W RESAW CUTTI NG METHOD FI ELD OF THE | NVENTI ON [ 0001] This invention rel ates
to wiresaw cutting processes. In particular this invention relates to a

Wi resaw cwoorg7ps7ecess utilizing an aqueous cutting fl ®ca/tsaehiossses vi ng
adj usting the chem cal conposition of the cutting fluid during the cutting
process. BACKGROUND OF THE | NVENTI ON [ 0002] Wresaw cutting is the dom nant
met hod for slicing ingots into thin fers for use in the integrated
circuits and photo-vol taic  dgy, This method is al so
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cutting fluid has been apNdrdrAOO0r CaRURNENN@N W I esaw abrasi ve
slurries t%/gpzl cally conprise a carrier and abrasive particles combined by
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char act erVStECs"® ‘f’dﬂ ‘gl]‘m/lf U’é’é SUEy Py ruony 089 BanPER S for wiresaw
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as well. For, exa ring the w.resaw cuytt, rocess,..a porti nof t he
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W resawi ng sjlicon ans at her ter QXI i zabl ? gst rates, ? kerf can
becone 0% \df’%‘éd"b*yp‘bliﬁ b\\a‘ﬁ‘i ¥ “ it e l‘ﬁ‘H‘ éﬁ“‘a‘qh@ s gy ’Fﬁ’@‘ﬂ“? U &*°8%i dat i on
of a wat gka @i diZabbs m&.&nh@ﬁ@rxﬁaségéﬂm}@ﬁm@dmdy%@&ahysdmﬂ@ﬁm h&ch as

silicon carbide particles.

[3084] As noted above, the carrier can be a non-agueous substance such as minaral o3,
kerosene, or poly(alkyvlene glycol) materials sach as a poly{ethylene glycoly, or s
polv{propylene glycol). Non-aqueouns carriers can have several disadvaniages, however. For
example, non-agueocus carriers can have limited shelf-life because of colloidal instability, and
also can exhibit poor heat transfer characteristics.

[00058] Aqueous carriers also can be used for wiresaw cutting processes; however, such
carriers have certain known disadvantages, as well, For example, during the wiresaw cutiing
process, a portion of the material being cut is removed. This material, catled kerf, gradually
accumulates in the cutting fluid cutting fhad. 1o the process of wiresawing silicon and other
water oxidizable substrates. the ker{ can become oxidized by oxypen or water. In an aqueons
cutting fuid, oxidation of a water oxidizable workpiece by water produces hydrogen. The
presence of hvdrogen in the cutting fluid compostiion can disrupt the cutling floid

distribution on the wire web and reduce the cutting perfonnance of the wiresaw. The creation



presence of hydrogen in the cutting fluid conmposition can disrupt the
cutting fluid distribution on the wire web and reduce the cutting

per f or marmwo 20fo/7i8y3wi r esaw. The creati onand potential a®curmst@viocsy2ef
hydrogen can al so be hazardous in a manufacturing environnent. [0006]
Aqueous cutting fluids can contain nultiple functional chem cal conponents,
such as surfactants, antifoaning agent, oxidizing agents pH buffers,

t hi ckenin conditions (e.g.,
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appl yi ng an aqueous cutt.i ng fluid to the vmresawfrom(g recircul ating
reservoi r“"di‘“*“ﬁ‘t}t"tﬁi RGP e ABFRANO T e S RRE FRIRRIS TSR A IPRFEIE AT @r oper ty
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chemni cal conposition of the cuttin as to maintain the chem cal

and/ or physical propert PRHEFY Yidh g‘?‘bi‘BﬁTuEtlﬁ‘i‘rE'ﬁ‘é@et ermined linits

0088 The present mvention provides a wiresaw cutting method comprising cotting a
workprece with a wiresaw while applying an aqueouns cutting fluid o the wiresaw from a
recircuiating reservoir of cutting fhaid, and adjusting the chemical composition of the cutiing
fluid while cutting the workpiece.

[06689] In a preferred embodiment, the present invention provides a wiresaw cutting method
uttlizing an aqueocus cutting fluid. The method comprises cutting a workpiece with a wiresaw
while applying an aqueous cutting fluid to the wiresaw from a recirculating reservoir of
cutting flaid, monitoring a chemical and/or physical property of the cutting fluid winle
cutting the workpigce, and adjusting the chemical composition of the cutting fwid so as to
maintain the chemical and/or physical property being monitored within predetermined hmits
ot specifications.

[6610] In another preferred embodiment, the present invention provides a wiresaw cutting

apparatus having a ount and support head adapted to hold a workprece. The wiresaw is



or specifications. [0010] In another preferred embodi nent, the present
invention provides a wiresaw cutting apparatus having a mount and support
head adapwecdoton7myBd a wor kpi ece. The wiresaw i spositi omrea/usedoansssest o t he
nmount and support head such that the workpi ece can be brought into contact
with the wiresaw when in operation. The apparatus has an application region
for applying a wiresaw cutting fluid to the w resaw froma recircul ating
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aw resaw cu cut resaw
whi | e appslnyﬂmge(am]hqn@;eawmﬁﬁmd mng»pbhmmdz}te@nanhenw mes;awmafmmmmr ecircul ating

reservoir_of cut e cal 03|t|on of the
cutting epper Ui arat ey CRQRbRR! s B sFOPELE P oofRERAR: hoa a0
conpr i sesnoniotet] ovidhingpradecdnaimed dnitand/ or a physi cal property of the cutting
fluid while cuttlngth kil : chem cal conposition
of the cutting fluid t%lﬁﬁiﬁﬂaﬁ(ﬁa&ﬁg (slgrlgﬁthggi‘é{k‘q‘ Sof the chemi cal

and/ or t hespyai GakhPsopant Huhicnd wikiis aref WhirhlkuRhedefefomngthd i m ts or

speci fications. %00134 Inthe nethods of the present invention, the step of
adj ust i nd’“"t“f‘fé“@h RPESI™ EORYPBEI ti on can conprise adding to the recircul ating

cutting fluid a repl eyisdiiih BEBUREPPION OF THE INVENTION
[#812] The present invention provides a wiresaw cutting method comprising cuiting a
workpiece with a wiresaw while applyving an agueocus cutting fluid to the wiresaw from a
recirculating reservoir of catting fluid, snd adjusting the chenvical composition of the cutting
fluid while cutting the workpiece. Preferably, the method also comprises monitoring a
chamical and/or a physical property of the cutting fluid while cutting the workpiece, and
adjusting the chenmcal composition of the cutting fluid to mawmiain or restore the lavel of the
chenucal and/or the physical property being monttored within predeternuned limtts or
specifications,
{00131 In the methods of the present invention, the siep of adjusting the chemical
composition can comprise adding to the recirculating cutting fluid a replenishing amount of
at least one chemical component of the cutting fluid that has degraded or has been otherwise
depleted from the composttion during cufting of & workpiece. Alternatively, the step of
adjusting the chenueal composition can comprise adding a chemical to the votting fluid that

will mamtain one or move chemical andfor phvsical property of the cutting lwd within the



at | east one chem cal conponent of the cutting fluid that has degraded or
has been otherw se depleted fromthe conposition during cutting of a

wor kpi ecewoAbtoar7maBi vel y, the step of adjusting the chemCraiS2@0/0psIséti on
can conprise adding a chemical to the cutting fluid that will naintain one
or nore chem cal and/or physical property of the cutting fluid within
thepredetermned |imts or will restorge one or nore properties of the fluid
back within e 2determi,ned |imts. The amount, of . m conponent
Lo be acdeelaol! B TUIEH AT et lB b CRE BT FRg of The
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bei ng rmn ‘oﬁ ﬁﬂa gnthl n the predeferm ned limts. L 014% The chem cal
conponent o UtgEEt §SaPscad e‘é‘ﬂ‘é‘&“t‘ By ETUSHAES- T AEHE U 1 RGeS 9 t he

net hods Qfnthes BLesKRh tlenMNbi B peARLbRIAMNGRRRGRIn BF pihéeimiidie presence,
concentratl on or integrity thereof can affect the efficiency or efficacy of
t he cuttNr*F@“process Such chem cal s include surfactants (e.g., a

hydr ophoRQ¢4$ tﬁuﬁ ARhADE LomMabGdy Hﬁ&n@l&uﬁ[t% Qﬂ&ym&(ﬂa A} mtéamm&z\aﬁ glgubri cation
of the wires, to Inprove access of other chem cal conponents to the surface
of the witeblodspf iineresn KpPdia cappe znzb Lés@‘nw oIl winedirirgpsepen, exisenifadigudt i ng
fromredugti I I e o il icon
e s R s e A e A R
agent s (emgude stdacgoit (e @l. 2 hydrpgén genarat mﬂm)t magrbeipfesenti ng. tagepese to keep
excessi v f.0am f Lo xbmpt% Jn{‘;% EFL Ss%tr% hglgca@&ﬁ%%!?éo% n@% N 8%1}1{%1#3 Nt ors to
pr event excess| ve Corros of  the an pi ece, as

t he case wmay obibg x\tom;ndcami mgu&geht\s{r%en mam muhnﬂﬁmma@cﬂmitoy wafer bhe cutting
;Irglmd d?;[“tlﬁegmg:]ipxtehe(e &uf euﬁ:&u\%ﬁ%}} séha, éB\rzﬁv« geegtﬁ%lcg L&\ lglgvletg}'[g]é)%fbeg%gptt}gilé!p Igl Lleu' d
[ 0015] Stwhadddamtbs mamzil‘m& (mmk.uezzectotgomrceduuevdayvdﬂ@g&m} genaalicanadue to
reaction of water vm{ vvork }Ch(fa ég cally, ﬁrfgctar]_t‘_s are

rel ati vel'y “HyropHbh “é‘“rf%‘? SHIRE i P‘é’“ﬁ’éxﬁ‘ﬁ&“‘éﬁl 'ﬁ@ FOPAT PFE i pophi li ¢
bal ance (ckbkd)ivy/@rieiofbs b8 c@ting @ﬁ&s.anh@n‘dﬂ%é&l‘mkgﬁ&l@ Bukid Qcd ARt 5o; GfkebRgPr esent

for any other purpose known |r1t e art, and can include anionic,
anphot er %€ aH™ 51 s ot Sheciwis ok BAEP IS HEHNO EHIT act ant s,

It is more-pheheqied fhdtohiie st astanhy B8 abdiliBofcidsessed hannd 3. The
surf act ant level can be directly nonitored by a spectroscopl c or any other

sui t abl e l%Ral yti cal nethod, or can be i ndirectly nonitored based of a
chem cal @51spRYFIGRLs RF OPRRIN 8f reliRE HGHbLINGndhithtive & Bactioh @PLacE angle

with the workpiece. Typically, such sarfactants are relatively hydrophobic nonionie
surfactants having a hydrophilic-lipophilic balance (HLB} value of 18 or less; however, the
surfactants can be present for any other purpose known in the art, and can nelude anionic,
amphoteric, and cationde surfactants, in addition to nomonic surfactants. It is more preferred
that the surfactant has a HLB of less than 13, The surfactant level can be directly monitored
by a spectroscopic or any other suitable analytical method, or can be indirectly monitored
based of a chemical or physical property of the cutting fluid, e.g., contact angle
measwrements, the rate of hydrogen generation, and the like.

[0016] Oxidizing agents can be monitored by divect chemical or spectroscopic methods, or
mdirectly by monitoring a physical or chenucal property of the fluid that is correlated with

oxidant level, e.g., hydrogen generation or electrochemical potential measurements.



measurenents, the rate of hydrogen generation, and the |ike. [0016]

Oxi di zi ng agents can be nonitored by direct chem cal or spectroscopic

nmet hods, WO 20rdi7eggét |y by nonitoring a physical or chempcaluspeoopesoey of the
fluid that is correlated with oxidant |evel, e.g., hydrogen generation or

el ectrochem cal potential neasurenents.[0017] Antifoam ng agents can be
used in the conpositions of the present invention, including insoluble
oils, pol i -hyl si | oxane) ,mater.ials, organosi.licon materials, and other
ol 1+ coned ARl M Bl e bRl b Be onPp RIS B Lo REFe T BRI : os g

gl ycol s. ikoafimgenaitas ek, pelridingeingiontcemadisic Wkanogiiphocesiicant gievent the
abrasive fromproperly contacting the wire and the workpiece, and foam can
ot her wi selicAtear FBY oot kerdatys, o tiahtk. Yl b BSFE- cFPAmReRRE AN ng
agents cagribeiaddedak Quiigdieeest b jpERUNbe ﬁlfrmﬁ&arm;ggﬂ@mt edudurdmg the wire
saM/cuttin%SProcessg.LOOlﬁfﬁThicke»ingha ents can be %zed?in the
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hydr oxypr opyl cel | ul ose or hydroxyet hyl cel | ul ose. Thi ckeni ng agents can be
added t o Rty BESECHHY CYFBEBSFY of the composition and to decrease hydrogen

generat i QWISFTQ;&&?:B;' Hentd b i;ehjséd(i%%d’lﬂm@:gﬁﬁ&qsi(ﬁ} {1 'ﬁ%@gt%ﬂieﬁﬁ{gg It RBfne and
preferably has a weight average mol ecul ar wei ght of greater than 20, 000

Dal t ons (PRRY3borpires.ppefealshy2iatol] waistals ondadiuber (engundsGuE0s to 150, 000
Do), Sul Gabloev ORI 6 PANERL ARIGKERE! SrilAehidE Gl dhiihORgegRmPOUNds Such
as hydroxyet h}} celTu ose, pol yoxya(l kyl'ene conpounds such as pol y(ethyl ene
gl ycol ) donpetidsiscetihpl gnecwrisdenpné pydeerasedixiitgercopohyee riseleand. t he | ke.
[0019]  Coir @8l 9n.d Nl L DG Aol Nl D8 COMROSLL | f the
brosent TSRt kAR Ao e R Rel R B hel IRCRATRERLL KONSE,

i nhi bi t onsightof wasemphosisiid dxiiocd Db xydraprefepblyarimst, 304 Ao {eendcwnds, and
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Ant i - dr yitngroagshticlicag, belvonalkytedcimpoihés soonmpgsitebyisncafivdohe present
i nvention, incl d} derivati ve such as

di (et hyl é?ﬂléli}%‘f"vgﬁ:[ ?‘%“éﬁg’&hte‘]%(‘%?@g‘fe@t’gb&%ﬁ%é\%‘?‘g‘ 8’%}}%‘0@5‘ "1, 6- hexanedi ol and
pent aer ytipgio} ChrrodR inh@hyk g RIfLSedGRMheRempssacks bothe peune b Balont e pul | eys
Ut ting proGds S apRuAToRBaL ek OB G e HOTHE b GHBBSILT ons. of
the presegalyuleRy 8RkbQ@BimbOr@t dnd lelile CHtIIRINNARFEES: be RARMPIL S Bipisui t abl e
abrasives include silicon carbide, boron nitride, boron carbide and
di anond. to decrease the corrosion of the wire and other parts of the cutling saw.

{0020 Anti-drving agents can be included in the compositions of the present mvention,

including, for example, ghveenin, glycol dersvative such as difethvlene glyeol), and multi-

valet alcobols such as 1.6-hexanediol and pentaervihritol. Anti-drying agents can be added to

enszure that the pulleys and moving parts on the cutting tool stay properly labricated during

the cutling provess.

[0021] Abrasives can be included in the compositions of the present invention to aid in the

cuiting process. Examples of suitable abrasives include silicon carbide, boron niride, boron

carbide and diamond.

{30221 Preferably, various functional components of the compositions are added to the

compositions as aqueous solutions of agUEoUs SUSPensions,

[6023] Acids can be added to the compositions of the present invention to adjust the

composition pH. Sutable acids wclude mineral acids such as hydrochlorio acid, sudfuric

acid, phosphoric acid and miurse acid. Orgamic acids can also be used, including carboxylic



[ 0022] Preferably, various functional conponents of the conpositions are
added to the conpositions as aqueous sol utions or agueous suspensi ons.

[ 0023] Acwo=0wenT1187@ added to the conpositions of the pr@senisS20000esyeé on to
adj ust the conposition pH Suitable acids include mneral acids such as
hydrochl oric acid, sulfuric acid, phosphoric acid and nitric acid. Organic
aci ds can al so be used, |ncIud|ng carQoxyllcaC|ds such as acetic acid,
citric a% % %gd su %C|nkc£a g bh mp iC acg 2& dqo ganosulfonlc
aci ds. [00227"BAS&S E4n™ Bé“éa‘d%&“f‘ it C‘E SETPPERECBE 9% Bt esent
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prol onged wiresaw cutting, and this change of viscosity can reduce the

per f or mait&3bf¥ *M‘e“\mw@afﬁifwbwrsr%fe@w FEgesigayPEpyeshadtdiadded to the

conposi ti a@&sﬂ & thES L%ﬂz%@ mxﬁ:‘iﬁ{u%%&e sQfe (B4 D@D 1ebiS GRJLE Yhe uPFe%{v@%@b' y, the
viscosity of the cut tlng is substantialfy maintained d uring the

cutting piﬁmeésieuf[ d’(b@@]wq’\m s}élduﬂnmmﬂpmd@amtﬁeaﬁ%mtt leed WgsanNBYRE. t hat t he
cutting fl g 48,0 30 &s@os‘ib%mﬁz%géic%%dée@eﬁﬁnl?ﬁcé Qﬂﬂ?ucgmiz Wg@t{%mﬁ&%e bei ng

cut, or to prevedf an un ésire reaction, su rogen generat|0n
If the c utlditing af¢ widdd foshd cummsition benundesierapieyorbvagitep vanosidei d can be added

to the r %‘e{r%‘ik ahl 0 U?m{%ﬁt Hxﬂgc@ ;;Hhﬁ'mﬁ% Qb rﬂ%]ar]th &aﬁl&'u&?%{(m o%@m%ﬁs%t desir ed

range. Sim e cuttl oo acidic,
a base C e, added to the fluid. [0027] The density or specific gravity of
UId is within

t he fl ui

the o opd?AT LEIRR ORI S Ch NG e B B BPE SRE H Bl Do educe

t he Concappm@muﬂpﬂmﬁmbmﬁwﬁmkbm&ﬁmﬁhUﬂgchhe:@Qﬂp@&hﬁnﬁﬁme@ﬁ&Bith@ per cent

solids of the.c tt|n fluid can be mnitored t whet her t he

Sor s ve s ke St P BB el AR BER e RSB R A f"S o1 1 g

{Mevelh of bﬁh@cllddlzdlmadu?h@ssmmilfwmamﬁd ﬂdibﬁnfﬁﬂ plaﬁmgpmut O Gebiko gt erm ne o
et her the velsS O ISSO ve materi a In the agueous carrier are wmtnin

the prope me'agcfff%&i ploRg cutjipbay ISHgut ‘HEF HRECwie: ¢ ﬂe*%i%ﬁ By ﬁ’d“% fodhd can be

noni t or edytp determne if the IeveI of
[#827] The density or specific gravity of the fluid can be mouutored to detenmine, eg.,
whether the fluid i3 within the proper concentration range, and whether waler should be
added 1o reduce the concentration of the additives m the composition.
{0828] The percent solids of the cutting Huid can be montored to determine whether the
abrasive is present at the proper concentration. Altemnatively, the solids fevel of the higuid
phase of the fhad can be monitored to determine whether the levels of dissolved materials m
the aqueous carmier are within the proper specifications,
j6029] Foam height of the cutting fluid can be monitored to deternyine if the level of
antifoam components has decreased as a result of absorption that occurs dwring the wire saw
catiing process.
{0030} Wire tension can be monitored to ensure that the tension is within proper

specifications to reduce wire wear and breakage.



anti foam conponents has decreased as a result of absorption that occurs
during the wire saw cutting process. [0030] Wre tension can be nonitored
t o ensur ewbDhato/a7ey3t ensi on is within proper specificati @3/useomasckee W re
wear and breakage.[0031] Cutting fluid tenperature can be nonitored to
ensure that fpctional heat created fromthe wre saw cutting process does
not raise the tenperature of the conposition above proper specifications.

[ 0032] gen generation can b monitored to let.er mi ne, whet her.. excessi ve
hydr ogen TG B ERHEE S EHaPRu R Ter fe oRle QUP i P EaEL i RS st

suppr essitngwnBier duddng ppoek @ss an rda it eaplydroghidicenekitibasicaaropar an
oxidizin% agent., can be added to the cutting fluid in response to the
noni t or i NEFTE*8UPpr ess excessi ve hydrogen generation. [0033] The cheni cal
to be adqess2t eiviiRecCeinbiafgh fnbl thohBoRdjduiGtertine hewt 6akssRonpasidnion can be
added manual Iy in r(gsgonse to the nonitori ng or can be Vac{d‘ed, automatically
by a punﬁ”e‘%‘ﬁ SHIREFC G ’b’é‘h’s"’é‘f"-‘"&@ﬁicfi‘ﬁl P HAssY sPPESHBRERICE} g‘ﬁ‘é’l‘ F¥om t he
noni t or i RG0eM R&hob sSRBNE BPACH NBILS nedhl SathoMiedh hSnadaarion a

schedul ed basis without direct nmonitoring of the chemcal in the

conposi t iTSHOMEAG B FRHECELE P BT BresE e bYRgen sEpredtty i s done when prior
exper i enggyRY TRXPRLLE R RLLGMN KQ%EQQ%Q% 3 p‘iv@j@si’@ﬁ%@!&ﬁﬂﬁd %ﬁﬂoﬁgaﬂ He chem cal
ei ther continuously or in batches on a defined schedule during the cutting
process, banddedrmaphally FeRtPee inige soniHaech e teadderoheemticalty o pap Be

di 111 Cul toyRt gt AGONVER AN viRALodB KA i RS ERlin Y RO QAL NUOUS |y oF

regularly ad to the cutting u(a”'vx,jtr out rrpnlto”rlng of the chem cal
when it kadobeenisdet dremined adikakong swhelnled dhsiandion dphysiosiairivprdperty of the
cutting fluid. oML SE0SI Ly, agen . generatjongr at 1 C.)..undesirably
changes i“lﬁ%&{é‘g‘é#gﬂ%&‘ f}é%‘%)gz&gcréﬁ{ﬁhé% ﬂ’%égiﬁ‘iﬁgg{%ﬁ%ﬁ‘cﬁ@f g}ﬁg‘g%‘; %cdgg%gh%r%w? he regul ar
or conti rupursnaddickpeomenfatitvhdemsonsigdieschecked heniddial theebatiesiachs t he
undesirabl e. change .in the cutting fluid property of interest. [0034] This
vent | onoSrERRPSb BebliF of il Rl B RERREE syl bl Tk whior ot us
conpr i sesn@itobund! tanchesitppanterdrench adaipt @ticib oholehvaniwar Kpi @ampleaa W r esaw
positioned relati ve to.t he munt .a g(@#ﬂgo%t X heaﬂ\i spch that fthe V\ﬁl’ kpi ece
can be brOUBRE TRt CBHUGEYY fi TR HRFG SRR Th bt ZePEH e

appl i cat isgcheRgaDRhpashdivenathtantheadapi 8dnfi®f aaRRIp R fropattstdmge fluid to
the wiresaw froma recirculating cutting fluid di 5,81%?_5[ ng system and a

wi resaw CHERE AGHE i 8BTS0y BACAGAPRECE O AR CAREF Y f I ui d of f of
the wiresawianl ARURE &G NAAKEKRLIBCSHAR Raake 1Bl & cEMbdubRhdliliiah df fukqw

pat hway. The recirculating cutting fluid dispensing_system defines the

cutting PREFEH HeBuFaparRiteFts Bnadesmprickase a e Artios Py PpreBeciopictshpl er

devi ce [6834] This mvention also provides for a wiresaw cutling apparatus. The apparates comprises
a moant and support head adapted to hold a workpiece, a wiresaw positioned relative o the
mount and support head such that the workpiece can be brought 1to contact with the wiresaw
when in operation, an gpplication region positioned and adapted for applyving a cutting flud
o the wiresaw from a recirculating cutting Thad dispensing system, and 4 wiresaw cutting
fluid outlet region adapted to divect cutting fluid olf of the wiresaw and mounted workpiece
and back inte a cutting {luid flow pathway. The recirculating cutting fluid dispensing sysiem
defines the cutting fluid HJow pathway, and comprises a monitoring probe or sampler device
for monitoring a property of the cutting thad or sampling the fluid for monitoring. The
apparatus also includes a chemical feed hine for adding o chemical to the recirculating cutting
fluid in response to the monitoring.
[6035] When the wirgsaw cutling apparatas is in operation, the recircuiating cutting fhud

dispensing system includes a flow of catting [had in the direction indicated by arrow beads in



for monitoring a property of the cutting fluid or sanpling the fluid for
noni toring. The apparatus al so includes a chemcal feed line for adding a
chemi cal wo 20tv71858i rcul ating cutting fluid in responsePCo/USh@9/6892¢ or i ng.
[ 0035] When the wiresaw cutting apparatus is in operation, the
recirculating cutting fluid dispensing systemincludes a flow of cutting
fluid in the direction indicated by argow heads inFIG 1. Arrow heads on

t he sche sent a

A T AT RN AN S T o
oper at i onhofirishe. Whe ¢savion Jheofehrow u:htusee\cﬁds@m nak iﬁdﬂ*tsieldﬂgnjIhblbﬁiﬂ;i&{wmlo@al |y
does not Jeverse c}gr%}n‘fe{] eratij n.of. th é low rate in
the reci rEUFEEFNg '8TPY AYCFIG o "é”p%‘H‘% R “‘é‘y ‘f"*‘éﬁ&’ﬁ‘&"‘*ﬁ‘ﬁpﬁ“&:‘% Fi;?"}“r‘i”t he range
of 2000 kgihrwit@aB000 Kg/hr (e.g., 3000 Kg/hr to 6000 Kg/hr). Depending on

the specific enbg i ment, the flow rate hrough t he magneti.c seg rator can
be 0% or [HfiS&hdas Hpwrge » s YR sYiERs Mogdisprnsyr ey 1S tepsplly g’i“eater 40%

or great %me%@%{Wﬂ\&gﬁﬁa@@dﬁ) KI90%0:03088 Rahel, 6080 RYoney D%e%@&}e lon 11200% or
greater, 400% or ]gr ‘eater, or 500% or greater) of the reci rcul ati ng cutting

Fluid di SPRWE WePosiiah Mo o byl SHEPHY SHHTEHE S BRRTHRF EregivbSdi-ment |

the flow ili}@éh@ u‘ieh(e@u.zg;hu &-h@mr@gﬂﬁ& bevréﬁ&an{{ﬁﬁ erurb Rerl :3/6% @ﬁLrLMerlﬂﬂﬁ%Pr | ess
(e.qg., 900% or |ess, 800% or |ess, % or |ess, % or |ess, 500% or

| ess, 90%eer| W8Y, or BOPEES 0P s*sNw@%iﬁﬁ?wlcesw@’ttes@n/*@rm pragsterpe! 150% or | ess)
of the r LI Gkl zﬁluﬁﬂw }{thg& dbzlz#!n ol SRENSL BY &M&E%Wﬂ u%g%ﬂ{ @te. [0037] The

recirculating c €nsi ng syste can al so rnclude a collector.
A col | ectaoﬁmhsmtw ﬁud’@hxi yted nsmhfia@magmfat: seporvce ysvpotity NGUTlonleds fersam t he

wor Kpi ecgy,fack és?t%@?_, ok ?e‘ﬁi %('I) a0 !g'sst '(‘“ﬁ Lhe. €6t &gile?lt %J‘%C&!&st Lipg of I ui d

di spensi ng sy /St ectof ~can ont ai her 'conpri si ng
an open tiep, ”m@mrtiessrfeﬂo mdes&oabzlﬂ@mordmlu igp ebittubhtifg &Wlﬂi}gﬂlﬂﬁ ddpapipekng from

t he vmresav{v an! aiw ng an outlet or drain for the cutting fluid to flow out
of . The outT8t°¥df*be | ocated on the bottom the sides, or can conprise a
t ube or smpﬂwmhdupm@dumakmua@Blnecﬁhs@duﬁmtsgtmgaﬁﬁ lmdnsf nd}m tchleciops of t he
collector. The.co gan be conf | ferené ways. For

exanpl ¢ FALFESI SEFOP CHFtBanfRnGr: Shdpa® BoRarLabeas BoF 4 dai , o a
hal f sphefit@atonsfielih ihe Thec@adeeling fmamqkﬁmb@q@memmmme uBUbhaLRs angl ed
to direct c ttlen ).fluid to a cutting fluid tank w thin tthe recircul ating
cutting FPUPH EEHERSTRE SYSTIERET POESETOMFAS FRiERENE MG TR g 1 ui d
di spensi Rgpsis (M EARirkAG! Wl 8udn Ca dutiBGorfakdth B HiRMRAB BuRNS 118F JAPEE puUNPS,
if desired. A cutting fluid tank provides a reservoir for the cutting fluid
The outlet can be located on the bottom, the sides, or can comprise a tube or siphon dipped
mio collected cutiing fluid from the top of the collsctor. The collector can be configured in
many different ways. For example the collecior can be funnel-shaped, cone-shaped.
pyramidal, or a half spherical shell. The collector can also be one or more surfaces angled to
direct cutting fhuid to a cutting {luid tank withm the recirculating cutting fluid dispensing
svstent.
00381 The recirculating cutting fhuid dispensing system can inchude a cutting flaid tank and
one or more pumps, if desired. A catting fluid tank provides a reservedr for the cutting fluid
and is tvpically situated upstream of a pump. The cotting fluid tank typically has a stirrer or
agitator 1o help prevent setthng of solid components of the cutting flaid during the operation
of the tool or while the ool is idling.
[6639] The recirculating cuiting fhuid dispensing sysiem may include 3 heat exchangsr. The
heat exchanger can be situated af any point in the recirculating cuiting Muid dispensing

systern. The beat exchanger can also be in, arcund, or infegrated with components such as



and is typically situated upstreamof a punp. The cutting fluid tank
typically has a stirrer or agitator to help prevent settling of solid
conponentwoabioiities7dut ti ng fluid during the operation of PCmaSe@olo6sze whi | e
the tool is idling. [0039] The recirculating cutting fluid di spensing
system may include a heat exchanger. The heat exchanger can be situated at
any point in the recirculating cuttl ng, fluid di spensing system The heat

or e Al i B T QU Rl PR St MRS Gy =1

conf i gur akii@Rciasgdr oF bd llaeaadfdaata S@;X’&haftgﬁsfu fianbesidotalugthgaseprsepan; at e
recircul ati on ystem i ncl !Udl ng a se&a rate f) rra%v(\]{ne e the se a{rjatg

reci rcul aPIEBT S SFEMEIR B HANYLE MM T P HGES YT e a2 Eies RG99 d ¢ ank.
The heat m@x6aBaRYSEn&ABDR W&EE hHE 208l ﬂQRuh&@'ﬂuhﬁ&oﬁUMﬂp&QhMtMr ¢he For
exanpl e, heating the cutting fluid can used J%o | ower the viscosity of

the cutt iHERE TUREP e i g 0§tb‘§‘f—‘ﬁ9“?“§"t’ ¢ Ritgpe ¥R igPoPEesiSpE ot iigh of t he

Wi resaw appResh Uperainto@Ratil @l ¥ppatRls. RaNRLely, LPetdnitk theumgWddugef I Ui d
can be used to raise the viscosity of the cutting fluid if the viscosity is

to | ow fd?uiﬂbw@&efm%%f&%%n\w“fwé th4 ﬁfué@avﬂuabf;s&mmgwm@ 'pEAPa¥eRtre of

the cutt 'o'ﬁ&.ﬁx&ﬂ%i% x@ﬁks@lx %%ﬁﬁtﬁ@cfhctz&ﬁm LS ok Lgﬁﬁ@m?ﬁ%nﬁ %lfi{(laiﬁfu gutting
fluid conponents. e recirculating cutting f di spensing system

may corrpriiHSeﬂfoiq@‘lW“mlﬁéf GoledBebeEnpodpEs.or nore cuttl ng fluid tanks, one
or nore RW@TQQF&Q&@H&M 91?gﬁgﬁs§%ﬁha§09§£ ufl c@xﬂﬁa%%@bp Ahicon ther eof .

The recir ting cuttii pensihg system urth conpri se
pl unbi ng chircipammeyi mgecutivg Agidfidaki.dobet mewpurpe wbzme@usmwwpbnent s. The

ol b 1 1) 68| ¥o RGNS, ReSLE YR HER DL SARE R ShBel A0, RRE

di nrensi on ing fluid
to flow timi@ugmmmh,e phuadiimechot mms ﬂgnmmﬂm,rigud baue ejsndhcsmxnss mzmy@ne mhet he
pl unmbi ng en s ructu suc 31{16‘ trou pl unmbi ng

Py o os A OB DR S PRRR i SRR S Bl S a0 ey My T

pour i nt @rapet kewkr Q@m@mémm of chthiag ﬂad itk ﬁm at:mr,@ imu&txmmgmﬁi, maﬂnsdﬂzsﬁenm ng
system such as a =“-}3“81 fluid tank. Al ternativel %’/ [gf {e

pl unbi ng HRFSUEHEIEE: Bf PUTPPEIGN CRPEIOFT SR O ‘Jﬁé‘ etk Pm’tg‘ cutting
fluid di spensingasyshesmphieng ohfitnd hawteshdandeont akiind Q4 1] pddhain t he

W resaw a ratus of the invention is i.n _operation, rkpi ece secured to
a nmount & @?guﬁ%wmh@d& TepRCUNHIEE SWHY S%F‘HE?“h*‘%vﬁ‘ﬁ’g*m%r*éé a%“wqﬁ}“é cutting

fluid is sappliepfitdy tHexhpRSBNLInTB S Wd @S AW BES tbWD i9h phBLE oMhEe gui de
roll ers, which have their axes arranged par allel to one another and around

whi ch a WifguRdngritedivuhdsisasinpnstent wsse hygrcéaltizoatahi r esaw has t hree

Wi re gui dgod1PkbiRh ShedRiehshd SoM iR deShe Tl dnbiPh ¥ iQMbHRG AT QUBEetdnN@c bl & QUi des
creating a w re-web. Conflguratlons having more than 3 wire guides can be
used mount and support head, is pressed against a moving wiresaw while cutting flaid s supphed

to the wiresaw. The wiresaw has two or more wire guide rollers, which have their axes
arranged paraliel 1o one another and around which a wire 15 guided one or more timaes.
Typreally a wiresaw has three wire guide rollers and the wire is multiply guided around ihe
wire guides creating & wire-web. Configurations having mwore than 3 wire guides can be used
in the method of this invention. The wiresaw is moved by rotation of wire guide rolfers
which causes sections of wire {0 move in a longitudinal direction. The direction of movement
can be changed during the operation or be iy a constant divection. For example the direction
can oscillate from one direction to the next during the cutting process.

[6042] The wire used in the wiresaw of this invention can be made of any suitable material,
as 1 known m the art. Typically the wire has a thickness of 0.41 mm or more (2.g., 0.05 nun

or more, (L1 mm or more, or .13 mim or more). Typically the wire has a thickness of 0.5



in the nethod of this invention. The wiresaw is noved by rotation of wire
guide rollers which causes sections of wwre to nove in a |ongitudinal

di rect i orwOTh®/dig7ecti on of novenent can be changed dur Pag/ush@onpsde@t i on or
be in a constant direction. For exanple the direction can oscillate from
one direction to the next during the cutting process. [0042] The wire used
in the wiresaw of this invention can l?g made of any suitable material as

is knovvnlnteart T 4t he nm or nore
(o o0 i ob e P Bt R st o SR e 2 R ey By pi ot 1 y e he
wre has Iapnhahczumasm iohadd Bmdalravhess: eh@mm@x4h€mir®«fanliﬁ3ﬁzde Qf Sheram or

| ess, 0.25 or 0.2 mm wre is made of
har o dr VP PUBE ST BIRAERUBPPErRe T N Bo¥ nh o Ret B Rae i | oys
such as afligy te CQEth@bprAGn ABe W, md@rial Miecdadibel <V sReCaIERndibaRW e wears

out during t % cutti ng.o eratlon he wear. material is recirculated with
and cont &HithalEE B e RECHRHRE iied ihdiERas P e BB Yl ati ng cutting fluid

di spensi ngsy $1@n shtbRDd3dmildEent o SHOMWBaras 8RO e Rzl anhappanat us usef ul
in the nethods of the present invention. Recirculating cutting fluid

di spensi igpeayt diicrodumerriias laiddimensig srendof PaiepacHiney Huidhew

recircul %«ta!h%\ C'?'ﬁa :'{Eﬁluf Hidh Q\n{%ts@@@%h[j&sﬁ;}é@k%& i&ﬂpu;?l?@)' 882 BRGASI Ve
cutting fluid he nmoving W tesaw 106 at application regi on 105 whi l e the

wor kpi ecelutba ﬂlehéo*dmbwr@ﬂﬂe 9 aharplerdion tRp B S dad thpoworkiiered 4. heldiut i ng
fluid fl QH@:HQ&M{ "u(?c su‘ﬁ!g&?? é&p@; &pd( Wf}kkﬁhlﬁ(?ﬁulgﬂ nglo\‘(;ile%chﬁldgho the

recircul ating cut di spensi ng~ systemat wiresaw cutting fluid
out |l et r egitkmect(094 aikhianck ett«r the eatelngecuting diyid dgiegsini gpemsi ngesyst em 100

?: 30 dl nClc‘Hﬁi%§ fﬂﬁtdco% éﬁv& ;81( 10178 talth\éhs.lkﬁf l\@no c%ﬁ{n?: ﬂt%ﬂleﬂ:alte?sn %.?{@:%éﬂipt%ﬁ%gcﬁ L: gg

exits colnluém;tesm cd}&smawﬁmhnbie@tmsmmwﬁIl@toi&ﬂgxsahﬂzimiodimd eamtuog ottt i ng fluid

tank 116 at tank ir \ o 1 uid £l 9 rough
tank out raresdS PR oBd? e o Pk i s s f el

Cutting filooiel fidveninfol canse dlutd ik Cidtat tan didea it ®l Quiome 42 whva opulpméut let 113.
[0044] Al cutting fluid can be diverted.into cooling
|mpuew%%#&M%ﬁﬁww%waﬁ%wwﬁwwWH%ﬁﬁw%mmbmm
appl i ed tmid den m&:e@.@m Wtiﬁzmiﬂmﬁptﬁﬁ;ﬂm&d penpeanRt urse range. Cutting fluid is

di vert ed |nto oolin 126 vi.a coo0]ing 0 128 |nto heat
exchanger®¥4p A ?Tﬁé pg ’L“E”’h e }‘H}P“@ﬂf“ldé@\%{"o%t‘%f* U %aﬂeo ’é"&é‘ﬁ’&ﬁgér‘f dpsitrdaid back

into cir Gk @ Whibdhredy mfélﬂﬁinﬂgmﬁMﬁlr&m%ﬁJ%.-m It vRSAF Qethin a desired
sanpling/monitoring line 132 can intersec coollng | oop 126 to obtain
g*

sanpl es GIMRFBUEREF NP Hdipdveieddntp gonBRilEr ﬂdﬂf‘lapecla@a P F8ui d

property wa@'ﬂ%@(dmﬁ’&n i 59 ST BB INL ARG f ai@xe&%&i&aﬂﬂerfibﬂl ln‘xii REPRES LY.
Cutting fluid that Ts not diverted into cooling loop 126 flows directly

ont o Wi r esaRakpeyiddiirkpe asen . 1F desired, sampling/monitoring lim 132 can
intersect cooling loop 126 to obtain samples of the cutting fluid for ex sizu momitoring of a

cutting fluid property, and/or for 7» siry monitoring of a cutting fuid property. Cutting fuid
that 15 not diverted mio cooling loop 126 flows directly onto wiresaw 186 and workpiece 104,
{f desired, a monitoring probe 126 can be positioned anywhere within the cutting flnd flow
path o monitor a chenvical and/or physical property of the cutiing fhad during the cutting
operation. Probe 128 can conveniently be positioned within cuiting flaid tank 116, if degired.
A feed hine 122 can be positioned anvwhere within the cutting fluwid flow path to add a
chemical to the cutting fluid in response (o the momitoring. For example, feed line 122 can be
positioned within tank 116, if desired. A chemical supply punip 110 can be attached to feed
Line 122 and can be used to add chemicals from a chemical supply tank 124 {0 the

composition in accordance with the inventon.



| f desired, a nonitoring probe 120 can be positioned anywhere within the
cutting fluid flow path to nonitor a chem cal and/or physical property of

t he cuttiwg@ 20loi7a87duri ng the cutting operation. Probe 1POTamsmoo00m89e6i ently
be positioned within cutting fluid tank 116, if desired. A feed line 122
can be positioned anywhere within the cutting fluid flow path to add a
chem cal to the cuttlng fluid in requpse to the nonitoring. For exanple
feed lin

suppl y oML 16e BURFRE P Rbr B P Balh PR O Tk Bl m oGS adc
chem cal shdimosmianchem cal supply tank 124 to the conposition in accordance
with the invention.[0045] The folig%$ﬂ9 E%n limting exanple is provided to
further illustrate certain aspects“of k& % nvention. EXAMPLE 1. [ 0046] A
pol ycr ystiaddsi Bepodichys@lMeisNGOE indaMiange thel sl RAs | DRsm X 23Mx 428AMaX 450
was cut with a N?er-Bur ger 261 mnresaM/ The cuttin %@P gcess was perforned
using a CHtYIhYMYEUPH RO ATSHY DR EPRIRESRSS I BREY Mo 29PRA CEFDE 294

t hi ckeneryybdmantise SRy kngmatiMe, 4242 WRRMN 0F B 8uPBE SR YAk Me
comercially avai | abl e as KATHON(r) from the Rohm and Haas Ebnpany and

0. 25% SURPYNOEOroride posseia i @rip PR ERT Y pibteay el HPN BB Toe e Bvtumiapd Pr oduct s
and Chemieal @fjmb Qﬁf and‘%‘ ds50p8H ﬁ?m\i@i@@54?@&;{1'91{1@%3@%11%&%%\ Qﬁ%hsimm{ QQ47] Duri ng
the cut the l'evel of foamwas visually nonitored keep the | evel below a
nnnolayeﬁ*@ﬁub@b%iégﬂﬁﬁ\ﬂ@pf@ﬂwﬂﬁ@ﬂgh@ﬂﬁyORWW@nJﬂBﬁﬁlof t he i ngot had been
cut with 6&@#}%&1‘?@@&’& u‘iit dl@\r@Hmom%fszQﬂm i zcgr{?%xe%il{t) Léuﬂgh lgléftoé 9@

observed 't o have 1'hcreased to an unaccepta bl'e eve ased upon t

obser vat ingmwpolsaer cdddbiti¢somadp alitbusitirof WEY uiuak(@)Hnﬂﬂmdﬁ&ufaamm$mmiactant
was adde 1. up to

0. 5% by &E¥e~, {'?ﬁeu&k‘ouﬁx f{;}%&ag{ﬂ E&;Pi éa mmg ?‘%@}d‘%gi‘g igwggﬁgc&tageﬁﬁé% he foam

di ssi pat em%a’n;dattlhéx ﬁeﬁamdnmméumbmhmow mesldiowd smoett ol héﬁ? YOI difcept abl e
| evel . CLAI risin a morkplece
with a w‘lé’%@é%%‘?ﬁw‘ 3 rsp%‘ﬁ%’ ‘!i‘ﬁ‘g‘é‘ el Lh‘i“ﬁ”r‘r‘pﬂﬁg}“’f]ﬁ‘uﬁ‘ a‘”i‘%“‘{ ‘%é“ W Fesaw from
a recircul@t bngends dipoite @iitour thagddzh(qusurmnmt e g dssphediseatheand/ or a

physi cal ert the cutting fluid whil i ng the workpi ece; and
adjustlndm?‘gmgﬁéﬂf%aT“%SﬁﬁbﬁrVgBﬁ;@ﬁnﬁﬁﬁp@E¥&ﬁﬁ fluid to maintain or
restore the |l evel of the property being nonitored within predeterm ned
limts. 2. The nmethod of claim 1l wherein adjusting the chem cal conposition
conpri ses addi ng




to the cutting fluid a repl eni shing anount of at |east one chem cal
conponent of the cutting fluid to restore the property being nonitored back
wi thin t hwopomdetsssm ned limts. 3. The nethod of clai mPCTMises09i0689a6lj ust i ng
the chem cal conposition conprises adding a chem cal conponent of the
cutting fluid in an amount sufficient to mai ntain the cutting rate and
quality within predetermned limts. 4, The method of claim 3 wherein the
chem cal being added is selected frggn\H}g group consi sting of a hydrophobic
surfactant, an oxidizing agent, oam ng agent, a thickening agent, a
corrosi on. i nhl!-\bi—-iﬁ-@mvcaﬂn‘ngmteihodlmh;mg;@gent an acid or a base. 5. The nethod
of claim4 wherei n t\h(igphenj g gﬂ F s an antifoam g‘agent, and
the antifoam fAigf"agRHE™ 8%?"?‘ éé‘*“ﬁs‘éﬂ VEGHBIY TS, MPREOHRTHYE Y B EY m 4
wher ei n tdigsahatmeatciRelange Redesl: siscuamgdatd; f oam ng agent and the
antifoam ng agent conprises a Ce-C alcohol. 7. The nethod of cla
wherein the cHEmIQHE wffﬁﬁﬁaﬁ&é@aaa)@;waﬁwze%rwH&taa@mﬂmdama et Mecken ng
agent conpiks&s; #qdcel | ul ose conpound. 8. The nethod of claim4 wherein the
chemical being added is a. thickening agent, and the thjckening agent
conpri ses an a@rfvinaﬁ@ tﬁb@lyﬁwmwsgwqfh@i W B @1 OhFeE He fone
chem cal o@@k'}ﬂ};ﬁgﬂggn& §m§mﬁ9&£9§h%¥bdu@m Ridghiand the corrosion inhibitor
conpri ses an I'kyl phosphate or an am no conpound. 10. The nethod of claim
4 wherei & theTéﬁ@ﬁih@ém Helimigw befele ddivginanheavemicdl spmgsiagesnmanes addss
ant i - dr yi,g,c3GERL nGATRLY SASuAbALGLRG tead bue TG APLOAEL, o8BI, wher ef n
the chem cal bei Ag adde an anti-drylng agent he ant1 - yT ng agent
conpri sedhial wabstore §@ propiesy hﬁﬂ@@ﬁnmuﬁmﬁ mthirmwredqmmmg‘drbimiper ty being
moni tored iS55k BEHEHoTIRM LURR R FR0Y LI Bl S60Sk e ldyydensi 1Y,
f oam hei ght wre dgener atio
t enper at mrcéemfaa&dompommlt oﬁige ttltmﬁjmatmh@mwa&l sutimmnomem: nieh thheittoytrsteng
fluid, n@ §pt‘1 qﬂ P eig@ 1%’(&! Imt he aqueous carrier. 13. A wresaw cutting
appar at u§ 8\*?%1"1 NEER él AT BRY support head adapted to hold a workpi ece;
a W resaw. posittt omnddd oeati ve nirﬂnIﬂmihafﬂhtEﬂlt'be&!&ddéﬁﬂﬁp@ﬁéudﬁ&“aﬁln B}H@,l’buphat the
wor kpi ece _can. be {;Qﬁ&?t inta contact. with { ‘?[ en ,i{g. gper
an appl i C3PYBRE PEYMS -‘*8?‘_‘5}981&1%@“ gudicre ‘éw vc‘Ut‘E‘ii g H"'t“o‘ tHRE" resaw
fromar Ql@ktﬁ(l'wtﬁt}lﬂﬁ@uﬁﬂﬁ{tﬂ ﬂgmid Bivehedibsnensk Gy s¥psdeem the application
region beln osi tione
g g %hg method 09 Limmﬁhxhuem the chemcal being added s an antifoaming agent, and

the antifoanung agent comprises a silicone.

6. The method of claim 4 wherein the chemical being added 1s an antifoanung agent, and

the antifoaming agent comprises a Ce-Cas alcohol,

7 The method of elaim 4 wheren the chemical being added is a thickening agent, and
the thickening agent comprises a cellulose compound.
8. The method of claim 4 wherein the chemical being added is a thickening agent, and
the thickening agenl comprises an acrylaie polymer.
9. The method of claim 4 wherein the chemical being added s a corrosion inhibitor and
the corrosion mhibitor comprises an alkyl phosphate or an ammno compound,
i The method of ¢laim 4 wherein the chemical being added is an anti-drying agent and
the anti-drying agent comprises an alcohol.
IE The method of claim 4 wherein the chemieal beng added is an anp-drying agent and
the anti-drving agent comprises a salt.
12, The method of claim | wherein the properly being monitored is selected from the

group consisting of viscosity, pH, density, foam beight, wire tenston, percent sohds,



adapted to deliver a cutting fluid to the wiresaw, the recirculating
cutting fluid dispensing systemdefining a cutting fluid fl ow pathway; a

W resaw cwotnrg7id7ai d outl et regi on adapted to direct cecriusgoolossods of f of

t he wiresaw and nmount ed wor kpi ece and back into the recirculating cutting
fluid dispensing system the recirculating dispensing systemconprising a
sanpling line for obtaining sanples of,the cutting fluid during the cutting
process for and/ or. _physi cal property of the
Sutting FHHOET zoeewfaﬂ%fﬂH?Q?fmae&ab&f@?w% g sl eoBiea%u oBlRCal 2 or
physi cal cpri@p@nidyoad dpheal eribbingl thid abjudeus@rr@r. sanpl i ng i ne and a sensor;
and a chgrp cal, additive feed |line ada ted to introduce a chemcal into the
reci rcul dti ng CEFErHGHFPAFPAIHSCELPUHEE to the nonitoring to adjust the

chem cal conpesiduhOmd QfippoR@efdddapB@idf Holli Sheb@pived; nt ai n or restore the |evel
of the property being m)nltoL‘ed wi t hin predetern ned {;n . 14. The
appar atus of 6I“z¥‘*?ﬁ"‘l@'~‘*’%‘féﬁ*@” Oy ‘\HT‘BB‘@? gy %‘@P?fbh%ﬁi“t}’d ‘édl‘“l‘%mls@?‘é‘ct ed from

the gr OUF&'xx@Q@ﬁb&tiit f]go afniatt 8GR MetresBHwhEERAThEM o, 0am hei ght, wire tension,
percent solids, éi?%‘ rogen generation, the tenperature of the cutting fluid,
A

a chenical cof «elwffect*?fe“‘*teﬂpﬂmgaNrm&a cuins Aidopthecurespr 6gera y of the

aqueous GALllRhiny dding MG @i&@zﬂ-‘i;@@ UseBi ziﬁ'aﬁbl%ﬁ&z MBSk %&xﬂg higimbemcal being
introduced into the recirculating cufting fluid is selécted fromthe group

consi st i mgapdd i dalydr pphibhd Buid e ha sty ﬂmemu&ﬂng fgfinggbnd dispesiamt i f oani ng
agent, a s&%&n‘? &R0 QOGN 1 @nGOLEARLEN I nhibitor, an antidrying agent, an
acid or a“ base.
a wiresaw cutting fluid outlet region adapted to direct cutting flnd off of the wiresaw
and mounted workpiece and hack into the recircnlating cutting fluid dispensing system;
the recirculating dispensing system comprising a sampling line for oblaning samples
of the culting fuid dunng the culting process for monitorimg one of more chemical addéor
physical property of the cutting fhad, or a sensor adapted to monitor one or more chemical
and/or physical property of the cutting fluid, or a sumpling Hne and a sensor;
and a chemical additive feed line adapted to introduce a chemical into the
recircudating cotting fluid in response to the monitoring to adjust the chemical composition of
the cutting fluid to maintain or restore the level of the property being monitored within
predetermined limits.
14, The apparatus of elaim 13 wherein the property being moniiored 1s selzcted from the
group consisting of viscosity, pH, density, foam height, wire tension, percent solids,
hydropen generation, the temperature of the cutting Hwid, a chensical component of the
cutting fluid, or an optical property of the agueous carnier.
15 The apparatus of claim 13 wherein the chemical being introduced nio the
recirculating cutting fuid is selected from the group consisting of a hvdrophobic surfactant,
an oxidizing agent, an antifoaming agent, a thickening agent, g corrosion inhibitor, an anti-

drving agent, an acid ov a base.



