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- 2- and therefore the chem cal concentration in the blended |iquid, A
have | ess than the desired accuracy. Mor eover, the concentrated -

l'i quid chem cal has been previously punped and Lthrough a line for
mXing with the diluent liquid in such a man te quantities of

cherical concentrate cannot be accurateTy! GLAZ ,
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and
establishing a predetermined blend between the liquid
chemical and the diluent liquid.

BACRKGROUND OF THE INVENTION

Liquid chemicals and water have been blended in
predetermined concentrations previously through the use of
sensors of both the type which actually engage the liquid,
and other electrodeless-type sensors placed in the flow line
or container wherein the blended liquid is found.

The use of blended iiquid becomes extremely important
in industrial applications, such as in the processing of
semiconductor wafers, wherein exactly the correct blend of
chemical and diluent liquid must be achieved. A wafer
processing:tool using the blended liquid may cause a
substantial amount of waste of semiconductor wafers if the
blended liquid does not have the correct concentration of
chemical and accordingly, it is desirable that the accuracy
of the chemical concentration in the blended liquid be
extremely accurate.

Closed loop mixing and blended systems.have been known
in the past, wherein electrodeless-type sensors have been
placed in a storage and mixing tank in some instances, and
in other instances, have been placed in a flow duct through-
which the blended liguid is circulated. 1In some instances,
such electrodeless-type sensors have been placed in series
with each other alorng the flow duct carrying the blended
1liquid in an attempt to obtain the desired accuracy of
measuring the chemical concentration in the blended liquid;
however, such electrodeless-type sensors placed in series
along the flow duct create such turbulence in the flowing
blended liquid that results in measuring the conductivity, -



A feature of the invention is a |arge storage and m xi ng contai ner or
barrel into which a predeterm ned anmount of diluent liquid or water is

pl aced. A flow duct is arranged in a closed loop to draw liquid fromthe
container and return the liquid to the coptainer. A single punp is
connected into the flow duct to draw liqufd fromthe container and
circulate the liquid throughout the | oop. A source of liquid chemcal is
connected into the duct adjacent t he suction side of the punp by a chem cal

addi ng Va|V£n&h&gQré?8£é”HHH ﬂiEQEBcbh ?9r££9&h'ﬂnt9ﬁ?f59&hdéﬁt and

around the c|ose ve may be cycl ed open and
closed to cbifetd fth%vﬁh%ﬁﬁéthéﬁuFéé @ﬁ?br?ﬂeaFFBﬁPﬁHct so as to cause the
punp to draw chenical into the flow duct along with and mxed with the

flowing diluent Jiquid to create the de g bl ende ujd.__Fl ow of m xed
diluent Iiquid &H%g%ﬂ‘éﬁfcagf‘eoF°BF%ﬂ6’éﬁg?ﬁ5 iguidg Eheni 8] nas' Bef
- 3- previously pumped and propelled through a line for mixing
with the diluent liquid in such a manner that accurate
quantities of chemical concentrate cannot be accurately

dispensed.
'SUMMARY OF THE INVENTION

An object of the invention is to provide apparatus for
mixing precise quantities of concentrated liquid chemical
with a diluent liquid, such as deionized (DI) water, in an
arranged whereby a blended liquid, including a predetermined
proportion of chemical concentrate, may be supplied to a
remote point of use.

A feature of the invention is a large storage and
mixing container or barrel into which a predetermined amount
of diluent liquid or water is placed. A flow duct is

- arranged in a closed loop to draw liquid from the container
and return the liquid to the container. A single pump is
connected into the flow duct to draw liquid from the
container and circulate the liquid throughout the loop. A
source of liquid chemical is connected into the duct
adjacent the suction side of the pump by a chemical adding
valve which continuously allows liquid flow in the flow duct
and around the closed loop, and which adding valve may be
cycled open and closed to connect the chemical source into
the flow duct so as to cause the pump to draw chemical into
the flow duct along with and mixed with the flowing diluent
liquid to create the'desired blended liquid. Flow of mixed
diluent liquid and chemical, or blended liquid, is



continuous around the closed | oop and m xing continues in the flow duct and
m Xi ng cont ai ner. The chemnical concentration neasuring device is

mai ntai ned in the flow duct between the m xi ng contai ner and the chem cal
addi ng val ve, and the bl ended |iquid of nixed chem cal concentrate and
diluent liquid flow continuously througﬁn%hé concentration neasuring device
whi ch continuously nonitors the chem cal concentration. A feature of
the invention is the chenical concentration device which conprises a pair

of concentratjek o0L$oliRaPakal r 48RS 11 hhoweaHehuREt Ween

whi ch the ci%%ﬁ?§?§2§ gﬁgﬁggdeﬁgqhﬁgsgﬁo&kgg 8ﬁéiggg} #hébconcggﬁrgﬁion
sensors neaShfefiRy EuRBueprAvMiyipg €RBLBABAR¥ed |iquid and produce a
concentration indication thereof. The two concentration indications, which
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i ndi cati onstBrgubhethaneoneentirhBiBnamkaEYiréhgsSaekanaewhiba addi ng valve is

cycl ed, \ . , .
y continuously monitors the chemical concentration.

A feature of the invention is the chemical
concentration device which comprises a pair of concentration
sensors in parallel portions of the flow duct between which
the circulating blended liquid flow is divided. The
concentration sensors measure the conductivity of the
blended liquid and produce a concentration indication
thereof. The two concentration indications, which may be
very nearly the same within a very small margin of error,
are first compared to indicate that both of the
concentration sensors are functioning with uniformity. 1In
the event that the concentration indications from the two
sensors vary outside of a predetermined range, the entire
blending system is stopped so that the determination can be
made as to the nature of the problem in the system. On the
other hand, if the concentration indications are the same,
or within a very close range, the adding valve is cycled,
opening the chemical'flow_line momentarily in each cycle, to
add chemical concentrate into the blended liquid as to
increase the chemical concentration in the blended liquid.
Ag the indications of chemical concentfate in the blended
liquid increase, as to indicate a higher concentration
chemical in the blended liquid, the time during which the
chemical adding valve remains open in its cyclé of operation
is reduced so that the chemical concentration in the blended



opening the chemcal flow line nonentarily in each cycle, to add chem cal
concentrate into the blended liquid as to increase the chem cal
concentration in the blended liquid. As the indications of chem cal
concentrate in the blended liquid increase, as to indicate a higher
concentration chemcal in the blended ITchid, the time during which the
chem cal adding valve remains open in its cycle of operation is reduced so
that the chem cal concentration in the bl ended.

- 4- i quj 0 r d then ulii i e
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each of thetBerdestred eghembeak cenpewerationa plastic sheath in a plastic
housi ng. Both the plastic sheath for the coils and the plastic housing are

made of a plastic which is resistant to the deteriorating effects of highly
COrrosive quuid%no%hﬂr feature 1s the mounting of each of the sensors,

i.e. coils, embedded in a plastic sheath in a plastic
housing. Both the plastic sheath for the coils and the
plastic housing are made of a plastic which is resistant to
the deteriorating effects of highly corrosive liquids; and
such plastics have smooth surfaces upon which bubbles may
tend to collect. The housings are arranged with flow inlets
at the bottom and flow outlets at the top, requiring upward
flow of the blended liquid through the housing and past the
concentration sensors, thereby minimizing any collection of
bubbles that might exist in the flowing blended liquid on
any of the surfaces of the housing or of the plastic sheath
in which the sensor coils are embedded. Such bubbles that
have been experienced in prior chemical blending apparatus
tend to decrease the conductivity of the blended liquid
being measured because the bubbles, although some of them
are microscopic, do not conduct electricity and accordingly,
the measurement of the chemical concentration in the blended
liquid is inaccurate.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic diagram of the blending
apparatus for adding a mixing chemical concentrate into a
diluent liquid such as DI water. '

Figure 2 is an elevation view, partly broken away for
clarity of detail, and illustrating one of the chemical
concentration measuring devices.

Figure 3 is a schematic drawing illustrating the

chemical adding valve.



such plastics have snooth surfaces upon which bubbles may tend to coll ect.
The housings are arranged with flowinlets at the bottomand fl ow outlets
at the top, requiring upward flow of the blended |iquid through the housing
and past the concentration sensors, thereby m nimzing any coll ection of
bubbl es that might exist in the flow ng bl&nded liquid on any of the
surfaces of the housing or of the plastic sheath in which the sensor coils
are enbedded. Such bubbl es that have been experienced in prior chem cal
bl endi ng appar at ug; ojdegr d LYty ded liquid
bei ng nmeasur ed begé gggt%elgu%bﬁgésréﬁﬁﬁggghag%k%hgf1?%%%?g?gi§§croscopic,
do not condui¥PRTERRE| aEPgchidoficEbedraBFEyOLlt BESheBsur ement of the chemical
concentration in the blended liquid is inaccurate. BRI EF
DESCRI PTI ON OF THE, DRAW N ' Fi.gure 1 is a_ sche ic_diagramof the
bl endi ng appar at us* Feﬁdg?ﬂgaﬁenF?FﬁchﬁgﬁFgaFufgﬁﬁeﬂ?#ﬁ?ﬁr?ﬁgﬁgngFluent
i quid such aslé&tisnt between con@ugtieifyi sfaa blemdédohigurd, apdr thy
broken avay LobcEhRabbY off adehahlcadndohbbiELaeL! BefBEnCEokhe chem cal
concentrati measurrng devices. . j . L
hydrofluoric acid (Figure 5), acetic acid (Figure 6), nitric

acid (Figure 7), and phosphoric acid (Figure 8).
DETAILED SPECIFICATION

Some of the chemical concentrates utilized in the
semiconductor industry for processing semiconductor wafers
are identified in TABLE 1 below, which also sets forth the
blend of the chemical in water as the chemical is oftentimes
supplied for use.



Figure 3 is a schematic drawing illustrating the chem cal addi ng val ve.
Figure 4 is a diagrammatic drawing illustrating inportant
Figures 5-8 are conductivity curves
ilTustrating the relation between conductivity of a blended liquid and the
percentage of a chem cal concentrate thér& i for hydrof l uoric acid (Figure

-5-
aspects of

5), acetic
(Figure 8).

chem cal concentrates utilized in the TABLE 1

the control system

acid (Figure 6),

Chemical Name

Hydrofluoric
Acid

Acetic Acid
Nitric Acid
Phosphoric Acid

Potassium
Hydroxide

Tetramethyl
ammonium
Hydroxide

Hydrochloric
Acid

HF and Ammonium
Fluoride
mixtures

Ammonium
Hydroxide

Sulfuric Acid

Carbonic Acid

nitric acid (Figure 7),

and phosphoric acid

DETAI LED SPECI FI CATI ON Sonme of the

S

HCI

BOE’'s

NH,OH

ol

Percentage
Concentrate
in water

49%

98%
71%

80%

30%

25%

37%

28-30%

To the concentrates listed in TABLE 1, deionized water

is oftentimes added in the various ratios of ten parts DI to

one part of chemical concentrate, to as much as one hundred

parts of DI water to one part of chemical concentrate. For

instance, hydrofluoric acid is regularly supplied in a 49%
solution, and that is diluted to a 4.9% HF solution to 95.1%
of water; and may be diluted substantially more as to 0.49%

of chemical concentrate to 99.51% water.



seni conduct or I ndustry for processing sem conductor wafers are identified
in TABLE 1 bel ow, which also sets forth the blend of the chemi cal in water
as the chemcal is oftentines supplied for use.

- 6- TABLE 1

Per cent age -7 - Concentrate
Chem cal Nane Synbol I n wat er Fwdrofluoric
HF ' 49% Acid Acetic Acid

EFZ?rFLE{LSrfcIqSlmllarly, fﬁﬁﬁeﬁé} be diluted to leé%F@§sﬁgﬂ§ﬁE Aci d
concentrate to 97.62% water, and in other instances, may be

further diluted.

Accuracy in maintaining the selected blend of chemical
concentrate in the diluent liquid, or water, is extremely
important. The present apparatus maintains the
concentration of the chemical concentrate in the blended
liquid at the mean within a lower three sigma limit below
the mean, or an upper three sigma limit above the mean. For
instance, for a 4.9% HF by weight concentration in the
blended liquid including DI water, an upper three sigma
limit is 4.9%x (1.005) or 4.9245 which represents the upper
three sigma weight percent limit; and the lower three sigma
limit is 4.9%x (1-0.005) or 4.8755 which represents the
lower three sigma weight percent limit. Other of the
chemicals identified in TABLE 1 are also blended in the same
way, as are additional chemicals of comparable
concentrations.

The blending apparatus is indicated schematically in.
Figure 1, wherein a mixing and storage'tank 10, preferably
of a plastic resistant to the deteriorating effects of
corrosive chemicals, such as Teflon® PFA (perfluorocalkoxy)
or PVDF has a closed and sealed 1id 11 and is connected to a
supply line 12 for supplying DI water into the tank. A
valve 13 in the supply line 12 controls the flow of the
diluent liquid into the tank. Valve 13 is operated by the
control system 14 described further in connection with
Figure 4. -

Process nitrogen is supplied through a supply line 15
into the top of the tank 10, through a regulator 16, and a
filter 17. An exhaust line 18, with an orifice 18.1
therein, connects to line 15 adjacent the tank 10,



Potassidn1kwdroxide KCH 30% Tetranet hyl

anmoni um Hydr oxi de TMAH 25% Hydrochloric
Acid HCI 37% HF and Amoni um Fl uori de
BCOE's mi xtures Ammoni um Hydr oxi de NH err] OH 28-30%
Sul furic Acid Carbonic Acid To thé concentrates listed in TABLE 1,

dei oni zed water is oftentines added in the various ratios of ten parts D
to one part of chemi cal concentrate, to as nuch as one hundred parts of D

water to on L F N8 céﬁ!i%gq" at.e. [ afqg 4@/%[ flyoric acid

I's regul arl %I%%g’ltﬁélgci na Yo sol u |§n,l%ar#§1%t r#aat%éls ?‘}u e IrE?Lc]):li 4. 9% HF

solution toesesgive. Tank 10 may have a size in the range of
approximately thirty gallons.

A flow duct 19 resistant to the deteriorating effects
of corrosive chemicals has a liquid receiving end portion
19.1 connected in the container 10 and extending down into
the liquid contained therein; and the duct 19 also has a
discharge end portion 19.2 returning liquid from the duct 19
into the container 10.

A pump 20 is connected into the flow duct 19 and
functions to draw the liquid, i.e., blended liquid L, from
the tank 10 and circulate the blended liquid through the
flow duct 19 and back to the container 10. The combination
of the flow duct 19 and the container 10 forms a closed
loop, indicated in general by the numeral 21, around which
the blended liquid continuously flows.

A source of liquid chemical is indicated in general by
numeral 22 and comprises a chemical supply container 23 and
a chemical flow line 24. The container 23 may comprise a
fifty-five gallon drum or similar tank in which the liquid
chemical C is supplied from the original manufacturer
thereof. The container 23 may be attached to and
disconnected from the flow line 24 by a suitable coupling 25
so that a portion 24.1 of the flow line extends into the
lower portion of the container C from which the liquid
chemical concentrate C may be drawn.

A second supply container 23.1 may be connected into
the chemical flow line 24 by a valve 24.2 and coupling 25.1.
A second on-off valve 24.3 will be connected into flow line
24 adjacent coupling 25 if the second container is used.



of water; and may be diluted substantially nore as to 0.49% of cheni cal

concentrate to 99.51% wat er.. -7-
Simlarly, TMAH nay be diluted to 2.38% by wei ght concentrate to 97.62%
water, and in other instances, may be further dil uted. Accuracy in

mai nt ai ni ng the sel ected bl end of chenicalP Concentrate in the diluent
liquid, or water, is extrenely inportant. The present apparatus maintains
the concentration of the chem cal concentrate in the blended liquid at the

mean wi t hi NoRe8Welhn! Fre ke ¥aR vielsMiayP B0 Wil Bha¥R 2N inO WA cHRRES three
sigma limt_above the nmean. For instafce, for a 4.9% HF by wer ght

concent r at | BREWESPHEOBt@APREFS-i qui d i ncl uding DI water, an upper three

sigma limt is 4.9% (1.005) or 4.9245 which represents the upper three

sigma wei ght per%%nggffyéé z%n%aEh%el%w%%i%gggﬁn§kggaflow line 24 for
controlling the flow of liquid chemical therethrough. A
second pair of orifices 27 and 28 are provided for closely
regulating the flow rate through the flow line 24. The
orifice 28 is in a shunt line 29 which also contains a valve
30 for bypassing and supplementing the flow through the
orifice 27. When the valve 30 is opened, the flow of
chemical through the flow-liné 24 may be increased by a
factor of 10 (or some other factor according to the specific
specifications of the apparatus) so that a different range
of chemical concentration can be added to the diluent liquid

to which the chemical concentrate is being added.

A chemical adding valve 31 connects the chemical flow
line 24 directly into the flow duct 19 through which the
blended liquid circulates. The adding valve 31, of a type
sometimes known as a sample valve, and illustrated
schematically in Figure 3, provides for the chemical
concentrate liquid to be added directly from the flow line
24 into the duct portion 19.3 of the valve 31 which
comprises an unobstructed flow-through portion of the flow
duct 19. The duct portion 19.3 of the adding valve 31
extends along a weir 31.1 which separates the duct portion
19.3 from the inlet chamber 31.2 to which the flow line 24
is connected. A diaphragm 32 bears downwardly on the weir
31 to separate the inlet chamber 31.2 from the duct portion
19.3 and prevents liquid chemical concentrate from the flow
line 24 from being'added to the blended liquid in the duct
portion 19.3. An operating device, an air piston 33, is
connected by the operating stem 34 to the diaphragm 32 for
lifting the diaphragm off the weir 31.1 and allowing flow of
liquid chemical concentrate to flow into and mix with the



limt is 4.9% (1-0.005) or 4.8755 which represents the |lower three sigm
wei ght percent limt. Qher of the chemcals identified in TABLE 1 are also
blended in the sane way, as are additional chem cals of conparable
concentrations. The bl endi ng appaéﬁkus is indicated schematically in
Figure 1, wherein a mixing and storage tarnk 10, preferably of a plastic
resistant to the deteriorating effects of corrosive chemcals, such as
Teflon[err] PFA (perfluoroal koxy) or PVDF has a closed and sealed |id 11

and is CO””S&E%@eHQl&q?HBFE& Eh%edﬁatf%Br%QBB!%bng o dW%H%% Hﬂb% H@e tgpk

A valve 13 in the su I ne contr low O l'uent 1iqu
into the tafRrigg \3é rs ugn@péhét gdaphragm o5& Glhesy’§tlé'rr131~41d§§crclll9&?

further in tnanaaalmg Wa‘llh‘th&%hetﬁe alr preBl’sQ&%S%nnptl%Q@ﬁn 3i3s iguppl i ed
Lfrouah 2 sURRLYob® el Bsbe 0e05 (g Lallechl L guahentegy! oo
connect s t othenwalveadjldusiiratied aadkdk@prlbed in U.S. Patent
4,977,929, modified to be operated by an air operated
piston.  Accordingly, there are no dead spots between the
flow line 24 and flow duct 19 wherein quiescent quantities
of liquid chemical concentrate may exist in an uncontrolled
condition. '

It is important that the adding valve 31 be located in
the flow duct 19 between the suction side 20.1 of the pump
20 and the mixing and storage chamber or tank 10. The pump
also has a pressure side 20.2.

A chemical concentration measuring device 36 is located
in the flow duct 19 between the adding valve 31 and the
mixing tank 10. The measufing device 36 comprises a pair of
flow duct portions 19.4 and 19.5 which also comprise
portions of the flow.duct_19 and carry all of the flowing
blended liquid which is circulating in the flow duct 19 and
around the closed loop 21.

The chemical concentration measuring device 36 also
comprises a pair of concentration sensors or probes 37, 38,
illustrated diagrammatically in Figure 1 and in more detail
in Figure 2, which are located in the two flow duct portions
19.4, 19.5, respectively. The two sensors 37, 38 are
identical to each other and accordingly, an understanding of
one of the sensors as illustrated in Figure 2 provides an
understanding for both of the sensors 37, 38.

The sensors 37, 38 are mounted and confined within flow
housings 39, 39a, respectively, which are connected into and



- 8- preventing the gas pressure in the tank from becom ng excessi ve.
Tank 10 nay have a size in the range of approximately thirty gall ons.

A flow duct 19 resistant to the deteriorating effects of corrosive

chem cals has a liquid receiving end portion 19.1 connected in the
contai ner ‘10 and extendi ng down into tﬁelﬂidUid contai ned therein; and the
duct 19 also has a discharge end portion 19.2 returning liquid fromthe
duct 19 into the container A punp 20 is connected into the flow
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The flow housing 39 is formed of plastic resistant to

the deteriorating effects of corrosive chemicals, and is
preferably molded of Teflon® PFA (perfluorcalkoxy) or PVDF.
The housing 39 has a generally cylindrical outer wall 40,
and tapered end walls 41 providing a fitting 42 for
connection to the adjacent flow duct portions 19.4. The
nature of the plastic in the housing 39, and particularly in
the cylindrical wall 40 thereof, provides smooth inner
surfaces 40.1 upon which bubbles may tend to collect, but
the smooth continuous flowing blended liquid moving upwardly
through the open interior 39.1 of the housing, as indicated
by arrow a, will minimize or prevent collection of bubbles
on such surfaces;

The flow housing 39 has a T-opening 43 in which a
mounting plug 44 is affixed, as by welding, for mounting the
stem portion 45 of the concentration sensor 37 confined
within the housing.

The concentration sensor or probe 37 has a sensing head
46 on the inner end of the stem 45; and the head 46 is
annular in shape, defining a central opening 47 which is
located approximately on the centerline 48 of the housing,
which is also aligned with the flow duct portions 19.4 at
opposite ends of the flow housing 39. ~Accordingly, the
blended liquid which fills the housing 39 as it flows
through the housing, also flows through the center opening
47 of the sensing head 46.



nurreral 22 and conprises a chem cal supply container 23 and a chem cal flow
line 24. The container 23 may conprise a fifty-five gallon drumor simlar
tank in which the liquid chemcal C is supplied fromthe origina

manuf acturer thereof. The contai ner ¥ be attached to and di sconnected
fromthe flow line 24 by a suitable coupl %g 25 so that a portion 24.1 of
the flow line extends into the | ower portion of the container C from which
the liquid chem cal concentrate C nmay be drawn. A second supply

container 23. 1 Miphed e fedth Wed dat HETLA 4 O e sehddp vl ve

24. 2 and coupllgg second on-oft valve . mnll be connecte into
flow |ine 28%Y&d| %&md é&ﬁﬂgﬁ"r’d— ok qff aacdh %&’@ﬁ-‘d aé%tadf%éf\ohd@dl‘l% a
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contai ners. corrosive chemicals, such as Teflon® PFA (perfluoroalkoxy)
or PVDF, and the head and stem portions 46, 45 of the sensor
provide a plastic sheath for wire coils 49, 50 which are
embedded in the plastic of the head 46 and surround the
center opening 47 of the head. The plastic of which the
head 46 and stem 45 are formed also has smooth outer
surfaces 45a, 46a of the stem and head respectively and
around the center opening 47 of the head, and the smooth
upward flow of the blended liquid prevents or minimizes the

possibility of bubbles collecting on those surfaces.

Coil 49 will be energized by a signal from the
oscillator (see Figure 4) to create an induction field
around the coils. As a result of the induction field
created by the AC current coil 49, a current is established
in the liquid L, the magnitude of which is related directly
to the conductivity and to the concentration of the chemical
concentrate in the blended liquid L, and as a result, a
current or responsive signal is created in the other coil 50
to provide the output from the sensor 37.

The sensor 37 (and also 38) also includes a temperature
sensor 51 for providing an electrical output useful and
analyzing the output from the coils 49, 50 and making a
correction for temperature change.

The flow duct 19 also may contain a surge suppressor 52
adjacent the pressure side 20.2 of the pump 20. The flow
duct 19 also includes a number of on-off valves resistant to
the deteriorating effects of corrosive chemicals and may be
constructed as illustrated and described in U.S. Patent
5,002,086. Such on-off valves are all air operated. On-off



An-orifice 26 may be provided in the flow line 24 for controlling the flow
of liquid chem cal therethrough. A second pair of orifices 27 and 28 are
provided for closely regulating the flowrate through the flow line 24. The
orifice 28 is in a shunt line 29 which also contains a valve 30 for
bypassi ng and suppl enenting the f|QM/tﬁr&§gﬁ the orifice 27. Wen the val ve
30 is opened, the flow of chem cal through the flow line 24 may be

i ncreased by a factor of 10 (or sonme other factor according to the specific

speci fi cat i apv@f s hegappanablShebRebRatnd ShEhEELD cbRBERE LA £8RM cal
concentration can,be added to the _diJuent liquid to which the chem cal
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into the dufioﬁoaﬁ&9n1%9-3 of the valve 31 which conprises an unobstructed

fl owt hrough portion of the flow duct 19. The duct portion 19.3 of the
addi ng val ve 31 extends along a weir 31.1 which separates the duct portion

19.3 fromthe i nheplehaslelighid 80sv¥bacdet DeEnkl 6w pipe 3¢ is eonnected. A
di aphragm 32 geaéﬁ dgxmmardlé gg %hg weli r ﬁl %o se arﬁ%e t he in%gt gggnber
31.2 from thR*QuERe pbrPYoflush. 32 RarEredehbs FYQuPR-RhEnTRAVSRonEent? At e
fromthe flamd the discharge line 56 also contains an on-off control

valve 57.

A filter line 58 is connected to the flow line between
the surge suppressor 52 and the valve 54; and the filter
line is also connected into the discharge pipe or line 56
adjacent the valve 57. The filter line 58 has a filter 59
therein and the filter line 58 also hasa pair of on-off
control valves 60, 61 on both sides of the filter 59.

A drain and sample collecting line 62 is connected to
the filter line 58 between the valve 61 and the valve 57 of
the discharge line 56. The drain and sample line 62 has an
on-off valve 63 therein and also a two-way valve 64. The
valve 64 has an inlet port 64.1, a drain port 64.2 for
discharging liquid to the drain line 65, and a sample port
64.3 connected to a sample line 66 which supplies liquid
into a sample bottle 67 and to a drain line 68. The sample
valve 64 also has a valving element 69 alternately
connecting port 64.1 with sample port 64.3 (shown) or with
drain port 64.2. Accordingly, the line 62 may be
alternately connected to the sample line 66 or drain line
65.

Figure 4 shows the general operation of the chemical
concentration measuring device 36. A microprocessor 71 and



| ine 24 from being added to the blended liquid in the duct portion 19.3. An
operating device, an air piston 33, is connected by the operating stem 34
to the diaphragm 32 for lifting the diaphragmoff the weir 31.1 and
allowing flow of liquid chem cal concentrate to flowinto and mx with the
- 10 - bl ended liquid in the duct portton 19.3 and fl ow duct 19. A
spring 35 returns the diaphragmonto the weir 31.1 to cl ose the adding

val ve when the air pressure on piston 33 is released. The adding valve 31

i s subst ant irah b¥ eldd@Atdcedlt st do hegwdliveed st 2hed rqed ctemgihed in U S
Patent 4,977,929, nodified to be qgperated b* an air ogerated I ston.,
Accor di ngl y SOPREPETAEE R0 SEESPTSHSs Bt RehPenEOPCERLFPRECBAMEAFUILAT duct

19 wherein devégeeBi.qUaN idsicdd 1aftori qQi,dagkeriatkedcatichnthat e may exist in
an uncontrohkggo%ggggggg} 71, supplies AC signals to the coil 49 in
both of the sensors 37, 38; and the output signals or
indications are then created in the other coil 50 in the
sensors 37, 38. The output from the coil 50 in sensors 37,
38 are directed into amplifiers 37a and 38a of the control
circuit, and these amplified signals are then converted to
digital form at 37b, 38b. These digitized output signals
are then compared, at 37c¢, 38c to information in a look—up
table 73, compensated for temperature at 73a.

The output from the'comparators 37¢, 38c¢c is then
defined in terms of chemical concentration in the blended
liquid instead of conductivity; and the outputs from the two
sengsors 37, 38 are then transmitted to the control computer
14 and specifically into the comparator 74 wherein the
signals are- compared to each other for deviation analysis.
In most cases, the cbmpared signals are identical, or nearly
so, within a narrow band width, and a signal is directed to
the chemical adding valve cycle control 75 for varying the
time during which the chemical adding valve is open in each
cycle of its operation. Solenoid air valves 76 are operated
by the adding valve cycle control to similarly operate the
alr operated adding valve 31. Accordingly, as the
concentration of chemical measured by the chemical
concentration measuring device 36 senses an increased
concentration of chemical in the blended ligquid L, the
length of time that the adding valve 31 is opened in each
cycle of its operatioh, will be shortened. Thereby the
desired blend of chemical concentration in the blended
liquid is achieved progressively and smoothly without
overshooting the set point. The control device 14 also
provides. for chemical selection at 77 and the blend



It is |nportant that the adding valve 31 be located in the flow duct 19

bet ween the suction side 20.1 of the punp 20 and the mixing and storage
chanber or tank 10. The punp also has a pressure side 20.2. A

chem cal concentration neasuring device 36 is located in the flow duct 19
between the adding valve 31 and the n1X|ﬂ§ tTank 10. The neasuring device 36
conprises a pair of flow duct portions 19.4 and 19.5 which al so conprise
portions of the flow duct 19 and carry all of the flow ng bl ended Iiquid

e s CLBEYLALRA LB L. LAUMAUE 49, 980, 8" gUBd:hRR Bl ogEdeLoopnel.

The chem cal "concen on measur i ses a pal
concentrat|@npgépgéﬁ§eoﬂopkobﬁstgble38t 79Iustrated di agranmatically in
Figure 1 and in nore detail in Figure 2, which are located in the two fl ow
duct portions 19.4, 19.5, resp ectlvel The two sensors 37, 38 are

i dentical to eacﬁfotﬁErcﬁﬂBa§EESFd ﬁgl}t a8 drbereinadi hgabr 23BneXE6eSEhe
sensors as deliatishedxivtbi patRednpthgi dHSmaaalundeneéaﬁﬂaﬁgoﬁoslgﬁamsof

t he sensors_ 37 e 3 3 ar u dogont i
W thin T onFROtLTEgsTEEm S8R 0F BepacrTars:  SREcH IR baRAEE 8 PatE an
immediately shut down the pump 20 so that the system can be

analyzed for the fault that exists.

With respect to curves illustrated in Figures 5-8, it
will be recognized that these curves are empirically created
from laboratory testings that have been conducted, and they
show for various acids or chemicals an accurate indication
of the percentage of the chemical concentrate in a blended
liquid, i.e., acid in water, in relation to the conductivity
which is measured by the conductivity sensors or probes 37,
38. Although the curves in Figures 5-8 show an extremely
wide range of chemical concentration in the blended liquid,
only portions of these curves need be programmed into the
look-up tables of the microprocessor in order to function in
the chemical concentration measuring device 36 of the
blending apparatus.

In the blending apparatus illustrated in Figure 1,'it
will be recognized that the blending apparatus, i.e., the
concentration sensors 36, the adding valve and the pump, may
be located remotely from the chemical supply container 23
and also remotély from the point of use to which blended
liquid is ultimately supplied by discharge pipe or line 56.

The blended liquid circulating in the flow duct and
around the closed loop 21 is continuously monitored by the
chemical concentration measuring device 36 all during the
adding of chemical and as the chemical concentration is
progressively increased to achieve the desired chemical



formportions of the duct portions 19.4, 19.5, respectively. The flow
housings 39, 39a are identical to each other and an understanding of one
wi Il suffice for an understanding of both, and the flow housing 39 is
iIlustrated in Figure 2. . The flow_ housing 39 is formed of plastic
resistant to the deteriorating ef fect s“of®corrosi ve chemcals, and is
preferably nol ded of Teflon[err] PFA (perfluoroal koxy) or PVDF. The housi ng
39 has a generally cylindrical outer wall 40, and tapered end walls 41

providing a fitting 42 for cpo | : adj ac f '
Toa “mhe et el phnchRg Bl Rled L e A e o D e
‘cyl i ndri caltlel ¢hemicabr corcepetatder tapbee bheaded }igeid 2ONGiRPed which

bubbl es maygt£ngst @i §6hhB§E  oBUEh NE1 §IDAT Ang 08t t &L OWE1 & OB NYs bt boged

ndi cat ed 90 bt G bet e BropeLheht CBoF et Feh® o bubbi o3 on

such surfacgsocessing stations from the discharge line 56 will continue
to be known as to its concentration as desired. The
operation of the two concentration sensors or probes 37, 38
are compared against each other continuously, and any

variation in their outputs will immediately cause the system

to shut down until the system can be analyzed to determine
the reason for the variance in the sensor outputs. The
sensors are arranged in parallel with each other in the
continuous flow duct 19 and the outputs from the sensors
should be identical to each other. Moreover, if either of
the sensors 37, 38 were to fail, the system would be
immediately shut down for analysis.

In this blending apparatus, the final proportion of the
chemical concentration to the diluent ligquid is measured,
independent to the initial concentration of the chemical
which is being added to the diluent liquid. As set forth in
TABLE 1, the chemicals or chemical concentrations are
conéistently mixed with water in various proportions as they
come from the original manufacturer thereof, and by use of
the present blending apparatus, the exact concentration of
the original chemical being added is not of primary concern.

It will also be recognized that a single pump continues
the circulation of the blended liquid while chemical
concentrate is being added and until the level of chemical
concentration in the blended liquid achieves the desired
concentration. The single pump draws liquid chemical from
the supply container 23. The same pump P will propel the
blended liquid out of the blending apparatus and to the
point of use through the discharge line 56, particularly



The_flom/housing 39 has a T-opening 43 in which a nmounting plug 44 is
af fi xed, as by welding, for nounting the stemportion 45 of the

.concentration sensor 37 confined within the housing. The
concentration sensor or probe 37 has a senflng head 46 on the inner end of
'the stem 45; and the head 46 is annul ar” i'n’ shape, defining a central

openi ng 47 which is |ocated approximately on the centerline 48 of the
housi ng, which is also aligned with the flow duct portions 19.4 at opposite

ends of thebhai §a49end 3% \Belrdigled [ NAbkaadS] chied diidh iy | I's
t he housi ng | ahrou the housing, also flows through the
cent er openbﬁ@ns7d@?Qﬂ@§9§€h§Ph§%ﬁe§@lEG of use, the monitoring

- 12 - continues by the chemical concentration measuring device 36.
The single pump 20 propels-the liquid to the point of use,
through the discharge line 56 as well as draws the chemical
from the tank 10.

As the chemical concentration measuring device
continues to operate, the flow of the blended liquid is in
and upward direction through the housings 39, 39a and around
the two sensors 37, 38, and the flow through the housings
and around the sensors is smooth, and without significant
turbulence. Because of the smooth upward flow of blended
liquid through the housings 39, 39a, and through and around
the heads 46, bubbles, which would change the conductivity
measure of the liquid, are not likely to adhere to any
surfaces of the housings 39, 39a or sensors 46, and
therefore will not affect the measure of the conductivity
and concentration of the chemical in the blended liquid.

The chemical concentration measuring device may also be -
used after the supply of blended liquid L has been partly
used or exhausted from the tank 10 and when the blending
apparatus is being cleaned for use with different chemicals.
The circulating liquid in the closed loop 21 is continuously
monitored, especially while any of the previously blended
liquid is being exhausted down the drain line 62; and when
the DI water circulating in the closed loop 21 is measured
to be clear of chemical, then a new batch of the chemical
concentrate can be added to the liquid to be circulated. If
the supply of blended liquid is only being supplemented, a
quantity of DI water may be added, and then the chemical
concentration may be increased as described above.



The head portion 46 and the stem 45 of the sensor 37 are formed integrally
of - each other and are nolded of a plastic which is resistant to the
deteriorating effects of corrosive chenicals such as Teflon[err] PFA
~(perfluoroal koxy) or PVDF, and the head sten1portions 46, 45 of the
sensor provide a plastic sheath for wire of]s 49, 50 which are enbedded in
‘the plastic of the head 46 and surround the center opening 47 of the head.
The plastic of which the head 46 and stem 45 are forned al so has snooth
outer surfaces 4 n vely a t
center opening 4 ﬁefé?%ggh gﬁ gqbﬂ gagngghgﬁgaggga ggwpgﬁgfhgggaggégg

i quid prevéﬁrgsowlﬁhﬁpﬁlﬂé@aﬁﬁénﬁo§§PﬂlFh@y BﬂrBEbSFe§S€SPFééﬂlng on those

surfaces. attrib@eek ¢8eweblf, b%n@.mi[:gh.éedh@teio&bgaéblﬁrédmzhb.e esei | | at or
(see Figure 4) to.cre tg}an i nducti on.f.i el t he cok As a result

of the induPtP8RVF & mentq o5y congigdere FBnPEgoFFSRSC § 8frrent is
establ|shed1nmubhEatuqeldnﬂ,nbher&agmnbndeeofruﬁewhncs beliagetadier éct |y to
t he conduct |t n t eC i n

t he bl ended |qépgggd H%é&% %%gbﬁ k%gcurren ?%ghégéﬁéoegggﬁgﬁEQOhé
created in tbeladhsateomhe5®cp®eppévK@@ fimyeptie- fromthe sensor 37.

The sensor 37 (and al so 38) al so includes a tenperature sensor 51 for

provi ding an el ectrical output useful and analyzing the output fromthe
coils 49, 50 and making a



correction for t enper at ure change. The fl ow duct 19 also may contain
a surge suppressor 52 adjacent the pressure side 20.2 of the punp 20. The
flow duct 19 al so includes a nunber of on-off valves resistant to the

deteriorating effects of corrosive chenmicals and may b ted as
illustrated and described in U S. Patent & 002, 086. Sui"ilmm“ ﬁl'”ﬂ“lare
all air operated. On-off i L L -

al ve

53 is located between the chem cal concentration neasuring device 36 and

the liquid g

on-of f

val ve

5

E¥rpg end portion 19.1 of the flow duct; on-off valve 54 and
are both in series with each other between the pressure

side 20.2 of the punp and the discharging end portion 19.2 of the fl ow duct

'19.

1. Apparatus for producing a blended liquid

containing a prédetermined concentration of liquid chemical

in a diluent liquid, comprising

a storage and mixing container into which an

amount of the diluent liquid is placed,

a flow duct comprising a liquid receiving end

portion connected with said mixing container to receive

liquid therefrom and a discharging end portion discharging

liquid into the container, the container and flow duct

comprising a closed loop around which liquid circulates,

a circulation pump in the flow duct and drawing

liquid from the mixing container and continuously

circulating liquid through the flow duct and around the

closed loop-and thereby continuously mixing the flowing

liquid, the pump having a suction side and a pressure side,

a source of liquid chemical for mixing with the

diluent liquid and comprising a chemical flow line through

which the liquid chemical flows,

a chemical adding valve connected in the flow duct

between the suction side of the pump and the mixing

container, the chemical adding valve continuously allowing

liquid flow through the adding'valve and along the flow duct

and around the closed loop. for continuously mixing the

flowing liquid, the chemical adding valve also being

connected to said chemical flow line and being operable to

alternately open and close between the chemical flow line

and the flow duct and thereby allow liquid chemical to be

drawn by the pump into the flow duct and be continuously
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19 between the two on-off valves 54, 55; and the discharge |ine 56 atfso——
contains an on-off control valve 57. Afilter i nﬁm _

to the flow line between the surge suppressor 52 and the "mmmm”' e
filter line is also connected into the 'di%ih'arge pi pe or [ine 536 #dj acen
the valve 57. The filter line 58 has a filter 59 therein and the filter
line 58 also has a pair of on-off control valves 60, 61 on both sides of
the Tilter ddxeq wich AHY AlinAdl TG Cold Wdi lde $Aermcpniealiee to
the filter [1ne 581between the valve 61 and the valve 57 of the discharge
line 56. ThéNdtken fAqy SHRH ehamdhse vedyehash keen wReRedH3 t herein and
also a two-way val ve 64. The valve 64 has an inlet port 64.1, a drain port

64.2 for discharging liquid to the drain |line 65, .and a _sanpl e part .3
‘connected to a sanpl e’ %@%Wﬁ%%c&fﬁqﬁ@l@q rﬁo&na?rgs%‘ae%pllém@o&ifee 67
?alnd to a dr &ilow iduetsdetieers dilE enessveret s idles @thdhen pratipyiamgl édhenent 69
alternately gggg |4 Al Mt I dudid 3 W i 5
drain port éﬁ' . %?clg%d%%{g#ﬁ%t%ﬂ iJﬁ]Ee nf%?qﬁeé?ac%'er rl;{aetsrgly coa(rafreéévI elgyeto
the sanple Bl sPMRTiEINT 9 igpntgel valve therein to regulate

discharging flow of the blended liquid from the closed loop,

and a chemical concentration'measuring device in
the flow duct between the chemical adding valve and the
mixing container and continuously monitoring the
concentration of the flowing blended liquid in the flow
duct, said concentration measuring device comprising a pair
of flow duct portions connected in parallel relation to each
other and carrying the flowing blended liquid, the chemical
concentration measuring device comprising a pair of chemical
concentration sensors each in a respective flow duct portion
and also comprising means for comparing the output of said
sensors for uniformity and said means also controlling the
operation of said chemical adding valve in response to the
chemical concentration sensed in the blended liquid to
reduce flow of liquid chemical into the flow duct as the
chemical concentration in the blended liquid in the flow
duct progressively increases and then stop the flow of
liquid chemical into the flow duct when the blended liquid
achieves a predetermined concentration.

2. The apparatus . according to claim 1 wherein each of
said parallel flow duct portions comprises a flow-through
plastic housing in which one of said chemical concentration
sensors is mounted, each of said sensors comprising signal
carrying coils embedded in a sheath of plastic, the plastic
of the housing and of the sheath being resistant to the
deteriorating effect of corrosive chemicals, the coils being



Figure 4 shows the general operation of the chem cal concentration R
‘measuring device 36. A mcroprocessor 71 and

- 1% - related circuits is associated with the two “H “ﬂ&l‘ “ ““
concentration sensors 37, 38 of the conce ration neas AN
oscillator 72, associated with the ntcrop )cessor supplles S|gnals

to the coil 49 in both of the sensors 37, 38; and the out put signals or
i ndi cati ons are then created'in t he other coil 50 in the sensors 37, 38.

The out put t er
J%@t he nt roﬁli%célﬂrj%:%ew détl)hleegfehegirrgl dﬁp ﬂd;vdﬂigo @%d Hers

37a and 38a 0 are en
converted t&h& éﬁqufﬂl%rafﬁdataw ephadded gﬁqlllz%(?rtﬂjt ‘Eﬁ’d’rﬁal%n are
then conpar %tp’ﬂt ?lhalc%&clrtg) HHY QioTRidriYatich Icsxolthep dlfdixlle:aZIS in the

c
3(7)2rpeg§gt Ieg o temiﬁ cijerf 1::[qu71?3ifjl in accordaneceO%JH:lﬁ[ rHetghreeecoor‘]q)ar ators

coupllng provided between the coil by the liquid.

3. The apparatus according to claim 2 wherein said
closed housing comprises an inlet and an outlet for the
flowing ligquid, the inlet being located below the embedded
coils and the outlet being located above the embedded coils
whereby the smooth flow of blended liquid is in an upward
direction to minimize collecting bubbles from the liquid on
the smooth surfaces of the housing and of the plastic
embedding the coils.

4. The apparatus according to claim 1 and wherein
said means for comparing the output of said sensors for
uniformity generating a control signal when uniformity of
said outputs is lacking and causes the pump to stop
operating as to prevent further flow of the blended chemical
around the closed loop or out the discharge pipe.

5. The apparatus according to claim 3 wherein the
housing in each of said parallel flow ducts has said inlet
and outlet arranged in alignment with each other, the
housing having a generally'cylindrical wall located between
gaid inlet and outlet, the chemical concentration sensor in
said housing being located in alignment with said inlet and
outlet and said sensor being annular in shape, defining a
central opening through which blended liquid may flow, said
sensor opening also being located in alignment between said

inlet and outlet.

6. The apparatus according to claim 1 and said
circulation pump and the suction side thereof providing



defined in terms of chenical concentration in the bl ended liquid instead-of
conductivity; and the outputs fromthe two sensors 37, 38 ar ,
transmtted to the control conputer 14 and specifically. M!ﬂi‘ﬁ“hﬁim*‘y!“mt)r
74 wherein the signals are conpared to e dg other for deWBEROMN, ANl ysi s«
In nost cases, the conpared signals are identical, or nearly so, within a

‘narrow band width, and a signal is directed to the chem cal adding val ve
cycle control 75 for varying the time during which the chem cal adding

valve is op%ﬁdtqo@@?éhﬂxqﬁ tHe IdHenBRNAHRINOVYARY Gridl lcHeiRS. B e
operated by _the adding val ve cycle contraql, to'similarly operate the air
oper at ed addiiig PRA/TEL 3 Qﬁlﬁ@w,ofagtwdi(fﬁ%gmaéﬂ%{lw i
measur ed by sbid hemicall Glrsenfims.i on measuring device 36 senses an
increased concentration of chem'cal in the blended liquid L, the Iength of
‘time that the adding valve 31 is opened in each cycle of its operation,
Wi || be shortened. Thereby the desired bl end of chem cal concentration in
the blended liquid is achieved progressively and snoothly w thout
overshooting the set point. The control device 14 al so provides for

chem cal selection at 77 and the bl end



- 15 - selection of that chem cal at 78 to accordingly select the
appropriate | ook-up table at 79. If, at conparator 74, it is
determ ned that an excess devi ation exists between the chem cal
concentration signals received fromsensors 37 and 38, the punp control 80

will imediately shut down the punp 20 gpgthat the system can be anal yzed
for the fault that exists. . Wth respect to curves illustrated in
Figures 5-8, it will be recognized that phese cCurves are enpirically
created from|laborateyy testi. ngsv tha.t haye been condqcte ahd they show
for various acids of = mcals. Araceted @N-cétlon O ercent age of
the chemcal C lrt‘gl i'n {a |bllendedh ¢ aci- n
relation to the copdM®Nvity i Vi ysﬁﬁsors
or probes 37, 38. 5-.8-sho an x‘k&e@y wi de
range of chequ ﬁnly port‘PonsQof
these curves n€ed b programred i Aag T ' .pn‘t‘&b'{@ t he
‘microprocessor in oyder‘to6 functixgdn s 3 ' al\4: tratlon freasuri ng
‘devi ce 36 of t.@,’bLentil@ appar at\ls I J
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In the blending apparatus illustrated in Figure 1, it wll be recognized
that the bl ending apparatus, i.e., the concentration sensors 36, the adding
val yve and the punp, may be | ocated renotely fromthe chem cal supply
container 23 and also renotely fromthe point of use to which bl ended
liquid is ultimately supplied by dischqggf pi pe or line 56. The

bl ended liquid circulating in the flow™duct and around the cl osed | oop 21

is continuously nmonitored by the chemjcal CZ?%ﬁntration measuring device 36
all during the adding of chem cal an -fhem.cal concentration is
progressively increased to achieve t sired chem cal
- 16 - concentration in the blended I quid L. The nonitoring of the
chemi cal concentration in the blenddd }lifuid continues during di scharge of
‘the liquid and after valve 55 is cla 42
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so t-hat the liquid being propelled to the tools or processing stations from
the discharge line 56 wll continue to be known as to its concentration as
desixed. The operation of the two concentration sensors or probes 37, 38
are conpared agai nst each other continuously, and any variation in their
outputs will inmmediately cause the systemto shut down until the system can
be anal yzed to determ ne the reason for §}ge variance in the sensor outputs.
The sensors are arranged in parallel with each other jn the continuous fl.ow
duct 19 and the outpu §—snourd fe identical to each other.
Mor eover, if either okqthe Y, the system woul d be
I mredi ately shut down r 0 Y .. s ~bfyendi ng apparatus, the
final propartion of the Iche hhc ' d the diluent liquidis °
measur ed, independen{,t [ the chem cal which-is
bei ng added to the dpu . b iln YABLE 1, the chemicals
or chem cal concentrat i ®gs*“afye—tonsi stent iyl ked with water in various :
proportions as they conme frorththe original rfanufacturer thereof, and by use
of the present blendi ng appatatus—the exaetl concentrati on of the original
chem cal bei ng agded—TsTot—of~Tprrmral-y——cotcerm- it will also be .

of the bl ended

recogni zed that singl e punp con&ipu€ {+g circulatio
l'iquid while chef cal @ané'trat€;i§gt hg {added and until the |evel of
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concentration in the blended Iiquid achi eves the desired concentration. The
single punp draws liquid chem cal fromthe supply contai ks SRedt Hak BeenFRpEced

punp- P wi Il propel the blended |iquid out of the bl ending to
t he point of use through the discharge |ine 56, particular
|

- 17 after val ve 55 has been cl osed. the bl ended |iqu
di scharged fo_the point of use hy. t hp chem cal

concentrati pn neasuring deV|te 36.. The single punp 20 propels the liquid to
t he point of use, through the di scharge line 56 as well as draws the
chem cal frpmthe tank 10. Hydrofludse Adi€Cokiitivas] Curea @S at i on nmeasuri ng

devi ce contj nues to operate, the flow of the blended liquid is in and
upward diregtion tdrpugh—the—housirgs—39—38a~ahd—arouhd—t-he—t+we—sgnsors

oo T ]

37, 38, and| the flow through the housings
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and_ around the sensors is snooth, and w thout significant turbulence———
Because of the snooth upward flow of blended |iquid throUsBskeRaDaLsiRNgs
39, -39a, and through and around the heads 46, bubbles, whi

the conductivity neasure of the liquid, are not |ikely tojmmlﬁuﬁﬁf@
surfaces of the housings 39, 39a or sensors 46, and therefo I

jaf fect the neasure of the conductivity 5% concentration of the chemical in

‘the bl ended|[TT qar d. The Then  cal_concentrart on meaSUrTNg device may
al so be used after the supply of blended liquid L has been partly used or
exhausted ffomthe tank 10 and en, t nlf),l nqiy a tus i s being cleaned
for use with different cheni cal%@"%‘"ﬁ@? Ete}l"é ?ﬂﬂ’e@g{?d in the closed | oop
521 i's contipuousl y,monitored, especially while any of the previously
‘bl ended liqlid is belng exhausted do rain line 62; and when]the D
wat er circulatingsgethe closed | og d to be clear of
chem cal, then a newjbatch of th hem cal concentraie can be addegd to the
liquid to be circaaied. If theASupply of blended Iiqund is only bping
suppl enment egl, agquan ity of Di/water nmay be added, and thgn the chem cal
concentrati n nfgy“??e' i ncreas as descri bed above.
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forms wi'thout departing fromthe spirit or essential attribuftf
and*it is therefore desired that the present enbodi nent be cfj
all respects as illustrative and not restrictive, reference bej

- 18 - The present invention may be enbodied in OtheP@H

the appended clains rather tpasmtd-hNgp  REE99E 86LOSSEE! PLiON t nhgghégh_:j:
‘the scope of the invention. — - 1Ep s BRI
VE CLAI M 1. Apparatus for producing a blended |iquid c La| ng-E
predet erm ned concentration of liquid chemcal in a diluent |iquid, e
conpri si ng APPARATUS FOR BLENDING CHEMICAL AND DILUENT LIQUIDS

Apparatus blending a diluent liquid, i.e., DI water,
with a chemical concentrate, a flow duct and mixing tank
forming a closed loop for mixing; a pair of flow duct
portions each having a conductivity sensor inductively
sensing chemical concentration in the blended liquid; means
for comparing the outputs of said parallel sensors; a single
pump circulating blendedlliquid around the closed loop and
drawing chemical concentrate from a source through an adding
valve which cycles open and closed under control of the
concentration sensors; the pump also'propelling the blended
liquid from the closed loop to the point of use, and
conductivity sensors existing in individual housing through
which the blended liquid flows upwardly to minimize any
collection of bubbles adjacent the sensors.

e

heet Has Been Replaced

i



a storage and m xing container into which an anount of the diluent |iquid
I s placed, a flow duct conprising a liquid receiving end

portion connected with said m xing container to receive liquid therefrom
and a di scharging end portion discharging liquid intg the container hg
contai ner and flow duct conprising a closed |oop aro Hasmtsrﬁhqeémtﬁ 6

circul ates, a circul ﬁﬁéﬁﬂcf"aﬁpﬂlé‘ﬁgﬁ.o%bﬁﬁv duct and draw ng

liquid fromthe mxi ng cont a| ner—atd—comt+oousty—crrcul ating |iquid

through the flow Bﬂdaﬁﬁﬁﬂﬁéséﬂﬂﬂ%aw %%c rfdr sl y

m xi ng the flow ng IC]UI e punp having a suction s essure
si de, a source of liquid chem cal for mxing with the di | uent.

[jaurd and o Al AP BN s L gl o 40 LUy

duct bet weenwihb auahmcalds:aﬁcemterammp aarﬁldmeiuamzrgi amitttndgetankhe

Val ve and al Soemind B %fuécﬁﬁ P £ Rdlde s ety B Y et muousl v

m xi ng the fPS%FFrQ hﬁﬁ’é-n&é‘m coRdustdiig X Aensar sadudtiyvely
sensing chemz.cal concentration in the blended liquid; means
for comparing the outputs of said parallel sensors; a single
pump circulating blended liquid around the closed loop and
drawing chemical concentrate from a source through an adding
valve which cycles open and closed under control of the
concentration sensors; the pump also propelling the blended
liquid from the closed loop to the point of use, and
conductivity sensors existing in individual housing through
which the blended liquid flows upwardly to minimize any
collection of bubbles adjacent the sensors.

" Figure 1
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connected to said chemcal flow |line and being operable to ah hgpnmghgnnwﬁm
and cl ose between the chem cal flow line and the flow duct 4
alkow liquid chemcal to be drawn by the punp into the flow;

conti nuously -20 - mi X —t+ =
liquid therein and establish a blended liquid in the flow duct when th.e3 AUG 1995
val ve has been opened, a bRénded (RerjareneatsShegtae 35/ Bd/96)

connected info the flow duct between the pressure side of the punp and the
di scharging gnd portion of the flow duct, the discharge pipe also
conprising aQcontrol valve therein to regul ate discharging flow of the
‘bl ended |iqugyd Arom the closed | oop, and a chem cal

duct % he chem cal addi ng

concentrati o suring device in the fl om ween
val ve and thg 0 ~
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flowing blended liquid in the flow duct, said concentrati
‘device conprising a pair of flow duct portions connected i
relation to each other and carrying the flow ng bl ended i
chem cal concentration neasuring device conprising a pair of chem cal
concentration sensors each in a respectiyge flQw duct porfion a ﬂ(ﬂ
conprising means for conparing the output/  of @QP %e@ﬁgiblsi‘e - 2 { c@%ty
and said nmeans al so controlling the operation of said chem cal adding val ve

in response to the chem cal concentration sensed in the blended liquid to
reduce flow of liquid chemcal into thlf | ow duct as the chem cal

m xi ng contai ner and continuously nmonitoring the concent ra

concentration in the blended liqui & injhe flow duct progressively
i ncreases and then stop the flosoNIiduid chemcal_into the flow duct when

the bl ended Iiquid achi eve] a prgde ed goncagtYation. 2. The
appar at us accordi ng toncl,al | saildYparal l el flow duct
portions conprises a fPy ! si nQUigh Whi ch one of said
chem cal concentration sgngofs |i Unit le; ch aid sensors conprising
signal carrying coils enfje die i n Niellsjhealt f pl c, the plastic of the
housi ng and of the sheath l:|e t he Q priorating effect of
corrosive chemcals, the cqi A :s
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- 21 -

l'i quid. 3.

t he enbedded coils
upward direction to
snmoot h surfaces of

4. The apparatus accg

t he out put of said

The appar at us accordi
housi ng conpri ses an |nIet and an outle
bei ng | ocated bel ow t HE ent C

:%:

sen

uniformty of said o‘ti)tput i

"IN

in the flow ng bl ended |

core coupl ed together by the blended liquid flow
-housing and around the enbedded coils and producing an out
‘thé concentration of the chem cal
‘accordance with the degree of coupling provided between the Coi

9, R PR

des {he punp to stop

REPRAGEMENT RHEET

Efma'zf”?'r:f e fose...

py the
bg,/g8)osed
tﬁe I nl et
| et belng | ocated above

ergded ‘liquid is in an

rym t he liquid on the
Mmbeddi ng the coils.
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i®g a control signal when
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operating as to prevent further flow of the bl ended che
closed | oop or out the discharge pipe. 5. The ap
to claim3 wherein the housing in each of said parallel
inlet and outlet arranged in alignnment with each other,

%@&%EET
ar at us Tadc

AP dercts-tras-sai
tTle housi ng havi ng

a generally cylindrical wall |ocated b% E’:.@g gl d i n+ g%g?gd_ ?wdﬁ%@%t he

chem cal concentration sensor in said ment
with said inlet and outlet and sai dusmsmnmmg:omuvmc-m@m defi ni ng
a central opening through which blended liquid may flow, said sensor

openi ng al so bei ng | ocat»el
6. The apparatus accordi ng
suction side thereof praqysding

to claiml1l and said circulation punp and ihe
22 -
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n'g.

suction through the chem cal
container of |iquid chem cal

addi ng val ve and chem cal f|OpVﬁéﬂ_§ﬁﬁkN1ﬂ§|@E@r i
connected with said chemcal |l ow Ili
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