WIRESAW APPARATUS AND METHOD FOR. CONTINUOUS REMOVAL OF MAGNETIC
IMPURITIES DURING WIRESAW CUTTING FIELD OF THE INVENTION [0001] This invention
pertains methods for removing magnetic or magnetized contaminants produced during a wiresaw
cutting proce¥8 BREKEROUND OF THE INVENTION 100021 Wiresaw E&tt§AHe #8Minant method
for slicing ingots into thin wafers for use in the integrated circuits and photo-voltaics (PV) industries.
This method is also commonly used for wafering substrates of other materials, such as sapphire,
silicon carbide, or ceramic substrates. A wiresaw t gicqlly has a web of fine metal wires, or a wireweb,
where the individd’ﬁf%?é“s“hé@f@%é%fg?%r%ﬁg ?15%%@%%%6%%’&%@1 to each other, at
a distance of 0,1 to 1.0 mrv AtrepgCaseriesofspaosnputiars v wirapaides. Slicing, or cutting, is
accomplished by contacting the workpi%?gL%g)@?E;@q&Q;.%%g?\moving wire to which an abrasive
slurry has been applied. 100031 Conventional wiresaw abrasive slurries typically comprise a carrier
and abrasiva%§4Hhi cﬁ%@ BORIB I BY iR i FEerEr Peoyarsitht! FHESCHFRFIEIMIBUIE that
provides lubsicatici anchgaaling:suehias@omiaeral oil, kerosene, polyethylene glycoi, polypropylene

glycol_or other polyalkylene g|YCO|SB_;;%%&%&%§%I’B%F@ Y g@@%tﬂ?\abraswe to the Wir_e_ Sc) that _the
abrasive can contact the workinece:. The abrasive is typically & hard material such as silicon carbide

particles. 100943! Friewiressivciitingprovessshaddatchoppeess vt Hieha fisdarvetumeéof slurry is
continuouslyresyeiedifrom ahelding sankand supplied using.Rozdes.ihe.wireweb clese:to the
workp.iece bei?g.__cut. During tihe process, the aste_r_rgat,eriall. from t[h?s cut, including the I§e( ,

wald Eif&i Sty S@lmiﬁb ol piher maﬁ:& idls suc\:lgtas ﬁl ffmﬁ.. SUICON Carhide. OF CATAIMIC SUDSHAes, o .
gradually accumulates in the slurry, w ich'even ua ;? 0s€s performance. The exhausted slurry is
treated and s@jsaratediat hescorsdtivbentsngiel miwasivevardehrribe)e Reddiming isiasdential to the

economics qfiiheeneraion. 100051QrecomrOnentoliba SReR! sluivismagnatic ohmagnetizable
impurities generated pr,ima;ilﬁ tl'goug wire wear | r?duceg during the wiresaw {:uti[tin process. Such
impurities cal THEFAST WA CBRRBoREES IINE 8 BHYTSmd ThE R8T IHARd? TG 1 ViScosity changes,
pH changessteimpesaivrechpngds wecompbsition uiadditives; paricle Sizsidistributiontskanges or
other changgsig.ghe slurry. The accumulation of magnetic or magnetizable impurities therefore leads

to the degradation of the cutting performance over time. ) , o
fte3} Conventional wiresaw abrasive shurvies typically comprise a carrver and abrasive

particles combined by mixing i a radio of 11 be weight, The carrier is g Hauid dat provides
hubrication and cooling, sach as a mineral o, keresene, polyethylene glveol, polypropylens
glveol or other polvalkvlene plveols. The Hauid carrier also holds the abrasive to the wive so that
the abrastve can contact the workpiece. The abrasive w rypically 8 havd material such as siticon
carbide pariicles.

o84} The wirssaw culiing process 1% 8 batch process in which a fixed vohane of shury is
continnousty recveled from a holding wnk and supphed using nozzles to the wireweb close i
the workpiece being cut. During the process. the waste material from the cut, including the kel
gradually accunulates tn the storry, which eventually foses performance. The exhausted shury is
treated and separated ndo #s constituents (e, abrasive and carrien). Reclatming 15 essential {o
the economics of the operation.

{0005t One component of the spent shurry is magnelic or magnetizable impurities that are
generated primavily through wive wear produced during the wiresaw culting process. Such
npurTiies can interact with componenis in the shory and the ker? matter, leading to viscosiy
changes, pH changes, temperatwre changes, decomposition of additives, particle size distribution
changes or other changes o the sharry. The scoumulation of magnetic or magnetizable impurities
therefore leads to the degradation of the cutting performance over {ime.

[G666] U.S. Pat. No. 6,264,843 deseribes a bawh process {or reclaiming a cutting Thaid

suspension produced during machining. The described process separmes the abrasive contalning



[00061 U.S. Pat. No. 6,264,9.43 describes a batch process for reclaiming a cutting fluid suspension
produced during machining. The described process separates the abrasive containing 2 fraction first
and then uses a magnetic separator to remove abraded material. The recovered fluid is then
reconstituted with fresh, slurry and returned to the cutting process, [0007]. U.S. Pat No. 6,443,143
cosries ST SF U o el ST e o e P o AL T oscrbec
process kitobransaguetiititid siteresiesbiartan ljukesd mdteenigirgmosves using centrifugation and a
magnetic ®epeyatos. ﬁfﬁg@éﬁﬁéﬂ}?@s'3@&1‘9&@%%@18@6?%@%#@ the spenlilbydsieRaness.'s designed
to remove Iar%e ua&tl,t es of %)A:?ds.,[0008] Although the batch process is acceptable to the industry,
changing 1% Wﬁﬂi’ﬁ s TIPS RIRATE SHEERE Sravdaibedariarationiosdrr LBttt can be

stressful oentbeeégsiipmenttifAgicidional by pid gsea diffieritoch Bltenge tieremayebesitaminatts from spent

cutting f'Uﬂ'ﬂésﬁg&tﬁmm%%J?oté\é%ésfs'aéggngw%ﬂ%ﬁ%%@fa%rgél%ﬁt@saé?%&}!ﬁs?nd relatively small quantities

of contaminants, without a costly batch process. It would therefore be advantageous to have a

wiresaw ddfidy operiebithaheld trecshiaAshisarPle Mdba s esntishBE BRISISUNIVARY OF THE
INVENTIGN0081Disginsed hadetnisa methediforrermeviagcmagneatican magnetizgsheantaminants
from a wirggay cuiting surty glyting airesaw eutting, process. The process. comprises ing steps of.
applying an a Fasive s?urry to a moving wiresaw from a recircu a?lnsg s%rrys%%pé:nsfﬁ sf/lé Sem; cutting
a workpieg@ @it eheckiiging v susntdid tHeabppiiedrziivrsiyvasiurlztivonveyiiy asedtiabresive slurry
from the warkpiaeaibagkiote the.taginuuating sl disprNaigsysiamassnding.atdeagta portion of
the slurry throu%h a magp?etic se arat?tr to remove magnetic or magnetized contaminants from the
3 AL QUG

slurry; and GEER ARG TRELGH alits SHPEMYSY back into circulation within the
recirculating slurry dispensing SM.SUMMHEWQE&HE!WTMSO provides for a wir_esaw cutting
apparatugodiis @ﬂ?&é@éﬁ%&Qﬁ‘?@@ﬁét%@%ﬂ@éﬁm&‘ﬁgﬁw@&dnﬁgﬁﬁ%ﬁtQOQQJQir%XYQ%%KeaCG’ a

wiresaw positioned relative to the mount and support head such that the workpiece can be brought
into contalt AN R LW WHES ih BEERIIGHIET RRSreatbhe regiss fosmesedn s asaited for
applying appiseaasm ebttisigesiliiry to theowiie seiedient-antacisculating sy dispensiag-system, and a
wiresaw slyy.egress fedionadapted io diselslumyqff.of e wisesau and mounted workpiece and
back into a s’lu’%ry flow atﬁway. e rem%cullatlng slurry dlﬁr))ensing syster‘ﬁngéﬁnes ¥ﬁégsliurry flow
pathway. atsiscireulafing dispensmeyshatk mntedhpases atinagheticdsepesiamotyitrrre smodirg magnetic
or magnefizriie LORRRMIBAMS For theSike Ynwhereihetagnets s eRAMGr 6PMIsEs-an inlet to
allow at Ieas% of. orttic%n oftglurlp/ ir]togé?cﬁ g%al%neti%s arator and anég#tlet to allow purified slurry to be
discharge BABLTRLS Fouii AR M ST PR BE TG SRy HERLIGHE SRR OOk n a first
aspect, thiere isqpiavidedthinibthod-fokfamavingdmpgmegcotanagnetized contaminants from a wiresaw
cutting slurry durifg gAdRSaN HIINGIRIIGESRGOMPISINGhe %mﬁégoépggmgn%naﬁp%\ge slurry to a

moving wiresaw from a recirculating slurry dispensing system; cutting a workpiece with the moving
wiresaw éﬁ@?ﬁ‘éﬁﬁﬁﬂ%%ﬁ?%%%%ﬁ?ﬁl &%@ﬁ&ﬁﬂ@&e&&mmﬁqwm%@c@%& into the
recirculatinglisiurryudispensingpsysiedniuse nbin ghatdessiiecp esiios: afrthehs| iy dbraugkyak kast one
magnetic sgpatelonde tETINE MaAgnaRQrMagnelzed coNAMIPANIRAIN e Sy, Apd discharging
the slurry sent through thé magnetic g]éparator ack'into circulation within the rec cu‘iva{lng slurry
dispensingjéip R fitesrTHE W GrkgsiseBaésaluste d frshsitas ytempaadnsistrgrot arsilicon ingot,
a polysiliconeigetior gallivun @rEeride.Rgolr srerrWMILIRaRl ACHMIZIBak sHlicondigxdde ingot, and

a glass ingot. In another.aspect, there is proyided a wiresaw, cutting apparatus comprising: a
mount angusffrp%%‘ﬁ %azha‘ﬁaﬁd;fg e%ctlcgd}l'tulgﬁl S\fblgr)k‘é)qis gg?ﬁ%ﬁ#‘q&g@\ﬁeﬁ%ﬁﬁi ﬁé@%ﬁéﬁ%"%“fﬁ@mount and
support hébel rsoetuthiatz espeoskgissgcoandebsoug mdmetcosiacttwitfot lenwiiegamagvietn @n operation;
an applicationdeginn JonAnpvinorshrytadhe wi{a%ﬁwhféqlmg%ﬁc&@%%%@9&5%9&%{%9 system,

the application region being positioned and adapted to deliver a polishing slurry to the wiresaw, the
recirculatfty ¥I8H5AH SpBAGIANY Ly R Hf A P Sl ssPRBI R dRes st il urtiveg Pess region
adapted tw tiréctsiugey bitofitheaniresavmanchim duniedwbrkpieterandfeackdntathe 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 to receive at least a portion of the slurry into the magnetic separator and
an outlet adapted to discharge purified slurry back into circulation within the recirculating slurry
dispensing system. '



BRIEF DESCRIPTION OF THE DRAWING 10010] FIG. 1 shows some of the components used in the
present invention. 3 FIG. 2 shows a wiresaw cutting_ apparatus where the recirculating slurry
dispensing system comprises a collector, a magnegic. separator, a. slurry tank, a pump and a heat
exchanger. 100]ﬁ12]é I?.IIG. 3 sh?V\{g a wiresaw cgtgnlge%p a%g}us with a mfﬁgetlc separator. 1001.31

FIG. 4 shows a Wiresaw CURG Apparstiowih ainagneticeeSBanse WS s BighHictharged

from, the peagRERISeparatoMiscatidadtbacielint dindugatiorimasay poitiing thveess comphirine dispensitm

system betygern heReiptinthesysiemwheraesipamok st y.exits the. magpetic.separator and
the point, in the s where slurry is applied to the wiresaw. 100141 FIG.utting :g)paratus withtic

separator WHEPeit St A SV TSEFFS M thEtRssiasHisandan tacknlied eratieirat Feeistiting slurry
dispensinghsysstepivpstivernithe-paintdin thek System rdierdathe stoeandafcabiipysexis;thendiagnetic
separator and the PN, FNESYRIRMGHS NS SINCIR: GoPYSHed, TORLIDGWRRIgee. 100151
Fla 6 shows a wiresaw cutting apparatus con
magnetized contaminants from the slurry; and discharging the slurry sent through the magnetic
separator back into circulation within the recirculating shurry dispensing system, and wherein the
workpiece is selected from the group consisting of a silicon ingot, a polysilicon ingot, a gallium
arsenide ingot, a ceramic ingot, a quariz ingot, a silicon dioxide ingot, and a glass ingot.
In another aspect, there is provided a wiresaw cutting apparatus comprising: a mount and
support head adapted to hold a workpiece; a wiresaw positioned relative to the mount and support
head such that the workpiece can be brought into contact with the wiresaw when in operation; an
application region for applyiﬁg slurry to the wiresaw from a recirculating slurry dispensing
system, the application region being positioned and adapted to deliver a polishing slurry to the
wiresaw, the recirculating slhurry dispensing system defining a siurry flow pathway; a wiresaw
slurry egress region adapted to direct slurry off of the wiresaw and mounted workpiece and back
into the recirculating slurry d_ispensing 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 to receive at least a portion of
the shury into the magnetic separator and an outlet adapted to discharge purified slurry back into
circulation within the recirculating shury dispensing system.
BRIEF DESCRIPTION OF THE DRAWING

[06010] FIG. 1 shows some of the components used in the present invention.



in parallel where the flow ofry can be diverted to one, twc separators. 100.161 FIG. 7 shows a wiresaw
cutting a arattis conaprisin in a series. 10017j RC. 8 silo recirculating slurry dispensing system
includes a collector and the magnetic separator is immersed panially in the collector. 100181 FIG. 9
shows a Wire‘gg\ﬁﬂ&fm#@ﬁ%pparatus with a magnetic separator wherein reWcTﬂﬁ%W&’%ﬁﬁ?ﬂr dispensing
system includes a collector for collecting used slurry from, the work piece for diversion into the
magnetic. separator, and includes a slum,- tank tha% acts as a reservoir fbr the slurry and as a receiver
thr slurry discharged from the magnetic separator. T00191 FIG. 10 shows a. wiresaw cutting apparatus
with & magni S35 RGN ASIH e RHAATITHY SRR HS EHOERE RS ENirry tank and the
magnetic separatorsispedpartial i, thenGhetry sniat 300200 F 1@k 14 rshovwsda Wwire sstimgistting
apparatus with amagnetic.seRarpiathe resireulating siwbdispensing.system includes a heat

exchanger. 100211 FIG. 12 shows components used in the invention where the magnetic. out of the
recirculating!$fry i TSiG Sy SESHY fi I ARRG W h & e atfparator wherein the shurry

discharged from the magnetic separator is added back into cirulation ai a point in the
recireuiating shury dispensing system between the point 1y the sysiom where the sirsmm of
shory exifs the magnetic separstor and the point In the system where shaory is applied to the
wirgsew,

[0814] FIG. 5 shows a wiresaw cutiing apparstos with o magnelic separator wherein the shurry
discharged [rom the maynetc separator is added back o circulation af a point w the
recireudsting sturry dispensing system between the point in the system where the stream of
sharry exils the magnetic separator and the point m the system where the used shurry 15 conveved
from the workprege,

{15 F1G. 6 shows a wiresaw culting apparatus comprising hwo magnelic separstors arranged
w paraliel where the fow of sturry can be diverted to one, two or both of the magnetic
separgtors.

(0916} FIG. 7 shows a wiresaw culling apparatus comprising two magnetic separators arranged
a1 g series.

H617] FIG. 8 shows a wiresaw cutiing apparatus with a magnetic separgtor wherein the
recireulating slurry dispensing system inchudes a collector aud the magnetic separglor iz
innnersed partially in the collecior.

{08181 FIG. 9 shows g wiresaw cuiting appatatus with a magsetic separator wherein the
recircutating slurry dispensing svstem includes a collector for collecting used shary from the
work piece for diversion inte the magnetic separator, and includes & shurry tank that acts s a
reservair for the shery and ag a veceiver for sharry discharged Grons the magnetic separator.
{819} FIG. 10 shows a wiresaw cutiing apparatus with a magnetic separator wherein the
recirenlating sherry dispensing sysiem includes a slurry tank and the magnefic separaior is
wnmersed partisliy in the shary tank.

J0B20] FIG. 11 shows a wiresaw optting apparstus with & miagoetic separator wherein the
recirculating shury dispensing svstem meludes a hest exchanger,

{821 FIG. 12 shows components psed in the mvention where the magnetic separator is taken

out of the reciradating slurv dispensing svstem for oleamog whtle the wiresaw i3 in operation,



WO 2010/071868PCT/US2009/068901 4 100221 FIG. 13 shows a wiresawg apparatus th a magnetic
separator wherein the recirculating slurry dispensingincludes a slurry tank and a separator slurry loop
adapted to convey slurry from the starry tank, through die magnetic separator and back to the slurry
tank. [0023] ¥f é’?{ﬁws a wiresaw cutting apparatus with a magnetlc? ggﬁg&g{’gf WHherein the
recirculating slurry dlspensmg system includes a slurry tank and a heat exchanger slurry loop adapted
to convey slurry from the slurry tank, through the heat exchanger and back to the slurry tank.

DETAILED DESCRIPTIONINV of: a an abrasive slurr to a. movingsaw from a recirculating
slurry dispedlfg SyStdm® ?J‘ft?r?d“ér%%‘ﬁ(% é g WRIHE ‘?ﬁ‘&e\ﬁﬁf&%“ré%é%%‘a %ﬁegﬁi t%d abrasive slurry;

conveying usetkabragiverstulirycrony tvesworkbido bhok int tivd recirouiatiigslinny digpehsing

system; sending, at.|east 3-parsenef-the.gl iy b augh. 8 BRGARIS SepaTalar fofemeNemagnetic or
lized contaminants from the slurry; and discharging the slurry sent throu h the magﬂetlc separator

back into cirddratiSA s i Feﬁ‘l‘r‘éﬁiéitfr’l‘éﬁgFtﬁW"é‘fgﬁeﬁg?ﬁ‘dlgWé’H“pd mi’rﬁl‘g“fﬁ‘v fon also provides
for a wimsavecutting:appasatisgeiEhe spparatiscampusesakmauntan dssupgorthieadoagapted to hold

a workpiece, g ?@@5%%@@%& inned relativefo (e mauntand.surpart.neadsush. fhaktheyorkplace

can be brough to contact with the wire:saw when in operation, an application region. positioned and
adapted for%ﬁ‘plymg a polishing slurry to the wiresaw from a recirculating slurry dispensing system,
and a wiresaw slurry egress r@gioa Adapiech (o tire Chsler ryrotfak esmifedaw and mounted workpiece

and hack 'ng%@.@'%{y; 1w BATIWAY. NS SRS eYAlng sy dispensing. syiemidsfingshe slurry flow

pat:twiny, and comprises a. magnetlc separator for removing maéqnetlc or magnetizable contaminants
front the sluffym'ﬁﬁ’é’ﬁﬁ%ﬁ@ﬁé% PAYASEOMPISES SRy STeses Wél“?’é‘é?t‘ﬁ“‘ﬁﬁ?ﬁbﬁ?ﬁ‘@?ﬁrry into the
magnetic seﬂaﬁgwm avputietia-alovnpragesses:sltiny torbedischarged: Bagkinte recirculation

within the resc}lg e%!say Qgrs%lg ! 19{)3196%”% 1’1@&9&%)455%%: wiresaw and the spplied abrasive shary, conveving
used abrasive sturry from the workpiece back into the recirculating slurry dispensing systen;
sending al Jeast @ poridon of the shurry through a magnetic separaioy 10 remove maghelic of
magnetized contaminants Som the shary: and d sclwarging the slurry sent through the magnetic
separator back ito cireulation within the recircnlating shurry dispensing svstemy

This tnvention also provides for & wivesaw culting apparatus. The apparaius comptises a

mount and support bead adapted o hold a workpiece, 8 wiresaw positioned relative to the mount
and support head sach that the workpiece can be brought into contact with the wiresaw when in
operation, an application region positioned and adapted for applving a polishing shury to the
wiresaw from a rechroelating slurry dispensing system, and a wiresaw shary egress region
adapted to direct slurry off of the wivesaw and moumed workpiece and back o a sturry Bow
pathway, The recirculating shurry dispensing sysiem defines the slurry flow pathway, and
comprises 8 magnetic separator for removing magnetic or magnetizable contaminants from the
sturry. The magnetic separator comprises an infet to allow af least a pogtion of slurry into the
magnetic separator and an outlet 1o stiow processes slurry to be discharged back mio
recircutation within the regirculating slurry dispensing systent,
HI23] FIG. 1 provides a schematic of varicus componens of o wiresaw cufting systom 10 used
in the methods of the invention. A recirculating slonry dispensing system 12, a8 utibizved in the
present invention, comprises a magnetic separator 14, An abragtve slurry flows onto a wiresaw
and workpigce 16, and then flows away from the wiresaw and workpiece 16 completing a shury
recyeling loop using the recuculating slurry dispensing svstem 11,
[8026] The recirculming shury dispensing svstem comprises 3 magnetic separator. The magnetic

separator comprises at least one tolet {8.g., at least 2, at least 3 or at least 4) and at leasi one



[0025] FIG. 1 provides a schematic of various components of a wiresaw cutting sx,rtern 1.0 used
hods of the invention. A recirculating slurry dispensing system :12, as utilized in the present invention,
comprises a magnetic separator 14, An abrasive slurry flows onto a. wite éjﬁré%'iece 16, and
Men flows awgﬁ}é‘%"{%%s wiresaw and workplace 16 completing a slurry ??ﬁb‘%?\gﬂéfyoop using the
recirculating slurry dispensing system 11 100261 The recirculating slurry dispensing system comprises
a magnetictag separator comprises at least one inlgt (e.g.least 2, at least .3 or at least 4) and at least
one WO 2010 Q7,.1§68_P_CTJ,US 0091068901 [ utlet f.e at least 2, at leas 31 I at ,_th_atflurry can
flow into and aé(ﬁi @férhat[ﬁ%a%‘a’gaﬁe i Sepatator. %ﬁ%Hﬁé’#%ﬁoﬂh%@e%?rg?orogtzc')%%ﬁs%!{slf)aetFmanent
magnets antioretesiromagietiianekedivamertanehroiFmayetebrRvashetided materials from
the slurry asjtfiQuws:throughihe sepatiak: The iRlghandoniietsaticemprsedsantimeps mesh such
as u screenmade of matdl wites. For,example e jnlet, and, outlet can comprise g continuous mesh
in the Shapé OF & TRSIREE GSAHGOR S NF SPL 8 RRarsT IR magnets can be positioned.
Preferably,, s#hrecmagihistbrare! renvoviablessaipér iiatirehanthesiidetoutsand MSHOPSpERY May be
completely ifegrated withQthgheemponents ofdhesesiiculating slurandispensingisystem. For  ample

the inlet, outlet, and interior space may be one cont_inu}ou§ tube in YVhic the magnets are arranged to
RSB ;

form the mabiieE e BHSP T tHe At BREIHT TN RS BHHS ERa RIS Y Wi 35 Sitlet can he
adapted to alewisitrrintafiow thitoudl adargesinngtispacecsithsas e talportubsvant ther magnets can

be placed in.the. tank oF (b ViR BN AEEERS BAM:OLORERINGFIG. P RESEClIRE MAdRStie; spparator is to

at least partially retain magnetic or magneti z.ed impurities that mat_yhb'e %Eéegent in the abrasive slurry
while other SfFEGFBBRSITEAGHE thotitithe PecirCtAGRETSILIR dsBenting syéten tétiively
unhindered. 56 mé = xentplatypraagnetic skparatGrsyalraiiablelcemmer cially ard: thee BEBEETRO FE.R.RO

FILTER Mog} EVIYE (Waonstindusities oal Mialirk), PERMANENT.GERR LSRG, Model PVPIR

(Magnet Industries Cal | t'd.),.a‘nd SUPERB FERROUS TRAPS (Eriez Magnetics). 100271 When
the wiresaw XUbHRFSIFHAFSIEI I B IEHORTHE YERCITREAY S RIS e pENSHE SVStéMincludes a flow
of slurry in thexdirectiomindicatec:iyeatiow hisadsalia Blais 2toptindrsdivshéaelsiomehe schematic
representation of e i spnglaate Ay RmBTLOLIRILLIcSAN. Juf ieciingfmovement of the

wiresaw may reverse duri operation of the wiresaw. The flow direction Q_f:s)lfu‘r_r typically does not
reverse durifpoperafioiaresesiissally itk F&G EGRRRG Hid FEndeds 'Sy e thEidw may be
diverted by a.dlivetierareomaingt ria juretiankdivererraliovs siarry. (avwsetentenend end and the
total flow tha};if gg%g‘r? %gﬁgﬁh“%%% %at(twgggp@{ggg STy, E]f:%g\{fs, A junction can com.bine more than

i

one slurry flowing 1n'the recircu ati'n'g Ispensing system into a single flow. For example diverters and
junctions caitfB] | TASvapEdGiey s Falpas ey thiot RV BRI TBWE e skT ditherEsit from one
flow to two abwe: flewaareicembingdine.enesespestivabd (09281 Fheslowrtezimthie recirculating
R e
greater. 3094 bt dreater ofie9s Brapedion, SO BryTAISTS DU Sregnetatsr, Povs LeHI0%e dr greater,
or 500% or GigateR)-AhiRE IBEHGWAIING SME: reverse during operation of the wiresaw. Within the

recircuiating dispensing system the flow may be diverted by g diverter or combined at 2

Tunsiion. A diverter aflows shurry flow 10 enter one end and the total Jow that enters is spht into

gt least two separate sturry flows, A junction can combine more than one shurry flowing in the

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

shaped or Y-shaped tubes through which slurry flows and is either spit from one fow © two or

swo fows are combined into one respectively,

[3028] The flow rate in the rechreulating slorry dispensing system. is tepically in the range of

2006 Ky to RO00 Ko {e.p., 3000 Kg/fr to 6000 Kg/hir), Depending on the specific

embodiment, the flow rate through the maghetic separator can be 0% or greater {e.g., 10% o7

greater, 20% or greater, 30% or greater, 40% or greater, 30% or greater, 100% or greater, 200%

or greater, 300% or greater, 400% or greater, or S00% or greater) of the recirculating shury



dispensing.system. flow rate. Depending on the specific embodiment, the flow rate through the
magnetic separator is typically .1000% or less (e ,g., 900% or less, 800% or less, 700% or less, 600%
or less, 500% or less, 90% or less. or less, 70% or less, 60% or less, or 50% or less) of the
recircuIating‘@%ﬁ‘ﬂ}%’?gb%’ﬁsing system flow rate. 100291 'The recirculatind’ giﬂW&‘?&’ 8??3&19 system
can also include a collector. A collector is ryliica.fly a surface that conveys slurry from the workpiece
back into circulation within the reetrcitl.aung slurry dispensing system. For example the collector can
be a container comprising an open top positioned t8 collect slurry flowing o.r dripping.from the
WITCSHIA, SFRFREEHGER SUHEt o a1 the SRRt 16 ARG S B e Tocated on the
bottom, the sices;iosgameompnseiy tUllorsiphdadippét nteseolidtied Bscriifony the.top of the
collector. The,gollector aambe. configured inmany differentwasEorexample heegligioncart be

funnel - shaped, cone-shaped, pyramidal, or a half spherical shell, The collector can also be one or
more surfacBS SR B REE HRP1 STk Within the recirculating shiny dispensing system.
IOW30.1 Thpseeirtstating Shingy:dispeirsing sy stenmcan dholudide slusficdankiandene Br more pumps,
If desired. Ag %*1'55}&&%’%F;[%E%‘ﬂ%?éoﬁvé@ssﬁ&é‘%’ o theslimeand e paicallysitiaing.nstream of a pump.

The slurry tank typically has a_stlrrerf or agitator to help prevent settling of solid components of the
slurry during tHE SR &G OIRESRIY BiFWHIlE ¥ A tBBIS S FuRl Cro 68 A fREYRSRCENEIRG Surry
dispensing system mayoindiugeracdopak exehahgeny bhérheataxehangersan bel situatechat any paint in
the recirculaig sl ispensind sySIem:, T0e AEal axeIANAS, 60,3150, 06 0 A1RuI. o negrated
withurry tank, the collector, the pump and(ﬂfle magnetic separator. A typical configuration is tbr the
heat exchanger-grpasotateasigeparaterecrdatitionsystam ctidmda St sump where the
separate recirgulatioa-Systennaxehangas shusmewithin & slumnisnksthedearexehangar can be used
to caul or he;jlt ths slurry, For, ex_am_%e;, healtirggﬂthe slure gap be setd_ to I0\é\/er. the viscosity of the

. shaped, tone-Shaped, pviamidal, or @ hatPspherica §t.e. - ihe follecior Can pish bgﬁm, o7 tnare
slurry if the viSCosity Is to0 ﬁlgh or proper _oper&tlon of the wiresaw apparatus. Alternatively, for
example, costifgthensdtdrnean Parused ihiraldentheigdos e sulians Sy i RSSO to low for
proper operatignOrtheYHEeRaW: RRaratusaIhe jemperateef iRashinyican aisealieet the rates of
decomposition _onsl}Jrrgé.gqn&pqnengs.kDec\r%e ,gi‘ni%&[v i‘gﬂgg}ipg‘}pg}g Ipgrature 8}1&5‘% slurry can also
impact the KIS oF Faation of Magnetized agolomerates and H0S T epe{f’fllme“nci/ b]_f the magnetic
separator cafrieimmiciethby e iuse bhh hpistlexbhdriger: Theteforacibely desive! 15'88utrd| the
temperature Qf; I8 SH#ds of Ik BB CEeUAHNG, ST I9ReRSING SYSIem MAY.GEMp.ri:se one or mote
collectors, one or more s,Iu]réry tanks, one or more pumps and one or more heat %gnggger or any

f p L]

combinationtRatéof HH& e P‘é‘fﬁa‘ﬂﬁﬁ"é‘ﬁ?’i’?s |§6§ﬂ§’?ﬁ§“§9§’t‘éﬁ$‘?ﬁ TR &8 pis& Blumbing for 7
conveying skieibatwee hakiowadouseompongrts:cTidephimbing dypioaily ivslideBe heat

exchanger can also be in, around, or idegrated with components such as the shary tank, the

collactor, ihe pump and the magnetic separator. A typlead configuration is for the heat exchanger
to be located a3 a separate recirculation system inclading o separate pump where the separate
recircuiation system exchanges slarry within a sterry tank. The heat exchanger can be used 1o
cool or heat the slurry. For example, heating the shirry can be used (o lower the viscostty of the
starry il the viscosity is o high for proper operation of the wiresaw apparatus. Altematively,
for example, coaling the sturry can be used o raise the viscosity of the shurry if the viscosity is
10 low for proper operation of the wiresaw apparatus. The temperature of the sturry can also
affect the rates of decomposition of shurry components. Decreasing or increasing the temperature
of the shurry can also impact the kineties of formation of magnetized agglomerates and thus the
efficiency of the magnetic separator can be impacted by the use of a heat exchanger, Therelore,
there is a desive to contro! the temperature of the shrry.

(06321 The recirculating shury dispensing system may comprise one or more collectors, one ox
more shaery tanks, one or more pamps and one of more heat exchanger or any combination

therzof. The recircylating shurry dispensing system may further corpprise plumbing for



that constricts flow to one dimension, such a.s a tube or pipe. Where gravity allows the sl Bow through
the recirculating slurry dispensing system: the plumbing may comprise a more open structure such as
a trough. The plumbing may even comprise an openine in a tube that all pour into
another corﬁ%‘gﬁg}ﬁ%& fe recirculating slimy dispensing system such as%\%s%/&%%@gﬁ%% ternatively, for
example, the plumbing may consist of a trough in a portion of the recirculating slurry dispensing
system where the flow is horizontal. 100331 When the wiresaw apparatus of the invention is in
operation, a workplece secured to a mount and suppoyt head,. is pressed. against. ing wiresaw
while slurry €"¢Gppredts ﬁﬁ&‘iﬁﬁ?ggg\\i\?ﬂ?ﬁseﬁ\?\ﬁ} {)snée\g)}vp’ zfl}%et ) 8nébrﬁ?ﬁpgf’g“wa%geﬁg%ﬁﬁgbrb I@%%ﬂw'hich have
their axes atrangesipar diel wondismotiver bl wroldwhieh ¥ D Yuiaters A skiofe times.
Typically a wisesawmDasiies wirg.guideseligisand ihewite inumuliplguisiastasaunsdhe wire guides
creating a wire-web. Config ura_tions_haiyin mare ]tha}n? 3 wire Igurigg%nc(aréig%lﬁgqu;}% {Eé% method of this
invention. THEHFREHEF A G0 B tot AR GH BP R & L TE  BIBRE AT CAlses sections  to move in
a longitudinalidirettiohu e mirectionrofimovementcaiiive wsharige: durng esperaiisitor be in a
constant dirgction. Far xampla,the ditection.canpseilaie don ene direstionteoihe next during the
cutting process. 100341 The wire used in the wiresaw of this ijinviantio c n.be 1made of any suitableis

known in thE S I IR PBFEE B 6 U BPINES ST U B A S SFMETT Rl steel, A. alloys
containing Aepdi, EheMieperationytivewvear inateraliis. ishurepaisparisingeyestem 1808531 At least a
portion of th§1r§tlH{ QA&Q@{B&%}Q&P ) 3@9&%&%}2@% zW&WJ&§§ At oual thesiticiseparator to

g

remove maenetic or magnetizable impurities from the slurry that may be present due Eo the wear of the
wires of the WiRs&Bw T M IERP HEFdiCAR PR S R BHER R AR TAE (EFh “HEE ARSI materials”
encompasses-hiese tatexdls thatexhibit pemanent majghetism oprarerderrdmaghetic, well as the
ferrites hemafie. (£ g GaLoL magnelis (Redd e RumipAdRsIARlemaie Ak eneampasses those

materials thg'tlgi ibit paramagnetism, such as iron, and are .thér_e_fo[e” attracted to a magnetic field,

Only a portiGFEfihe Wateithl FeRTsvEt By Heta e tELd SaraesiRRet Be High S ittt gnetizable.
For example;radiamagnetichsluiny: somparedtcandiehrndedetoda wikgnetic lorxmagmetizable impurity
and the comAINANARMRY RS IISMRNEH e 3A06He. SARRIRIOL-BRCAI6al.QRE R more abrasive

particles car be agglomerated with magnetic or magnetizable impurities, and the agglomerate can be
removed by BeCREGHBHE op drerTmrdTariply TragRaRe Madina e oM SRsEo R B RSferably, at least
10 Wt%_ é@g&l’;@,@{m}&%ﬁ@td@@% gg@ Wifhg atdeast 40 wt%, or at least 50 wt%) of magne_tic or
magnetizablf IIRYILSS. D 2Ty LOWIRAID0uRN ihe [MAANSTS RRRRAIN ARAMAYEAFURD fhe

cutting operéﬁlon a workpiece before the magnetic separator nee S to be regenerated or cleaned.
The efficiendyraosfthe treagnéticietharatsirabte sy sradhetiesriaghétizabis imputite¥depends on
many factors; ingludipg.flevratestireugh.dhs. magnaticiseparaten iheke-ef magnetiaseparator, the
amount of loading of magnetic.or magnetiz impurities in.the magnetic.s tor and the
arrangement ot é'? I‘ﬁgig“?%é?i"é“s‘fgzp%g%%%ﬁ&%gﬁgﬁ}éélﬁ%mﬁ?ﬁgﬁ b??g;/{éeﬂ;@ﬁg’e% @g/g}eé%ﬁ;géggeneration
of the magneticisepanstdrusuay conpHisl Shrenore a0 Bk O thESSI BN 6¥8hing the
magnetic sepatatorMsiRg A 8GUEONR Qlution, agitatipgiiheimagneticsrpater:hipying a high

ressure gas through the magnetic, separator, and. demagnetizing the magnetic.s rator
P g opemrjmgu, the wear t%aierm% 15 emrc-u?ateﬁl with and comammaes the s’]l&n% zzzttk.(z:e 7R ﬁzggng

slarry dispensing system.

{00351 At least & portion of the slurry that has been spplied to the wiresaw s sent through the
magnetic SEPArator o remove magnetie of magnetizable impurities from the shurry that may be
present due o the wear of the wires of the wiresaw. Ag used hevein and in the appended claims,
the term "magnetic materials” encompasses those materials that exhibit permanent magnetism or
are ferromagnetic, such as the ferrites henatite (FexOs} or magnetiie {FaOs). The term
"magnetizable material” encompasses thoss materials that exhibit paramagnetism, such as On,
and are therefore attracted (© 2 magnetic field. Only a portion of ihe material removed by the
smagnetic separator nead be magnetic or magnetizable. For example, a dinmugnetic sty

component can be bonded to a magnetic or magnelizable impurity and the combinaion may be



100361 Magnetic or magnetizable impurities that an be removed by the magnetic separator could also
come from sources other than the wire. For example magnetic or magnetizable impurities could come
from ken f material due to a ferromagnetic or paramagnetic workpiece, or im_Purities in the workpiece

that are ferr%ﬁ%gﬁglg?sparamagnetic. Another source of impurities canfe W&“&@ﬁ%ﬂwresaw

apparatus other than the wire. Magnetic impurities could also come from slurry components or
impurities in the slurry components. For example: ferromagnetic or paramagnetic impurities could be
released from an alrasive due to the mechanical Ad chemical wear of the cutting process during
operation of B VGHESUF Qb"ﬁ%er‘é‘fﬁgpﬁ?ﬁ%iﬁéiaﬁ@ﬁﬁ%bﬁ?gﬁﬁHﬁ‘ﬁ? HrE bR SIsEdive material used in
the slurry. 109387 nEkEd2vshovwgrancembadimentohtheidppardtis ygsdvisrtheméthedoftherin;'
recirculatingslury lispensing Sysiemrof.shown.eociicied bydhedosied lings defines,a shurry flow

pathway. The recirculating _sél‘,urry dispensing 'stem ‘l_Oanpplle‘s an gbr_a?!ve“sl’um to the moving
wiresaw 106%% ap iR ragioi b8 \Whife IHEAWSHkpieb e 1B X4 eld BY th MEtitard. support head
192, is qut Siwgyezt&cﬁwsﬁmﬁnmiﬁw msawﬁmmmsm@pmmﬂ@mmdgm 'rmtmﬁnex-ﬁgécimwgting slurry
dispensing system, at wiIGsaw STy SALespIeaian hAT-Thesasireulating, siry.dispensing system

100 also includes a collector 108 Which is positioned to collect used slurry coming from wiresaw slurry
egress regidititFF of AT EEANT 06 PSIHRP EIGHS EREE R FTOR BE CHIRERST B tRPAHEMENd flows into
magnetic separatae:ldpdatonghseiaraioritirtidd Oo-Sluwyhexits: dsepanagtet 1O dhrough separator

mulct 122 ang 1{!9%’1&%}9%%%%%{1{5%’ iRk 46 A {i%'&';‘%éi{‘égx’%%%n%

L5, Slurry flows out of tank 116 through tank
egress 117, and mto p 2 via pump inlet lurry t %thhf%%%zygﬁ{taogpﬁ i%té|?)$g%<lnp%outlet 111 and

into a heat eXeHHHGSPPESBCARKERANGRITHRSE 214 ERIBINE MR HOWS B 6F Hdar BRERaNGEr 130
through exclaapges eulleh 1 andhack artewiresaunn 0k andavptspigce 164 to gcomplete the

recireulating Joop o Jeclichlaling iy, dispensing sYslemyA00. 90381 15,3 shows a wiresaw

. TO | o At SERATEOT UsIng ELOTE, . .
cuffing apparaﬁ]Js used In. a preferred Smbadiment of the nvention The Teciteu aflng slurry dispensing

system 200,%Haie BHendedibieiabhiarieshash slermy flew Pawibale angdipifes antabrasiveloving
wiresaw 206Gt applicattond egion 206 while.the workpiece 204, held by the mount and support head
202,is cut Slry flows,off of witesaw 206 and workplece 204, and back into., dispensing system at
wiresaw slurry egress region , %‘iurry fiows from v ﬁb%flnto magﬁe ic se*parator’éi& through
separator inkERPUsSovy fan sources other than the wive. For example magnetic or magnetizabie

impurities conld come from kerf material due to o ferromagnetic or paramagnetic workpiece, or

mpurities m the workptece {hat are fervornagnetic or parsmagnetic. Another source of Inpuanties

can be paris of the wiresaw apparatos other than the wire. Maguetic Inypunisies could also come

From sturey components or inpurities in the slurry components. For example ferromagnetic or

paramagnetic impurities could be releasad from an abrasive due lo the mechanical and chemieal

wear of the culting process during operation of the wiresaw apparatus or could be o contaminant

in a baich of abrasive material used in the sharry.

(8637} FIG. 2 shows an embodimeent of the apparates used i the method of the mvention. The

recircuiating slurry dispensing systen: 108, shown encircled by the dotted lines defines & shury

flow pathway, The recirculating shurry dispensing system 100 applies an abrasive slwry o the

moving wiresaw 106 at application region 108 while the workpiece 104, held by the mownt and

support head 102, 1s cul. Siurry Sows off of wiresaw 106 and workpiece 104 and back inio the

vecirculating slurey dispensing sysiem al wivesaw slurry egress region 307, The recircolating

sharry dispensing system 108 also imcludes a collector 168 which is positoned o colleet used

sturry conuing from wiresaw shurry egress region 107 of wiresaw 106, Slurry exits collector 108

at cedlzctor outlet 149 and Bows inio magnehic sepavator 110 through separalor nlet 120, Sy

exits separator 116 through separstor cutlet 122 and flows into shurry tank 116 at tank ingress

115, Slurey Bows out of tank 116 through tank egress 117, and into pump 112 via pump indet



separator 210 through separator outlet 222 and flows back onto wiresaw 206 and workpiece 20 to
complete the recirculating loop of recirculating shiny dispensing system 200. [0039] The residence
time of the slurry in magnetic separator 220 depends on the size ofthe inner chamber of the magnetic
separator aﬁ?ﬂq}¥3]ﬁ’8vﬁ%§te in the recirculating slurry dispensing LS%&W@%’I‘%W Y times can
increase the efficiency of the removal of the magnetic or magnetized impurities but may decrease the
throughput of the cutting process or be |mpract|cal to implement mechanically, For example a very
large magnetic separator may be prohibitively exp ehsiv andlgwglfflcﬁ to co bine with existing
equipment, 1Ho404 G4 SHEWE BN\Rivaa 4l éuﬁﬁﬂ%‘%ﬁ‘ﬁ H'8 fistfet %eﬁarsa{(ﬁ‘ 310 used in
an embodimeritahthenvdatitin:iTheragifoulatimgSleredispenshig $ysteme808nshewirencircled by
the dotted lipgs Aginas.ashu llowpalanay.And ARplizs A ARSESIUIL 0dfigmoving wiresaw
306 at application region 305 while the work:piece 304, held by the mount and support head 302, is
cut, Slurry fIEHE SR GRS APIE LT RB K’ lece 304 and back into the recirculating slurry dispensing
system at wijpassww sluryiegrassiregionBhe sippoitionsef the skitry:-that flows:fearfeiwiresaw slurry
egress regiqn, 3t dvelteeahdhaer 318 and lowsoie madneic sepriaiaE Qullupal separator

inlet 320. Diverter 318 is positioned. between the wiresaw slurry egressor 318. Junctlon 324 and
separator inféfiagg: stHe' §Tﬁ‘f’r9‘%‘0\?§ G SPRHEGetE sEp ARS A 316 BE0Y i EsBEAB butlet 322. Slum'
flowing fromupiresaw shiclyegresserdgion it 41at |adt sent toumagdaticpsepandtn23kQ:4s combined
with slurry dischatged through magnetic QL Opflet ﬁg%}% junction 324, Junetion 324 is
positioned gﬁ?&v%en%%%ﬁraﬂ%f%ﬁﬁ%ﬁ (ﬁ( zi%t% c%catlon reg|0n3305 %D” gws[}rom junction 324
back onto wﬁ*éé@éwﬂs%ﬁﬁdmvwmﬁ?é@élmi%%m@@ tﬁéﬁ?@dﬁwé&ﬁ?@‘w@%ﬁ@éw&%ﬁng slurry
dispensing Sry&t@m@Q&{}Tﬂ&i@%ﬁir@ﬁﬁMﬁfﬂﬁ&ﬂi}ﬁtﬂ’@d‘glﬂrm&gBﬁil@ﬁﬁp&l’:&t@ﬁﬁé&ﬁs a percent of the
total flow in 10 the recir ulq'g ne slurr system | |caII 1003/4 or less %, up to
80%, up to '?8%% Tf‘ é % 1 FU ”ﬁ % ﬁ E)e‘{}heﬁgfmo&r%tbao rr‘}rf} ge%f‘t roug the agézle%gl)c separator
310 as a pe%éﬁ@@ﬁhé‘%?ﬁiiV@%WWF&WWF@@@H%‘@%@W@@WS@@I@% Hpensing system 300 is
typically 0%;ou mome(eyﬁmmtg assranioYiangiless m@nﬁqmmwms shar 310%:& mat less than

40%, or notless tp nb 2 The amount of slurr, I% w that is diverted pe ds on eratlng needs of
1ANI0ET ﬂ he mag ii{. Si. ﬁmma f; e ow yaie i{l {HE TLLHLG a
the wiresaw'¢ |ng process and” utting procedure the amount oFs urr n iVerted can be

changed mayyi¢ims). F@m@xmmeﬁiemma mwzﬁ@vhfﬁ#@mw“ﬁ%ﬁé%haﬁ@éd%ﬁﬁei%é%fse the
efficiency of tha.magnefic.separatar ok tkl%;n@mgwﬂ@{ymgme%@{zm@q}r&%zam%ampuntles Another

possibility is that no{flow or 0% of thle tot{ rry flow throu rgcwcmglatiln Slurtr dlskp nsing. system
300, is divertlBE 4 BOREITETEY IS BHipoe ‘ f NSNS SRR lr’{'rtl-:f“g‘e' gration of the magnetic

separator 3I@@iﬁ%exam@um@f»smﬂwd@ﬁélmédi@awﬁwemﬂmmﬁ hyearpseitable 111=1.5. For example

the amount pfsskirpyliveriad canbe.centinliad b valves «thediore widths;of anyetining, a pump, at or
between: diversian point 318 and separator inlet :320; s garator outlet3 @d merg sagomt 324; or

diversion pofAtS 18 EHd g 5oh Y@Z‘ﬁ“ﬁ’f&‘ﬁ Hiy Sonoie é\‘%ﬁ‘@s w EUttih g aPparatus with a
magnetic separatdrwkli0:uset iman smmbodimerbefithewhyghtiom Thereckoutat riﬁgmsp@nsmgmo

shown e”C'r%‘&&@b’i&?a@%}ﬁfédﬁ!&ﬁ%&ﬁi&%@ sty v patbwayirepies an.abrasiya iy to the

moving wiresaw 406 at application region 405 while the workpiece 404, held, by the mount and
support beadtAH3¥3sie Gt §MW§/ e ggfffo‘fWﬁ"é‘%gW &b‘é‘h‘ﬁhﬂﬁ&?ﬁﬁ%@ﬁ% éﬂ’lﬁ ack into the
recirculatingsstirrnjadigpemnsing spystems atswirasave skiryregresssagion ¥07A Aqort on tof

starry that flows from wiresaw sharry egress region 367 is diverted at diverter 318 and flows it
magnetic separator 340 through separator inler 320, Diverter 318 is positionad betwesn the
wiresaw shirry egress region 318, janction 324 and separaior inlet 326, The sturry flows oul of
magnetic separator 318 through separator outlet 322, Slary flowing from wirssaw slurry egress
region 307 that is not sem to magnetic separator 3190 is combined with slurry discharged through
magnetic separator outlet 322 at hunction 324, lunction 324 s positioned betwean sepavator
oatier 322 and application region 383, Sturry Hows from junction 324 back onto wiresaw 306
and workpiece 384 o complete the recirculating loop of recirculating slusry dispensing system

308, The amount of shury sery through mmagnetic separstor 319 as a percens of the total flow m



shirry that flows from wiresaw slurry egress region 407 is diverted ax divener 418 and Bows into
magnetic separator 410 through separator inlet 420. Diverter 418 is positioned between application
region 405, junction 424 and separator inlet 420. The slurry flows out of magnetic separator 410
through sep R EUtE%22. The slurry discharged from magnetic separ%‘f (I&Sfﬁo?éﬁgsé’gled back into
circulation at junction 424 between separator outlet 422 and wiresaw slurry wiresaw slurry egress
region 407. The slurry fichving from wiresaw slurryéggress region 407 that is not sent to the magnetic
separator 410 Bows back to application region 405, Completing the recirculating loop of recirculating
slurry dispefSift EEEERE A8 j$ﬁ§‘§?ﬁ%ﬁ" Ot glﬁ%?iggh%i%gf‘b%g}ﬂs?ﬁﬁéhgﬁégs{%%‘éﬁgigr’ %QE@ as a percent
of the total flgvwiAttheueeirétiatingystirfiy diShe nsing:syStemmiseypheatish 1B0% welass e up to 90%,
up to 80%, URelQ. T, 4P JOH00 a1 QL HILEQ, PRIG) I R oUET Qf Sl REN BEQUBN he.magnetic
separator 410 as a percent of the total. volume- of flow through thejrg/clrcu_lap‘n. | slurry dispensing
system 400384y HEHY B8 PHEPIBLS Sh AN FHAM R IasLHHER B854 Wt RLE AR 3095 "Rbt less than
40%, or notisd tessthar50%)ssFhe: afouiitis oivented depefids dntopérating depeds of the wiresaw
cutting procgss.and | E%Q&ﬁﬁeﬁ%%@&v%ﬂﬁﬁgH{&&%m%ﬂé 92@!&&%&%@&@{&%&% fie changed

many times. For example the amount of flow diverted can be changed to increase the efficiency of the
magnetic seP4FAIGToH T ROV i Hid GH8E ¢ BF iab Etzal B Hipties AR GhEIH6S8ibility is that

no.ﬂow, or Q%cbfithe mt'a;k::slw«y&aﬂ@wimmg@lﬁtkeeimmkatmgmm.myfd'tspensizngaswstﬁr@émms diverted at
point 418 for {ngpuIpRst SkAERAARIACEIANL AL IRBRNRIIANAL o mpanaligspparator 410, The

amount of strFy iverted can be controlled by any suitable means. For example the amount of slurry

diverted cariBeebFFBRBEIY Haed e Be e WigthRior hPHEB Mg Bt T dirdiPestbination of
these at or hefweeidivession pRipt4dles enrbseparatosinletd 30y sepanatasaitier422-andimerging
point 424; °§§z‘%§%§48¢?0%8&r§y43%§ h%ﬁ}%gﬁ‘ﬁ%% N9 RO Aed 190321 Ha &&R%%%é?%%%w cutting
apparatusrotor arranged in,"parallel. The, recirculating shiny dispensing, dotted lines defines a slurry
flow pathwayeardsignlias s Asrbsive Sy BIne R NResaw SOBEISPHicaicH Fegioht 805 while the
workpiece 594 fgidiby ithe mountand:sumRostheac:R02x ispeut, Sty Jdews-ofofvwiresa 506 and
workpiece 504 and ba&lgﬂto the recirculating slurry dispensing system at wiresaw slurry egress region
507. Slurry IOe from Wiresaw slurry egress region 507 to splitter 516. Splitter 516 is positioned
between wirt¥d¥ Elgrr§ egress vegion SO aABPsEpErEitr i Mes SR oA S \mssfhislitter 516 slurry is
sent into magpelis-seParatenelithrayghdnletad ansinme maapetigseparaiondlhdhreugh inlet 521.
The slurry ishqi: qhiar [ q f_rpgl ]ma}ggn_‘,tic S fqrat&ryévlq tt;‘f"“gﬁ@“g%{ﬁ%& and combined with slurry that
is discharged'f "fﬁiﬁg%l’%ﬁ CaPArASI B 1T UG otilet 523 &f Eombindr 52.6."Edmbirer 526 is
positioned betweenigpplicstiategicnoBG8: séparhtorolplet 53 bl Se Jar srors atibeB28 The slurry
combined at,cQmpiner R2& flawshackiontowigsaws 26N WeUkRiese R4 i.qRmplete the
recirculating loop of recirculaing slurry dis 'ens.__in%gsy%te_rr’] 500. The pe %ent%%g of ;[f)‘_al flow through
any one oldiE HEGHER LSy A NEPE B B SR 5D BT T 15 LB0% (8% .1uét b up 10 80%, up to
60%, or up te:50%ofthe fotalfiowain theyepitsuteging Hllinddispensitigesystdhas0GoThatpercentage
of total flow through any.QnesMAGRRIE SSRASIANIELY0 9% BIRIS 15 DRLIRSAINARILQY, ot less than
20%, not less than 30%, not less than 40%, or not Iesséhan 50%) o thitotal flow in the recirculating

slurry disperf8HgEreEHoTAE pERcENTAGE BFHERRTHPOULR A7 b BFthEoRagn&ieag Fators 510 and
511 can be cantrotiet byhamyiswuitabieflovcétitrihdevice disdrexdfipte thempbreemage dfflow can be

controlled by.alyes fGRRIR AN SRaRnARUNR- A B AABRRAIADS hiRsg.aligrbetween.
splitting point 516 and 'inlets 520 and 521; or combiner 526 and outlets 522 and 52.3. Preferably the

percentage SIS HEW & 18R ghatmelie  S5pEr At ST T 0 SaHE sS4 TR eoRt e aty valve
514, Iocatedéb&iw;@ancsmli_ttergﬁai& anchsepatatosinleids20 pppidaalvebitb 49&a$e¢1béﬁwéen splitting
oint. 516 and. sepaIIoLIpIet ek heRisevas Al o magnalieaeRAplono10 and S11

can be independently‘manipulated to increase t e_ﬁefﬁmenc{?/ of the magnetic separator for the removal
of magnetic GFMGHBIEABREMHHEHHE 5 BoSemitity i Al iTe P& G G oW tiverted to one of
the magnetigisppanaiers:&l & onpShis @gual te:0%:0fthe total fow theyecirculating Skiry
dispensing, system.a00 for the purpose of repair, replacement ot regeneration. of. dun magnetic
separator wi?%(lﬁ}o{ ?Ibw{%;%}sﬁir?g} t!%?([)h?%%ftr.} A{Q\I/%?%?ﬁ% Nue c%}ng%E;U?%t?gn of Flé.ﬁ%{?ils

wotal volume of flow through the recireulating sturry dispensing system 406 is typieally 0% or

more {e.g., not less than H%, not less than 207, not less than 30%, not less than 40%, or not



to have more than 2 magnetic. separators in parallel (e.g., 3 or more, 4 or more, 5 or more, or 6 or
more), The .flow can he diverted to a subset of magnetic separators as described above for the two
magnetic separator configuration and the stun of the total flow through the individual magnetic
separators igyéhﬁ’é?/fglﬁ?ég total flow through the recirculating slurry disper?éﬂﬂ{%%?’é'ﬁg??gor example
for a configuration that has "n" magnetic separators, where n is an integer (i) greater than or equal to I.
and F," is the percent of Me total flow of the recirculating slurry dispensing system, the following
equation operates: NJ'100% i=| Where: 100% > F9 0% 10 431 FIG. 7 shows a Wirefs w cutting
apparatus WiFHEGREtiE SEHAPIS B IG RN A8 4 HPaRHEd IrPa de AR SHP T KT e‘?ﬁbodiment of the
invention. Theressirculatingsshssnndidpensing:systeme600,shawngndisbled bystdedatleddines defines

a slurry flowwpathway..and anplies,an.aRIASHNG SIEY Soe eMNG Wirsa SR8 AhaeRlication region
by the mount and sugport head 602, is cut. Slurry flows off of

605 while the workpiece 604, held . _ 5 cut
wiresaw 606 ZFARHRLTIE QP H GIH BRI B HE Pt FlUTRBAY SRR ERSHERST BT 4tEm at wiresaw
slurry regionx@6he Stowripifiows iframoiresavirslufmiegrdshregian: G8dugtcamaghetic Separator gh

separator injgt 620,800, x{sAUAELIS.SSPRYAIRE 1A IUuaNepacalar auilet,fag, Subseauently, the

discharged. slurry coming from separator outlet 622 Is sent to separator inlet. 621 and through
magnetic. sEPEFAISIEIL MSimRRekitaghatt Separatst sidvmrdugirdspabarsrsiit 823 and Bows
back onto wiigsan606enand. werkpiegs 64 ta.canplriethrseaircu atingsetuatingslunhdispensing
system 600.%\%% i%&lO{O?lg&}%ﬁCT/U82009/0689 1'3 O%?]{,’ Th%r%%{?gég %@&8&'}»%9&1 can be of

< r
. i 18 OF any i, AR, OF aiy CONHNNation o 5S¢ at (N
substantially similar design or each 'Separator can be- of a ditferent design. For example it may be

desirable to H&adsaiayeti sEfarater s ot fisregeise ivBYSFthe feTHeRaIiatt® magnetic.

or magnetizailedmpities:loeated between wiresaw shmy egress region 607 and magnetic separator

61.1, which ﬁ%% PFG'.’Q:OSE%\%? l:-;e%ir\é%v&%mimg apparatis with {wo magnetic separstors 818, which are
arranged in paraliel. The recirculating slurry dispensing system 500, shown encircled by the
dotied lines defines a shurry fow pathway, and applies an abrasive slorry to the moving 518
wiresaw S06 at application region 805 while the wotkpiece 384, held by the mouont and sepport
head 502, is cwt, Slurry flows off of wiresaw 506 and workplece 564 and back into the
recircuiating shurry digpensing system at wiresaw shurty egress region 307, Slorry tlows from
wiresaw shurry egress region 567 to splitter 516, Sphitter 516 is posuioned between wiresaw
slurry epress region 567 and separator inlets 526 and 521 From splitter 516 shury is sent into
mannetic separator 316 through infet 520 and into magnetic separator 511 theough inlet 821, The
shrry is discharged from magnetio separaior 310 through outlet 822 and combuned with shary
that is discharged front nragnetic separvator S through outlet 523 ot combiner 526, Combiner
£26 s positioned between apphication region 8638, separator outlet 822 and separator outlet 823,
The sturry combined gt combiner 526 flows back onto wiresaw 384 and workpiece 8 i
complete the recirealating loop of reciroulating shurry dispensing svstem 300, The percenlage of
toial How through any one of the magnetic separators 514 and 520 s up o 100% e, oo o
%, up to 80%, up to 60%, or up to 30%) of the total How In the recirculating shurry dispensing
sysiem 508, The percentage of total How through any one magnetic separator 13 0% of more
(zg.. not less than [0%, not fess than 20%, not léss than 30%, not fess than 4095, or not less than
0953 of the totg] flow in the recircalating shurry dispensing system. The percentage of Tlow
through any one of the magnetic separators 310 and 811 can be conmrodled by any suiabla flow
conirol device. For exampie the perceniage of flow con be controled by valves, the bove width
of tabes, a pump, or any combingiion of these at or between: spliting point 5§16 and nlets 526

and 521 or combiner 826 and outiets 522 and 523, Preferably the percentage of slurry flow sent



removal of finer magnetic or magnetizable impurities. A variation of the configuration, of have
more than 2 magnetic. separators arranged in a. series (e.g.. 3 or more, 4 or more, 5 or more, or6 or
more). [0045] FIG. 8 shows a 'yin:saw culling apparatus with magnetic separator 710 us embodiment
of the inventiSR. 2 HE ‘&k4Fculating slimy dispensing system 700, shown ed&GrEGHY HEHotted lines
defines a. slurry flow pathway, and applies an abrasive slurry to the moving wiresaw 706 at application
region 705 while the workpiece 704, held by the mount and support head 702, is cut Slurry flows off
the wiresaw 706 and workpiece 704 and back into fRe reeirculating slurry dispensing system at
wiresaw slurf BERaEaPEHTGRPFI Tk i ff’ed@tﬁ?gigqu?ﬁﬁai@;ﬁéﬁég%vﬁa?ﬂ YRO6EI feludes a
collector 70& shishsis:pasitioke it solledts ¥ édoshindpeorung o wikestw stdmpagress region 707.
Slury exits sollecier % atapliseionnieh i andack enid igsay A% andyvarkeiece 704 to

complete the recirculating loop of recirculating slurry dispensing system 700. The magnetic separator
710 is immeleEasF I OB DY BsTat B Eskeené b fﬁ‘éiﬁﬂﬁ?%‘ﬁ\?éﬂf@d’ﬁéﬁ?‘fﬁ@ wiresaw 706
and _workpieeb@@éelﬁ: sentithroughdhepmagneti @_cseipait;at@n-%ieze&e;mgn&timlﬁibmim mersed
partially or fully i &Q%m%H%?&%éﬁ%%%lg?f}@?%%%q%ﬁ%%%%ﬁﬁé‘ BEIMImeISEd D, %?S.a%%lle"tor ft

contact slurry front arty Tocation such as the sides, the top or the bottom. Preferably, the magnetic
separator is IBERtAHEIHES e é&ﬁéﬁéﬁdﬁﬂ@tﬁwg%ﬁei‘%ﬁw&ﬁhﬁﬁé@%ﬂ%%ﬁaaé@ﬁ can be used.
One or morexaftbe-magnelic.separaiarscanhasemayedferrepairreplasement or Fegangration of the
magnetic sepdyalor,uripg aneration ofhsaissaw cLiling apnaralus, (ARH6L BIG, 9 shouis a wiresaw
cutting apparatus with a magnetic separator 81 li&ed inan’ embodiment of the invention. The
apparatus coHsists bf Boreeirciaivgiaiuery Wisisepisigusystant800s shzimiantirsiedMylthe dotted
lines, which defines:aislumdionpathway the decksulatingshmy.disRansing systana800 applies an
abrasive slugji ;‘[x? {tihee_m%\{irg ,wire§ W, O? ag a eliiicrati}r#[}%?jog 8R§ {y\llhjl%th%wgrk jgg% 804, held by
the mount and SUpPON hea §(ﬁ A% g‘fﬂrn& HOWSTOM OF Wirsaw 806 2n %%&&éé%€§b4 at
wiresaw slurryregiepdregiom 8T tudivetlal mygickpsdispansing sy stismnguessido includes a
collector 808, whichds Ragitioned ja.collgchisseslvimncomingdramnwitesav.shytkggress region 807.
Slurry exits ?éollector 808 at ollei}or outlet 809 and flows into magnetic separator 810 through

separator infet 820 $SIH eXitd P Arao 81 thFsliGh separator outlet 822 and flows into slurry tank
816 at tank ingress 14 815. Slurry flows out of'tank 816 through tank egress 817 and back onto
wiresaw 806 and workpieee 804 to complete the recirculating loop of recirculating shiny dispensing
system 800. (0047) FIG. 18 shows a wiresaw cutting apparatus with a magnetic separator 910 used in
an embodiment of the invetipn.. jhhe, apparatus consists of a recirculating slurry dispensing system
900, shown encircled by tk?éidotted lines, which defines a slurry flow pathway. The recirculating slurry
dispensing system 900 applies an abrasive slurry to the moving wiresaw 906 at apphcauon region 905
while the workpiecg 904, held by the mount and support head 902, is cut. Slurry flows off of wiresaw
906 and workpiece 6% ali Back inththe recirculating slurry dispensing system at wiresaw slurry
egress regiof#Bi3Y F8luiryhilows intassiurmyitani@dGuattainkvo nise8dis; Sharnyefloing oudteof tank 916
through tank,egress; 91 Z.andihagk antewisesaw. 908 andwerkpiece, 204 In coraplete the recirculating

loop of recirculating slurry dispensing system 900. The magnetic, separator is immersed in the slurry
tank 916 so TRAFAT IS AV EE A SIS SRAR L 8¢ tBdgtheeHISHREHE L EpErBIBIME LG Fhere may be
multiple inletsigind soutiatsto:the-magn elicise parater shhe ipieitatef fheomegnetic:separator may

consistof the, epie ey g atNG. S Aok so.haL e ISt Lo.te mAgnelic paRArRIeL iy fhe same

component as the tank s 915, and the outlet to the magnetic separator is the same component as the
tank egress E7POTEET FHuhpied 1OCHR HEHRIHBSETDAER 6L PSR Laiio16. The
agress region 687, Sherry Hows from wiresaw shuery egress region 647 info miagnelic sepazator
61 throvgh separator inlet 620 and exiis magnetic separator 618 throngh separator outlet 622,
Subsequently, the discharged shurry coming from separator outler 622 is sent to separator inlet
621 and through magnetic separator 611, Slurry exits magnetls separamor 613 through separator
outlet 813 and Hows back onio wiresaw 686 and workpecs 634 to complete the reciroulating

loop of reciculating shury dispensing systen: 600,



magretic separator can be immersed in the slurry tank 916 to contact sl.urry front 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 se arators can be
used. One or HdFa%H#fe magnetic separators can be removed for repair, F%Btéﬁ?@?ﬁ afit°st regeneration
of the magnetic separator during operation of the wiresaw cutting apparatus, (0049) FIG. Il show's an
embodiment Nile apparatus used in the method of the invention. The apparatus consists of a
receasing system :L 00, shown encircle dotted line Swhich defines a slurry flow athway. The.
recirculating! iR %E)?ﬂgﬁ?ﬁ’ Fodera Sheasa 8%?’5%"1\?8‘?%@‘?8"‘5%%\%’6%? appicdticitregion 1005
while the workpices 1084 daeja. Bthemgentrend s dppetihedd 002 dsccateSiury Abiwsaoff of 1006
and workpiege, Q04 A0 hask e (e ecieulating sl dispansing SysIem Al sy, slury egress

region 1007. Slurry flows from wiresaw slurry egress region 1.007 into hem exchanger 1030 through
exchanger |ﬁ‘t€f~§’6°4t’ﬂ“‘§tuﬁ§“88’\%}§‘b?ﬂ ‘o HeRtEREh gt S 50 B EH e X e otite1042 and.

" into magnetitiseparator 18O throughseparaterinlet10206s. Finatyioh b Sy ey dfowssfromiseparator
outlet 1.022 gl Pk anio Wikaaayy 1008 aednikpices. 4004, camplefe e earguiating loop of
recirculating slurr)é dispensing system 1000, 100501 FIG. 12 provides a schematic representation of
various comPttfentd S wirEsarESting system 1110 used in the methods of the invention. A
recirculatingjshasy rispensingasystem: £4didy a@mzeﬁzﬂmrtﬁemteseﬁhmenummmmlses a magnetic
separator Lk Aman e sy love anieAnicsin anfueikeiess Hd dand lousgnay from
wiresaw and wor plece 111 com eting, a slurry rec mglfoop using the recircu ating, slurry
dispensing é%t%tﬁ@ﬂi@*ﬂfﬁéétﬁa@ﬂeﬁt %@pétﬁéﬁamﬂ%ﬁﬁ%éfté%veddf@wwaﬁnexmanged with a
different sepafetas anseganaration while the wiresawappacatusisin usehfiegeneratios.generally
involves ane, Bl s,gombination gfthe. fllowing. wasing he magneic ssparplar yging an agueaus
solution, agitating the magnetic separator or emagne izing the magnetic sep Arator. The repaired,
exchanged 6?%%%’@&3#@6‘ rﬁ*ié@"ﬁé‘t?é Wéﬁdﬂé@ﬁ“sﬂﬁﬁ“éﬁbﬁé?ﬂ?ﬁ%&@lr@&taéhetti*at’i‘éhté@ame position

within the regiseylaipg: &luEy:AiSPEASING SYSIC Mo LR HEG (h3:Shaws:SWrasaw cuiting apparatus
& A se Iy n mbotment ol he Inyhilon. The reclicuialng Sl disnensing
system .1. 200, shown Bhcirct dL Yy the dotted lines detines a-sfurry flow path way, an {applles an
abrasive sluﬂiyit‘é tﬁ%mﬁmﬁgwwe@w&zf@e ﬁtihﬁﬂﬁéaﬁeﬁﬂ‘b@l@ffﬂmﬁ%fﬁmﬁ@méammmce 1204,
held, by the maunt:and SWRRALLARAG 1202 meUtsShiry.flowsoietrMresamd206,ard workpiece
1204 and hac into gh}% rculritft slurr iglepensm system at wircsa.w slurr}/ g%e?és region 1.297.
Slurry flows TRtS &Ry K TR R rasE S TEOR %6?%15“'0‘?’ K& § (PR EBIREEFTA slurry tank
1216 is divertétiteeat ée%&?aflé@rfsmwtiwpumﬁo?@hbw wacisledepyrtive @agmmmn@ai through the
ingress to seRAAIOLSIUIKY;INQP L2600 LAIISHVALRNRNE SeRARLLZLA thraugh, sepavalar.inlet 1.220,

exits the magnet % garator throu gh separator outlet 1.2.22 and js dlschati%ed back into the slurry
tank at egreSE¥8°5EH ?a%’?“s‘”lﬁtr??*t o)} i%‘z‘“éhﬁrt‘ﬁeﬁo%“é‘bt”o’t‘fatm?tf’él% FilgH¥ank egress 1217
artd back ortsguiresaw2006sdnciwbrkpigodit. @bk dorcory e the recxeulatingfospreftreasirculating
slurry dispenging. s¥sieakd 600ore of the magnetic separators can he removed for repair. replacement or

repeneration of the magretic separator duriag operafton of the wiresaw culting apparatus,

{0846] FIG. 9 shows a wiresaw cutling apparats with 3 magnetic separator 818 used inan
smbodimment of the tnvention. The apparatus consists of a reciroudating storry dispensing sysiem
806, shown encircled by the dotted lines, which defines a shurry flow pathway. The reeirculating
sharry dispensing sysiem 800 apphies an abwasive shury o the mioving wiressw 806 at
apphication tegion 805 while the workpiece 804, held by the mount and sapport head 862, is cut.
Sturry flows off of wiresaw 886 and workpiece 884 a1 wiresaw slurry egress region 887, The
recircufating shury dispensing svstems 80€ also invludes a coflector 888, which Is positioned o
eolect used shury coming from wiresyw sturry egress region 887, Shury exiis collector 388 a1
collector ontlel B89 and fows mto magnetie separstor 818 through separator inlet 820 Slurry

exits separator $18 through separator outlet 822 and flows into shurry tank 816 at tank ingress



100521 The amount of slurry sent through magnetic separator 1210 as a percent of the total flow in
the recirculating slurry dispensing system is typically 1000% or lessto 900%, up to 800%, up to 700%,
up to 600%, up to 500% up to 400%, up to 300%, up to 200%, or up to # ;[(Q amount of slimy
sent througﬁvfﬁé t]r%? hsé c separator 1210 as a percent of the total volume o@ ow t%’rough the
recirculating slurry dispensing system .1200 is typically 0% Or more (e.g., 10% or greater, 20% or
greater, 30% or greater. 40% or greater, 50% or gr ater, 100% or creater. 200% or greater, 300% or

greater, 400% or gre er, or SOO%hé]lg Fgater T e mo n %Wkaéllail IS dlvertiI deBends on
cut i

operating n&&ds Btk WirRhR & ISSaERN G tocedure the amount of slurry

flow divertedepidre #hangedriariy tmeﬂsﬂ@%m&mmiaﬁmwht *bf@ﬁﬁﬁi*ﬂi‘%%fé‘é*%&ﬁgbe changed.

to increase ?;fﬁ@&?%mmgm&n&@ﬁm@%@am@m@@a@{wmrﬁmzmma@netizable
impurities. Another possibility is that no flow, or 0% of the total slfrr fl wth h recwculatmg slurry

dispensing SyRRsHPEB6H e Ryanige- rﬁ%ﬁ;ﬁ@ﬂ&"ggﬁg?%\‘t%ﬁr SO Hhe Urma’se r?—:f air T replacement or
regenerationssf thetic sepaldtor $2 30u&He mshink of Btrinysdiverfed ﬁa&ﬁ‘bé cHﬁtF’Wé‘dilﬁV“any suitable

ns ample the, AR af s e EshsamPeeRntalied Ry Nalesyihaare vilis of any tubing, a
pump, or any combination of these at or between: the Egre s to se ator sl rrgi%%)il 0 and

separator inlePHPS0R G288 Sara b1 otRIEP £ P 4rl! ROk 3 a&t%}’rpgfﬁrry 31 FIG: 14
shows a wirskaw futting appasatusisnitand3tfwus éiindreinivotimentofithegmkention. The

recireulating gy ISR 439030, eUElRd by dbe daipdiines Aefines Aty dewipatway.
and applies a rasive slurry to the' moving wiresaw 1306 at a‘c%?llcatlon re%‘ﬁon 1305 X}éhlle the

workpiece 188&shEIE Byue TRBE AT ANE—HP HOR RS TSRS Ehi Bur s B 8P Wirésaw 1306
and workpiege $384andback-intpitheke eictulatitg Sapryfdispersing systedrmpwinesawslurry egress

region 1307, gluffy QS (b WIPRAN, SALY RALESRIRAIAN d:d 97 i mARNBHE seRRtaiaN 1310

through separator in let |n exits magnetic, separator 1310 th rou%eh separator outlet 1322 and

flows into sIHWW@&N@Q&S@B%F%W‘W@F@%&&%&% Tﬁeﬁ’o‘l‘t%ﬁ’%ﬂﬁ@%‘idﬁ} el %‘f@ﬁtﬁﬁgﬁﬁrry rank 1.316 is
diverted to h@@&z@%@mg&ﬁ stuknsloan 3880 .shewn encinclecby theidaskedtnesythraugh the ingress

o heat exchenger ity Joop 1290, iste et xchanas 120, huouah puehanger et 1340, ex

the heat exchanger t rou h'éxch anger out arged back into the slurry tank at
egress to heagréx:tﬁ?ang@? @qub@p@s%ngmwwraw%m 6?’%&@@%@?%6%5’*%%%@%53 1317 and
back onto wiygsaw 1 306 and workpiece 1304 to complete the recirculating loop of recirculating slaty

dispensing S§¥S %m"S & mdﬂ petic separator 918 can be immersed partially or fully 1o slurry tank 916, The
magnetic separator can be fmmersed in the shurry tank 936 to contact sharry from any focation
such as the sides, the top ot the bottom. Preferably, the magnetic separaiyr 15 focated close to
tank ingress 917 where the shury is conveyed into ihe shurry tank %16, Une or more magnetic
separators can be wsed. Oue or more of the magnetic sepivators can be removed for repair,
replacement or regeneration of the magnetic separator during operation of the wiresaw cutling
apparatus,
[8649] FIG. 11 shows an embodiment of the apparatis used in the method of the invention. The
apparatus conusists of a reciroulating shurey dispensing system 1666, shown encircled by the
dotied lines, which defines a sturry flow pathway. The recirculating shurry dispensing system
1600 applizs an abrastve sturry to the moving wiresaw 1066 at application regaon 1005 while the
workpiece 1004, held by the mount and support bead 1962, is cut. Shuvy Dows off of wiresaw
1006 and workpiece 1864 and hack into the recircolating shurty dispensing system al wiresaw
sturry egress region 1667, Sturry flows from wiresaw shirry egress vegion 1087 bl heat
exchanger 1630 through exchanger inlet 1040, Sharry fows out of heal exchanger 1038 through

exchanger outlet 1042 and into magnetic separator 1018 through separator inlet 1028, Finally,



17 CLAIMS 1A method fo_r removing magnetic or magnetized contaminants from a wiresaw cutting
slurry during a wiresaw cutting process comprising the steps of: applying an abrasive slurry to a '

moving wiresaw from a recirculating slurry dispensing system; cutting g morlcpigceith the moving
wiresaw and’ f?]éoé%?)ﬁggsabrasive slurry, conveying abrasive slurry from?he Workt%iﬁeﬁ():e 6$ck into the

recirculgting slurry dispensing system; sending at least a portion of the slurry through at least one
magnetic separator to remove magnetic or magnelii,\zed contaminants from the slurry; and

discharging fhe, shinry sent through. e, magnels seharalorack ito.grauiatianwilbingne recirulaiing
slurry dispe gfﬁg §y e, and wherein the workpiece Is se?ected from the group consisting of a
silicon ingot;@&lpbiyihmmfm@ﬁ?@éaiwI@érﬁﬂé‘@éﬁﬁéﬁﬁﬁbﬂ@%ﬁﬁﬁﬁ@%ﬁ@6?,@3quartz ingot, a silicon
dioxide ingqheRRdaQl@s s INARL (ZoikhRimeinestlain bivhareinthealiieas! onesmagneticsseparator
the &t loaat SFETHAGNANE CLykr Loy HAp C e or el i e S n a seres

1512, as atilized in the present fnvention comprises a magnetic sepatator 1114, An abrasive '

sty fows oo a wiresaw and workpiece 1116 and flows away from wiresaw and workpiece

1116 compleling & sharry recyeling loop using the recirculating sturry dispensing systess 11 12,

The magnetic separator 1114 con be removed for repair, exchanged with a different sepusator or

reseneration while the wiresaw apparatus is i use. Regeneration cenerally involves one, v 8

eombination of the lollowing; washing the magnelic separator using an agueous solution,

agitating the magnelic sepagior or demagnetiving the magnetic separator. The repaired.

exchanged or regeneraled nagneiic separator can subsequesily be reattached at {he same

posttion within the recirculating shury dispensing system.

[0051] FIG. 13 shows 2 wiresaw Cutling apparatus with a magnetic separator 1210 used in an

embodiment of the invention. The recireulating slury dispensing system 1200, shown encircled

by the dotied fines defines a shury fow pathyvay, and applies wu ghrasive shorry o the moving

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

support head 1202, is cut. Slurry Hows off of wiresaw 1206 and workpiece 1204 and back nto

the recironlating shurry dispensing system at wirgsaw slorry egress region 1207, Shary flows

into slurry tank 1236 a1 tauk ingress 1218, A portion of the shurry vollecied w shuy tank 1216 is

diverted to o separator shary loop 1250, show encircled by the dashed lines, through the ingresy

f0 separator shery loop 1260, enters magnetic separttor 1230 through separator intet 1226, exits

the magnetic separator through separator outtet 1222 and is discharged back into the slurry fank

at egress fo separator sturry loop 1262, Shurry flows out of tank 1216 through tank eprass 1217

and back outo wiresaw 1286 and workpiece 1204 w complete the recirculating loop of

recircubating shury dispensing system 1200,

{06521 The amount of slurry sent through magnetic separator 1210 as a percent of the total fow

in the recirculating shury dispensing svstam i typicadly HKIO%: or less {e.g., up 16 900%, up 1o

BO0%, up to TO0%, op to 600%, up 1o S00%, up to 400%. wp 10 30(Be. wp to 2055, or up 10

100%). The ameunt of sluery sent through the magnetic separaior 1210 g5 a percent of the total

volame of fow through the recirculating shurry dispensing system 1206 s typically (% or more

{e.g.. 1% or greater, 20% or greaier, 30% or greater, 40%; or greater, 0% or greater, 1% o

greater, 200% or greater, 300% or grenter, 400% or greater, or 300% or greater). The amount of

sturry flow that is diverted depends on operating nesds of the wiresaw culing progess and



4. The method of claim | wherein the recirculating slurry dispensing system includes a collector to
collect used slurry from the workpiece and the magnetic separator is at least partially immersed in the
collector. 5. The method of claim | wherein the recirculating slurry dispensi stem includes a slurry

ng.s
tank and thé"?ﬂ&&%‘f?&%ﬁéparator is at least partially immersed in the slurt]§7C aﬁf&%g’@lﬁﬁgeﬂ%nethod of

claim | wherein the recirculating slurry dispensing system includes a heat exchanger. 7. The method
of claim 6 wherein the heat exchanger is located between the point in the system where used slurry is
conveyed from the workpiece and the point where ‘hﬁle used sgjrr¥ enters the maqneticPseparator. 17a

8. The metHBtisF BRATE RIPSAEHR TR EarLEnstRg SRS HEpLREilg SR TREYEE 2 Surry tank and
a separator slurmyldcopradaptetitoctinvey slurry frongdhe sharrystahkaiiotigh themagnetc separator
and back to he SIurey 3RkKend4) YRR CHIUNG ABPARIUS CRMPTSINge AmOuHkANCiSURpOTt head
adapted to hold a workpiece; ‘ ‘ . ‘ o

flow, or 0% of the toial slurry flow twough recirculating shory dispensing system 1200, 15

diveried to the magnetic separator 1216 for the purpose of repalr, replacement or regeneration of

the magnetic separator 1210, The amonnt of shirry diveried can be controlied by any suilable

means. For example the amount of shary diverted can be controlied by valves, the bore widths

of any lubing, & pump, or any combination of these at or bebween: the ingress to separator starry

loop 1260 and separator indet 1220; or the separator outlet 1222 and egrass to separator slurry

loop 1262,

0083} FIG. 14 shows a wiresaw cutiing apparatus with a magnetic separator 1310 used in am

embodiment of the invention. The recirculating shury dispeusing svstem 1308, shown encircled

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

wiresaw §386 at application region 1308 while the workpiece 1304, held by the mount and

support head 1382 is cut. Slurry fows off of wiresaw 1306 and workplece 1364 and back jnto

the recirculating slurry dispensing svstem gt wivesaw shurry egress region 1307, Sharry {lows

from wiresaw shurry egress region 1387 into magnetic sepasator 1310 through separator indet

1326, Slurry exifs rmagnetc separator 1318 throungh separatos outlet 1322 and flows into slurry

tank 1316 ai tank ingress 1315, A portion of the slurry cellected in slovry tank 1336 35 diverted

1o heat exchanger shary loop 1386, shown encircled by the dashed Hnes, through the ingress o

heat excharger shary loop 1390, enfers heal eschanger 1338 through exchanger inlet 1348, exils

the heat exchanger Buough exchanger outiet 1342 and s discharged back tuto the shory tank at

epress to heat exchanger shurry loop 1392, Slurry flows out of tank 1316 through tank epress

1317 and back onto wiresaw 1306 and workpiece 13684 o complete the recirculating loop of

recirpuiating slarey dispensing systerg 1366,



18 a wiresaw positioned relative to the mount and support head such that the worlcpiece can be
brought into contact with the wiresaw when in operation; an application region for applying slurry to
the wiresaw from a recirculating slurry dispensing system, the application region being positioned and
adapted to deliver a polishing slurry to the wiresaw, ¥fle recirculating slurry dispensing system defining
a slurry floldbway;  a wiresaw slurry egress region adapted to direct slurry off of the wiresaw

and moupted warkpiaceand back into £ irculating slurry dispensi stem,.  the recirculating
dispensing system cdmp_rising at Ié@s%t%%%%ﬁ%%ﬁags%%za%tﬁn?or rlg%%g\/ﬁr%mn?aﬁ%%%ﬂﬁ%etizable
contamirféitey fennge wioesyw cuttvipenahemagmesiig fepsteptosEomprises an inlet adapted to

receive at least il fibe slury into th netic separator and.an putlet adapted to discharge
purified slurry b%:@?ﬁlt r%llgr)cu?atsllo‘n %ivﬁﬁﬁ?t ae?ﬂlagﬁ%%lgﬁrﬁgsas%urr?/%%ﬁ%ﬁrﬁ %%ﬁ%fz%‘yl‘g??ﬁﬁs%ﬁﬁesaw
apparatugy#eir claim 9 wherein the recirculating slurry dispensing system further comprises; (@ a

diverter, positio I slurry egress region,.and the arator jnlet, and adapted for
diverting at Ieasgt%%[%er%‘ﬁ%)% E%I?@%f%t 8‘%%9%3&(8:&%%%% or2PP mﬁ)g)t%ﬁﬂﬁ%ﬁ “Positioned
between the divesneeyihe dutsivefsihoyiagnatic sepbpater bk tiveoahbplieationawgichsend adapted for
combining Iéﬁg%gi%c&gﬁged from the outlet of the magnetic separator and the portion of slurry not
diverted to the magnetic Separator, back into circulation at a region in the recirculating slurry dispense

system betweenahbrgntiicsstaebthienppiicationyebiongh hillbaswiresansappaseiusas i0 elaigyd
wherein fhe (RGNS SiLY AIRREIRN WS Re slurry; and
discharging the shurry sent through the magnetic separator back into circulation within
the recirculating slurry dispensing system, and
wherein the workpiece 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.
2. The method claim 1 wherein the at least one magnetic separator comprises two or more
magnetic separators arranged in parallel.
3. The method of claim 1 wherein the at least one magnetic separator comprises two or
more magnetic separators arranged in a series.
4. The method of cléim 1 wherein the recirculating slurry dispensing system includes a
collector to collect used slurry from the workpiece and the magnetic separator is at least partially
immersed in the collector.
5. The method of claim 1 wherein the recirculating siurry dispensing system includes a

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

6. The method of claim 1 wherein the recirculating slurry dispensing system includes a heat
exchanger.
7. The method of claim 6 wherein the heat exchanger is located between the point in the

system where used slurry is conveyed from the workpiece and the point where the nsed slurry

enters the magnetic separator,



further comprises; (a) two 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 slurry added back into circulation at the wiresaw slurry egress region to the
inlets of the magnetic separators; (c) a combinet/Ppositioned between the application region and
the magnetic separator outlets, and adapted for combining the purified slurry discharged from the
m_agnetlc*s.separ@@&%&d%@&ﬁﬁﬁ%ﬂ&%ﬁbé%&%c&ﬁge{gu'aﬂﬂ%.ﬁ&%”e/n%%g%”qm PR The
wiresaw apparatus as in claim 9 wherein the recirculating slurry dispensin 5)}’5 &m fUrth&r Comprises
two or myrEhtRene sceprmtrsshirantee avlaptelitscds Shinwiy dsaw thpphnatusuds tiralalmi
wherein {he, %%"éﬂ%@ﬁxsﬁﬂﬁ%%ﬁ%@ ing gﬂ}further comprises: 19 (a) a collector, positioned and
adaptedfor %Edﬁilectin_g slurry from the w?resé%vyi%urry egress region, (b) a collector outlet, positioned
in the coflector Adaprsavicridioehanpimeithewoligsted: slurry back into circulation within the slurry
dispensing system; &ﬂdaﬁlaes an t&c&&g& at I east partially immersed in the collector and is
adapted for purifyir?g at Ieas%Baspo?tllon of t%ge S E‘#?}l/g éﬁiﬁ&%ﬁgﬁah the recirculating slurry dispensing
system. 14.The wiresaw apparatus as in claim 9 wherein the recirculating slurry dispensing system



further comprises: (a) a slurry tank, adapted to provide a reservoir for slurry, (b) a slurry tank
ingress, positioned between the wiresaw slurry egress region and slurry tank and adapted for
conveying slurry into the slurry tank, (c) a the slurry tank egress, positioned between the slurry
tank and application region and a adapted to allow slérry to flow from the slurry tank to the application
region,a separatoivsriay reopioned(thlativintyrdss to separatdrstlsnpoopheadsiticnddbdeveen the slurry

tank and &Fb‘?@?&%@éﬁ%@{ﬁ%ﬁ m%tg]gu%‘g%eﬁg@_%ﬁle%r%fr%r&the slurry CEralt_nk to the separator slurry

loop, (e) an egress to separator slurry loop positione be‘fvweerﬁntr?ge%”%ﬁarator outlet and the slurry
tank and adapted epplisehangs Siurdpfranlegstparatothoopitiack ifitarthe liten)damk sibryThe

) = heat R M SoeROR
adapted fbiren v Eyingrshany theoehiedwainexdhangbispensie) antexchahges aulietpasiionghand
e o VSRS UL U ST, ClIOER BRe S
slurry in therkieng eadibesithathélht eoaitarageresilimydmpensing 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 to receive at least a portion of
the slurry into the magnetic separator and an outlet adapted to discharge purified slurry back
into circulation within the recirculating slurry dispensing system.

10.  The wiresaw apparatus as in claim 9 wherein 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 at least a portion of the slurry to the magnetic separator,

(b) 2 junction, positioned between the diverter, the outlet of the magnetic separator and
the application region, and adapted for combining shurry discharged from the outlet of the
magnetic separator and the portion of slurry not diverted to the magnetic separator, back into
circulation at a region in the recirculating shurry dispense system between the junction and the
application region.

11.  The wiresaw apparatus as in claim 9 wherein the recirculating slurry dispensing system
further comprises;

(a) two or more magnetic separators arranged in paraliel,

(b) a splitter, positioned between the wiresaw shury egress region and the inlets of the
magnetic separators, and adapted for sending the slurry added back into circulation at the
wiresaw slurry egress region to the inlets of the magnetic separators;

(c) a combiner, positioned between the application region and the magnetic separator
outlets, and adapted for combining the purified slurry discharged from the magnetic separator
back into recirculation within the recirculating slurry dispensing system.

12. The wiresaw apparatus as in claim 9 wherein the recirculating slurry dispensing system
further comprises two or more magnetic separators arranged in a series.
13. The wiresaw apparatus as in claim 9 wherein the recirculating shurry dispensing system

further comprises:



(f) 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 tank.
16.The wiresaw apparatus as in claim 14 wherein the recirculating slurry dispensing system further
comprises: 20 (a) a pump, (b) a heat exchanger, (o) a pump inlet, adapted and positioned to allow

slurry to flow into (e RUMRBRBIB @R apted (0) BPUTRLY %&@%ﬁ%ﬁ%ﬁ%@“&’aﬁd- o

allow slain to flow out of the pump to the heat exchanger. (e) anm exchanger Inlet posi loned and
adapted tHEESAVESANY slurry into the eat exchanger from the pump,  (f) an exchanger outlet

positioned and. agniedifesiePBuBYINSHSIHBYCA Y Bl dREICALEXENRNPRSG: (g apRliGation fegion,

slurry back into circulation within the slurry dispensing system; and the magnetic separator is at
least partially immersed in the collector and is adapted for purifying at least a portion of the
slurry flowing through the recirculating slurry dispensing system.
14.  The wiresaw apparatus as in claim 9 wherein the recirculating shurry dispensing system
further comprises:

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

(b} a slurry tank ingress, positioned between the wiresaw shurry egress regidn and slurry
tank and adapted for conveying slurry into the slurry tank,

(c) a the slurry tank egress, positioned between the shury tank and application region and
a adapted to allow slurry to flow from the shurry tank to the application region, a separator
shurry loop,

(d) an ingress to separator slurry loop, positioned between the shurry tank and the
separator inlet and adapted for diverting slurry from the sturry tank to the separator slurry loop,

(e) an egress to separator slurry loop positioned between the separator outlet and the
slurry tank and adapted to discharge sturry from the separator loop back into the shurry tank.

15. The wiresaw apparatus as in claim 14 wherein the recirculating slurry dispensing system
further comprises;
a) a heat exchanger slurry loop,
(b) a heat exchanger,

(c) an exchanger inlet positioned and adapted for conveying slurry into the heat

exchanger,

(d) an exchanger outlet positioned and adapted for conveying shirry out of the heat
exchanger,

(e) an ingress to heat exchanger slurry loop positioned between the slurry tank and
exchanger inlet and adapted for conveying a portion of the slurry in the slurry tank to the heat
exchanger slurry loop,

(f) 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 sluiry loop back into
the sharry tank.

16.  The wiresaw apparatus as in claim 14 wherein the recirculating slurry dispensing system

further comprises:
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{a}a pump,

{b) a heat exchanger,

() 2 pump inlet, adapted and positioned to allow slurry o flow into the pump fom the
shurry tank

() o pump cutiet, adapted and positioned to sBow shurry to flow out of the puep to the
heat exchanger,

{e} an exchanger infet positioned and adapted for conveying shurty o the heat
axchanger from the pump,

¢y an exchanger ontlet positioned and sdapted for conveying shary out of the heat

exchanger 10 the application region.



