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\VlRESAW APPARATUS AND rvrETHOD FOR CONTINUOUS RPvlOVAL OF 

:tv1AGNETIC HvlPURITIES DURING WIRES A \Iv' CUTTING 

FIELD OF THE INVENTION 

(0001 I This invention pertains to methods frir removing magnetic or magnetized contaminanls 

produced during a wiresa\v cutting process. 

BACKGROUND OF Tl-JE INVENTlON 

10002] Wiresmv cutting is the don1inant method Jbr slicing ingots into thin wafers for use in the 

integrated circuits and photo-voltaics (PV) industries_ This melhod is also comrnonly used for 

wafering substrates of other materials, such as sapphire, silicon carbide, or cenumc substrates, A 

wiresa\V typically has a web of fine meta! \Vires, or a \vi.re-web, \Vhere the individual wires have a 

diameter around 0.15 mm and are arranged parallel to each olher, at a distance of O. l w l _O mm, 

through a series of spools, pulleys and wire guides. Slicing, or cntting, is accomplished by 

contacting the workpiece (e.g. an mgot) witb a movmg \""'ire to which an abrasive slurry has been 

applied. 

f 00031 Conventional \Viresinv abrasive slurries typically comprise a carrier and abrasive 

particles combined by mixing in a ratio of l: 1 by weight The carrier is a liquid that provides 

lubrication and cooling, such as a mineral oi!, kerosene, polyethylene glycol, polypropylene 

glycol or other polya1kylene glycols. The liquid carrier also holds the abrasive to the \.Vire so that 

the abrasive can contact the \Vorkpiece. The abrasive is typically a hard rnateria! such as silicon 

carbide particles. 

f 0004] The wiresavv cutting process is a batch process in whkh a fixed volume of slurry is 

continuously recycled from a holding tank and supplied using nonles to the \.vireweh close to 

the ;vorkpiece being cut During the process, the waste material from the cut, including the ker( 

gradually accumulates in the slurry, which eventually loses performance. The exhausted slurry is 

treated and separated into its constituents {i,e, abrasive and carrier), Reclaiming is essential to 

the economics of t11e operation. 

10005] One component of the spent slurry is magnetic or magnetizable impurities that are 

generaled primarily through \Vire wear produced during the wiresaw· cutting process, Such 

impurities can internet \Vlth components in the slurry and the kerfmatter, leading to viscosity 

changes, pH changes, temperature changes, decon1positfon of additives, particle size distribution 

changes or ofher changes to the slurry, The accumulation of magnetic or magnetizable impurities 

therefore leads to the degradation of the cutting performance over time. 

(00061 U.S. Pat No_ 6,264,843 describes a batch process for reclaiming a cutting fluid 

suspension produced dunng machining. The described process separates the abrasive containing 
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fraction first and then uses a n1agnetic separator to remove abraded material. The recovered 

fluid is then reconstituted \Vith fr.esh slurry and returned to the cutting process. 

(00071 U.S. Pat No. 6,443,143 describes a method of cutting a rare earth alloy using an abrasive 

free culling fluid. In the described process kilogram quantities the rare earth alloy kerf nmtter is 

removt.~d using centrifugation and a magnetic sepannor. Because there is no abrasive contained 

in the spent fluid, the process is designed to remove large quantrties of solids. 

10008] Although the batch process is acceptable to the industry, changing the slurry slows the 

\Viresff\.V cutting process and requires more tool slart ups that can be stressful on t11e equipment. 

Additionally, it is a difl1cult c.ballenge to remove contaminants from spent cutting fluids 

containing relatively large quantities of abrasive materials and relati vel.y s1nal! quantities of 

contam.inants, \Vilhout a costly hatch process. It \Vonld therefbre be advantageous to have a 

wiresa\\' cutting operation '"''here the contaminant removal is continuous. 

BRIEF SU~liv1ARY OF THE INVENTION 

(0009] The invention provides a rnetbod for rernoving magnetic or magnetized contaminants 

from a wiresuw cutting slurry during a \Viresm.v cutting process. The process comprises the steps 

of: applying an abrasive slurry to a moving wiresaw from a recirculating slurry dispensing 

system: cutting a \-Vorkpiece with the moving wiresaw and the applied abrasive slurry; conveying 

used abrasive slurry from the workpiece back into the recirculating. slurry dispensing system; 

sending al least a portion oft.he slurry through a magnetic separator to rernove magnetic or 

magnetized contaminants from the slurry; and discharging the slurry sent through the magnetic 

separator back into circulation \·Vhhin the recirculating slurry dispensing systenL 

This invention also provides for a \viresa•.v cutting apparatus. The appurntus comprises a 

mount and support head adapted to hold a workpiece, a wiresa\v positioned relative to the mount 

and support head such that the workpiece can be brought into contact with U1e wiresaw when in 

operation, an application region positioned and adapted for applying a wiresi.nv cutting slurry to 

the wiresa\v from a recirculating slurry dispensing system, and a \viresaw slurry egress region 

adapted to direct slurry off of the wiresaw and mounted \vorkpiece and back into a slurry flow 

pathw·ay. The recirculating slurry dispensing system defines the slurry flow path\vay. The 

recirculating dispensing syslem comprises a magnetic separator for removing magnetic or 

magnetizable contaminants from the slurry, wherein t.he magnetic separator cornprises an inlet lo 

allo>v at least of portion of slurry into the magnetic separator and an outlet to allow purified 

s!mTy' to he discharged hack into recirculation within the recirculating slurry dispensing system. 

BRIEF DESCRIPTION OF THE DRA \VTNG 

10010] FIG. 1 sho1:vs some of the components used in the present iuvent10n, 
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1001 lj FIG. 2 sho>vs a wiresaw cutting apparan1s where the recirculating slurry dispensing 

system comprises a collector, a magnetic separator, a slurry tank, a pump and a heat exchanger. 

(00121 FIG. 3 shows a w"iresa\'v cutting apparatus \Vith a magnetic. separator. 

(00131 FIG. 4 shovv·s a \Viresa\v cutting apparatus with a magnetic separator \Vherein the slurry 

discharged from the magnetic separator is added back into ciroilation at a point in the 

recirculating slurry dispensing system between tbe point in the system vdiere the stream of 

slurry exits the magnetic separator and the point .in the system where slurry is applied to the 

\YlJCSff\.V 

100141 FIG. 5 sho>vs a w1resaw cutting apparatus \Vith a magnetic separator wberem the slurry 

discharged from the magnetic separator is added back into circulation at a point in tfo~ 

recirculating slurry dispensing system bet\veen the point in lhe system 1-vhere the stremn of 

slurry exits the n1agnetic separator and the point in the system where the used sluny is conveyed 

from tlle vrnrkpiec.e. 

(0015] FIG. 6 shmvs a \viresaw cutting apparatus comprising two rnagnetic separators arranged 

in parallel where the .fl(nV of slurry can be diverted to one, two or both of the magnetic 

separators. 

(00161 FIG. 7 shows a \Viresai,,v cutting apparatus comprising two magnetic separators arranged 
. . 
111 a senes. 

(00!7! FIG. 8 shows a \\-'iresm.v cutting apparatus \Vith a magnetic separator ·wherein the 

recirculating slurry dispensing system includes a collector and the magnetic separator is 

irnmersed partially in the collector. 

(0018] FTG. 9 sho\\.'S a wiresaw c11lting appannt1s with a magnetic separator wherein the 

recirculating slurry dispensing system inc hides a collector for collecting used slurry from the 

work piece for diversion into the magnetic separator, and includes a slurry tank that acts as a 

reservoir for the slurry and as a receiver for slurry discharged from the magnetic separntoc 

(00191 FIG. IO shows a '"''iresa-w cutting apparatus with a n1agnelic separator v.,1herein the 

recirculating slurry dispensing system includes a slurry tank and the magnetic separator is 

immersed partially in the slurry tank. 

(00201 FIG. 11 shows a wiresaw cutting apparatus \>.ihh a 1:nagnetic separator wherein tlle 

recirculating slurry dispensing system includes a heat exchanger_ 

10021 J FIG. 12 shows components used in the invention V1/here the magnetic separator is taken 

out of the recirculating slurry dispensing system for cleaning whHe the \Viresaw is in operation. 
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[0022J FIG. 13 sho>vs a wiresaw cutting apparatus with a magnetic separator wherein the 

recirculating slurry dispensmg system includes a slurry ta11k and a separator slurry loop adapted 

to convey slurry from the slurry tank, through the magnetic separator and bac.k to the slurry tank. 

(00231 FIG. 14. shows a \Viresa\v cuning apparatus with a magnetk separator wherein the 

recirculating slurry dispensing system includes a slurry tank and a heal. exchanger slurry loop 

adapted to convey· slurry from the slurry tank through the heat exchanger and back to the slurry 

tank. 

DETAILED DESCRIPTION OF THE INVENTION 

[00241 The invention provides a method for removing magnetic or magnetized contaminants 

fro1n a wiresmv cutting slurry during a \viresaw cutting process. The process comprises the steps 

of applying an abrasive slurry to a moving wiresa\v from a recirculating slurry dispensing 

system; cutting a \\'Orkpiece with the moving \\-'ires1wv and the applied abrasive slurry; conveying 

used abrasive slurry from the workpiece back into the recirculating slurry dispensing system; 

sending at least a portion of the slurry through a magnetic separator to remove rnagnetic or 

n1agnet1zed contaminants fnm1 the slurry.: and discharging the slurry sent through the magnetic 

separator back into circulation vvithin the recirculating slurry dispensing system. 

This invention also provides for a wiresmv cutting appa.ratus. The apparatus comprises a 

mount and support head adapted to hold a \vorkpiece, a wiresmv posfrioned relative to tl1e mount 

and support head such that the workpiece can be brought into contact with the \v.iresa\v \vhen in 

operation, an application region posttioned and adapted for applying a polishing slurry to the 

wiresmv from a recirculating slurry dispensing system, and a wfresaw slurry egress region 

adapted lo direct slurry o!Tof the wiresaw and mounted \VOrkpfoce and back into a slurry flo\.V 

pathway. The recirculating slurry dispensing system defines the slurry flow path,.vay, a:nd 

comprises a magnetic separator for removing magnetic or magnetizable contaminants from the 

slurry. The magnetic separator co1nprises an inlet to allow at least a portion of sluny into the 

magnetic separator and an outlet to aHow processes shmy to be discharged back into 

recirculation within the recirculating slurry dispensing system. 

(0025] FTG. 1 provides a schernatic of various components of a \viresaw cutting system 10 used 

in the methods of the invention. A recirculating slurry dispensing system 12, as utilized in the 

present invention, comprises a magnetic separator 14. An abrasive slurry fltrws onto a wiresm.v 

and workpiece 16, and then flo\vs away from the wiresa\v and \O\'Orkpiece 16 completing a slurry· 

recycling loop using the recirculating slurry dispensing syste1n 12. 

(00261 The recircuhning slurry dispensing system compr.ises a magnetic separator. The magnetic 

separator comprises at least one inlet (e.g., at least 2, at least 3 or at least 4) and at least one 
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outlet (e.g., at least 2, at least 3 or at least 4) so that slurry can flow- into and om of the interior of 

the magnetic separator. The interior of the separator comprises permanent magnets and/or 

electro magnets arranged to attract and hold magnetic or magnetized materials from the slurry as 

it llO\vs through the separator. The inlet and <.iutlet can comp.rise a continuous mesh such as a 

screen made of metal \Vires. For example the inlet. and out.let can comprise a continuous mesh in 

the shape of a basket definmg an interior space \vherein the magnets can be positioned. 

Preferably, the magnets are removable. Alternatively, the .inlet outlet, and interior space may be 

completely integrated \Vith other components of the recirculating slurry dispensing syste_m. For 

example the inlet, outlet and intenor space may be one continuous tube m V>.ihich the magnets are 

arranged to fbnn the magnetic separator in the path of slurry 110\v, As another example, the inlet 

and outlet can be adapted to aUmv slurry to Hmv through a large inner space such as a tank or 

tub, and the magnets can be placed in the tank or tub via an access port or opening. The purpose 

of the magnetic separntor is to at least partially retain magnetic or magnetized impurities that 

may be present in the abrasive slurry while other slurry components flmv through t11e 

recirculating slurry dispensing system relatively unhindered. Some exemplary magnetic 

separators available commercially are the ELECTRO FERRO FILTER l\fodd EVP/E (Magnet 

Industries Cal Pvt. Ltd.), PERrv1ANENT FERRO FTLTER i"v1odel PVP/R (\fagnet Industries Cal 

Pvt. Ltd.), and SUPERB FERROUS TRAPS (Erie1. fvlagnetics). 

(00271 \:Vhen the wiresa\v cutting apparatus is in operation, the recirculating slurry dispensing 

system includes a flow of slurry in the direction indicated hy arrow· heads in FIG. 's 2 to ll. 

Arrow heads on the schematic representation of tbe \v.iresmv .indicate rnove.ment of the \Viresaw. 

The direction of movement of the \vires<nv may reverse dur.ing the operation of the wiresffw. The 

flow direction of slurry typically does not reverse during operation of the \viresa\v. Within the 

recirculating dispensing system the flow may be diverted by a diverter or combined at a 

junction. A diverter allows slurry Oow to enter one end and the total Omv that enters is split into 

at least tv1-10 separate slurry flows. A.junction can combine more than one slurry 11mving in the 

recirculating dispensing system into a single flow·. For example diverters and junctions can be T 

shaped or ):·'~shaped tubes through which slurry flo\vs and is either spit from one flow to two or 

l\\.'O Om\'S are combined into one respectively. 

[0028j The Oo\\t rate in the recirculating slurry dispensing system is typically in the range of 

2000 Kg/hr to 8000 Kg/hr (e.g., 3000 Kg/hr to 6000 Kgihr). Depending on the specific 

embodiment- the flow rate through the magnetic separator can be O'Vii or greater (e.g., 10% or 

greater, 20'};i or greater.. 301l./i, or greater, 401h, or greater, 50%, or greater, I OOt;,\~ or g.reater, 200~,;i 

or greater, 300'~.--;) or greater, 400'hi or greater, or 500% or greater) of the recirculating slurry 
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dispensing system flow rate. Depending on the specific embodiment, the flO\\' rate through the 

magnetic separator is typically l O<Hl~"o or less (e,g., 901Y'.·(. or less, 800%i or less, 700'J.1iJ or less, 

600%1 or less, 500'% or less, 9mo or less., 80'~1i1 or Jess, 70'',.·;) or less, 6W~ .. ·;, or less., or 50%, or less) 

of the recirculating slurry dispensing system flow rate. 

(00291 The recirculating slurry dispensing system can also include a collector. A collector is 

typically a surface that conveys slurry from the \vorkpiece back into circulation within the 

recirculating slun-y dispensing systen1. For example the collector c.an he a container comprising 

an open top positioned to collect slurry flowing or dripping from lhe \Vires1rn.' and having an 

outlet or drain for the slurry to flow out of The outlet can be located on the bottom, the sides, or 

can cornprise a tube or siphon dipped into collected slurry from the top of the coUectoL The 

collector can be configured in many difforent ways. For example the collector can he funnel¥ 

sh.aped, coneyshapecl, pyramidal, or a half spherical shell. The collector can also be one or more 

surfaces angled to direct slurry to a slurry tank within the recirculating slurry dispensing system, 

(0030] The recirculating slurry dispensing system can .include a slurry tank and one or rnore 

pumps, if desired. A slurry tank provides a reservoir for the slurry and is typically situated 

upstream of a pump, The slurry tank typically has a stirrer or agitator to help prevent sen.ling of 

solid components oflhe slurry during the operation of the tool or while the tool is idling. 

(0031 I The recircuhning slurry dispensing systern 1:nay include a heat exchanger. The heat 

exchanger can be situated at any point in the recirculating slurry dispensing system. The heat 

exchanger can also be in, around, or integrated v.rith components such as the slurry tank, the 

collector, the pump and the magnetic separator. A typical configuration is for the heat exchanger 

to be located as a separate recirculation system including a separate pump where the separate 

recirculation syste1n exchanges slurry vdthin a slurry tank. The heat exchanger can be used to 

cool or heat the slurry. For example, heating the sh.u-ry can be used to lm:ver the viscosity of the 

slmTy' if the viscosity is too high for proper operation of the wiresmv apparatus. Alternatively, 

for exan1ple, cooling the slurry can be used to raise t11e viscosity of the slurry if the viscosity is 

to low for proper operation of the \vtresavv apparatus. '111e temperature of the slurry can also 

afiecl tl1e rates of decomposition of slurry components. Decreasing or increasing the temperature 

of the slurry can also impact the kinetics of fom1ation of magnetized agglomerates and thus the 

efficiency of the magnetic separator can be impacted by the use of a heat exchanger. Therefore, 

there is a desire to control tbe temperature of the slurry·. 

(00321 The recirculating slurry dispensing system may cornprise one or more c.ollectors, one or 

more slurry tanks, one or more pmnps and one or mum ht~al exchanger or any cum.hination 

thereof The redrculatmg slurry dispensing system may further comprise plumbing for 
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conveying slurry bet>veen the various components. The plumbing typically inc.ludes a stmcture 

that constricts flo\v to one dimension, such as a tube or pipe. Where gravity allows the slurr:y to 

How through the recirculating slurry dispensing system, the plumbing may comprise a rnore 

open stmctllre such as a trough. The plumbing n1ay even comprise an opening .in a tube that 

allows the slurry to pour into another component oft.he n .. "{:irculating slurry dispensing system 

such as a slurry tank. Alternatively, for example, the plumbing may consist of a trough in a 

portion of the recirculating slurry dispensing system \Vbere the flow is horizontal. 

10033] When the \'Viresaw apparatus of the invention is in operation, a \Votkpiece secured to a 

inount and support head, is pressed against a moving ;,vJJesa\'V \\-bile slurry is supplied to tbe 

wiresa\V. The wiresa\v has two or more \Vire guide rollers, whkb have their axes 1.manged 

parallel to one another and around \vhich a \Vire is guided one or more tirnes. Typically a 

wiresa\-..' has three wire guide rollers and the wire is multiply guided around the \Vire guides 

creating a wire-\.veb. Configurations having more than 3 \vire guides can be used in the method 

of this invention. The wiresa\v is moved by rotation of \vire g1dde rollers \\dlich causes sections 

of wire to move in a longitudinal direction. The direction of movement can be changed during 

the operation or be in a constant direction. For example the direct.ion can oscillate from one 

direction to the next during the cutting process. 

(00341 The \\'ire used in the wiresaw of this invention can be made of any suitable material, as is 

known in the art Typically the \Vire has a thickness of 0.01 mm or more (e.g., 0.05 mm or more, 

0.1 mm or more, or 0.15 nun or more). Typically the vll'ire bas a thickness of0.5 mm or less 

(e.g., 0.4 mm or Jess, 0.3 mm or less., 0 .. 25 mm or less, or 0.2 mm or less). Typically the \\,·ire is 

n1ade of hard drnvm steel. Alternatively the \Vire can be made of one or more alloys such as 

alloys containing Fe, Ni, Cr, \"10 and!or W. Because the \'Vire wears out during tfH~ cutting 

operation, the v.rear material is recirculated with and contaminates the slurry in the recirculating 

slurry dispensing system. 

(00351 At least a portion of the slurry that has been applied to the ,,viresrnv is sent through the 

magnetic separator to remove magnetic: or magnetizable impurities from the slurry that may be 

present due to the wear of the wires of the \viresaw. As used herein and in the appended claims, 

the tern1 "magnetic materials" encompasses those materials that exhibit pennanent magnetisrn or 

are ferromagnetic, such as the ferrites hematite (Fe20.~) or rnagnetil.e (Fe:iO;;). The tenn 

"magnetizable material" encompasses those materials that exhibit paramagnetism, such as non, 

and are therefore attracted to a rnagnetic field. Only a portion ofthe material removed hy the 

magnetic separator ne[~d b[~ magnetic.: or magnetizable. For example, a di<unag.netic slurry 

component can be bonded to a magnette or magnetizable impurity and the combinat10n ma:y be 
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removed by the n1agnetic separator.. Specifically, one or more abrasive partides can be 

agglomerated with magnetic or magnetizable impurities, and the agglomerate can be removed by 

the magnetic separator- Preferably magnetic .rnateria1s comprise iron. Preferably, at !east l 0 wt?-·;i 

(e.g., at least 20 wl~-;,, at least 30 'Wt'}o, at least 40 \Vt%, or at least 50 wt%.) of magnetic or 

magm.~tizable impurities in slurry flmving through the n:mgnetic separator are removed during 

the cuttmg operation of a 1:vorkpiece before the magnetic separator needs to be regenerated or 

deaned. The efficiency of the magnetic separator at removing magnetic or magnetizable 

impurities depends on many factors including flo\v rate through 1.he rnagnefrc separator, the type 

of magnetic separator, the amount of loading of magnetic or magneti1able impurities m the 

rnagnetic separator and the arrnngenwnt of the magnetic separator \Vithin the recirculating slurry 

dispense system. Regeneration of the magnetic separator usually comprises one or a 

combination of the follm.ving: washing the magnetic separator using an aqueous solution, 

agitating the magnetic separator, blowing a high pressure gas through the magnetic separator, 

and demagnetizing the rnagnetic separator. 

f OlB()j .Lvfagnetic or magnetizable impurities that c.an be removed by the magnetic separator 

could also come from sources other than the wire. For example magnetic or mag11eti:1able 

impurities could come from kerf material due to a forromagnetic or paramagnetic \.VOrkpiece, or 

impurities in the \vorkpiece that are ferromagnetic or paramagnetic. Another source of irnptJriLies 

can be parts of the wiresmv apparatus other than t.he wire_ Magnetic impurities could also come 

from slurry components or impurities in the slurry components, For example ferromagnetic or 

paramagnetic irnpmities could be released from an abrasive due to the 1nechanical and che.mical 

wear oft.he cutting process during operation of the ·wiresmv apparatus or could be a contaminanJ 

in a batch of abrasive material used in the slmry. 

(00371 FIG. 2 shO\VS an embodiment of the apparatus used in the method of the invention, The 

recirculating slurry dispensing system lOO, shmvn encircled hy the dotted lines defines a slurry 

now' pathv,>ay. The recirculating slurry dispensing system 100 applies an abrasive slurry to the 

moving wiresa\\' 106 at application region 105 \:Vhile the \.VOrkpiece 104, held by the mount and 

support head 102, is cul. Slurry Hows off of wiresaw l 0() and workpiece l 04 and back into the 

recirculating slurry dispensing system at \viresa\v slurry egress region 107. The recirculating 

slurry dispensing system 100 also includes a colle\.'.tor 108 which is positioned to collect used 

slurry coming from wiresaw slurry egress region 107 of'>vJJesa\'V 106. Slurry exits collector 108 

at collector outlet l 09 and 11ows into magnetic separator 110 through separator inlet 120, Slurry 

exits separator 110 through sepan.rtor uutlet 122 and llows into slurry t<111k 116 at tank ingress 

115. Slurry nows out of tank 116 tlu·ough tank egress 117, and into pump 112 via pump inlet 
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111. Slurry then flO\.vs out of pump 112 via pump outlet 113 and into a heat exdrnnger 130 at 

exchanger inlet 140. Finally, slurry flows out of beat exchanger 130 through exchanger outlet 

142 and hack onto wiresa\'·v .106 and Vi-'Orkpiece 104 to complete tbe recirculating loop of 

recirculating slurry dispensing system IOO. 

(00381 FIG. 3 shows a \~-'iresm.v cutting apparatus used in a preferred embodiment of the 

invention. The recirculating slurry dispensing system 200. show·n encircled by the dotted lines 

defines a slurry tknv pathway, and applies an abrasive slurry to the moving w.iresmv 206 at 

application region 205 \vhile the \vorkpiece 204, held hy the mount and support head 202, is cut 

Slurry flows off of \.viresa\v 206 and \vorkpiece 204 and back into the recirculatmg slurry 

dispensing system at ""'iresaw slurry egress region 207. Slurry Hows from wfresmv slurry egress 

region 207 into magnetic separator 210 through separator inlet 220. Slurry exits magnetic 

separator 210 through separator outlet 222 and flows back onto \vireSU\'1-' 20(i and workpiece 204 

to complete the recirculating loop of recirculating slurry dispensing system 200. 

(0039] The residence time of the slurry in magnetic separator 220 depends on the size of the 

inner chamber of the magnetic separator and the flov . ...- raw in the recirculating slurry dispensing 

systen1 200. Longer residence times can increase t.he efficiency oft.he rernoval ofthe map1e1.ic 

or magnetized impurities hnl may decrease the throughput of the cutting process or be 

impractical tn implen:H!nt mechanica!ty. For example a very large magnetic separator may be 

prohibitively expensive and/or difficult lo combine with existing equipment 

10040] FIG. 4 shmvs a wiresaw cutting apparatus vdth a magnetic separator 310 used in an 

ernbodirnent of the invention. The recirculating slurr_y dispensing system 300, shown endrcled 

by the dotted lines defines a slurry J1o\V pathv.my, and appl.ies an abrasive slurry to the 1:noving 

\Vire.saw 30t) at application region 305 \Vhile the workpiece 304, held by the n101mt and suppon 

head 302, is cut Slurry flows off of \Viresaw 306 and workpiece 304 and back into the 

recirculating slurry dispensing system at wiresa\v slurry egress region 307. A portion of the 

slurry that flows from wiresav, .. slurry egress region 307 is diverted at divener 318and11ov-.'s into 

magnetic separator 31 O through separator inlet 320. Diverter 318 is positioned between the 

wiresaw slurry egress region 318, junction 324 and separator inlet 320. The slurry flows out of 

!1'1agnetic separator 310 lhrough separator outlet 322. Slurry tlow'ing frmn wiresmv slurry egress 

region 307 that is not sent to magnetic separator 310 is combined \Vith slurry discharged through 

inagnetic separator outlet 322 at junction 324. Junction 324 is positioned between separator 

outlet 322 and application region 305 .. Slurry flo,vs from .iunction 324 back onto \viresaw 306 

and workpiece 304 to complete the recirculating loop of recirculating slu.rry dispensing systen1 

300. The amount of slurry sent through nrngneiic separator 310 as a percent ofthe total 11cnv m 
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the recirculating slurry dispensing system is typically l 00'%, or less (e.g., up to 91/Yo, up to 81Y~-{,, 

up to 700./G, up to 60'.'.--~;, or up to 50'%), The amount of slurry sent through the magnetic separator 

310 <l') a percent of the total volume of How through the recirculating slurry dispensing system 

300 is typically O'J.<, or more (e.g., nut less than I 0%, not less than 20'~-~" not less than 30')/o, not 

less than 4(ll}·t., or not less than 50%}. The amount of slurry llmv that is diverted depends on 

operating needs of the 1.viresaw cuttmg process and during a cutting procedure the amount of 

slurry llmv diverted can be c.banged many li.rnes. For example the amount oftlo\.v <livened can 

he changed to increase the efficiency of the magnetic separator fbr the removal of magnetic or 

1nagneti1able impurities. Another possibility is that no fl<Yw, or 0%) of the total slurry flow 

through recirculating slurry dispensing system 300, is diverted at point 318 for the purpose of 

repair, replacement or regeneration of the magnetic separalor 310. The amount of slurry diverted 

can be controlled by any suitable means. For example the amount of slurry diverted ca11 be 

controlled by valves, the bore vddths ofany tubing, a pump, at or between: diversion pomt 318 

and separator inlet 320: separator outlet 322 and merging point 324; or diversion point 318 and 

nwrging point 324. 

[0041j FIG. 5 sho\vs a \Viresa\v cutting apparnll1s with a magnetic separator 410 used in an 

embodiment ofthe invention. The recirculating slurry dispensing system 400, shown encircled 

by the dotted lines defines a slurry flo\v pathway, and applies an abrasive slurry lo the moving 

\:viresasv 406 at application region 405 vvhile the \Vorkpit"{:e 404, held by the rnount and support 

head 402, is cut Slurry Hows off ohvtresaw 406 and \'1-'0rkpiece 404 and back into the 

recirculating slurry dispensing systern at wiresaw slurry egress region 407. A portion of the 

slurry that flov.'s from \Viresaw slurry egress region 407 is divened at diverter 418 and flmvs into 

magnetic separator 410 through separator inlet 420, Dive11.er 418 is positioned between 

application region 405, junction 424 and separator inlet 420, The slurry flows out of rnagnetic 

separator 410 through separator outlet 422. The slurry· discharged from magnetic separator 410 

is added back into circulation at junction 424 hetv.'een separator outlet 422 and ''viresrn.v slurry 

'viresav..-' sh.my egress region 407. The slurry flowing from \.Viresa\v slurry egress region 407 that 

is not sent to the magnetic separator 410 flows hack to application region 405 completing the 

recirculating loop of recirculating slurry dispensing system 400. The amount of slurry sent 

through magnetic separator 410 as a percent of the total llo\v in the recirculating slurry 

dispensing system is typically 1 OCY\·(, or less (e,g., up to 900.~i, up to 8tY~·o, up to /(Y~·o, up lo 6CV~(,, 

or up to soc~ .. o). The amount of slurry sent t.hrougb tbe magnetic separator 410 as a percent of the 

lOtul volurne of flow th.rough the rec.:irculating slurry dispens.ing system. 400 .is typically O'i.l(; or 

1nore (e.g,, not less than 100. ... G, not less than 20%,, not less than 30?.·<i, not less than 40'%, or not 
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less than 50'!·ii). The ainount of slurry flmv that is diverted depends on operating needs of the 

wiresmv cutting process and during a cutting procedure the amount of slurry flow drverled can 

be changed rnany times, For example the amount of flow· diverted can be changed to increase the 

efficiency of the magnetic separnwr Hx the removal of magnetic or magnetizable irnpurities. 

Another possibility is that no llo\v, or 0'% ofthe total slurry flow through recirculating slurry 

dispensing s:ystem 400, is drverted at point 418 for the purpose ofrepau, replacement or 

regeneration of the magnetic. separator 410, The amount of s!uny diverted can be controlled by 

any suitable means. For example the amount of slurry diverted can be controlled by valves, the 

bore widths of any tub mg, a pump, or any combination of tbese at or bet\:veen: divers10n point 

418 a:nd separator inlet 420; separator outlet 422 and rnerging point 424; or diversion point 418 

and merging point 424. 

(00421 FIG. (,shows a wiresa>v cutting apparatus ,,vi th two magnetic separators 51 O, \vhich are 

arranged in parallel. The recirculatmg slurry dispensing system 500, shown encircled by the 

dotted lines defines a slurry How pat!nvay, and applies an abrasive slurry to the rnoving 510 

wiresnw S06 at application region SOS \vhile the workp.it~ce 504, held by the mount and suppon 

head 502, is cut Slurry flo\vs off ofwiresaw 506 and \:vorkpiece 504 and back into the 

recirculating slurry dispensing system at \Viresa\v slurry egress region 507. Slurry flo\vs from 

\viresmv slurry egress region 507 to splitter 516. Splitter SH) is positioned between \Viresa\v 

slurry egress region 507 and separator inlets 520 and 52L From spliner 5Ui slurry is sent into 

magnetic separator 510 through inlet 520 and into magnetic separator 51 l through inlet 521. The 

slurry is discharged from magnetic separator 510 through outlet 522 and combined \Vith slurry 

that is discharged from magnetic separawr 51 l through omlel 523 al combiner 526. Combiner 

52<i is positioned bet\¥een application region 505, separator outlet 522 and separator outlet 523. 

The slurry combined at combiner 526 flows back onto \'viresaw 506 and workpiece 504 to 

complete the recirculating loop of recirculating slurr.Y dispensing systetr1 500. The percentage of 

total flow through any one oUhe magnetic separators 5l0 and 520 is up to 100%J (e.g., up to 

90%i, up to 80~·0., up to 60%,, or up to 50'%) of the total flow in the recirculating slurry dispensing 

system 500. The percentage of total tlO\v through any one magnetic separator is 0%) or more 

{e.g., not less than l 0"~10, not less than 20'J.>;i, not less than 30%i, not less than 400,·;i, or not less than 

50'%) of the total flO\v in the recirculating slurry dispensing system. The percentage of flo\v 

through any one of the magnetic separators 510 and 511 can he controlled by any suitable t1m:v 

control device. For exaxnple the percentage of J1o\v can he controlled by valves, the bore width 

of tubes, a pump, or any combination of these al or between: spli.Uing point 516 and inlets 520 

and 521; or combiner 526 and outlets 522 nnd 523. Preferably the percentage of slurry flow sent 
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through magnetic separators 510 and 511 is controlled by valve 514, located bel\veen splitter 

516 and separator inlet 520, and valve 515 located betvveen splitting point 516 and separator 

inlet 521. The percentage of slurry Orn.v sent to magnetic separator 510 and 511 can be 

independently manipulated to increase the efficiency of the magnetic separator for the ren:10val 

of1nagnetic or magnetizable impurities. A possibility is that the percentage of flo\v diverted lo 

one of the magnetic separators 510 or 511 is equal to O?.~) of the total 110\v in the recirculating 

slurry dispensing system 500 for the purpose of repair, replacement or regeneration of that 

magnetic separator with no Dow passing through iL A variation of the configuration of FIG.() is 

to have more than 2 magnetic separators in parallel (e.g .. 3 or more, 4 or more, 5 or 1nore, or 6 or 

rnore). The flmv can be diverted to a subset ofmagnetic separators as desc::ribed above fix the 

two magnetic separator configuration and the smn of the total fknv through the individual 

magnetic separators is equal to the total flo\v through the recirculating slurry dispensing system. 

For example for a configuration that has "n" magnetic separators, \'>;.'here n is an mteger (i) 

greater than or equal to I, and F,, is the percent of the total flmv of the recirculating slurry 

dispensing system: the fi.)110\ving equation operates: 

N 

L Fn :::: l OO'J.i;l 

>l 

Where; 1 oo;i,.;, :=.:: F,, ?:'.:. O'hi 

(0043] FIG. 7 sh1..wis a wiresaw c11tting appannt1s with two magnetic separators 610 and 611 

arranged in a series for use in an embodiment of the invention. The recirculating slurry 

dispensing system 600, shO\vn encircled by the dotted lines defines a slurry flo\v :pathway, and 

applies an abrasive slurry to the moving wiresa\v 606 at applkation region 605 while the 

workpiece 604, held by the mount and support head 602, is cm. Slurry flows off of wiresaw <iO(i 

and workpiece 604 and back into the recirculating slun-y dispensing system at \viresa'v slurry 

egress region 607. Slurry flows from \Viresaw slurry egress region 607 into n1agnetic separator 

610 th.rough separator inlet 620 and exits magnetic separator MO through separator nutlet ()22. 

Subsequently, the discharged slurry coming from separator outlet. 622 is sent to separator inlet 

621 and through magnetic separator 611. Slurry exits magnetic separator 611 through separator 

outlet 623 and flows back onto l.'\.'iresaw 606 and workpiece 604 lo complete the recirculating 

loop of recircuhning slurry dispensing system 600. 
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[0044J The separators (tlO and (ii 1 can be of substantially similar design or each separator can 

be of a di!lerent design. For example it may be desirable to have a magnetic separator 610 that is 

rnore selective for the rernova! of large magnetic or magnetizable impurities located bet\veen 

wiresa\\l slurry egress region 607 and magnelic separator 611, which couJd be more selective to 

the removal of finer 1nagnetic or magnetizable impurities. A variation of the configuration of 

FICL 7 is to have more than 2 magnetic separators arranged in a series (e.g., 3 or more, 4 or 

more, 5 or more, or 6 or more). 

10045] FTG. 8 shmvs a wiresaw nilting apparntns with magnetic separnwr 710 used in an 

embodiment ofthe invention. The recirculating slurry dispensing system 700, shown encircled 

by the dotted lines defines a slurry flow pathway, and applies an abrasive slurry to the moving 

wiresaw 706 at application region 705 while the \Vorkpiece 704, held by the mounl and support 

head 702, is cul. Slurry nows off the wiresa\v 706 and 1vorkpiece 704 and back imo the 

recirculating slurry dispensing system at wiresav~' slurry egress region 707, The recirculating 

slurry dispense systern 700 also includes a collector 708 ·wh.ich 1s positioned to collect used 

slurry coming from \Viresaw slurry egress region 707. Slurry ex.its collector 708 at collector 

outlet 709 and back onto \,viresaw 706 and workpiece 704 to complete the recirculating loop of 

recirculating slurry dispensing system 700. The magnetic separator 710 is immersed in the 

collector 708 so that at least some of the slurry conveyed from the \viresmv 706 and \Vnrkpiece 

704 is sent through the magnetic separator 710. The n:n1gnetic separator can be .immersed 

partially or fully in the collect.or 708. The magnetic separator can he immersed m the collector to 

contact slurry from any location such as the sides, tbe top or tbe bottom. Preferably, the 

n1agnetic separator is located dose to the collector outfot 709. One or more magnetic separators 

can be used. One or 1nore of the magnetic separators can be removed for repair, repfacernent or 

regeneration of the magnetic separator during operation of the wiresmv cutting apparatus, 

(00461 FIG. 9 shows a w"iresa1.-v cutting apparatus \Vith a magnetic:. separator 8:l0 used in an 

embodiment of the invention. The apparatus consists of a recirculating slurry dispensing systern 

800, shown encircled by the dotted lines, 'vhich defines a slurry flow pathway. The recirculating 

slurry dispensing system 800 applies an abrasive slurry to the moving wiresa\v 806 at 

application region 805 while the workpiece 804, held by the n1ount and support head 802, is cut. 

Slurry flows off of wiresa\v 806 and \\"Orkpiece 804 at wiresaw slurry egress region 807. The 

recirculating slurry dispensmg system 800 also includes a collector 808~ v>.il1ich is positioned to 

collect used slurry corning from wiresaw slurry egress region 807. Slurry exits collector 808 at 

collector outlet 809 and lknvs into magnetic separator 810 through separator inlet 820 Slurry 

exits separator 810 tllrough separator outlet 822 and nows into slwTy tank 816 at tank ingress 
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815. Slurry flows out of tank 8Hi through tank egress 817 and back onto wiresasv 806 and 

workpiece 804 to complete the recirculating loop of recirculating slurry dispensing system 800. 

(00471 FIG. 10 shows a wiresaw cutting apparatus \Vith a magnetic. separator 910 used in an 

embodiment of the invention. The apparatus consists of a recirculating slurry dispensing syslern 

900, shm:vn encircled by the dotted lines, \Vhich defines a slurry flow pat!nvay. The recirculating 

slurry dispensing system 900 applies an abrasrve slurr:_.i to the moving wiresmv 906 at 

application region 905 while the 1:vorkpiec.e 904, held h:y the mount and support head 902, is cut 

Slurry flmvs off of"wiresaw 906 and workpiece 904 and hack into the recirculating slurry 

dispensing system at 1:viresaw slurry egress region 907. Slurry fltW.iS mto slurry tank 916 at tank 

ingress 915. Slurry flo1.-\.'S out of tank 916 through lank egress 9.17 and back onto \Viresa\v 906 

and workpiece 904 to complete the recirculating loop of recirculating slurry dispensing system 

900. The magnetic separator is in1mersed in the slurry tank 916 so that at least some or the shmy 

passes through the magnetic separator 91 O. There may be multiple inlets and outlets to the 

magnetic separator. The interior of the magnetic separator may consist ofthe entire interior of 

the slurry tank so that the inlet to the magnetic separator is the same component as the tank 

ingress 915, and the outlet to the magnetic separator is 1.he same component as the tank egress 

917, 

(00481 The magnetic separator 910 can be immersed partially or fully in slurry tank 916. The 

magm.~tk separator can be immersed in the slurry tank 916 to contact slurry from any location 

such as the sides, the top or the bottom. Preferably, the magnetic separator is located close to 

tank ingress 917 where the slurry is conveyed into the slurry tank 916. One or more magnetic 

separators can be used. One or more oflhe magnetic separators can he removed for repair, 

replaceinent or regeneration of the magnetic separator during operation of the \viresmv cutting 

apparatus, 

(00491 FIG. 11 shows an ernbodirnent of the apparatus used in the method of the invention. The 

apparatus consists of a recirculating slurry dispensing system 1000, sho\vn encircled by the 

dotted lines, wfoch defines a slurry flo\v pathway, The recirculating slurry dispensing system 

1000 applies an abrasive slurry to the moving wiresaw 1006 at application region 1005 \Vhile the 

\Vorkpiece 1004, held by the mount and support head 1002, is cut Slurry flows off of \viresaw 

100() and workpiece 1004 and back into the recirculating slurry dispensing system at \vin:.$a\v 

slurry egress region 1007. Slurry flO\vs from wiresaw· slurry egress region 1007 into heat 

exchanger .t 030 through exchanger inlet 1040., Slurry Hows out of heat exchanger 1030 Um:mgh 

exchanger outlet 1042 and into magnetic separator 1010 through separator inlet 1020. Finally, 
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slurry !lows from separator outlet 1022 and back onto \viresrnv 1006 and workpiece 1004 to 

complete the recirculating loop of recirculating slurry dispensing system 1000. 

(00501 FIG. 12 provides a schematic representation of various components of a wiresi.n.v cutting 

system 11 IO used in the meth(ids of the invention. A reci.rculating slurry dispensing systen1 

lll 2, as utilized in the present invention comprises a magnetic separator 1114. An ahntsi·ve 

slurry flows onto a wiresaw and \VOrkpiece 1116 and flov • ...-s a':vay from >viresa\v and >vorkpiece 

1116 completing a slurry recycling loop using the recirculating slurry dispensing system .1 l .12. 

The magnetic separator 1 U4 can be removed for repair, exchanged \Vith a different separator or 

regeneration while the wiresaw apparatus is in use. Regeneration generally involves one, or a 

combination of the follmving; washing the magnetic separator using an aqueous solution, 

agitating the magnetic separator or demagnetizing the magnetic separator. The repaired, 

exchanged or regenerated magnetic separator can subsequently be reattached at the same 

position within the recirculating slurry dispensing system. 

(00511 FIG. 13 shmvs a ""'iresaw cutting apparatus \vith a magnetic separator 1210 used in an 

embodiment of the inventhm. The recirculating slurry dispensing system 1200, shovm encircled 

by the dotted lines defines a slurry now pat.hwa)'', and applies an abrasive slurry to the rnoving 

wiresaw 1206 at application region 1205 while the workpiece 1204, held by the nmtml and 

snppon head 1202, is cut Slurry Hcnvs off of wiresaw 1206 and workpiece 1204 and back into 

the recirculating slurry dispensing systein at \.viresaw slurry egress region 1207. Slurry flo\vs 

into slurry tank 1216 at tank ingress 1215. A portion of the slurry collected in slurry tank 1216 is 

diverted to a separator slmry loop 1250, s!itwv encircled by the dashed lines, through the ingress 

to separator slurry loop 1260, enters magnetic separa1or 1210 through separator inlel 1220, exits 

the magnetic separator through separator outlet 1222 and is discharged back into t11e slurry tank 

at egress to separator slurry loop 1262, Slurry flows out of tank 1216 through tank egress 1217 

and back onto wiresaw 1206 and \vorkpiece .l 204 to complete the recirculating loop of 

recirculating slurry dispensing system 1200. 

10052] The amount of slurry sent through magnetic separator 1210 as a percent of the total flow 

in the recirculating slurry dispensing system is typically 1 fWO'l.'ii or less k.g., up to 90tY~1!L. up to 

800'?.;J, up to 700~·;i, up to 600~·;1, up to 500~·;i, up to 400t'~1;1, up to 300'~{., up to 200~{., or up w 

100'%). The a1nount of slurry sent through the magnetic separator 12.10 as a percent of the total 

volume of flow through the recirculating slurry dispensing system 1200 is t}'pKall:y ()f~.~ or more 

(e.g., 1 O';i;) or greater, 20'!1;i or greater, 30%; or greater, 401H; or grealeL. 5()(~ .. ·;, or greater, 1 OW~·~ or 

greater, 20lYl.··~i or great[~r. 30()f\, or greater, 400%1 or greater, or 500%, or greater). The amount of 

slw-ry flow that is diverted depends on operating needs of the \viresaw cutting process and 
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during a cutting procedure the anwunt of slurry flow diverted can be chM1ged ma11y tirnes. For 

example tlle amount of flmv diverted can be changed to increase the efficiency of the magnetic 

separator Jbr the removal of rnagnetic or magnetizable impurities. Another possibility is that no 

flow, or O';..-t, of the total slurry flow through recirculating slurry dispensing system 1200, is 

diverted to the magnetic separator 1210 for the purpose of repair, replacement or regeneration of 

the magnetic separator 1210, The amount of slurry diverted can be controlled by any suitable 

means. For e.xample the amount of slurry diverted can be controHed by valves, the bore widths 

of any tubing, a pump, or any combination of these at or between: the ingress to separator slurry 

loop 1260 and separator inlet 1220; or tbe separator outlet 1222 and egress to separator slurry 

loop 1262. 

100531 FIG 14 shows a \Viresa\v culling apparatus \Vith a magnetic separator 1310 used in an 

embodiment of the invention. The recirculating sluITy dispensing syslen1 1300, sho\vn encircled 

by the dotted lines defines a slurry flow pathway, and applies an abrasive slurry to the moving 

wiresaw 1306 at application region 1305 \vhile tbe \vorkpiece 1304, held by the rnount and 

support head 1302, is clll. Slurry flows off ofwiresaw 1306 and \Vorkp.iece 1304 and back into 

the recirculating slurry dispensing system at wiresmv slurry egress region 1307.. Slurry ffows 

frum ·wiresa\v slurry egress region 1307 into magnetic separator 13 l 0 through separntor inlet 

1320. Slurry exits magnetic separator 1310 lh.rough separator outlet 1322 :rnd flmvs into slurry 

tank l3H:; at tank ingress LH5. A portion ofthe slurry collected in slurry tank l3H:i is diverted 

to heat exchanger slurry loop 1380, shown encircled by the dasbed lines, through the ingress to 

heat exchanger slurry loop 1390, enters heat exchanger 1330 through exchanger inlet 1340, exits 

the heat exchanger through exchanger outlet 1342 and is dfacharged back into the slurry tank tu 

egress to heat exchanger slurry loop 1392. Slurry flows out of tank 1316 through tank egress 

1317 and back onto \viresaw 1306 and workpiece 1304 to complete the recirculating loop of 

recirculating slurry dispensing system .1300. 
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CLAEvIS 

PCT/US2009/068901 

1, A method for removing magnetic or magnetized contaminants from a wiresaw cutting 

s!mTy' during a vviresaw cutting process comprising the steps of: 

applying an abrasive shm-y to a moving wiresa-w from a recirculating slurry dispensing 

system: 

cuttmg a 1:vorkpiece with the movmg wiresaw and the applied abrasive slurry·; 

conveying abrasive slurry frorn tJw workpiece back into the recirc.ulating slurry 

dispensing system; 

sending at least a portwn oftbe slun)1 through at least one magnetic separator to remove 

rnagnetic or magnetized contaminants from the slurr_y; and 

discharging the slurry sent through the magnetic sepaJator back into circulation \.Vithin 

the recirculating slurry dispensing systent 

2, The method claim l \vherein tlle at least one magnetic separator comprises t>vo or more 

magnetic separators arranged in parallel. 

3. The melhod of claim l \Vherein the al least one magnetic separator comprises two or 

more magnetic separators arranged in a series_ 

4, The method of dairn l wherein the recirculating slurry dispensing systern includes a 

collector to collect used slun-y' from the workpiece and the magnetic separator is at least partially 

immersed in the collector. 

5, The method of claim l wherein the recirculating slurry dispensing system mcludes a 

slurry tank and the magnetic separator is at least partially immersed in the slurry tank. 

6. The melhod of claim l \Vherein the recirculating slurry dispensing syste1:n includes a heat 

exchanger. 

7 The method of claim 6 wherem the heat exchanger is located bet\veen the point in the 

system where used shiny is conveyed from the \\.'Orkpiece and the point where the used slurry 

enters the magnetic separator. 

8, The method of claim 1 w'herein the \vorkpiece is selected from the group consisting of a 

silicon ingot, a polysilicon ingot, a gallium arsenide ingot, a ceramic ingot, a quartz ingot, a 

silicon dioxide ingot, and a glass ingot. 

9 The method of claim l \vherein the recirculating slurry dispensing syslern includes a 

slurry t:ank and a separator sluny loop adapted to convey slurry from the slurry tank through the 

rnagnetic separator and back to the slurry tank. 

10. A 'Niresaw cutting apparatus comprising: 

a mount and support head adapted to hold a \'vorkpiece; 
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a wiresaw positioned relative to the mount and support head such that the workpiece can 

be brought into contact \vith the wiresaw when in operation; 

an application region for applying slurry to tbe \viresaw .frmn a recirculating slurry 

dispensing system, lhe applicatkm region being positioned and adapted lo deliver a polishing 

slurry to the wiresa\v, the recirculating slurry dispensing system defining a sltmy fanv patlnvay; 

a wiresmv slurry egress region adapted to direct slurry off of the wires;.n.v and n1om1ted 

workpit.'t.'.e and back into the recirculating slurry dispensing system; 

the recirculating dispensing system comprising at least one magnetic separator for 

removing magnetic or magnetizable contaminants from the slurry; 

wherein the magnetic separator comprises an .inlet adapted lo recejve at least a portion of 

the slurry into the magnetic separator and an outlet adapled to discharge purified slurry back 

into circulation within the recirculating slurry dispensing system. 

l l. The \viresavv apparatus as in claim l 0 1.vherein the recirculating slurry dispensing system 

further comprises; 

(a) a diverter, positioned between the wiresaw slurry egress region, and the separator 

inlet, and adapted for diverting al least a portion of the slurry lo the rnagnetic separator, 

(b) a junction, positioned between the diverter, the outlet of the magnetic separator and 

the application region, and adapled for combining slurry discharged fron1 the outlet of the 

magm.~tk separator and the portion of slurry not di·vert.ed lo the magnelic separator, back into 

circulation at a region in the recirculating slurry dispense system bet\veen the junction and the 

application region. 

12. The ·wiresa\\.' apparatus as in claim l 0 wherein the recirculating slurry dispensing system 

further comprises; 

(a) t\\'O or more magnetic separators arranged in parallel. 

(b) a splitter, positioned between the wiresaw slurry egress region and the inlets of the 

magnetic separators, and adapted for sending the slnrry added back into circulation at the 

'viresav..-' sh.my egress region to the inlets of the magnetic separators; 

(c) a combiner, positioned behveen the application region and the magnetic separator 

outlets, and adapted for combining the purified slurry discharged from the magnetic separator 

back int.o recirculation within the recirculating slurry dispensing system. 

13. The wiresa>v apparatus as in daim l 0 wherein the recirculating slurry dispensing syste1n 

forther cornprises l\:vo or more magnetic separators arranged in a series. 

14. The \viresmv apparatus as in clain1 lO \Vherein the recirculating slurry dispensing systern 

fru-tller comprises: 
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(a) a coHector, positioned and adapted for collecting slurry fron1 the \viresaw slurry 

egress region, 

(b) a collector outlet, positioned in the collector adapted for discharging the collected 

slurry hack into circulati(m within the slurry dispensing system: and the 1:nagnetic separator is al 

least partially immersed in the collector and is adapted frJr purifying at least a portion of the 

slurry flowing through the recirculating slurry dispensmg system. 

15. The w"iresa1:v apparatus as in daim I 0 \\·herein the recirculating slurry dispensing system 

f1.J.rther comprises: 

(a) a slurry tank, adapted to provide a reservoir for slurry, 

(b) a slurry tank ingress, positioned hetween the \viresaw slurry egress region and slurry 

tank and adapted for conveying slurry into the slurry lank 

(c) a the slurry tank egress, positioned between the s!uny tank and application region and 

a adapted to allow slurry to flow· from tl1e slurry tank to the application region, 

slurry loop, 

a separator 

(d) an ingress to separator slurry loop, positioned between the slurry tank and the 

separator inlet and adapted for diverting slurry from the slurry tank to the separator slurry loop, 

(e) an egress to separator sluny loop positioned between the separator outlet and the 

slurry tank and adapled to discharge slurry from the separator loop back into the slurry tank. 

16. The wiresaw apparatus as in claim 15 wherein 1.he recirculating slurry dispensing systen1 

further comprises; 

a) a heat exchanger slurry loop, 

(b) a heat exchanger, 

(c) a:n exchanger inlet positioned and adapted for conveying slurry into the heat 

exchanger, 

(d) an exchanger outlet positioned and adapted hx c.onveying slurry out of the heat 

exchanger, 

(e) an ingress to heat exchanger slurry loop positioned between tbe slurry tank and 

exchanger inlet and adapted for conveying a portion of the slurry i11 the slurry tank to the heat 

exchanger slurry loop, 

(I) an egress to heat exchanger slurry loop positioned between the slurry tank and the 

exchanger outlet and adapted for discharging slurry in the heat exchanger slurry loop back into 

the slurry tanL 

17. The \viresmv apparatus as in clain1 15 \Vherein the recirculating slurry dispensing systern 

fru-ilier comprises: 
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(a) a pump, 

(b) a heal exchanger_ 

(c) a pump inlet, adapted and positioned to allow slurry to flo<.v into the pmnp from the 

slurry tank 

(d) a pump outlet, adapted and positioned 1.0 aHow slurry lo f10\v out of the pump to the 

heat exchanger, 

(e) an eKcha.nger inlet positioned and adapted fbr conveying slurry into the heat 

exchanger from the pump, 

(f) an exchanger outlet positwned and adapted for conveying slurry· out ofthe heat 

exchanger to the application region. 


