The process of claim 127 wherein said process further comprises the step of 

flowing said raw slurry stream through a strainer upstream of said flow controller. 

10 129. The process of claim 127 or 128 wherein said flowing step and said combining 

step combines three of said component streams. 

130. The process of any of claims 127-129 wherein said process further comprises 

the step of prior to said combining step, a first step of combining at least two of said 

component streams to form a first partially blended slurry and/or first partially blended 

15 chemical blend stream. 

131. The process of any of claims 127-130 wherein said process further comprises 

the step of combining said first partially blended stream (slurry or chemical blend) with another 

component stream in said combining step. 

20 

132. The process of any of claims 127-131 wherein said process further comprises, 

after said first step of combining but before said combining step, a second step of combining 

at least two of said component streams to form a second partially blended (slurry and/or 

chemical blend) stream or a fully blended (slurry and/or chemical blend) stream, said 

combining step therefore becoming a third step of combining. 

133. The process of claim 132 wherein said process further comprises the step of 

25 wherein one of said at least two component streams that are combined in said second step of 

combining is said first partially blended slurry or first partially blended chemical blend. 

134. The process of any of claims 127-133 wherein said process further comprises 

the step of combining all the component streams combined in all of the combining steps within 

2 feet upstream of a pump. 

30 135. The process of any of claims 132-134 wherein said process further comprises 

the step of combining a fully blended slurry or fully blended chemical blend in any one of said 

first, second or third combining steps or in an optional additional fourth combining step of 

blending component streams in said blend module. 

136. The process of any of the preceding claims wherein said process further 

35 comprises the step of flowing said fully blended slurry or fully blended chemical blend from a 

distribution tank or from an analytical module or from the blend module or from a container of 

blended slurry or chemical blend. 
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partially blended slurry, partially blended chemical blend stream, fully blended slurry or fully 

blended chemical blend stream, said process comprising the steps of flowing the at least two 

streams through flow controllers that provide measured amounts of each of the streams to be 

combined and combining the at least two streams to form a single stream, optionally wherein 

5 said combining step to form said single stream occurs upstream of the pump, within less than 

5 or 2 feet or 1 foot or 6 inches of flowing distance of said single stream to the pump and 

flowing said single stream downstream through the pump. 

128. The process of claim 127 wherein said process further comprises the step of 

flowing said raw slurry stream through a strainer upstream of said flow controller. 

10 129. The process of claim 127 or 128 wherein said flowing step and said combining 

step combines three of said component streams. 

130. The process of any of claims 127-129 wherein said process further comprises 

the step of prior to said combining step, a first step of combining at least two of said 

component streams to form a first partially blended slurry and/or first partially blended 

15 chemical blend stream. 

131. The process of any of claims 127-130 wherein said process further comprises 

the step of combining said first partially blended stream (slurry or chemical blend) with another 

component stream in said combining step. 

132. The process of any of claims 127-131 wherein said process further comprises, 

20 after said first step of combining but before said combining step, a second step of combining 

at least two of said component streams to form a second partially blended (slurry and/or 

chemical blend) stream or a fully blended (slurry and/or chemical blend) stream, said 

combining step therefore becoming a third step of combining. 

133. The process of claim 132 wherein said process further comprises the step of 

25 wherein one of said at least two component streams that are combined in said second step of 

combining is said first partially blended slurry or first partially blended chemical blend. 

134. The process of any of claims 127-133 wherein said process further comprises 

the step of combining all the component streams combined in all of the combining steps within 

2 feet upstream of a pump. 

30 135. The process of any of claims 132-134 wherein said process further comprises 

the step of combining a fully blended slurry or fully blended chemical blend in any one of said 

first, second or third combining steps or in an optional additional fourth combining step of 

blending component streams in said blend module. 

136. The process of any of the preceding claims wherein said process further 

35 comprises the step of flowing said fully blended slurry or fully blended chemical blend from a 

distribution tank or from an analytical module or from the blend module or from a container of 

blended slurry or chemical blend. 
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137. The process of any of the preceding claims wherein said step of combining 

blended slurry or blended chemical blend may be preceded by any one or more of the steps 

selected from the group consisting of: filtering said blended slurry or chemical blend, 

analyzing said blended slurry or chemical blend, or flowing said blended slurry or chemical 

5 blend from said distribution tank to said blend module. 

138. The process of any of the preceding claims wherein the blended stream after 

any of the combining steps is selected from the group consisting of partially blended slurry 

stream or partially blended chemical blend stream, fully blended slurry, fully blended chemical 

blend, additional fully blended slurry and additional fully blended chemical blend stream. 

10 139. The process of any of the preceding claims wherein said process further 

comprises the step of analyzing the slurry and/or chemical blend from one or more modules of 

the slurry and/or chemical blend supply apparatus, using one or multiple in-line analytical 

modules. 

140. The process of any of the preceding claims wherein said process further 

15 comprises one or more of the following steps in response to the analyzing step performed by 

said one or more in-line analytical modules: alerting a technician, directing slurry into a 

treatment means, dosing said distribution tank with one or more components. 

141. The process of any of the preceding claims wherein said process further 

comprises the steps of dosing said distribution tank with one or more components by flowing 

20 one or more components from said blend module to said distribution tank and terminating the 

dosing step. 

142. The process of any of the preceding claims wherein said process further 

comprises the step of blending slurry or chemical blend by flowing two or more component 

streams into a split mixer. 

25 143. The process of any of the preceding claims wherein said process further 

comprises the step of transporting blended slurry or chemical blend from the blend module to 

the distribution module, the distribution module may comprise a distribution tank for receiving 

the blended slurry or chemical blend, and the process may further comprise pumping the 

blended slurry or chemical blend from the distribution tank through a global loop to one or 

30 more CMP or other tools. 

144. The process of any of the preceding claims wherein said process step of 

pumping the slurry or chemical blend around the global loop further includes the step of 

transporting at least a portion of the blended slurry or chemical blend in the global loop back 

to the one or more distribution tanks. 

35 145. The process of any of the preceding claims wherein said process further 

comprises the step of measuring the pressure is said global loop and the flow rate of blended 

slurry or chemical blend in the global loop and adjusting the speed of the pump and the back 
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137. The process of any of the preceding claims wherein said step of combining 

blended slurry or blended chemical blend may be preceded by any one or more of the steps 

selected from the group consisting of: filtering said blended slurry or chemical blend, 

analyzing said blended slurry or chemical blend, or flowing said blended slurry or chemical 

5 blend from said distribution tank to said blend module. 

138. The process of any of the preceding claims wherein the blended stream after 

any of the combining steps is selected from the group consisting of partially blended slurry 

stream or partially blended chemical blend stream, fully blended slurry, fully blended chemical 

blend, additional fully blended slurry and additional fully blended chemical blend stream. 

10 139. The process of any of the preceding claims wherein said process further 

comprises the step of analyzing the slurry and/or chemical blend from one or more modules of 

the slurry and/or chemical blend supply apparatus, using one or multiple in-line analytical 

modules. 

140. The process of any of the preceding claims wherein said process further 

15 comprises one or more of the following steps in response to the analyzing step performed by 

said one or more in-line analytical modules: alerting a technician, directing slurry into a 

treatment means, dosing said distribution tank with one or more components. 

141. The process of any of the preceding claims wherein said process further 

comprises the steps of dosing said distribution tank with one or more components by flowing 

20 one or more components from said blend module to said distribution tank and terminating the 

dosing step. 

142. The process of any of the preceding claims wherein said process further 

comprises the step of blending slurry or chemical blend by flowing two or more component 

streams into a split mixer. 

25 143. The process of any of the preceding claims wherein said process further 

comprises the step of transporting blended slurry or chemical blend from the blend module to 

the distribution module, the distribution module may comprise a distribution tank for receiving 

the blended slurry or chemical blend, and the process may further comprise pumping the 

blended slurry or chemical blend from the distribution tank through a global loop to one or 

30 more CMP or other tools. 

144. The process of any of the preceding claims wherein said process step of 

pumping the slurry or chemical blend around the global loop further includes the step of 

transporting at least a portion of the blended slurry or chemical blend in the global loop back 

to the one or more distribution tanks. 

35 145. The process of any of the preceding claims wherein said process further 

comprises the step of measuring the pressure is said global loop and the flow rate of blended 

slurry or chemical blend in the global loop and adjusting the speed of the pump and the back 
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pressure controller in response to those measurements to regulate the flow of the blended 

slurry or chemical blend in the global loop. 

146. The process of any of the preceding claims wherein said process further 

comprises the step of measuring the level of slurry or chemical blend in the distribution tank 

5 and blending slurry or chemical blend if the level in the distribution tank is below a predefined 

level. 

147. The process of any of the preceding claims wherein said process further 

comprises the step of providing a distribution module comprising first and second distribution 

tanks, at least one pump and at least one global loop, further comprising terminating the flow 

10 of slurry or chemical blend from a blend module to said first distribution and directing the flow 

of slurry or chemical blend to said second distribution tank. 

148. The process of any of the preceding claims wherein said process further 

comprises the steps of providing a slurry or chemical blend supply apparatus comprising first 

and second distribution tanks, first and second distribution pumps, and first and second global 

15 loops; terminating the flow of blended slurry or chemical blend to and through the first 

distribution tank, the first pump, and the first global loop and instead directing the blended 

slurry or chemical blend to flow to and through the second distribution tank, the second pump 

and the second global loop. 

149. The process of any of the preceding claims wherein said process further 

20 

25 

comprises the step of providing a slurry and/or chemical blend supply apparatus comprising 

first and second distribution tanks, first and second distribution pumps, and first and second 

global loops; and pumping via the first pump blended slurry or chemical blend from the first 

distribution tank to the first global loop, and pumping via the second pump blended slurry or 

chemical blend from the second distribution tank to the second global loop, 

150. The process of any of the preceding claims wherein said process further 

comprises the step of blending a first and second blended slurry or a first and second 

chemical blend or first blended slurry and second chemical blend in the blend module and 

directing said first streams to said first distribution tank and said second streams to said 

second distribution tank. 

30 151. The process of any of the preceding claims wherein said process further 

comprises the step of controlling the blending by the blend module of the first and second 

blended slurries or the first and second chemical blends or the first blended slurry and the 

second blended chemical blend based on demand by the first or second global loop or tank 

level sensors in said first or second distribution tanks. 

35 152. The process of any of the preceding claims wherein said process further 

comprises the step of supplying raw slurry to the feed tank and/or to the blend module in 
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pressure controller in response to those measurements to regulate the flow of the blended 

slurry or chemical blend in the global loop. 

146. The process of any of the preceding claims wherein said process further 

comprises the step of measuring the level of slurry or chemical blend in the distribution tank 

5 and blending slurry or chemical blend if the level in the distribution tank is below a predefined 

level. 

147. The process of any of the preceding claims wherein said process further 

comprises the step of providing a distribution module comprising first and second distribution 

tanks, at least one pump and at least one global loop, further comprising terminating the flow 

10 of slurry or chemical blend from a blend module to said first distribution and directing the flow 

of slurry or chemical blend to said second distribution tank. 

148. The process of any of the preceding claims wherein said process further 

comprises the steps of providing a slurry or chemical blend supply apparatus comprising first 

and second distribution tanks, first and second distribution pumps, and first and second global 

15 loops; terminating the flow of blended slurry or chemical blend to and through the first 

distribution tank, the first pump, and the first global loop and instead directing the blended 

slurry or chemical blend to flow to and through the second distribution tank, the second pump 

and the second global loop. 

149. The process of any of the preceding claims wherein said process further 

20 comprises the step of providing a slurry and/or chemical blend supply apparatus comprising 

first and second distribution tanks, first and second distribution pumps, and first and second 

global loops; and pumping via the first pump blended slurry or chemical blend from the first 

distribution tank to the first global loop, and pumping via the second pump blended slurry or 

chemical blend from the second distribution tank to the second global loop, 

25 150. The process of any of the preceding claims wherein said process further 

comprises the step of blending a first and second blended slurry or a first and second 

chemical blend or first blended slurry and second chemical blend in the blend module and 

directing said first streams to said first distribution tank and said second streams to said 

second distribution tank. 

30 151. The process of any of the preceding claims wherein said process further 

comprises the step of controlling the blending by the blend module of the first and second 

blended slurries or the first and second chemical blends or the first blended slurry and the 

second blended chemical blend based on demand by the first or second global loop or tank 

level sensors in said first or second distribution tanks. 

35 152. The process of any of the preceding claims wherein said process further 

comprises the step of supplying raw slurry to the feed tank and/or to the blend module in 
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response to demand from the slurry and/or chemical blend supply apparatus for blended 

slurry in distribution module. 

153. The process of any of the preceding claims wherein said process further 

comprises the step of increasing or decreasing the speed of the global loop supply pump in 

5 response to an increase or decrease in the consumption of blended slurry and/or chemical 

blend by the tools in fluid communication with the global loop. 

154. The process of any of the preceding claims wherein said process further 

comprises the step of starting or stopping the blending in the blend module based a level 

sensor measurement in at least one distribution tank. 

10 155. The process of any of the preceding claims wherein said process further 

comprises the step of increasing the feed module pump speed on the circulation loop when 

the blend module consumes an increased amount of raw slurry and decreasing the feed 

module pump speed on the circulation loop when the blend module consumes a decreased 

amount of raw slurry. 

15 156. The process of any of the preceding claims wherein said process further 

comprises the step of operating the slurry and/or chemical blend supply apparatus such that 

the distribution module is continuously circulating slurry and/or chemical blend through a 

global loop and the analytical module is continuously analyzing at one or more pre-set 

intervals individual samples of at least some slurry or chemical blend. 

20 157. The process of any of the preceding claims further wherein during said 

operating step, said analytical module analyzes individual samples from two or more sample 

loops from two or more modules in the apparatus. 

158. The process of any of the preceding claims further wherein during said 

operating step said feed module is continuously circulating slurry in a circulation loop. 

25 159. The process of any of the preceding claims further wherein during said 

operating step slurry or chemical blend is flowing through and is present in more than 75% of 

the total linear flowing distance of all of the pipes, tanks, and other parts and equipment that 

slurry or chemical blend flow through of the slurry and/or chemical blend supply apparatus 

when slurry and/or chemical blend is being supplied to the global loop. 

30 160. The process of any of the preceding claims, wherein the process further 

comprises the step of flowing slurry and/or chemical blend into a tank by passing the slurry 

and/or chemical blend through an eductor. 

161. The process of any of the preceding claims, wherein the process further 

comprises the step of transporting slurry and/or chemical blend from the exit opening at the 

35 bottom of each tank through a circulation loop to the return pipe in the tank and flowing the 

slurry and/or chemical blend out of one or more eductors located at the end of the return pipe 
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response to demand from the slurry and/or chemical blend supply apparatus for blended 

slurry in distribution module. 

153. The process of any of the preceding claims wherein said process further 

comprises the step of increasing or decreasing the speed of the global loop supply pump in 

5 response to an increase or decrease in the consumption of blended slurry and/or chemical 

blend by the tools in fluid communication with the global loop. 

154. The process of any of the preceding claims wherein said process further 

comprises the step of starting or stopping the blending in the blend module based a level 

sensor measurement in at least one distribution tank. 

10 155. The process of any of the preceding claims wherein said process further 

comprises the step of increasing the feed module pump speed on the circulation loop when 

the blend module consumes an increased amount of raw slurry and decreasing the feed 

module pump speed on the circulation loop when the blend module consumes a decreased 

amount of raw slurry. 

15 156. The process of any of the preceding claims wherein said process further 

comprises the step of operating the slurry and/or chemical blend supply apparatus such that 

the distribution module is continuously circulating slurry and/or chemical blend through a 

global loop and the analytical module is continuously analyzing at one or more pre-set 

intervals individual samples of at least some slurry or chemical blend. 

20 157. The process of any of the preceding claims further wherein during said 

operating step, said analytical module analyzes individual samples from two or more sample 

loops from two or more modules in the apparatus. 

158. The process of any of the preceding claims further wherein during said 

operating step said feed module is continuously circulating slurry in a circulation loop. 

25 159. The process of any of the preceding claims further wherein during said 

operating step slurry or chemical blend is flowing through and is present in more than 75% of 

the total linear flowing distance of all of the pipes, tanks, and other parts and equipment that 

slurry or chemical blend flow through of the slurry and/or chemical blend supply apparatus 

when slurry and/or chemical blend is being supplied to the global loop. 

30 160. The process of any of the preceding claims, wherein the process further 

comprises the step of flowing slurry and/or chemical blend into a tank by passing the slurry 

and/or chemical blend through an eductor. 

161. The process of any of the preceding claims, wherein the process further 

comprises the step of transporting slurry and/or chemical blend from the exit opening at the 

35 bottom of each tank through a circulation loop to the return pipe in the tank and flowing the 

slurry and/or chemical blend out of one or more eductors located at the end of the return pipe 
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inside the tank wherein said return pipe penetrates the sidewall of the tank at about the same 

level from the bottom of the tank as the eductor is located. 

162. The process of any of the preceding claims further comprising the step of 

flowing slurry or chemical blend out of the exit opening at the bottom of a tank into a double 

5 line exit loop. 

163. The process of any of the preceding claims further comprising the step of 

redirecting the flow of at least a portion of a slurry or chemical blend stream using a restricted 

orifice and a three-way valve. 

164. The process of any of the preceding claims further comprising the step of 

10 pumping slurry or chemical blend from a distribution tank into one or more pressure vessel 

elements, each of said one or more pressure vessel elements comprising one or more 

pressure vessels. 

165. The process of any of the preceding claims further comprising the step of 

maintaining the one or more pressure vessels of the one or more pressure vessel elements 

15 under a constant elevated pressure via a pressure regulator connected to a pressurized gas 

source. 

166. The process of any of the preceding claims further comprising the step of 

continuously pumping the slurry or chemical blend from a distribution tank at a pressure 

greater than the pressure in the one or more pressure vessels to continuously supply the one 

20 or more pressure vessel elements with slurry or chemical blend, so that said one or more 

pressure vessels can continuously supply one or more global loops with slurry or chemical 

blend. 

167. The process of any of the preceding claims further comprising the step of 

switching from the supply from the distribution tank of slurry or chemical blend by a first pump 

25 to a first pressure vessel element to the supply from the distribution tank of slurry or chemical 

blend by a second pump to a second pressure vessel element in the distribution module to 

supply one or more global loops with slurry or chemical blend. 

168. The process of any of the preceding claims further wherein the first pump 

supplying the first pressure vessel element and the second pump supplying the second 

30 pressure vessel element, both supply the same global loop. 

169. The process of any of the preceding claims further comprising the step of 

sounding an alarm when a sensor detects a slurry or chemical blend that is out of 

specification, while the global loop continues to supply slurry or chemical blend to the tools. 

35 170. The process of any of the preceding claims further comprising the step of 

circulating 10-30 LPM of slurry or chemical blend in at least one global loop continuously. 
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inside the tank wherein said return pipe penetrates the sidewall of the tank at about the same 

level from the bottom of the tank as the eductor is located. 

162. The process of any of the preceding claims further comprising the step of 

flowing slurry or chemical blend out of the exit opening at the bottom of a tank into a double 

5 line exit loop. 

163. The process of any of the preceding claims further comprising the step of 

redirecting the flow of at least a portion of a slurry or chemical blend stream using a restricted 

orifice and a three-way valve. 

164. The process of any of the preceding claims further comprising the step of 

10 pumping slurry or chemical blend from a distribution tank into one or more pressure vessel 

elements, each of said one or more pressure vessel elements comprising one or more 

pressure vessels. 

165. The process of any of the preceding claims further comprising the step of 

maintaining the one or more pressure vessels of the one or more pressure vessel elements 

15 under a constant elevated pressure via a pressure regulator connected to a pressurized gas 

source. 

166. The process of any of the preceding claims further comprising the step of 

continuously pumping the slurry or chemical blend from a distribution tank at a pressure 

greater than the pressure in the one or more pressure vessels to continuously supply the one 

20 or more pressure vessel elements with slurry or chemical blend, so that said one or more 

pressure vessels can continuously supply one or more global loops with slurry or chemical 

blend. 

167. The process of any of the preceding claims further comprising the step of 

switching from the supply from the distribution tank of slurry or chemical blend by a first pump 

25 to a first pressure vessel element to the supply from the distribution tank of slurry or chemical 

blend by a second pump to a second pressure vessel element in the distribution module to 

supply one or more global loops with slurry or chemical blend. 

168. The process of any of the preceding claims further wherein the first pump 

supplying the first pressure vessel element and the second pump supplying the second 

30 pressure vessel element, both supply the same global loop. 

169. The process of any of the preceding claims further comprising the step of 

sounding an alarm when a sensor detects a slurry or chemical blend that is out of 

specification, while the global loop continues to supply slurry or chemical blend to the tools. 

35 170. The process of any of the preceding claims further comprising the step of 

circulating 10-30 LPM of slurry or chemical blend in at least one global loop continuously. 
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171. The process of any of the preceding claims further wherein the slurry and/or 

chemical blend 

days or weeks 

supply 

or more 

apparatus 

at a time. 

supplies 8 or more tools simultaneously and continuously for 

5 
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171. The process of any of the preceding claims further wherein the slurry and/or 

chemical blend supply apparatus supplies 8 or more tools simultaneously and continuously for 

days or weeks or more at a time. 
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