W RESAW CUFFI NG METHOD FI ELD OF THE | NVENTI ON 10001.1 This invention
relates to wi nsaw cutting processes. In particular this invention relates
to a wiresaw cutting process utilizing an aqueous cutting fluid and

i nvol vi ngyedjestisng t he chem cal conposition of the cuicitigeoblosiess duri ng
the cutting process. BACKGROUND OF THE | NVENTI ON 1. 06021 Wresaw cutting

is the dom nant nethod for slicing ingots into thin wafers for use in

thei ntegrated ci rcuits and phot o-vol tal c device (pl.) industries. This

met hod is al so commonly u ates of other materials,

such as sapphire; sili con%g$&gﬁﬁi€§?aﬁi‘é}ébst rates. A wiresaw
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abrasive C I'ng UI d een a ed. 100031 Conventi onal
Wi resaw abrdsi ve. sI ur ri gdAg Si&RéT&HS]Gde]ﬁEﬂE‘bEhTHa?Ml er and abrasive
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t he abrasive can. contact e wor kpi ece ve I'S yplcally a hard
mat er i al OstRERRsUbEFINsOd wHgFAY epiedly ﬁiﬂ@@ﬁ?@fﬁf@ﬁ m@taéﬂrtﬁb@\ﬂewwmqh carrier can

be a nonsA0MeRUS:SHRSLARAEYS ¥ almds: aﬁb&%fﬁ%k 1@h hng é@éz%@a@%mﬁé 1:9Qky (al kyl ene
glycol) materials such as a poly(ethyle l'ycol), a po 6propy | ene

gl ycol ) . eNeh#gghangs oldal wiidh gme ua%wng epalls, m&%mxém*&g&@% however. For

exanpl e, sneRs @gé{ﬁqﬂsisﬁéé’efdpﬁﬁﬁd g@&n&wﬁh&é ‘%&&Qca@gl dsitlebf 8 f@%e of
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char act ePiogtE gdre “7187(9‘9354“ %&Ef’c?é@ Gty é‘ﬁ‘%ﬂ&a@%‘gmé arugerlisded for wresaw

cutting PRSESEeSicRRYBME Y abSHER b?&ﬁfk@ h@ﬁ,&iﬁf@ﬁﬁnﬁﬁf duBeP s8R v
di sadvant a es as_we| | . For exanple, duri ng e wiresaw cutti n% process,
F

portion &g F%Coﬁ%tf@?l’h?‘mé‘éﬁiﬁ@“@ﬁtﬂf ié by aivpasre d e opreg it Progigey ed kei t

gradual | yuhaieSidRuhedo8ing, gm—hﬁ% Gktetat g kdobbingl }ﬁg&ﬂmw didcdl, HotyrBovidnBe process
of wr esavvl r}g silicon_and qther wat.er oxidizaple suabstrate the kerf can

becone o#PFarPeetbEPOlRYEER BYeNafr Hayideaier 250 ORI BTRE £ B3 oxi dat i on

of a wat et @XhighdalhScodickit eefphye. THadRGIRAWCESTy A REH 0geRMial skiicaspr esence
of hydro nin tcre cu t|ng f|UId conposition can disrupt the cutting
-fluid d f‘?“i“ﬁﬁ‘f CFRYERTt he wire web and reduce the cutting perfornance of

the W r ey, Asli@debea! 1he Barrier can be a non-agueous substance such as mineral o3,
kerosene, or poly(atkyiene ghveel) materials such as o poly{ethylene glvcoly, ora
poly{propylene glveol). Non-aqueous carriers can have several dissdvantages, however. For
example. non-aquecus carriers can bave Hmited shelf-life because of colloidal nsiabiiity, and
also can exhibit poor heat fransfer characteristics,

[0005] Agueous carriers also can be used for wiresaw cutling processes; however, such
carriers have certain known disadvaniages, as well. For example, during the wiresaw cutling
process, a poriion of the material being cut is removed. This material, called kerf, gradusily
accumulaies in the cutting fluid cutting fuid. T the process of wiresawing silicon and other
water oxidizable substrates, the kerf can become oxidized by oxyeen or water. Tn an agueows
cutting fluid, oxidation of a water oxidizable workpiece by water produces hydrogen. The
presence of hvdrogen in the cutiing {lnid composiion can disrapt the cutting Hoid

distribuiion on the wire web and reduce the culting performance of the wiresaw. The creation



and potential accumul ati on of hydrogen can al so be hazardous in a

manuf acturing environnment (00061 Aqueous cutting fluids can contain
mul ti pl e functional chem cal conponents, such as surfactants, antifoam nn
agent, oxidizing agents, pH buffers, thickening agents, and the l'ike,

whi ch can degrade due to conditions (e.g., shear, frictional heat, etc.)
that can arise during the cutting of a workpiece. For exanple, sone
conmponents may becone adsorbed onto the kerf generated during the coning
operation, .certain polyneri.c paterialsS ~break down into | ower nolecul ar
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can reduce .efficiency of the.cuffing process,or. |le to failure of the
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viscosity, pH oam.level , etc.) to.remmin.relatively, cgnstant for the
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or ecent _ dimeiiblend & mstRE B PR U e AR R R 0t g a
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mﬁresam/fL0n1agp§%%rculating reservoir of cutting fluid, and adjusting the

i

chenical‘%gﬁﬁ% ﬁ of the cutting fluid whi.le cutting the workpiece.
[0067] 1tis desirable for the chemical composition and the physical properties of the cuiting

- fluid-{'t:.g., VISCOsity, pH,-foam fevel, eic.} & remoin relatively consiant for the duration of the

cufting progess. This can be problematic when agueous catting Tsids are utilized, due to the
decomposition and instabiti fy issues described above. Accordingly, there is an ongoing need

for me&nods. of maintaining the imtegrity of the chemical coniposition and/or properties of an
aqueotts cutting fluid {hmﬁghomt a cotting operation. The present invention fulfills this need.

R BRIEF SﬂMMARY OF THE INVENTION |

| [0008] “The present disclosure providf;é a wires.é\_v cutting method comprisiﬂg puttin‘g.a
workpiece with a wiresaw while applying an aqueous cutting fluid to the wiresaw from a
recirculating reservoir of cutting fluid, and adjusting the chemical corﬁposition of the cuttihg
fluid while cutting the workpiece.

[0009] In a preferred embodiment, the present disclosure provides a wiresaw cutting method
utilizing an aqueous cutting fluid. The method comprises cutting a Workpiece with a wiresaw
while applying an aqueous cutting fluid to the wiresaw from a recirculatiné reservoir 6f
cuiting fluid, monitoring a chemical and/or ﬁhysical property of the c'utting fluid while
cutting the workpiece, and adjusting the chemical composition of the cutting fluid so as to
maintain the chemical and/or physical property being monitored within predetermined limits
or specifications, |

{0010] In another preferred embodiment, the present disclosure provides a wiresaw cutting

apparatus having a mount and support head adapted to hold a workpiece. The wiresaw is



[0009] In a preferred enbodi ment, the present disclosure provides a

W resaw cutting nethod utilizing an aqueous cutting fluid. The nethod
conprises cutting a workpiece with a wiresaw while applying an agueous
cutting fluid to the wiresaw froma recirculating reservoir of cutting
fluid, nonitoring a chem cal and/or physical property of the cutting fluid
whil e cutting the workpi ece, and adjusting the chem cal conposition of the
cutting fluid so as to nmaintain the chenical and/or physical property
being nmonitored within predetermned Iimts or specifications. 100101 In
anot her _pr: rrad: i | : ' I resaw
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adj usting..t he chem cal.,caonpositi,on of, the cutti - uj i-ntain or
Fest or e THRE T uHPRSF Poha Hrape VS sl bttt i R e

li mts. ib@ALRE}culating Aakivelr oisiaag fluidhaoritdringy dieinitetaral/ wiarpbgsivalcut t i ng
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process for monitoring one or more chemical and/or physical property of the cutting fluid, or



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0012] The present invention
provides a wiresaw cutting method conprising cutting a workpiece with a

wi resaw whil e applying an aqueous cutting fluid to the wiresaw froma
recirculating reservoir of cutting fluid, and adjusting the chem cal
conposition of the cutting fluid while cutting the workpi ece. Preferably,
the nmethod al so conprises nonitoring a chem cal and/or a physical property
of the cutting fluid while cutting th%‘morkpiece, and adjusting the

chem cal conposition of the cutting fluid to maintain or restore the |evel
of the %H@ﬁb?%hp&BQ6ﬁbn&&ﬁnﬂﬁyﬁkﬁ@&wHﬁ&@@&ﬂ&gﬁ@ﬁ&QpHRB §9fﬁgcwﬁkg'”
predetermned ITmts or specifications. [0013] "In the nethods of the

pr esent fuidy ena Famplingiac gnep sebora dipd schergicelpddiive fded dipe adapirdd titiyducsan
conpris i . i IC i i |2 epl enj: shi,ng anount
of at Igéggq%%%n%ﬁg%?%g%ﬁ§%%%%#g%fﬁ%%ﬁﬁﬁﬁkgg?%Pﬁgg?ﬁﬁﬁﬁg%%%%aﬁg% degr aded
or has bbenicgtdoempusiden dethé ettdde flnidne rhetao npastotd thaledelrdf g profickiyng of a
wor kpi ece. AIternatL elﬁe t he .st P f adjusting the chem cal conposition
can conpfirg&aggse é’”é‘l Eelgterayin dﬁ”f' 2 cutting fluid that will maintain one

or nore chem cal and/ i er ' {ng fluid within the
4 predetermned [im tgkaﬁgﬁ§&@lgﬁoﬁgﬁhrﬁﬁ’§y@%%pertl es of the fluid
back wi gdmm] e, PiaeRb@saly Madirhiedd Wesaw;ﬁlt@t'fg)?jﬂﬁraﬁlfs ubdi@l if Ped Ak hONMPONENt
to be added is sel ected based on indications fromthe nonitoring of the
cut t i ngnetheidg of e gresentdiiepBen-ng of a concentration or other property of a
component , andi or MRt Qi IKIIDRSCRIPHIENOK THERINVENGIORN cal property of

the fluid, such as viscosity, conductivity, particle size, surface

t ensi on J0GI3hThE presdnt idensort grovidesowassapocuttiigmhethal ¢dnerisimgehttiof at he
propert ei.n nitored wi.thin the predetermned. 10014]. The .chem cal
conpo neﬁ?"%&’e"%&q@r*’i ‘%ﬂresé‘é’l‘:’%\d&%{eé‘é?l’]tyﬁgbaé‘ GHEEY crione ﬁ&‘ditﬁ ﬁlei ‘%’1‘565?‘?/ Ge8 % n the
et hods r&frcii Bghgreesedif of ouvant fluid) aga ﬁdjbﬁtin’gﬁyﬁz alaiidat ?(]Izmlﬁfsitibﬁioﬁ fhfe]'Ec_h@i_ng .
presence,  concentratjon or integrity thereof can affect the efficiency or
effic acglu@rw'%llﬁfecué%ﬁh%w%we%_s%r.efes*tﬁh t%%@?ﬁ%e%ﬁléo FORIHERTSHI T RE ant s (e. g.
a hydr opRoBibQ a8dbf 25RhARED proBihycdt tREYuHRES: 58 SWNE cutBinGthe wdRkgidBR! Mie

| ubrication of the wires, to inprove access of other chem cal conponents
to the sdipstmgahaogheprical gpmipasitinn of Hee guingdiusd to myptaingoraesiare die evedipligen

rel ease ' d LN 4 | C ., the
reacti oﬁ}qeo , Hﬁlsl:;a ?@B{?Q%ﬂﬁﬁ&\?\gﬁgéﬁ b%}fl%}g?hg rg%%g%{ﬂ%g%%@ﬂgﬁ& gm'gtﬁgltg can be
added i skiUdatiasi di zi ng agents (e.g., to control hydrogen generation);

~antifoam nts ta k excessive foamfr hanper i t.he cutting

pr ocess VUG FEEE gittap BFE aracdnisplon e wsrded SEEhs RO of  he
cut ti NgcorhpRRioandh G6mpriR 208k 86 eeci@blatifectaseflitay répenidhitsGit@bngr agent s
to-maintain the viscosity of the cutting flujd at a suitable | evel;
ant i - dr ¥ Ieast @&eﬂwgll%cw@?@mﬁﬁwwﬁ% thef psdlegtadsd AMps Bgnothertige cut ti ng
Wres; abyiasd #6%:th@&ntosiidad8Sng Altihd é‘f%wbr@?i%@e]. Arh AGLBNMhS seaBr be
utilized to reduce hydrogen generation due to reaction of water with the
wor kpi eedusting phachiemycal eqreprsgipnicar cemnpreseadding alchernipel|ty theyegttiop Mulst hatnoni oni ¢
sur f act ' r i1 ' i e . IS or
| ess; h%ﬂé@%?@ﬁéﬁ%3§ﬁ$¥gg %ﬂ?éa@%h}@%Bg%L@%H%ELg@%Hﬁéﬁgﬁhgg%%E§6%£e known
in the art, and. can include anionic, anphoteric, and cationic
surfactants, in addition to nonionic surfactants. It is nore preferred
that the surfactant has a HUB of |ess than 13. The surfactant |evel can be
directly nonitored. by a spectroscopic or any other suitable analytical
nmet hod, or can be indirectly nonitored based of a Chem cal or physi cal
property of the cutting fluid, e.g., contact angle neasurenents, the rate
of hydrogen generation, and the |ike. 10016]j Oxidizing agents can be
nonitored by direct chem cal or spectroscopic nethods, or indirectly by
nmoni toring a physical or chemcal property of the fluid that is correl ated
wi th oxidant |evel, e.g., hydrogen generation or electrocheni cal potential
measur enents.



5 100171 Antifoam ng agents can. be used in the conpositions of the
present invention, including insoluble oils, poly(dinethylsiloxane)
materials, organosilicon materials, and other silicones, fatty al cohol

al koxyl at\@g0feRhisdd N al cohol's, steantes and glycols. haRRREREEd during
the wire saw cutting process can prevent the abrasive from properly
contacting the wire and the workpi eee, and foam can otherw se interfere
with the free flow of the conposition/kutifoam ng agents can be added to

reduce the anmount of foam generated rin i ng process,
100181 THRRERIY 't STAHOBE  STbT HOPTS oMb BRI a0t e na by ogent

i nvent i ORyedkiGhibial tmgfspwizy@ﬂhﬁmﬁwé @smmﬁmhmﬁ@iewb emidgd ¥eebgegmmbedri al s, and
cellul ose ¢ oun ch as .hvd lcel lul ose. o

Pyl oy o CHILB a1 GEa TP RREH P SR G- RESHEH0aT S SIFHEPUTE ¢ he

Vi scosi t ysief prlopeiyed Mpegichi knddtnbaudes stk ﬁ%tydmgmege;am@mmnf

Preferably,.the thickenin non YJTE referably
nas & weilHETS ik B Ee S s BRR st be SrRgn 15 bod el Bhe (D).
nor e pr efpeh abisyio ahintagethe lebd 0000 plibkriy ey mdBoBd Githio (HkGHkdeBONiIBe) , Suitabl e
noni oni c 1%ol ymer thickeners include cellul ose conpounds such as

hydr oxyet §?ce|hdose pol yoxyal kyl ene conpounds such as pol y(obyl ene

gl ycol) dempptmddemetivphpmenioninisrpl sipybdnde odded & bopotingfidin tend. t he

|1 ke. 1001,k &‘%E SRS '«Iﬁfpgonbéa.h LB %EXQ%QmP& ak@@cﬁ’%@ngo hed, an FER&?M lons of
t he present Fhventi on corr05|on

i nhi bi t orsegrincthada cpmmnae eﬁgcaecﬁrﬂy@ﬁ'ykaa*teéﬂm@htgmgmc;asarﬁun}@ciwombunds and
the |i ke i ] e ecrease the
corrosi on’ g@ t em\(/%n&rs %JQ' é{ ’ﬁmn&%gfra@i)aggﬁﬁgméa %&WL w %gr }8

Ant i - dryilvigwaipent e sars. Bveun;}rmb @@t@@k gf nihﬁmem@ﬁwo@mneoﬁn@ fb¢ ‘tﬂ’!@‘ ﬂr:frﬂ@sent
inventio I ;,y o SLAVA uch as

di t et hyl gﬁgk %%:J‘g{}@ece ‘gi t| - v’a %;% a hgﬁuh % reacg %6116£hye3xiégir)%dl ol and.
pent aer yﬂ#ﬁr%‘t‘b&“#\*ﬁﬁ?gdbﬁyleﬁgmagéﬁi*@ﬂo’aﬁ‘thm%@i@ﬁWi@ﬁNﬁﬁmﬂ% pul | eys
and novi g RRk LRy Qo%éﬁﬁn tetn{&rfg L QbR ﬁé’m@&@é&lﬁ@%&ﬂr&%ﬁ%% ing the
cutting process. tasi veés can be | ncl tded he conpés|t|ons of
the presdénkesp F’N‘émﬂeé‘?ﬁnt Bora fepang Hie ceiipy W@%F@é@% “m@é'ﬁﬁ*m‘ BV suitabl e

abr asi vegyl.0elUdRsddd draR2utAL RidandRR iR Qw%ﬁéié de1he DAL gﬁ\e%@rﬁaagﬁmand
di anond. pen| Preferably, various functional conponents of

conposi t 284 i Pemiiibe viswsihe Botrasifidhs S‘H%‘“ﬁéﬁ@e%“%%%ﬁ‘ﬁ%é" or aqueous
suspensi QRSen: HQ4Bihe AGl dRoLRMnb ey AddRH QirdsNRrGREDP QSIS 1ORS «f b he present
invention to adjust the conposition pH  Suitable aci ds include mineral

aci ds sud¥as hydrochl oric acid, sulfuric acid, phosphoric acid and nitric

aci d. O gensrsafbess @@me@ﬁ&&éb@mﬁ&d@a@gw gdﬁlzirzﬁ@n Qi B QoHidrCof water
with the workpiece. Typicaily, such surfactants are relatvely hydrophobic nonfonic

surfaciants having a hydrophitic-lipophikic bulance (HLB} value of 18 or less; however, the
surfactants can be present for any other purposs known in the art, and can include anionic,
ampheteric, and cationic surfactants, in addition to nontonic surfaclants. 1t 1s more prefored
shai the surfictont bas 3 HLB of'less than 13, The surfactang level can be directly monitored
by a spectroscopic or any other suftable anglytical method, or can be mdirectly monitored
based of a chenmical or physical property of the cufting fluid, e.g., contact angle
measurements, the rate of hydrogen generation, and the like.

0816} Oxidizing agenis can be monitored by direct chemical or spectroscopic methods, or
indirectly by monitoring a physical or chemical property of the fhad that is comrelated with

oxidani level, g.g., hydrogen generation or electrochemical poteniial measorements.



6 acids such as acetic acid, citric acid, and succinic acid,
or gar t ophosphoni ¢ aci ds, and organosul fouic acids. 100241 Bases can be
added to the conpositions of the present invention tost the conposition

pH. Sui t a@hseasRss i ncl ude netal hydroxide conpounds spehpdgeongshhé M
hydr oxi de and pot assi um hydr oxi de, netal oxides such as magnesi um oxi de

and cal ci um oxi de, am nes, carboxylic acid salts such as sodi um acet ate,
and the |ike. 100251 Viscosity can be nonitored to ensure that, the
conposi tion E‘r%g erly holds the abr sives to the cutting wi.re while at the

same ti mdY 4 ToRPHEIFINE AT ARDEMIEE IS AOPBLRTA A HEHWOF B e, The

Vi scosi t Yindidind i@@ﬂﬁw}&i;ﬁﬁz{@ﬁ%ﬁ&m@&%ﬁﬁeﬂﬂs,@fg@h&ﬂg&dmmﬁzﬁﬁas_ﬂ &@mirt i on, and

this chanﬁ.e of V'I"S(f‘st)‘igl té’i‘\ can reduce the perforg%n%_cle of the wire cutting

process (rCEEE: fAIwRlgtoRy gt STER Y RaEBIT YSh oM HEpeite,

]E Ihx_t é i se ,d;:ﬁiti)g fRivit aﬁxﬂ%«ﬁ@m;sm@dﬁg%gﬁam%mﬁfm PebSeel Shrliyerng :htlz 8828 li tting
uid is substantially nainptained. durin e cutting, process. in

2ddi 1 on SRR BETRR P A Foo (P dnea v Ohee BEEPRY M ui d is wi thin

t he appr epmpaiiespHntiagRe bomistche bavakikd b eatcdfe RgeduUsf foo ednersptdevent an

undesire ' ion, sSu as hydrogen generation. if the cutting fluid

side reaction, such

is found 6m%§eﬁﬁﬁ§§7?§gﬁfﬂ§§§ic, an acid can be added to the
recircul doMayTaciteting gadnisuivgl bd ed i tigeotipesipis bhbk plestdintdneod ésiuwled range.
added t b PeREPRE: PrbbRvienthbod e ah el Bt RPuBGh ey Bor “The Tl uid
can be namdtbowmeghyictibide beltraxesihdcauiosantithidhering dyentf banibd addedwa t hin t he
PP SRSl IR B Sy IR e e
sol i ds olih thickmingiapent fslauicdiogiapolyiver. meinittionyy hise wetie nyaraze neletier t he
o e o PS8 08 YRR AL A B oyt e 1
whet her th&A@0SkE Siinblé sxotnyarbheer drikabaess iwluddrelivopgeonpomdrniiorn are
wi thin t @§d78£}%§}?fcc}§€§(%g,l Jv'!}%%iﬂg&%{, compounds such as polvigthylene glveol)

compounds, ethylene oxide-propylene oxide copolymers, and the like.

(0619 Corrosion inhibitors can be included in the compositions of the present mvention, i

desived. Examples of conunonly ased corrosion inhibitors schude phosphates, carboxyiate -

polvmers, amino compounds, snd the like. Corrosion inhibitors ¢an be added, for example,

o decrease the corrosion of the wite and other parts of the cutting saw.

(0820} Anti-drving agonts can be incheded in the compositions of the present invention,

inchuding, for example, gheenin, glycol dertvative such as difethiviene glycol), and mult-

valet aleohols such as 1.6-hexsnediol and pentaeryibritol. Anti-drying agents can he added (o

ensure that the pullevs and moving parts on the cutiing tool stay properly lubricated during

the cutfing process.

j0821] Abrasives can be included in the compositions of the present invention to aid in the

cuifing process. Examples of suitable abrasives include silicon garbide, boron nitride, boron

parbide and diamond.

{22 Preferably, various fomciional components of the compositions are added to the

compositions as agquecus solutions or agueocus uspensions.

10023} Acids can be added to the compoxstions of the present invention o adjust the

composition pH. Suiiable acids inclnde mineral acids such as bvdrochioric acid, ssdfunc

acid, phosphoric acid and nitrie acid. Organic acids can also be wsed, incheding carhoxyvlic



100291 Foam height of the cutting fluid can be nonitored to determne if
the I evel of while= conpnents has decreased as a resit of absorption that.
occurs dating the wire saw cutting process, 100301 Wre tension can be
noni t or edyhGo/ASHLE that the tension is within proper whR@gdhbdofogdeshfns to
reduce wire wear and breakage. 7 100311 Cutting fluid tenperature can be
nonitored to ensure that frictional heat created fromthe wire saw cutting
process does not raise- the tenperat%re of the conposition above proper
speci fications. 100321 ngrogen eneration can be;nnnlt red,to determ ne
whet her é%@é§§?@%“ﬁ¥ﬁ@@g BCiab R SR B FSFa PP OMAF TG RES &M ti ng process.
A hydr ogekesseRiEessictg material, such as an acid, a hydrophobic

surfacta of_an ox i di ent . can.be added to the cutting fluid in
responseq{"g‘4 ﬁ@mﬁﬁﬁ F84eﬁ63@%gﬁﬂﬁﬁwg§§ OB} §%mﬁVHFHﬁ§ﬁ‘é%neratlon
100331 ThempheivhgHl Stiambhehatd dethde eretahbydeasideicogpduntil Gell @ sagihist the

chem cal sition can, be added J in respon e nonitoring
or can bé?¥ %nggﬁngP@ﬁﬂ??5%f??£%§ﬁ§ﬂ%ﬁﬁﬁﬁﬁ¥ SOt gﬁg%ﬁgeﬁhgﬁirolled vi a
a f eedbackidssgtak, cubomli hadsainistara sglidenict®, akdnhsiee enbodi nents, the
chem cal ,j.s,.pdded. on sch d basns tho oring of the
chenicalggﬁsfﬁgmﬁgﬁﬁg Pﬁﬁ 3%&1 NG 8%??%’8“%?%%5@ Hq%ﬁh% typically is
done whe r&hqm:xi. Biio bx patngaTewile @ fpenhmint Stvioniddnanetitat essthendheed for
addi ng the a nt i nuousl I defl ned

schedul ehh ki (I;IE 8 %h Igh% L ui%(:f)? {ﬁgﬂ%% rt,% GSRIGI gyﬁ"d?h%% r%fg)g%tdq{]regw ceu}th

chem cal m&):hme:mngam' oftosigycab ezddwfﬂm mﬂotmzmrze minbmweewﬁagmmcﬁ@ mlessarrpl e, a
chem cal Canti egul arl ting fluid

i thour. Aa a2 USkb o LFRYLAE Ao Bl B ph Rkl od 1 hat o
chemi cal Pasfettidy. ﬂpﬂlmygpsﬁaflof Propierg iimdﬁs mbmmaiiﬂmmgmﬁﬂﬁwng deguttingi scosity;
hydr ogen, g&@gratlon rate, etc.) undesirably Changes in a predictable

manner durlng the cutting process, and the regular or continuous addition
of the al¥EFbbtdditioheHiccabe voumstastsyretine hamuibnd Pueiblseviddhyge in the

cut t1 g, bbbl APGELoDbe WOASIGESkan 1ADIAL LR oh DYRNK QM Ak3fnpr OVI des

for a wir appar at appar at us conprises a nount and
support-Sﬁéaéhﬁﬁﬂﬁvé@mﬁ@ﬂhoﬁﬁwCa“m&ﬂwgméﬁ@ﬂhabvﬁ$%§§mﬁ6%%¢ﬁP@ﬁ@ﬁmrelatlve

to the ngy Q&d&@‘ M@!‘é@z@&@eﬁmh 'tﬁﬁln s BHER &Q@hxebﬁ%awz&ﬁh&&%&%aﬁ’e brought into
contact Wth W resaw when J n ;gfraflon an appl i cation region

poSi t i ongama:m *é@&psﬁe%i teerttigg Brdiniguad © bt kP sgde Ui @b be ildeqiatbsaw from a
reC|rcuI§Ekpg cutting fluid dispensing system and a wiresaw cutting fluid
out | et on adapted. to direct. cutting fluid off of the w resaw and
mount ed &%’ﬂﬁb?%ﬁ%ﬁw B BRe by of (RS pp bePisdeed QIEBEFARER- The

recircul afpemer ﬂiéli?f&ﬂi AG: itk e pRbSRENSHIRG S V8 LS DeldResaknecaabd i ng fluid

fl ow pat hway, conpri ses. a. rin robe or sanpler device for
nDnltorlﬁ@ﬁg“b$8ﬁ%ﬁwvﬂﬁF“¥ﬁ§m ﬁagﬁﬁé“@?W8W%38W o¥i¥pl i ng the fluid for

noni tori pepzsiThie ;ﬁ&@ﬁrsaﬁdss}fﬂie&@mhglﬁdnue@a}m@ﬁz@m @leicheme white teor adding a
chemcal to.the recirculating cutting fluid in resggg;egﬁ the noni t ori ng.

100351 WARASTYSHE PIRGIEL ARG HEORe PN pat a{‘rii'fgmfl?ix fesp thieyljguid

recircul ahispgr GelRiidRgh ﬁdm:ﬂgﬁu&fwm waphian lendd dfdesclvedishanaifn cut ti ng

fluid in the direction |& ated, by arrow heads in 8
thie aquecus carrier are within the propér specifications,

{08291 Foam height of the cutting fluid can be monitored to determine if the level of
antifoam components has decreased as a resalt of absorption that occwrs during the wire saw
COtng provess.

10630] Wire tension can be monitored o ensure that the tension is within proper

specifications 1o reduce wire wear and breakage.



FIG 1. AITOWheads on the schematic representation of the wresaw

i ndi cate novenent of the wiresaw. The direction of novenent of the w resaw
may reverse during the operation of the wiresaw. The flow direction of
cutting fiigididirpizeal | y does not reverse during oper atp@ipRhooiob@oav r esaw.
1003611 The flow rate in the recirculating cutting fluid dispensingis
typically in the range of 2000 Kgthr to 8000 Kg/hr (e.g., 3000 Kgihr to
6000 Kgt hr). Dependl ng on the speci fI_{C errbodl ment, the flow rate through

P "y B B S o Pl Sk S gt oS o

200% or gﬁ@&ir@faw 20RY O esy BEA el risdBd kR ira@fadiRlcompisithl Qoo hregseat er )  of

t he reci rculia cutting fluid dispensing systemflow rate. Dependi ng on
t he specifF¢"@HB6di nent, the flow rate through the magnetic separator is
typi call )QMSIDM@LEHIMM(U& cfh be 1&9&%@&9 de&mﬁm&. &ﬁ&%r@kwk&i’&ﬁmdﬂ;@eﬁr% or |ess,
600% or l.ess Q££ 1? (,O/Og %t 9 < e g or Iess 60% or
| ess, or %ﬁ%&%‘?ﬂi"e SR PR PRESS R ) |°ﬁ6“ “81"?1*’%%*&“%“1 U &p¥hsi ng system
flow rat apxdl@ﬂsﬂi?c&:haﬁaemriéﬁmmIeabmhgm@ ageti, 0gp befakddiddo t}hesqﬂemﬁm@msyst em can

al so include a c . ecl.o ypi i a surface that conveys
cutting frFSt‘}f’!gef(?tg‘Lﬁ%ﬁtﬁ " mkc’mf}%fe'i{’ W’ hﬁ?‘é égil"(ré%ﬂ%{a)fal on within the

reci r cul d6%33p Toathemng! to bé kdﬁdtodhscp!an‘glﬁngl ig ydtse the chawicad xanpkisos i col | ect or
can be a. Og‘ﬁl n 0 tcutting
fluid fl ohve\n%g&g%kag%hi"% ? m%ﬁ 118&% é’%%\%%ng&ﬁ aﬁm%gucar% &%}%u Br drain
for the ottt dim@nse!rmmmﬂ:ﬁmﬂ tw&t:@ci{szmi, fr&héie@wnimﬁwdmcménim@at ed on the
bottom t] N c o collected
cutting ForpaS e R OB o Pt AR wloBN00 S RER B0

confi gur abiegs! eniy cm@p%mmmdwnmﬁ@ pme@csanﬁmeiwrh:éimmidnwﬁm prean be

funnel - Q&Qme%’ é‘lﬂéﬂfggﬁ d&%&r@mzigaath nddl i@ ngkﬁ'%xg {gts a éﬂh hell. The
coIIector an al so e one of more surfaces angle |rect cutting fluid
to a cut cPHgupdsH o m baitbesdnt deingdrebadeisidednd e Mgibdmuﬁswdﬁr whed di spensi ng
system 100384, e Lﬁ&h&ﬁ %&Ethzﬂmﬂﬁh@ i:eﬂﬂff?‘c[ﬁ‘t'b;‘im%%?z?eﬂﬁ'%ga %}ﬁéiee&n can
|ncludearmt|ngfIU| one or nore punps, desired. A cutting
fluid taskepesragés c%ﬁﬁ@s!éwmtgulﬁr&r adgdprbiodhgrquiting ﬁﬁﬁmt@ﬂ%@nﬁ@ﬂw& cally

si t uat ed #ngbhRAMHRH IiQ;QWQdeiQ;Qﬁ}e@ kﬁ&uagmﬁdamnm W;&%mpe@& stpndras a
stirrer or agltat or to p prevent settl sol i onents of the
cutting frERe Bl %}g‘f?‘tcﬁfé‘"o‘ﬁi@if%ﬁ‘ BFegHon |[is. %i%bwnﬁ%ﬁ*mwitﬁf@ﬁtsn%ﬁtoo| i's

idling. %@é&%%@ﬁ@m%hﬁg&b eqszm%f@dégst hadnd dobtitd oFLSRRNGL DRY S B MY
i nclude a heat exchanger. beat exchanger can be situated at any point

inthe r é&*ﬁ?@%ﬂ%ﬁhs%ﬁicﬁg:ﬂ@r%wﬁﬁ updegiragleghaise Fepngiapdieainrorpis of HBEHE: exchanger
can al so [le4] MiFRNadion @ﬂsagé Wtiagy ot @dlma& lauzﬁwmmm Ihs hkﬁaﬁraa@ coffprises

id tank, the collecto conflguratlon
s for { HETTBP SRR OTEER WSS AT 52 SRS LRI R G Byt em

i ncl udi N@naRnSAPIFHLE hHdRRCEMRA KR WdRice par RIteouERGhG Gothal WIlHE ekam
exchanges cutti ng fluid within a cutti ng‘r f | ui %F%ank The heaggsxchanger

can be usedr FFEEEH. g mpbsttiop Freiop apYRNGY pedideptecHsy el cut R dudi ng t he
cutting fid takehean ben useshudink Omeds Mm&m&ﬂﬁgss}tmmh&&h@emtduumg fluid if

t he visc .S too hi for pra ion of the wr paratus.
Al t er nat ?@Eﬁt%‘tleifr?ﬁm“e%g tgdﬁg%(‘i\‘q‘%bﬁ‘f’%g&@ﬁ%‘? w%sa}:.lamigm%%le d to raise
t he vi scesd back ofio § hem@tﬂuﬁd gy pdinkg. ithe tebecwwzsgasszﬁgﬂm:ﬁdztp@admgw\rﬁaﬁ proper
operatio n appar at us utlngflmd
oo al so defiealtt b Pu BB Shasstifrs R TBP Sltrdts of FOPE Esidonent s.
10040) The mendbingH mbpenyg oL tittge Tlidedadpidpehsiuid fos yehiemupa¥hecconpri se one’
or nore r t e punps and
oneor - R RS B Al Ged Mty b AL I Sy Bon el 2t g
cutting ﬁhuﬁmlmﬂmsapems&mgomiyﬁsﬁgm may further conprise plunbi ng for

conveyin I C nmbi ng

typi cal | %ﬁ%%%ggggw?gﬁu%{hwg T%1aq{231‘q'(:ion I‘Igé %Q‘E’eﬁj@ﬁﬁ}} %Q%une néénm on, such
as a t ubdisprspi pesienvihgndes g fawiof yettdd B ntthedisoia mticfdddiy @Irw\@heﬁfdd@w t hr ough
the recirculating cutting fluid dispensing system the plunbing may
conprise a nore open structure such as a trough.. The plunbing may even
conprise an opening in a tube that allows the cutting fluid to pour into
anot her conponent of the recirculating cutting fluid dispensing system
such as a cutting fluid tank. Alternatively, for exanple, the plunbing may
consist of a trough in a portion of the recirculating cutting fluid

di spensi ng system where tbe flow is horizontal.




1100411 When the wi resaw apparatus of the invention is in operation, a
wor kpi ece secured to a nmount and support head, is pressed. against a
‘moving wiresaw while cutting fluid is supplied to the wiresaw. The

W r. esawhigselo®ig®d nore wire guide rollers, which haweridiesdnesss
arranged parallel to one another and. around which a wire is gui ded one or

nore times, Typically a wiresaw has three wire guide rollers and the wire
is multiply guided around the wire g;él des creating a wre-web.

Confi gur ons, having nore than 3 w S can used in the method of
Chi's. § nv G Hor o i NP P L PO AR Y SPEN °F of | er

whi ch caugesicsaet TiIRMTedibn o Hovh@nITIVR Wiktsar hn@ldsitiunag thebpegichon. The

di recti on of. nove can be han ur. erat on or he in
const ant "4 ¥EEHT o ‘E%Brda 8‘5?5’??’15’ 'é“”t‘ fﬂﬁ‘f {?Ré%esc"g e&%‘? “1“3% 978 one
di recti onfewilgwnext during the cutting process. 10042) The wire used. in

the wire |S|nv ntion an swtabl erlal as i s
known i ni@#g?gi? GHOWIG F ‘%7“?““%’” mrugn ’gﬁg%ggeﬁ?%kne%ﬂs’ Yop g 5/“1 b nor e
(e.g., Ouxfigesfauot Kpthr &, 300G Kataveqr, 308 Kgthoo mzmia,mmmpmmemhﬂypu cal ly the

ese. 0, sieinelporasy o s NlB) BF waBR tfror o 1 o R el BRET P

drawn st ee%ergdemarEﬂa’ﬁbwgbzyert.ﬁénwgreamaw‘mf’rmtde:!t)ff’ama@d@r 3%@' al | oys such

as all OyS C ?‘,:) anﬁ%eaier el Gl'%ﬁﬁiﬁmﬂ@'ng{ &ratyor%gg‘ l&?ge]ﬁgsﬂmé e wears out

durlngtﬁg’ *'bper I on € ‘wear cirrculated wth and
cont am nagedrsuittivg mmng flwd) difchaniidly Bsrstetrﬁ@mg@l ibwmms thiimg fluid

di SpenSI n%hfxﬁl%én% r’%\%ﬂ%@?}sg’%&x{{%ﬁ%a fa aﬁﬁwﬁﬁﬂa{;@m%%féﬁ%{% r s @Rbar at us

useful in resent venti o ecireul ating cutt | ng
fluid di 9pensilg. &W%rt@‘ri%ﬂﬂ@ﬂ‘ﬂ@t lese S B eUiessi SGToor lgsel YFhoonieputifhay. The

recircul gfl r}g"mcalr'ge & bk Q&doidiiﬁ@ﬂ%%mgn%X?&x@ﬁ&lﬁx@Qu@iﬁg i SusPlhsRPY asi ve

cutting ie rmV| ng W resaw 106 at application region 105 while
t he wor kpisdeselid@mie. hel d by the nount and support head 102, is cut. Cutting

fluid fl zt | 7P r@éucﬁ‘i‘&ﬁ cﬁﬁ?ﬂg@ K& Lg%gl? B rsi‘d&rz‘?@aﬁ a0 el Q&Q}Swi nfo the

recircul ng cutting di's stemat wiresaw cutting -fluid
outl et r egilasier @@wwﬁhemﬁ@eﬁ: ﬁhemoaﬁ«wlﬁem vichpm thg g ianesp B MY syst em 100

al so i nclHoes:a weRin iRSEQuhG&: (‘.’éﬂiﬂ%mukﬁiz@%h{g's?é&%l Iﬁpe:&&})ie%fémti&&ﬁd cutting

fluid comng fromwresaw cutting fluid outl'et region 107. Culling fluid
exits colchulaiponaingRRomprisng Prerpes regsiiaed jorgtohertbisdied o B2 ®ul 1ing f1lui d

tank 1. 16 gdmd Aot teRbi@lzulahd halHi hd Qe dr diath &t @H\@.&&Wﬁz@& tolfRdould® t hrough
tank outlet” 117, and into cutting fluid punp 112 via ng let,6 111.

cuf fi ng fibapgiet Wér‘i’ﬁchﬁﬁ%“*bﬁ}? b%{f‘}“éd?tsidﬁsg"\‘ ‘f‘*ﬁl“ﬁfﬂiﬁ)‘"ﬁf‘ﬁﬁ i’*ff’i?’ﬁ*} H&WB& out | et
113. 1004¢td cebio®@Eurs ﬂﬁl@md 6N tt@fm;{&rem&mmg Fhebiofe@@Rabie: @higiddad i nto
cooling loop 126 if desire ?g%é ntain tge tepperature of the cutting

fluid belmﬁ*é’éﬁﬁfe?l‘eWVPoF?‘ﬁéa‘Vﬁ] 50T P e Augeet pgﬁ ORI at ur e range,
Cutti Rg Hatﬂitﬁl bBa ﬁiﬁ?f,gﬁér?ﬁ shétl. Qh@&ﬂﬂett&g:ah @i@spbekﬂw@ amareeeeicemalmﬁp purrp1 é(z)a
i nto heat_ exchang e c t| n Q at _exchanger
andhack G GHETS Buf e csimat i dra Ly e By Sifis0 e Fedi od

sanpl i ng/gmtorl ng line 132 can intersect cooling loop 126 to obt ain
sanpl es cam df situ nonitoring of .a uttl | ui d
proper t y?mg’%tjf Hreqigp gﬁ‘% Cé‘ft?’ﬁ M?S IR okke an Wéﬁ’f‘@ﬁﬁ“?’f’% A fﬁ”g%'é‘{

Cutting fah&lmdmirh@hnps&f gtredli A etitiggfhiit taok pookiésngedeoop fbAbe fodiopsiue rect |y

onto wiresaw 106_an | 104, f desi be 120
can be p&gﬁ?‘fglf%’ﬁcéﬁ‘“ S‘%‘ﬁ*ﬁ%ﬁ% f t}l a4 “i'iiymg?ﬂﬁm}ﬁl %1}50}1\?\712 %%g ﬁpg’lg noni t or
a chem calivands ﬁﬂp phyesi \malxn@wfe@leicteynpomentsméam goitinguid ﬁimngdhmpmah@t t he
cutting OE& ? N P et% %hcan conveniently be positioned within cuffing
fluid tankti®! 5 "’f“ GEEWAE R feed |ine : 122 can be positioned anywhere
within, tésoridiagubling ahiting|foid dpebsingoy acmaninchdns bl cxchangtie That t i ng

fIU|d|nr S¢ ri 22 can. be
posi ti one Q{%ﬁﬂ & {aﬂ b&m%fggg #’8 8@??&5‘%&&%% c%nfi;ﬁgﬁp‘*éfg&%w%g 110 can be
at t ached syatens.f Bedeatlkiahenglp Qunatsd be am atyendisodiegraied dab chropaneds ¥k pom a
chem cal supply tank 1.24 to the conposition in accordance with the

i nvention, 11 The following non-limting exanple is provided to
further illustrate certain aspects of the invetnion.



EXAMPLE 1. 100461 A polycrystalline silicon ingot having the di nensions
125rrimx 125mm x 45mm was cut with a Myer-Burger 261 wiresaw. The cutting
process was perforned using a cutting fluid containing 50%silicon

car bi de, @d%wabpls 2% thi ckener, 6% anti-dryi ng agentpepGs:Rdissbe a
bi oci de preservative comrercially avail able as KATHON111 from the Rohm and

Haas Conpany, and 0.25% SI | REYNODEri 420, an antifoam surfactant avail abl e
fromAir Products and Chemicals, Inc.; all percentages being on a weight

basis. 100471, Lhg.the t the Ieveq f foamwas visually. nmonjtored to
coop i ho sdieduidin i oribriay 0% roPcuBRrdes nbpa A ROLE G When
45mm of  tHa@ ekrdQier AR 1RERN afiepibit RclrRBunivh kESRAWncihdIgy APtk p@bp fOam i n t he
cutting sgql utjon was obs?ry_ed to hak\lle i ncr_.eaﬁ{egg té). an qna&c.gpt i\bl e |level,
Based updietHS BHEE AT BRY DRSPS A Y P 5 CEUREYNBI R 420

ant i f oai rehs béh achadylr 108 %e agdd adeobDorthBe teltbidap Gulll Bindsiopiohkapeithe nom nal
concentration. up to 0. 5% by weight. .-Upon thes__ ddi.tion of the aodi tional
curt ot anttog AR et it it T Yihor s AEPR b BRI SReRie i 88w vac

r et ur ned.foi@e@nomecioptiihd eirkgwabpardil. 20404:B3¢1803RETHLIS20RY/1BROR8RG
CLAIMS A resaw cytting,met hod conprisi) , a workpiece with
a W resaﬁ%"iﬂf@e %ﬁgf‘&/‘f‘*ﬁ‘g‘h'ﬁ“ﬁ %‘e%ﬁgp%u&f%ﬁ%bd TGl "tgﬁ(gm\‘?mf?ré)éﬂ- froma
recir cul apemigpenred gensiebaw gppaois.t Tirgefpomitdy of the cattimpofhiid @nialigaliecchem cal-
andi or a physi.cal property .of.th utting fluid while cutting the WO

pi ece; arﬁ%ﬂh&dmﬂmé’g]“%g (?fﬁxgﬂizt‘%%wcci eﬁ%lmééai t}”corrposi tion of the cutting fluid
t o mai nt 408D Tha resteoizang dwing dwe] digknstdgeypere per toymived ;g amowoid ored wit hin

Chom cal Bt b FroceulliE (IR QRS AESL AbMplot ISR BRELTD 02 L i ng

anmount ofexelbngee arsny omebicdiionitesde! dbapomeiting fuititpsheddistiensgnsf dysibrd ntap r est or e

the prop Hirknr &%&ﬂ?ﬁe &Rﬁb&g 03 g@aﬁ@)ﬁ‘\igg XH:&J&' dhid %&5 %gqgﬁgu@c&%ngﬂén Tt
plambing tvpically inchsdes 1 siructure that constnicts Bow lo one dimension, such as a tube
or pipe. Where gravity allows the cutting fusd to flow through the recirculsting cutting flnid
dispensing svsiem, the plumbing may comprise & more open strocture such as a rough, The
phumbing may even comprise an opening in 7 tube that allows the cutting fluid (o pow inio
another componend of the reerrculating cutiing Muid dispensing system such as a cotting Haid
iank. Alematively, for example, the plumbing mav consist of 3 trough in a portion of the
rechiculating cutting fluid dispensing system where the flow is horizonal.
[0841] When the wiresaw apparatus of the invention is in operation, a workpiece secwed o a
mount aid support head, s pressed against & moving wiresaw while cutting fhuid is supplied
to the wiresaw. The wiresaw has two or more wire guide rollers, which have their axes
arranged parailel to one another and around which a wite s guided one or more times,
Typically a wiresaw has three wirs guide rollers and the wire iy moltiply guided around ihe
wire guides cregting a wirg-web. Configurations having move then 3 wire guides can be used
in the method of this mvention, The wiresaw ks moved by rotation of wire guide roilers
which causes sections of wire {o move in a longitudinal direction. The dirsction of movement
can be changed during (he operation or be i a coustant direction. For example the direction
can oscillate from one direction o the next during the cutting process.
[0642] The wire used in the wiresaw of thus ivention can be made of any suitable material,
a5 is known in the art. Typically the wire has a thickness of 0.0F mum or more {&.5., 0.03 nun

or more, 1.1 mim or more, or .13 mm or more). Typically the wire has a thickness of .5



The nethod of claim| Wherein adjusting the chem cal conposition conprises
addi ng a chem cal conponent of the cutting fluid in an anmount sufficient
to maintain the cutting rate and quality within, predetermned limts. 4.

The net hogoGhieahihin 3 Wherein the chem cal bei ng addedsdiSusalorgdsss froreap
consi sting of a hydrophobic surfactant, an oxidizing agent-, an am foam ng

agent, a thickening agent, a corrosion inhibitor, an anti-drying agent, an
acid or a base. 5. The nethod of cl§ m 4 \Werein the chem cal being added
is an antlfoat agent, r}dthe ant i |

ent co s a silicone.
6. The moERGEICHRC&) B o ol GP FHE én-gﬁﬁlgaﬁg%eqrﬁg WAGEEFs an an anung
agent, anGplchl @i BB REERIwE QBRI ARESuRIRHe wite2dn Bd AR one of.  The
g'ﬁnh(r)]d of cl gk m 4 vvherlgl A t heY chen g, \8 ﬂg%f %dgfcg | shlﬁg gent uand t he
g ageft P apllogs soppinsg€e™Ne bipdu SRR MR OTHS P el ai m 4
wher ei n tdaﬁugﬁaeamﬁ@ opbaiifg trddednidiaistriieend gilaganbaaaintes the
cutting fuid in the reciroudating custing fhaid dispensing systen.
[043] FIG. 1 shows an embodiment of an apparatus usefid i the methods of the present
invention. Recirculating cutting fhnd dispensing sysiemn 190 defines a cutting {luid flow
pathway. The recircalaiing cutting fiuid dispensing system 100 applies an abrasive outiing
fluid to the moving wirgsaw 106 at application region 185 while the workpiece 184, held by
the mount and support head 102, is cut. Cutting flwd fows off of wiresaw 106 and
wotkpiece 164 and back into the recirculating cutting Buid dispensing svstem at wiresaw
cutting fluid ontlet region 187, The recirculating cutting flwid dispensing svstem 188 also
includes a collector 108 which is positioned 1o collect used cutting fluid coming from
wiresaw culting flaid outlet vegion 167, Cutiing fluid exiis collecior 108 af collecior outlet
109 and fows ot cutting Thuid tank 116 ot tank inlet 135, Cutting fluid flows out of tank
116 through tank outlet F17, and into catting fluid pamp 132 via pump indet 111, Cutting
flwid then ﬂowé out of catting fuid pump 112 via pump outled 113,
0644} All or 2 poriion of the cuiting fluid can be diverted info cooling loop 126 if desired, o
mainiain the temperature of the cotting fhuid being applied to the wiresaw within s deshed
temperature range. Cutting fluid is diverted inio cooling loop 126 via cooling loop pump 128
inic heat exchanger 130. The cutiing flnid flows out of heat exchanger 130 and back 1nto
circulation within dispensing system 100, 1F desired, Sampiingfmaniwring line 3132 can
intersect cooling loop 126 to obtain samples of the cutting fluid for ex sitn momtioring of a
cuiting fuid property, and/or for ## sity monttoring of a cutting fhutd property. Catting fwnd
that is not diverted inio cocling loop 126 flows directly onlo wiresaw 106 and workpiece 104,
il desired, a monitoring probe 120 can be positionad anywhers within the cutiing fhad flow
path (o monitor a chennical andfor physical property of the cutimg fiuid during the cutting
operation. Probe 124 can conveniently be positioned within cutting fluid tank 136, if desived.
A feed line 122 can be positioned anywhere within the caiting fhid fow path 1o adda
chemical o the cutting fluid in response to the momtoring. For example. feed ine 122 can be
positioned within ank F16, il desired. A chemical supply pump 110 can be mttached to feed
Line 122 and can be used to add chenicals from a chemical supply tank 124 o the

composition in secordance with the inventson.



- the thickening agent: conprises an acryiate polynmer. 9. The nethod of
claim4 Werein the chem cal being added is a corrosion inhibitor and the
corrosion inhibitor conprises an al kyl phosphate or an am no conpound.,

10. The nbhefois7¢! ai m 4 Wherein the chem cal, bei ng waagedodofsibs
anti-drying agent and the anti-dryin.g agent conprises an al cohol 1.The
nmet hod of claim 4 wherein. the them cal.heing added is an anti-drying
agent and the" u.),- agent conpri ses, salt. 12. The nmethod of claim!]

of vi scodPeeT Thenlng fer hege refen gmmu&x#airéﬁrgﬁéﬁ%?%tﬁ%?@%ﬁ Bt de. - W
2010/ 071 8if3ehi:4d52009/ 068926 :
EXAMPLE 1.
10646} A polycrvstatline sificon ingot having the dimensions {25mm x 125mm x 45mm was
cut with a Myer-Burger 261 wiressw. The cutting process was performed using a cutting
fluid containing 30% silicon carbiude, 42%: water, 2% thickener, 6% antl-drymg agent, 20
ppm of a biocide preservative commercially available as KATHONE from the Robm and
Haas Company, and (.25% SURFYNOLE 420, an aniifoam surfactant available from Air
Products and Chemicals, Inc. all percentages being on a weight basis.
[0047] During the caf the level of foam was visually momtored 1o keep the jevel below a
monolaver of bubbles on iop of the slurry. When 45mm of the ingot had been cut with the
wiresaw, the amouni of foam i the cutling solution was observed o have incressed e @
unaccepiable level. Based wpon this observation, an additional amount of SURFYNQL® 420
andifoam surfactant was added to the calting flwid to bring the pominal concentration up to
{.5% by weighi. Upon the addition of the additional surfactant, the foam dissipated and the

petformmnee of the wiresaw was returned {0 an acceptable level



hydr ogen generation, the tenperature of the crating fluid, a chem cal
conponent of cutting fluid, or an optical property of the aqueous carrier.
13, A wiresaw cutting apparatus conprising: a nount and support head’

adapt ed t R rkpi ece; a W resaw positioned relative to the
mount and support head such that the workp ece can be BEB{H§R0906892 cont act
with the wiresaw when in operation; an application region fin

applying a wiresaw cutting fluid to the wiresaw froma recircul ating

cutting fluid dispensing system the &pplication region being positioned

and adapted to deliver a cutting flKii<iM® the wiresaw, the recirculating

cutting f{ ui d**d“éﬁ@?‘f%ﬁ’g" rﬁ%&ﬁé‘f‘r& defl ning, a cutting fluid flow pathway;
ulrd ou i’T’

a wiresaw cutting il adapted to direct cutting fluid off
of the wiresatithegp Wﬁ‘?@dﬂmm§e&@@fhaﬂﬁbph&ﬁkmlafﬁ}@ugd{m;,—g&%k{@lﬁleatI ng
cutting fdikd, ﬂb@@?&%‘u"{!&w&ﬁ&ﬁmm cuttin e recircul ating “di spensi ng system
conprising a sanpling In& T f én arrples of the cutting fluid

di ni ng, the cBPRMGL FBP%%YE%&?FQQ?ﬂl‘lﬁ}?ﬁiit%pnﬁp@nmﬁ&m@mhﬂ@ﬂlﬁd chaataale and/ or
physi cal wpeigRestysof the cutting fluid, or a sensor adapted to “noni tor one

or nore chem cal andi or ph¥5| cal property of the cutting fluid, or a
sanpl i ng | i netHEEnGthe ghngte e compositiompidhaceesfiueiab mathdiit J)M@s&xfiﬁ%dedei ne

adapt ed bmhl:pio@&mﬁéﬁwamng&@m&gfl tt%jﬁgg& recirculating cutting Fluid in
response_to the monitoring to ad cherical conposition of the

cutting 1 uid Fdﬁ%ﬂdr?ﬁaawz br\’h?i’é@tﬁéﬁﬂéﬂmhﬁ dherieh! wsﬁmsmmam@@ret yadagi ng
moni t or ech W Edvidy RAEHRLRAR AL The ratus
EOR Rk L#]%%ﬂm'%%ﬁ & cf’?‘g?ﬁef‘hgjﬂber‘d’%‘“con5| sting

vvherelnée“g) ert bei ng nonitor 'S se
of vi sco§ty HR “’c‘;f'éﬁ@i’@f‘y ”f}%)amllifé?{b’tl’%ﬁ“Wm@ﬂmdsmmmmdﬁﬁme;ent solids, ogen

gener ati an, thﬁ nieﬂim%fahﬂd{ Ewlreih laﬁué%}ﬁts&ﬁ&ae onent of
the cutt] nig }1 or an optical propérty o mc!d cgmpﬁxnén e‘%m%rgfﬁ l’r[;p
scal condponent of the cutting Auid in an amaom sufﬁmem to mamitain the cutting rate

and quality within predeiermined Himits,
4. The method of claim 3 whesein the chemical bemng added is selected from the group
consisting of s hydrophobic surfactant, an oxidizing sgent, an antifoarning agent, a thickening
agenl, & corrosion ishibitor, an anti-drving agent, an acid or 1 buse.
3 The method of claim 4 wherein the chemical being added i an antifoaming agent, and
the antifoaming apent comprises a silicone.
A, The method of claim 4 wherein the chemical being added is an antifoaming agent, and
the amifoaming agent comprises a Cy-Cys alcohol,
7. The method of elaim 4 wherein the chemica) being added is a thickening agent, and
the thickening apent comprises a cetlujose compound.
g The method of claim 4 wherein the chemical being added i a thickening agent, and

- the thickening agent comprises an acrylaie polymer.
9, The method of clains 4 wherein the chemical bemyg added is o corrosion inhibitor and
the corroston inhibitor comprises an alicy] phosphate or an amino compound,
HL The method of claim 4 wherein the chemical betng added s an anti-drving ageni and
the anti-drying agent comprises an alcokol,
bl The method of claim 4 wherein the chemical being added is an anti-dryving agent and
the anti-drying agent comprises a salt.
12 The method of claim 1 wherein the properly being monitored is selected from the

group consising of viscosity, pH, density, foam hetght, wive fension, percent solids,



[ [ 1 cal being introduced into
1.5. The apparatus of claim 13 wherein the chem ca uce
t he recirgglating cutting fluid is selected fromthe group consisting of a

hydr ophobi ¢ surfactant, an oxidi zing agent, an antifoam na agent, a

. . . gl et T i -dryi ng agent, an acid or
t hi ckeni ngy@efpb71ga COrrosion inhibitor, an anti-dry %CT S2009/068926
a base.

i3

hydrogen generation, the tempersiure of the cutting Dund, 2 chemical component of the
cutting Auid, or an optical property of the agquecus carrier,
13, A wiresaw cofting apparaius comsprisin i

a mount and support head adapied 10 hold » workpiece;

a wircsaw positioned relative 1o the mount and support head such that the workpiece
can be brought into contact with the wiresaw when in operation,

an application vegion for applying o wiresaw cutting fluid 1o the wiresaw froma
recireniating culting floid dispensing systew, the application region being positioned and
adapted {o deliver a cutting fhuid to the wiresaw, the recircuiating cutting fluid dispensing
systern defining a cutting {luid flow pathway:

a wiresaw cuting fluid cutlet region adapted to direct cutting fhuid off of the wiresaw
and mounted workpiece and back into the recirenlating cutuing fluid dispensing system:

the recirculating dispensing svstem commprising & szmpling line for obtaining samples
of the culting tleid during the cetting process for monitoring one of more chemical andior
physical property of the cutting fnid, or a sensor adupied to montior oue of more chemical
and/or physical property of the cuttin ¢ fluid, or a sampling Tine and a sensor:

and a chemtical additive feed fine adapted to introduce & chemical into the
recireniating cutting fluid in response 1o the mnitoring to adjust the chemipal compsition of
the cutting flnid 1o maintain or restove the level of the property being monitored within
predetermined Rmits.
14, The apparaws of claim 13 wherein the property beinyg monitored is selscied from the
group consisting of viseosity. pH, density, foam height, wire tension, percent solids,
nydropen generation, the tempetatre of the cutting fhuid, o chemical component of the
cutting fluid, or an optical propenty of the AGRSOUS CHITISE.
13 Theapparatus of claim 13 wherain the chentcal being introduced inio the
reciteulgting cutting fuid is selected from the group cousisting of a hydrophobic surfactant,
ah oxidizing agent, an amifoaming agent, 3 thickening agenl, a corrosion inhibitor, an anti-

drving agent, an acid or a base.



