PCT/ JP2012/ 054115 DESCRI PTI ON WATER- SOLUBLE WORKI NG FLUI D FOR

FI XED- ABRASITYEo W /B4 QAW Techni cal Field [0001] The present invention
relates to a water-soluble working fluid for a fixed-abrasive wire
saw. Background Art [0002]In recent years, the dianeter of silicon
waf ers has been increased rapidly to reduce the manufacturing cost of
sem conductor devices, and it ha I qportant to inprove the
cutting technique of the siliconﬁ%§§§£gﬁnggpan exanpl e of the cutting
technique, there is a cutting nethod using a wire tool (wire saw,

whi ch causes | ess cutting | oss and exhibits good processing

ef fi ci encyyaTHRLSoBUBLEVIORKARR: OfL P t#cﬂﬂ mﬁﬁdABﬁ'ﬁE%k} are e l9gse
abrasive nmethod and a fixed abrasive nethod. As for the Foose

abr asi ve nmethod, problens such as the foll ow ngs have been pointed
out: (1) since a slurry having abrasive grains dispersed in a fluid

i s used Bsclnimskihgefdui d, a cut workpiece and the anbi ent

envi ronnent are severely contam nated; (2) it is necessary to dispose
of the s[Q¥®Y] cont aiTliengpdeareger ammuanits oof rellia t@debrtics at hattear-@oluble
produced during a cutting process; (3) it is difficult to separate

t he | ooseoubinagi Veuyd afors 4 rbimedrenloed s idebriisce agadv (4) a runni ng
speed of a wire is limted, causing limtation to inproving the
processing efficiency. In order to solve such problens, studies have
been conducted on _a fixed abrasive wire saw whi ch has abrasive grains
fixed orfP?d EIERM AR PCT/ JP2012/ 054115 of a wire such as a piano

i b d iti , i b , , t , . F
exanpl o, (HETENt  Doc dieiECETH VEr bSestle fbARE teir 23 DbLHEPR et Faaty
abr asi Vebegér?' ﬂ%c:?éaggdt]?a Od Fgéxﬁg%}?%? r1_1$| gn%blgun : Thrre,ritr{é )écec?sot C(USI a

abrasive wWire sawis noved at? a spee

brittle £L4 r ‘ bl i i i.Cle essl.ng.
D) & SBhEcbahctder aby, £aablig, N oy el sl oo Bl Atessi it
fixed abfpsi Vet A& S AY0Tdd R Isyid dos Wsed Qggﬁggé féﬁaﬂﬂ#% of
purpose of |ubrication, cooling, and dispersion of cut é%rls. The
wor ki ng thali guteihg tserhigud) efies bl s solable dd MaheSd Udsing a wire
non- aqueous working fluid containing al nost no water has such

dr awbacksod hatwire Baw) agueiais cuokaki lessempenant 16as seldverhibits good
conponent) in the non-aqueous working fluid deteriorates working
condi ti opsoce el mpr&ihipcidnuiy. b&temes afrkatwabt gpeandf acwaisiviqgnesited,
wast e disposal, etc. after the processing beconme nore conplicated
than in vhieckazees of Imigwy aprwestiore getthbdeandr ki Agxéd uilkira$ D0O4idrhod.
addition, if siliconis to be cut, the follow ng problemis likely to
occur: shhadeLENRCHPIS ahirgBiiy ereait¢de pricb leagcsechiashthat kel loywigrgs
al kal i durin%)cut pnocessing t o produce hydrogen gas and cause fire.
Ther ef or@aVe (P& prdnéeghPatt ol s § 12 Cko K8 HYTFY &ied Lpsi aRra81va TR ing
fromreacting with silicon. In this viewoint, such a working flujd
as descr bﬁﬂgfﬁeéaﬂt%ﬁt f%U&E}nJeﬁtusf &SsagietE Tatidi ancEt SoBRisse
Literature.[ 5] . PCT/JP2012/ 054115 Patent Docunent, 1:.. Japanes .
pat ont RS GOt TP L 6. CROnE (IR RS SR ga0 P e e

2: JP-A b@-rh%é?%’ 59%35%1 oﬁo & t&?ﬁahP\r‘ﬁ?t !':81@1:5]{@9}6@”&% e bagﬁlouants

Sol ved by t nventi on 006] A Wwor d'marn nposed
glycol apd M@telebris that are produced during a cutting process; (3)

it is difficult to separate the loose abrasive grains from the
cut debris; and (4) a running speed of a wire is limited, causing
limitation to improving the processing efficiency. 1In order to
solve such problems, studies have been conducted on a fixed

abrasive wire saw which has abrasive grains fixed onto a surface
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as described in Patent Docunent 2 is w dely used when cutting a
brittle pgtreroahomygesas silicon, sapphire, glass, ceramcs, and
neodymumw th a fixed abrasive wre. However, such a conventional
wor ki ng fluid sonmetines hinders sufficiently stable cut processing.
In particular, it is found that inclusion of cut debris into the
wor ki ng | d..cau vari.o .0, . h rking fluid.is used
in cutti%Eq%qﬁgﬁkgﬁégégéﬁkgiggos?#fggﬁfggggt ggFggséFlgﬁé ﬁ%gk%ﬁﬁ%gﬁ
go into e, i | A ang.i.n as i ity, of. 1 he
norki ng 11 o oS rerezs didho PREctreRaMBLRT P AL, MoGRESM Y Ridctooss,
addi tiona fhesy taser Litved @RS saten B X8g drd ey dQydding HrubE. to 60
probl ens sonetines al so occur that a pipe of equipnment gets cloggedun
Wi th theftuéddeprissimdeaiad depesstixédefsnaftehyis@mebives netearsd a
to as a "hard cake") is created in a groove of a main roller onto
whi ch a speedisf tWRe thodkked, myausi ng skicppibgiofiéhheatdrea) calsdfuby
the wwre to cone off the groove), and so on. [0007] Accordingly, an
obj ect otnaheingesbqhlyneehidcoent scut coprovssteng. wat er - sol ubl e
working fluid for a fixed abrasive wire saw which can be inhibited
frominct@a@3hg its Qn ddesiotpeshband, xeben chttiing debdvy st bkel matrerial
prevent clogging of a pipe of equipnent and generation of a hard cake
that areP¥agsdadby LHeav IPpmAPI vBMASe t9av cld Webring Mesyd Forused
Sol ving t he Probl ens 50008!The i nventors conducted an intensjve study
to sol veYAEEEBHVE DF B OSHh @It beRb e Ak PRI ISGR g, and disgepysion
when the_cut debris_of wor kpi.ece_are m xed into, a working_ fluid,
QEITYF GFOFRE" wollld H™ Fi Pt THct ERER ISPE T PERREFGOBERIP 1

t he viscosity
th t [ [ ' ' . icle.si f 1
o o bELAGRE he et dEBR L o d er ) BPhRef 1 BurRuble ShB e

act on eggh otbhRrqtoweggkoNEL 2t e £ontal Ning,t e, WoLki ng ééégéhﬁPt (3,
y en the

t herearound and function as a viscosit nprover; (

cut debris1eénf MMIGHSLEY if tHXBEnLBERBuNIdd ] Fi:9a RiNGe dhes
specific gravity of the cut debris islarger than that of a

conposi twonkCafstdidl t Nehd he: Mo Rl Md rid Wileidt Becembsdebahsabay} nghd he
| arger specific gravity precipitates. At this tinme, if the cut debris
preci pi tadehimgfotepy waste disgersad stat.eaftbe ché gebtéssifdioecome
precipitated get solidified firmy and densely, and causes cl oggi ng
of a pi peooé ey lpmerite brthgerner Glihé oasef o f usdng T akéerasdluble wofB)ng
t he above problens (1) and (2) can be solved by properly adjusting
the el ecE#¥W&dl conductivity of the working fluid to control the

di spersion manner of_the cut debris mxed in the working fluid. .
[0009] Th&VRPEent i nerdditivds BéehlhheenbbSde &% €HE, abde el 9l Yol Hys
and has the Iollomﬁ£g afgects. A first aspect of the present

i nvent i oRTPRIGMWAP et 5T UbFR ABFRF ngSHIGE a5+ bkCR X dol bk Bsi RAC T For
saw, the,water-soluble PCI/JP2012/054115 working fluid conprisin

(O a cai‘gﬂo%&ﬁ‘itcs ‘é(&?b;wa(tljr Sr&fhﬁc?ﬁﬁiﬁglvﬁ#‘ﬁf‘%ﬁ%g%%%%‘ﬂ‘}ﬂ f produce
di ssol ut j er; ter, erein an.electri

conduct i W?i‘}bg?% (?P%’{]ﬁfég%t%fr-%bl Egéée%Fﬁi'nbgf%%ip SIETabder ey wsk
or nore ?n&gor’_SQQIQg %ﬂ@i&mlﬁrcﬂ g%s"n%i%lﬁl_t%td_ %%g OEeEB%iM‘%FQIEﬁ%Pﬂ[@on.
working flurd 1s™5 or nore an 10" o I'ess; and a viscosity of a

si mul at egnfLuid Jo5mBshby, adding 1. 1BSYy %10f @as hégggiﬂg&dﬁﬁ Pavd g
an average particle size of 1.5 Jjimto the water-sol uble working
fluid andostinehtng asresybbaptqm xture is less than 30 nPa.s at 25C
[0010]In the present invention, the "viscosity" refers to a viscosity
measured by a Brookfield-type visconeter. The "average particle size"
refers to an average particle size nmeasured by using a | aser

di ffractCohaStant Bishg type particle size distribution neasuring

devi ce "LA910" manufactured by HORI BA. [0011] The working fluid of the
Patent Literature

[0CC5]



wat er - sol ubl e working fluid for a fixed-abrasive wire saw, the
mater-sqhyphgzwg?bggg_quid conprising: (A 0.1 mass % or nore and 8
mass % or less of at Peast one nonionic surfactant selected from
copol ymers of an al cohol, ethylene oxide, and propyl ene oxide, and
pol yoxyal kyl ene glycols; (B) 0.1 mass % or nore and 80 mass % or |ess
of a glygol. 0.01 ss-% or_ nore an ss_%or les

T 3 B20i e P s A AR £ R APt 8at b LA GOReR & il
mass % I f ound whi ch shows basicity on dissolution in
wat er ; g%ﬁ'?%§oﬁkgig§§gﬁerein an electrical conductivity at 25C of
the vat o560 tbhSWRSK Ng: T3l s, 30 AYgmy more and 3000 M/ cm
or less; a pH at 25C of the water-soluble working fluid is 5 or nore
and 10 or less; and a viscosity of a sinulated fluid forned by addi ng
10 mass % of a silicon powder having an average particle size of 1.5
pmto theuned ey -sD| ¢tk eIwwskingh f 1 ui d and stirring a resultant
mxture is less than 30 nPa ss at 25C. [0014] The worki ng fluids of

t he firsRrantendetsdoontbhspddts tdie therqrteisent i nvention preferably
have a surface tension at 25C of 20 MV mor nore and 50 m\m or | ess.
[ 0015] ThEO®P ki ng f IFuivdskdhgtenfd meti ndgdoarhee st odda adpestisanfl water
present invention preferably further conprise a water-sol uble polyner
and/ or a2%edouT Heedgeht Do ond 6)anensit Erﬂgs il ofsqherlian stutdidg
t he second aspects of the present invention preferably contain 10
mass % of Jorlet EhdIE T Hasy T 68 Fed3COP/ t FePRIE} r'fiatEh3 S Ha & FH % /

total mass . of the working fluLd a 00 mass % Effects of the
| nvent i oP§ OB EREYR d¥ g tD fjn’ée%r LY VENES on HOMEVRE  n§86PHRe t o

provi de r-soluble . working. fluid, for fixed ahrasiyv L1.e.S
Phien caeREbRL it Bl T AR e b IS AU RR TSRt LG G

cut debr} - ve iLp f uj nd. .

gener at 1 n of T Tl cake Trar e o Btecy 2y P EE AR ign of out
PCT/ JP20d 2 P54 Ln MpHESw & Pk 1 QM0 cME e Ehea MG UrB 1ems.  When the
[ 0018] <Properties of the Wirking Fluid of the Present I|Invention>

(El ectrigatkCondprhidity)used in dber Wad e -$t kb €cavosikdmdad | 44 1di det,
a fixed abrasive wire saw of the present invention has an el ectri cal

conduct i wirt ydaebr26Co pf t BO 0w Pt 156 CarOr gdol et anch S0Hr Hilksd cMwid) essd in
The upper Iimt of the electrical conductivity is preferably no nore
t han 2008cme Stasg s arite nmoirsesqrigfercbltheneomaiegt hanid00OctdStemto the
[ 0019] The el ectrical conductivity indicates how well electricity can
be conduekxeentapdat satef¢hed = ttecasding.ocah efidétéenyiehén the cut
resistivity. As the concentration of an ionic substance contained in
t he wor kfRBrieude islixggHer thehaogkdagr fduldeonyobl Pt yometimes also
wor ki ng fluid increases and better conducts_electricity. Further, as
t he conc@REFAtTRAC ¢f PARS BhiIERAHN g8t eoRt aRRRY i1t RdenwsrkidrRPris,

fluid is hjgher, ' debri havi I i cal
char ge +3nheEg GEBPBhbr ATEEPRNE RESHor RIFOLFF &l B B ERaSh |35 Raet e
as the eLe tn:calcgpn %giLvity ofothezanrking fltﬁd ky rea?Fs t he, e
appar ent CRAFL 1 cte GIFTGH ¥he BUrOYRIH & ERBa T hlThe Wt RPng"s Pl
b . ' . | i 1 at . v A S
Cime s heect i do el Lot SPRPERE S8 M ES T okt sheTiee

it is seep Lonmbesyrl tkel ¥ Lhatya bagdsgakg is generated. Further, the
cut debris can precipitate asgér en it Is in the aggl onerated

state, amdobtvl]can bep&astdynseparat ebfdamdrhe nwopkbBant! vhdeRYisRaNS
of centrifugal separation or the |like.” [0020] However, when the

el ectricab pesduati ¥i k¥tes-b6QublEhworkiRgCOmBSddEbL SUELxEQ SbBPEISE
the cut debris in the working
wire saw which can be inhibited from increasing its viscosity
when mixed with cut debris and can prevent clogging of a pipe

of equipment and generation of a hard cake that are caused by
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PCT/ JP2012/ 054115 fluid, thereby causing the viscosity of the working
fluid tqp'ﬁgﬁﬁgfgoggﬁkly. [0021] On the ot her hand, when the

el ectrical conductivity is low (typically exenplified by pure water),
the particulates (cut debris) having an el ectrical charge repel each
other due to the electrical charge thereof and di sperse. Therefore,
even mhe@hthe cut debris is mxed in, the viscosity of the working
fluid is"unlTRel e?ﬁl?hcrease. [ 0022] However, when the el ectrical
conductivity of the working fluid is too |low and the cut debris are
di spersed excessively in the working fluid, the cut debris

precipi t@at e, ungforad v, i n,t i Sed state and be solidified firmy
and dengg%y. Due to t%eﬂ%d?%%e f%%Iprecipitated and solidified firmy

and densgxhtyosap thi s 7TRNIReKenRLRRl 8RIQSEHH 8ASintLn3UsR 88ugl0ggidig I
a pi pe of equi pnent and generation of a hard cake in a wire groove of
a main rehé esbsesubtoibens, Skh@Ppiagh@ftHderou I@vire@aisi ng the wire to
cone off the groove). In addition, when the cut debris are dispersed
in the worKki ng(T) utltkrexdes siweldeb e yo free cidu Hrate-es land yni xErerieftar e,
it is difficult to renove the cut debris in the working fluid by
means ofweekingffifyaldsepae avisroorty hef |ihe whenirartiialild dtrrorassdo
renmove them for the purpose of waste disposal or recycling of the

wor ki ng $1andfi¢aopBy Assendgiengt ttdiet tret webkiirsgb g f iofe phedpred@mming .
invention, by setting the electrical conductivity at 25C of the
wor ki ng # IRATFIHL] 15 Z2Caf§ed HRdRd i bed) apbeecayse Shsosyfpliebrbs having
adequatel y di%ﬁe se, agglonerate,_and precipitate the cut dehris in

t he wor ki MEWHIYIIPT FE8GRtactvely F6dsPBIAHh AtMRthFP J IR EREE %
the viscosity.of the worki flyjd,  clogging of a /[ JP2012/ 054115
bl pe. of SUUFBHANES RS FERY of Ll Rarie Feiiel e b ST G0o A1
electric tiyi .the working fluid of the present invention
can be dg#agﬁggygyi%%£%%0%ht of a substance ionized on dissolution in

wat er added t OQ h%h%rﬁtégu%lc%éib%&slzgf aw:ﬁecé 0 BLect 1468k worb}iling

conductivity of the working fluid can be adjusted appropriately
adj ustingi1hhe agddhtivenamopat; oftheaPet pw deses | bed (Kr conponentqda
carboxylic acid) or the additive ahount of the bel ow described (D)
conponenthén €OAPOMNG WingtdsShaws RasiseitytengdiBsokytkoRgi M Wed erohe
to the working fluid. The working fluid of the present invention nmay
be di | ut edtvdélhr imtrervisenhesedrgbttsparitic gase tgspwetipithetes. At
el ectrical conductivity of the working fluid after dilution is
pref erabthisrtinee fdnges ginvedelaboy @rddd@dF]atd sodfoty)y in a difspersed
viscosity of the working fluid of the present invention is preferably
1 nPa.s &kahwrethndcRs afarssothliespreacipbiitqhegeppeelidifiedffitely
viscosity is nore_preferably no nore than 20 nPa.s. Wen the
vi scosi t §n8f EREShdr kPRg FRUFES| Sleeding ghf 2 helpeoehtePiingees ¢
the working fluid is _generally small and thus the ability of the
wor ki ng F?S?HanoPeﬂﬁv@ hase takeed®By processing using a fixed
abrasive wire reinafter sonetine eferr to as a "coolin
b Tty s ubak COMaP BT bR SRIRIT o bt 2 A etk G o8 Sroper Ly
processi ng.precisi and ipcrease of .l oad on a topl ma rise..ln
ba £ on= a5 EEhgs PP B e SRR 6RE eeraurar utly Fef ofhe orehiag r1odu to
di sper si e e m NN rd i i d, of e
prevent ConEEBLoREbCBELBRERShh, ARaRE e ch LOE MEbHLI i g end
mPa. s at ,29EngMeigiRreferably 1 nPa.s or nore and 20 nPa.s or |ess
at 25 C, and sgill nore PCT/JP2012/ 054115 preferably 1 nPa.s or nore
and 15 nPaosogr | esstié p22senthevascashby e REas gAY 64 thelbgbis
based on neasurenent of a viscosity of a sinulated fluid obtained by:
addi ng 1@inasag% ehdahskl teenfpowERingpaspéete.size: 1.5 pnm) to the
working fluid of the present invention; mxing themby stirring;

A first aspect of the present invention is a water-scluble

working fluid for a fixed-abrasive wire saw, the water-soluble
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setting the pH of the working fluid at 10 or less at 25C, it is

possi bl ep¢rp/i@asidHs41Bi bit generation of hydrogen during processing
and increase in the viscosity of the working fluid during processing.
[ 0028] The pH of the working fluid of the present invention can be
appropriately adjusted by the bl ending anount of the (B) conponent (a

gl ycol ) 1W6P1§%Ar’$] )%ﬁﬁh ?n%trlgs%n ar gf%yl ' S C'x@l’lcag(cjzldfeI(§JP%%;c$ %rﬁ%n

(a conpound asici di 61Ut Ton' S A wa

descri begh pgh ovy,oJhe,yd 5¢ tddn Ocilé L}(&ré&{r& il Ofa&cl‘e(lzﬁr %ﬁaeé?etr
by a .

i nvention can al so be adjuste I ng ano er additive gH
adj ust ergnedbien Wl ki1Ratfliviad ebnkhecpresenit 'W@%f%é%t@c—@dl‘ﬁ&%
with water when used, but in this case as well the pH of the working
fluid afverkthd utiwiyd iis poef peabhyot mdfe Jrange odeasy chedr aboys; a pH
[ 0029] (Surface Tension) PCT/JP2012/054115 The inventors have
found that 2%€ cdniéet wanak-woilkbhg fbukdsghaveidnssf$ ict emdre and 10
wettability on a wwre used and insufficient perneability into a gap
in a workpikees: ardl tehatl stdes idnyooifit aosimhéatwedkihgid| fodsed oy eakhira
portion to be processed (i.e. a portion of the workpiece to be
brought 1htmagodnt aef ai $hliten whewded hdvisng farciasmyagehumn goimsid resisze
causing degradation of the cutting performance. \WWen the surface
tensi on ®f the KBrk? nge IMAETSe bR Is g g vighuigbiand ptddg itk a

permeability of the working fluid deterjorate, likely preventing the
Wor ki ng FFER HEFROM SRR nte {16 ot i3 q o %r%"c&%@ 'n an

h b d d
crate THOTERbro. hedt e é%aa%a?é%%%%qﬁ?% R A e
be pr 0CESS Jc_i."j &éf@%&é‘é’&f&? ez!ak‘ér 19%1@1 %ﬁ)edu&li on?enc exce |ve

| oad on a oor ~ sur roug NEss plece due
degradat+9p. P Sd Pr £} ]ﬁ%ﬂ% e
surface tenilé%éq§ Pﬁgggir ?%% ff%ﬁ%#%?k?ﬁépﬁ%esen i‘nven |on%%§é]

pr ef er abhya SOr 8Ny AlsiRP S Ak s@2Chi RBLEcRLehe5abtYe49n Olpd Bsi- 1Al
25C, and S?I|f nggi S?eﬁirabli 40 n rncor gss ate Cgﬁéf@sé%fﬁﬁg

the surfegeet@net@ﬂb@ilmemm&rmgfa@wﬂcé W*Em@l@zquldﬁlgﬁ;red By5
possible to inprove the wettability of the working fluid on the

wor kpi ecBORSBARi con etc.) or the wire (nickel, resin, etc.) and to

i nprove the perneability of the working fluid into the portion to be
processedf01DD30] On Tt wortkémghahdidwhienhiehéisat fameedtendi bheigresent
|l ow, foam ng of the working fluid is pronoted. Therefore, a problem
occurs thavenbaanprafinradducédrthes e worss ig) f & il adur png ndreionic
cutting process, resulting in degradation of the cooling ability of
the wor kPREZRFERUE SPHGCE ST RPE OROBYBISILEN® T POTA J¢naby 65hYisneipside,
t he foam neratefﬁfron1the morklngﬁfIU|d overflows froma tank

arrangeda rpﬁﬁPH Bt FEIdor kKERG P Yﬂxy¢$%ﬁ4?%%s%;w¢%Mﬁoints t he

o ef or bl 90367 v m oS kit gellid ot ﬁ&weefg Ferentsh 3 hRfmepsent
1 | f th

oresent Chvenbran bantnodhidofatERet il edg%ﬁ’fé Laietl the "

bl endi ng; ggpant of ]EIF d@?& é’@@to@r & defaamng lch] S‘.]Iqof d—’pwn th

bel ow. The wor ki ng present I nventi on may

wat er Wh@QtH§EQOlQHEe'\Go£Pi§ CARS @S yeld ftlktedsahﬁ:e%@vgewiken 9{3 thee
working fluid after d|Iut|on IS preferably In the range gl ven above.

[ 0032] <CorpenesbsulbDat wb AR NE 1ied Wi Migs gl d 20f ot.hemBs8sendr more

| nventi on> The working fluid of the present invention may
contai n the Tarpenenis 1éescef had 1kelsevohomaxamlesuk@838hhtAelected
Conponent) The working fluid of the present invention nmay

cont ai n aroheasgto lome moof ani £1 setid Beeahly Leakentialk f snmpeopaiiymer sxdde,
an al cohol, ethylene oxide, and propyl ene oxide, and pol yoxyal kyl ene
and polyoxyalkylene glycols; (B) 0.1 mass % or more and 80 mass %

or less of a glycol; (C) 0.0l mass % or more and 5 mass % or less
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[ 0036] The working fluid of the present invention may be in the form
of bei ngp@r)beiomkifiswat er as necessary based on the working
conditions of the cutting process. That is, the working fluid of the
present invention nay be nade by preparing a concentrated conposition
formed of conponents in the working fluid of the present invention
other th di,l utj ng e trated 0si t] 1.t wat er
at a wor sél(\?%g%k?&%ﬁ%lgfi%%i.&r hé&/\@@%ﬁé&?sﬁiﬁ OOITC(%% e parnecg27n}t,%{ll°—’lsrg ot

i nvent i o gy, Hg H&Qﬁoﬁﬂd%ﬁﬂ&hls)ﬁo%gnﬁ§£'£é§%g%rrja g&%g&m&oksin H}Paer;

working flurd of the present invention nay e using a snma

amount oindatmer at@rbewHs i ASar o1l tei b BEnAUELNELtdidutatcWhE Rhe
wat er, depending on the working conditions of the cut processing.
Wien actwiatéy- 61 dglé e moird Fa filauid 960 the/ i esenbrenygat 3000 i it
processing, the lower limt of the content of the (A) conmponent is
preferabty Iwsd essptihan T5°C pdssh&ywanse-gseilerablorkiod €3sithas D.cx
mass % and still nore preferably no less than 0.5 nass % based on

t he t ot ahonassnd 100omabsd4; aind heviwckshgy fdfliadsafuflbtepr Esend formed
invention. The upper limt thereof is preferably no nore than 0.8
mass % Poeeldrer &P a9ss foohrer el heen Pordegskavinamd sveragamarticle
- preferably no pnore than 0.6 mass % based on the total mass_ (100
mass% of LERePTwok 4G i ficuitdcoratRE-pPésBAe VAYkRRY obluieranth ST iR

case of preparing the, highly, concentrated working fluid

PCT/ JP20A 2 BEALT8N b1 HETER et o7 Ve oif dE HESEHT vetiCabove, ¢ he
upper lim t he ntent.of the.. opent is preferably no re
Chon 8 neQ88l ror e HReFRFkDRY Mo v of BB o hnsBebh e S50y 4 ha
preferab n. % t.he to ss (100 ymss?
b “the vor kg T e e o PraTe el e SRRy 0RO (B Comtngy
The wor ki 8- fdpiih Qi A& Presents deent) y sfurt her contain a
glycol as the (B) coﬁ%gnent. va% awﬁfeéggégﬁiﬁg Seim)unt_of the (B)
corrponento@pBLaI ned 1HE {BexWREK NG dd YEEHRS £1 her Bheseid sbBvaRtd Phbcts
conponents other than the (B) conponent can be dissolved in the

wor Ki ng $futideoprébenpr esesit i oy epid Dar S Bp| Fuaitge dr yomgr Die the
working fluid of the present invention can be inhibited.

[ 0038] Spestéresekanpe esobjmeheagllyeol a adefbmm{) apemponent are

wat er - sol ubl e glycol s such as: ethyl ene glycol; propylene glycol;

1, 4- But abe@iel; hexdthet Rprenegdi yicials ohadpent yst gingciote seicenklyd spect s
glycol; triethylene glycol; dipropylene glycol; tripropylene glycol;
pol yet hypénkhgl peesenpoiypebpyPenergfgeably gtgriod in of0 anzepot yorermade
ethyl ene gl ycol_and propylene glycol, a copolymer of ethyl ene oxide
and prop§ene® okitRsSs & €r 1gsycel dRod kyiat@helas§gcRnag total mass
triethylene glycol nponohutyl eth triethylene glycol nononethyl

et her, dPgtFg?eﬂgrﬁFQQOEfﬂﬁﬂoBﬁt?éoé?ﬁ%?,ﬁand tripropyl ene gl ycol
nmononet hyl ether; and a nonoal kyl ether of a copolyner of ethylene
oxi de and propyl ene oxide. Anong the above exanples of the glycols,

propylengfgggggl fdkﬂéoEXLEHEig ycol, diethylene glycol, triethylene
gl ycol, polyethylené gl ycol', "and pol ypropyl ene glycol are preferred;

and di pr e glyc . di | . ci all .
ond, o1 PrRNLIe ol voRleand Mo IIBC MU AVEREIBRE! k1Yo possinle
combi nat ¢ gnprAve@ROLYNBECEOEBRALOE L¥PK Ok MBI 81 QT £ e, aBoYed MRy 2L 50
be used. A mass-average nol ecul ar wei ght of the above glycols (in

terms of wsrandawdwhekMstyhepe bMnoBhtBEr FBehi OACE8E O1RE 0T APRYIcbSity

preferably 100 or nore and 700 or |ess, and nore preferably 100 or

nmore andwRefA mixkdssith[ 6089HeWben aﬁauahhypbéir@gttb@o?@iﬂs@ng Iﬁi%@dof

of the present invention in cut processing, the lower [Iimt of the

cont ent efjut hmefiB)ardnyrorartich pteties abind rakkeshat hare G@alsmsBy%he

nore preferably no less than 0.5 nass % and still nore preferably no
cut debris.



The working fluid of the present invention also contains, as the (D)
conmponenpeTA P iBesdswhi ch shows basicity on dissolution in water
(hereinafter sonetines referred to as a "basic conpound”). |Including
a predeterm ned amount of the (D) conponent in the working fluid of
the present invention enables, in conbination with the (C) conponent
describ % such_adva eous effects that: the pH and the
eIectriﬁ%?gggngu%t¢%$¥¥l%ﬁr¢§€ %&ﬁkfﬁﬁFQH%ﬁ% of the present invention
o b el Tl et & dES Rl LG WS ol ol 0 St
present 1nvention during cut processing can be reduced; netal

corrosi Vitye@fidhte working fluid can be reduced; and other conponents
can be dissolved into the working fluid of the present invention
stably. [0044] Specdd+tceXxarlasctofviithe basi c conpound as the (D)
conponent include: conpounds containing alkali netal elenents such as
sodi um hydr oxiTies weatsassidimblyedwexkidag S0ELANM AEDENRLE, alped 856k Whre
carbonat e, sodi um hydrogen carbonate, and potassi um hydrogen

car bonat awanfl tdm e ssudh iaventiienhaasl am akect PCIA D R2AA OSAANSy at
triisopropanol am ne, ethyl enedi am ne,

N- (2- ami AbECNYE BO2- 4% eetrhmnok arechd 0NO (185 Ao poel éiy$ ) etTe@nuppani nigait
They may be used al one or in conbination. [0045] When actual |y using

t he wor kPhgtie B BIridrl pranshnt iivientisoprefesablpr bedseragihame 000
| ower Iinizﬁgf the content of the (D) conponent is preferably no | ess
than 0. 04°1eBs 3/ JAA FroP e PP etk ulty HRre ddan rﬂaqpfg.@/ms % based

h 0 9, of th Ki f1.ui f th
nvent i oROCTRE uppertH4 i qiel et G Rsard y TR R5ae PR 513
% f I t.han Q. 9 d_still !
et er anty o ror & crah B S i, 208 T3 SebnBltaf e o b ank
pref erabl'y o Hor e/ LT ‘ Ed*on ChETTELEF WSS
of propar i NG TRETHI Bl § CORCoN T it od wirh oG TR o Phe pPEsan e

i nvent i 0guBst #88£ RS 13ReVEn th@%maﬁ{g k'%ma i%fhirg'ﬁefp'ﬂh%@légatbﬁtih?al
9

(D) conponent 1s preferably no nore than mass % “nore prefer y no

nor e t hagoRdaBssv Yy adl tild hibri®he Pref@rialise e dahe bhehep dBsfuhs
based on the total mass (100 nass %9 of the working fluid of the
present ébwentiontyBy meithidry hbaheosbeséndfat hen OB)akoppoaenibdtnride
above range, the above described advant ageous effects enabl ed by

i ncl usi oncntathed (D) tbhapeoshkingahlbed realhzgde r Whesnr t 1ven tord € ntcwof
the (D) conponent is too |large, the anount of the (C) conmponent used
t o neut raebzest hea(D)g conpolrariiriigwdr edsege ttens! tausgogyomeradal in the
uni ntended increase in the electrical conductivity but also

det eri or dprbanef finspensroncasritvie damadebrias he048lemie iwsrki ng
fluid of the gresent invention may contain a salt formed fromthe (O
conmponenfPBAUCEhEIED) CEobPBneATkiigst £add o NERRATEY, CORPARPAL YN t he
(D) conponenpt descri be bove, . PCT/JP2012/054115 The, salt is

pref er abP?rgbﬁﬁrjﬁiS&@c? Pcﬁj e CHGIR T ‘B EPHelh §%‘8\)’é°’? Ii%lfﬁris‘lgfb?%“es

SSRGS R e
T ek T U
o £ e b arl b Tt M TR B P bhepvet e,

conducti ¥hkYyeut OHeB¥2BPLENWBLEE 1 W L AL B ghsPardpgrss. ittiksipreferabl e
to adjust the anmpbunt of ion contained. For exanple, a concentration

of ion (hayUoresited bapcwat 8AdVati 5naPBNgadi BASsOpabRLEY FESm the

[ 0048] When a cutting process is performed using a wre having fixed

abr asi vewgraing, fauldrge asanst oof chratifeggeneephegedoii g €tk like.

processi ng conpared with the cutting process by the conventi onal
[0020] However, when the electrical conductivity is too high,

it becomes difficult to disperse the cut debris in the working

7



PCT/ JP2012/ 054115 can be increased to inprove the cooling ability of
t he wor kP@g/J@byig%&rﬁgt is, according to the working fluid of the
present invention, IS pOSSIb|e to attain both inhibition of the
corrosion and |nprovenent of the cooling ability. [0051] The | ower
limt of the content of the water is preferably no |l ess than 10 nmass

70 Toss TRERT50teees, Sl e G o fas oo T Sy R e’

wor ki ng {% of the: present |nvent|on By setting the content of the
water to be 1 massJO or nore, it is possible to easily ensure the

cool ing ehbdify of e cwarbing:ialdl piceveRk degiadatlpndiaddiayicy

processi ng precision, and reduce a l'oad on a tool. On the other

the uppeis|idw t(dyereafly edempherakly ohopiPeewd Hah) 9% e MRS %ulkased
on the total mass (100 nmass % of the working fluid of the present

i nvent i ofcuiVresbt he) dmoedvig oin tdleedat Btal ScHOrddedt dach idtheCane
of pure water, it is unsuitable as a working fluid in view of the

wet t abi | ¢ yEheard echieipadnehbr et yhe Hovke verd dikpessseenthdmd foden even
ot her conponents specified in the present invention are contained
even in @herryhenedt deiount , iatnieedtisonheadiattegeous eftflec vomdmg
be attalned In addition, the cooling ability of the working fluid is
better aSléhe %ﬁmﬁﬁ&l%ﬁlwwﬁQNlQﬁﬁﬁ%ﬁ%ed in the working fluid is

| ar ger . E&@%ﬂ(%ter Sol ubl e Pol yne The working fluid of the
pr esent i on Wi r’i“’hfr\/\&tl'@r esltﬂ%l@adolcy?ﬁ&“a&"@ﬁé’r Sitbithet y

f th deb f th

of the,chlfohe B0 (he 48Tk g0 Ll ofcthe, fresent, nyenti o, cor
fluid at d b | udi
e B TR R lo%le&%te

pr esent n 0t

Phe cut Gebt e R (o8 T o e e i ag T dﬁﬁ’% disa e, Séed? SS

pol ymer gbgsecan BRiUSEA die (e RS8R JravaniiicaR oS aRet s @&H'l‘%%@” y
limted and may be selected fromthose used in the conventi onal

wor ki ng f1shUg. afxaddh €51 ¢ hew eof i 4 nednwler Pabyyh IephdYdsal+ danss Bpdsiach

copol ymer having a structural unit derived fromvinylpyrrolidone. The
content af dheygiaterfsal pbbe qoleymepreny bedagegueitelon dat armangetake
within the range that can realize the above advantageous effect

enabl ed by & nclasipmaofe tdfe avaen- solllikrerpehiyning thoeskiypidg neErthe
t he advantageous effects of other conponents, and does not cause
negat i vewipg | (Fened nent e erwsr ko raprfd af 8.tHe0084PTORE odin addAgént) when
The morklng fluid of the present invention may contain a defoani ng
agent. Byh ?@thﬁ%ﬁt%@%f%@rﬁ%e&bém tha vaskioekf hgld|ereesiithly,
present invention, is possible to reduce the foam Ggenerated in the

wor ki ng W%deref‘éb%%‘}%t%n%lijcﬁéf 0dmck G tagent 1iads pdl GEEEUWF t Hyutemove
o oam g SRR %‘t%?i‘%ahnb%ﬁ%?é%m f ﬂféibﬁﬁia%%%c%‘ et LBigaL

oot X?%@aeﬁ‘é%—%%%'%‘mmﬁ O R et B35 Bt FERBke bR SF
agent 'SEH%T?%L? wég ém&%r@%%{&l A S R %f%g%ég”ﬁ&f@q

than 0.0 stl nore prefera ess t

based ongphesot al @@M&% MBS St 174 mrﬁ*}%‘gw& B,llﬂyéj rg}festé?&

pr esent |nvent| on. The upper limt thereo is pre era nore than

0. 06 massn¥%ntves, RFEienaihng tHQéﬂ@@@rlﬁéaOﬁ%}l@u@l%w LpaysQ: 99 the

mass % and still nore preferably no nore than 0.04 masSs % based

the totakophssg(100iamss Yheotahle M@é&srnlgeala&bélv@‘ i@ewr;eé@@ible to
invention. Herein, in the case of preparing the highly concentrated

wor ki ng actiaqdabély lel qurearssant agventrabeaartepeetbpiltabeviche the dgpels
limt of the content of the defoam ng agent is preferably no nore
in the working fluid. As a result, it is possible to inhibit

increase in the viscosity of the working fluid, clogging of a
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Exanpl es [ 0058] <Production of a Wrking Fluid> Wat er - sol ubl e
wor ki ng phdis®soi D50 1kl xed-abrasi ve wire saw of the present invention
(Exanpl es ’? to %} 5anc}5water-sol uble working fluids for a

fi xed-abrasive wire saw not being the present invention (Conparative
Exanples 1 to 13) were made such that the working fluids had the

Companeril Rhath TH PABTES BANE S 1 rehred e G E AT i g0 Oh

Conpar at j anpl e -9 | rLKiLRg i i nd 10 % of .
svntnet i LT E G br odied By Yokatre bR S0 L Yol Re i g
90 mass 240%,WRAlS | Lii hes ; ' '

Tabl es 1%%5 2 refterl}slgtegggb%opo ?%e%d%&%é %ﬁgghoﬁ%ﬁgﬁ %Igp%%cdar toarglce
nunber of odDze@tdtybeREONLEBN ARG, ROPYLARE OXitdfe working fluid. For
[ 0059] <Eval uat i ons> The working fluids produced were

eval uat eslxamipI€r Mehof e 1det eved Liaddoiud it B s ot He wkadatiasy IF1and Lan
The "appearance" shows the result of the appearance of each working
fluid obseradiustisdadpyrodhitat ety Ishovsiddte measiy endgditt ines Wiiowft tdfe
pH at 25C of each working fluid. The "clouding point"” shows the
measur eneme bebow tdescr heed| 6UMi ognpoient ofa ezctbary kigdildii chr e
"vi scosi t% of working fluid" shows the viscosity at 25C of each

wor ki ng #94di gl veangmed bY uze g lovBdeskiiked- (Bpeonpsoemst éa .comppund
"surface tension" shows the result of the static surface tension at

25C of eHehCho ety B3l o FeRQurdts L Wi ey & didital - tehsivh wastkemg
RTM 101 nuf act ured by R CO,, .LTD. and using the, du Nouy rjn
method. HHetd of dtie MeRkiEgdiEd OELSAS SRERSTENLTFRR5T £1 8P He 01 1uted
electrical,,conductivity at 25C of .each.working flui .
T IP2 0o oA it ey TS A6 P Snaase oF 1§t bt efhpgeptrical
manuf act : I e '\ ity . of _sioul id” s, 1
neasurengélltg&l?(g%hmb ait-rE%d wﬁ?@%?#&%ﬁgwa%ggr%%g‘gﬁiéa H r@’ aa}:ﬁ%
si mul at egd, f{yid de. pyapagdi ng 10 mass % of a silicon powder
(aver age particfﬁ?gz e:EL.Sap to each of the working fluids; mxing
them by storsing; thereaddercputting a stainless steel ball (2 mMmin
dianeter) into each of the resultant m xtures; and stirring the

m xtures at 100G iqubdiaty & BaursorNexd £ el siratAkesse ségelibaddt s
filtered off fromeach of the sinulated fluids by using a netallic
mesh (501isgstyfe@idl ¢ HenPaf seortheryimeb s wPat-s25€ déseanh 26PCt herhe
sinmul ated fluids was neasured by using a Brookfield-type visconeter.
The " anouppedflinidr cferthgenesatedt yshowsotd e reeanaenent meseal thaf 20
the amount of hydrogen generated within 30 minutes after heating 10
m of ea®h2o$-tiebéhe sigapaied ¢F dihgswapkiogsHiidors &eal haghortioh
the "hard cake", each of the sinulated fluids was let to stand in a
gl ass coffarnkrof srternivdekthe wpdmvhiantd) i guienasl e seveéd, apdd-hus

t hereafter halr)dness of a recig}_&t ation,la%/er t hat remai ned at the
bot t om oF NEBPHLA5E BBNERAP NEPT fARY chetkddt ByreRPTYy Rededraisrd Spvon.

When the_precipitation |layer,was so hard that the nedi cine spoon .
could nopEPERERLb R BERY ot Bt HER e TOFASLTE T BF nire FE P GAEST LHgReF bates
. W | Ci o f t

ont ai neforPEERdetP iaben neoRhEaB TR BT T PR s it R see s
eval uate i |y f ; ant | g

PR R R R G i e o b L S
a week. YWga &hea SLHST Nad AMdrd Ui ¢ Wasiqaet ol ear viueok ot {,hes s | LM
powder suspended therein,” it was judged as poor. Wen the” supernat ant

liquid wasigbeated PCI{dP2IAHAD4M A iish @S nigUdIedeast89RUnedOsilicon

evaluate the "corrosivity", the follow ng procedure was taken: cast
i ron debpbsdeerie: phé wok kg 8361 QeI thdipifisenfte: MRE Kt Den filsUb e P@Sab 1y
poured thereinto until the cut debris were i mersed in the working

1 mPa-s or more and less than 30 mPa-s at 25 °C, more preferably

1 mPa-'s or more and 20 mPa‘'s or less at 25 °C, and still more

9
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preferably 1 mPa's or more and 15 mPa‘'s or less at 25 °C. The
viscosity of the simulated fluid is based on measurement of a
viscosity of a simulated fluid cbtained by: adding 10 mass % of
a silicon powder (particle size: 1.5 pm) to the working fluid of
the present invention; mixing them by stirring; thereafter
putting a stainless steel ball (2 mm in diameter) intoc a resultant
mixture; stirfing the mixture at 1000 rpm for 10 hours; and
filtering off the stainless steel ball. If the viscosity of the
working fluid described above is already too high, the viscosity
of the simulated fluid containing the silicon powder will also
be inevitably high. The viscosity of the working fluid and the
simulated fluid can be measured by a Brookfield-type viscometer.
[0026] The viscosity of the working fluid of the present
invention can be appropriately adjusted for example by the
blending amount of the (A) component (a nonionic surfactant),
the (B) component (a glycol), the (C) component {(a carboxylic
acid), the (D) component (a compound which shows basicity on
dissolution in water), and the (E} component (water) that are
described below. The viscosity of the working fluid of the
present invention can also be adjusted by adding another additive
(e.g. a viscosity modifier). The working fluid of the present
invention may be diluted with water when used, but in this case
as well the viscosity of the working fluid after dilution is
preferably in the range given above.
[0027] (pH)

A pH of the working fluid of the present invention is 5 or
more and 10 or less at 25°C. When the pH is less than 5, metal

corrosivity of the working fluid becomes high, likely causing
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corrosion of a metal component of equipment or a wire saw brought
into contact with the working fluid. The metal corrosivity of
the working fluid can be easily inhibited by setting the pH of
the working fluid to be 5 or more at 25°C, though it depends on
such factors as the amount of water contained in the working fluid.
From this viewpoint, the pH of the working fluid of the present
invention is preferably 6 or more at 25°C, and more preferably
7 or more at 25°C. On the other hand, if the pH of the working
fluid is over 10, the reactivity of the working fluid with the
cut debris (silicon) mixed in the working fluid will rise, thus
likely causing generation of hydrogen by reaction of the working
fluid with the cut debris, or likely causing significant increase
in the viscosity of the working fluid during processing. By
setting the pH of the working fluid at 10 or less at 25°C, it is
possible to easily inhibit generation of hydrogen during
processing and increase in the viscosity of the working fluid
during processing.

[0028] The pH of the working fluid of the present invention
can be appropriately adjusted by the blending amount of the (B)
component (a glycol), the {(C) component (a carboxylic acid), and
the (D) component (a compound which shows basicity on dissoclution
in water) that are described below. The viscosity of the working
fluid of the present invention can also be adjusted by adding
another additive {e.g. a pH adijuster). The working fluid of the
present invention may be diluted with water when used, but in
this case as well the pH of the working fluid after dilution is
preferably in the range described above.

[0029] (Surface Tension)

11
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The inventors have found that the conventional working
fluids have insufficient wettability on a wire used and
insufficient permeability into a gap in a workpiece, and that
the amount of the working fluids to reach a portion to be processed
(i.e. a portion of the workpiece to be brought into contact with
the wire) is insufficient, thus sometimes causing degradation
of the cutting performance. When the surface tension of the
working fluid is too high, the wettability and the permeability
of the working fluid deteriorate, likely preventing the working
fluid from reaching the portion to be processed. In an extreme
case, the portion to be processed ends up being cut in a dry state.
Therefore, heat is generated significantly in the portion to be
processed, likely causing breaking of a wire due to an excessive
lecad on a tool, or poor surface roughness of the workpiece due
to degradation of the processing precision. Inthese viewpoints,
the surface tension of the working fluid of the present invention
is preferably 50 mN/m or less at 25°C, more preferably 45 mN/m
or less at 25°C, and still more preferably 40 mN/m or less at 25°C.
By setting the surface tension of the working fluid in the above
range, it is possible to improve the wettability of the working
fluid on the workpiece (silicon etc.) or the wire (nickel, resin,
etc.) and to improve the permeability of the working fluid into
the portion to be processed.

[0030] On the other hand, when the surface tension is too
low, fcaming of the working fluid is promoted. Therefore, a
problem occurs that foam is introduced into the working fluid
during the cutting process, resulting in degradation of the

cooling ability of the working fluid. There is also a problem
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that the foam generated from the working fluid overflows from
a tank arranged for holding the working fluid. From these
viewpoints, the surface tension of the working fluid of the
present invention is preferably 20 mN/m or more at 25°C, and more
preferably 30 mN/m or more at 25°C.

[0031] The surface tension of the working fluid of the
present invenfion can be adequately adjusted for example by the
blending amount of the (A) component or a defoaming agent
described below. The working fluid of the present invention may
be diluted with water when used, but in this case as well the
surface tension of the working fluid after dilution is preferably
in the range given above.

[0032] <Components Contained in the Working Fluid of the
Present Invention>

The working fluid of the present invention may contain the
components described below for example.
[0033] ({A) Component)

The working fluid of the present invention may contain at
least one noniocnic surfactant selected from copolymers cof an
alcohol, ethylene oxide, and propylene oxide, and polyoxyalkylene
glycols. With the (A) component contained in the working fluid,
the surface tension of the working fluid can be lowered, and the
wettability and the permeability of the working fluid can be
improved. |
[0034] Although the alcohol mentioned above is not
particularly limited, an alcohol having a carbon number of 8 to
12 can be employed for example.

[0035] Specific examples of the polyoxyalkylene glycols

13
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mentioned above include: polyethylene glycol; polypropylene
glycol; and a copolymer of polyoxyethylene and polyoxypropylene.
A mass-average molecular weight of the polyoxyalkylene glycols
(in terms of standard polystyrene by gel permeation
chromatography) is preferably 10000 or less, more preferably 5000
or less, and still more preferably 3500 or less.

[0036] The working fluid of the present invention may be in
the form of being diluted with water as necessary based on the
working conditions of the cutting process. That is, the working
fluid of the present invention may be made by preparing a
concentrated composition formed of components in the working
fluid of the present invention other than water and diluting the
concentrated composition with water at a work site or the like.
The working fluid of the present invention may be made in a highly
concentrated form (that is, the working fluid of the present
invention may be made using a small amount of water) to be used
as 1t is or to be further diluted with water, depending on the
working conditions of the cut processing. When actually using
the working fluid of the present invention in cut processing,
the lower limit of the content of the (A) component is preferably
no less than 0.1 mass %, more preferably no less than 0.2 mass %,
and still more preferably no less than 0.5 mass %, based on the
total mass (100 mass%) of the working fluid of the present
invention. The upper limit thereof is preferably no more than
0.8 mass %, more preferably no more than 0.7 mass %, and still
more preferably no more than 0.6 mass %, based on the total mass
(100 mass%) of the working fluid of the present invention. Herein,

in the case of preparing the highly concentrated working fluid
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of the present invention as described above, the upper limit of
the content of the (A) component is preferably no more than 8
mass %, more preferably no more than 7 mass %, and still more
preferably no more than 6 mass %, based on the total mass (100
mass%) of the working fluid of the present invention.

[0037] {(B) Component)

The working fluid of the present invention may further
contain a glycol as the (B) component. With a predetermined
amount of the (B) component contained in the working fluid of
the present invention, components other than the (B) component
can be dissolved in the working fluid of the present invention
stably and drying of the working fluid of the present invention
can be inhibited.

[0038] Specific examples of the glycol as the (B) component
are water-soluble glycols such as: ethylene glycol; propylene
glycol; 1,4-Butanediol; hexamethylene glycol; neopentyl glycol;
diethylene glycol; triethylene glycol; dipropylene glycol;
tripropylene glycol; polyethylene glycol; polypropylene glycol;
glycols of a copolymer of ethylene glycol and propylene glycol,
a copolymer of ethylene oxide and propylene oxide, etc.; glycol
monoalkyl ethers such as triethylene giycol monobutyl ether,
triethylene glycol monomethyl ether, diethylene glycol monobutyl
ether, and tripropylene glycol monomethyl ether; and a monoalkyl
ether of a copolymer of ethylene oxide and propylene oxide. Among
the above examples of the glycols, propylene glycol, dipropylene
glycel, diethylene glycol, triethylene glycol, polyethylene
glycol, and polypropylene glycol are preferred; and dipropylene

glycol and diethylene glycol are especially preferred. They may
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be used alone or in combination. A copolymer formed of two or
more of the above may also be used. A mass-average molecular
weight of the above glycols (in terms of standard polystyrene
by gel permeation chromatography) is preferably 100 or more and
700 or less, and more preferably 100 or more and 200 or less.
[0039] When actually using the working fluid of the present
invention in cut processing, the lower limit of the content of
the (B) component is preferably no less than 0.1 mass %, more
preferably no less than 0.5 mass %, and still more preferably
no less than 2 mass %, based on the total mass (100 mass%) of
the working fluid of the present invention. The upper limit
thereof is preferably no more than 8 mass %, and more preferably
no more than 7 mass %, based on the total mass (100 mass %) of
the working fluid of the present invention. Herein, in the case
of preparing the highly concentrated working fluid of the present
invention as described above, the upper limit of the content of
the (B) component is preferably no more than 80 mass %, and more
preferably no more than 70 mass %, based on the total mass (100
mass %) of the working fluid of the present invention. By setting
the content of the (B) component in the above range, it is possible
to dissoclve components other than the (B) component into the
working fluid of the present invention stably and possible to
inhibit drying of the working fluid of the present invention.
[0040] ((C) Component}

The working fluid of the present invention may also contain
a carboxylic acid as the (C) component. Including a
predetermined amount of the (C) component in the working fluid

of the present invention enables, in combination with the (D)
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component described below, such advantageous effects that: the
pH and the electrical conductivity of the working fluid of the
present invention can be adjusted: fiuctuation of the pH of the
working fluid of the present invention during cut processing can
be reduced; metal corrosivity of the working fluid can be reduced;
and.components other than the (C) component can be dissolved into
the working fluid of the present invention stably.

[0041] Examples of the carboxylic acid as the (C) component
include citric acid, succinic acid, lactic acid, malic acid,
adipic acid, oxalic acid, dodecanedioic acid, and acetic acid.
Among them, citric acid and succinic acid are preferred, and
citric acid is more preferred. They may be used alone or in
combination.

[(0042] When actually using the working f£fluid of the present
invention in cut processing, the lower limit of the content of
the (C) component is preferably no less than 0.01 mass %, and
more preferably no less than 0.1 mass %, based on the total mass
(100 mass %) of the working fluid of the present invention. The
upper limit thereof is preferably no more than 0.5 mass %, more
preferably no more than 0.3 mass %, and still more preferably
no more than 0.2 mass %, based on the total mass (100 mass %)
of the working fluid of the present invention. Herein, in the
case of preparing the highly concentrated working fluid of the
present invention as described above, the upper limit of the
content of the (C) component is preferably no more than 5 mass %,
more preferably no more than 3 mass %, and still more preferably
no more than 2 mass %, based on the total mass (100 mass %) of

the working fluid of the present invention. By setting the
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content of the (C) component in the above range, the above
described advantageous effects enabled by inclusion of the (C)
component can be realized. When the content of the (C) component
is too small, the above advantageous effects may not be exhibited
sufficiently. When the content of the (C) component is too large,
the amount of the (D) component used to neutralize the (C)
component increases, and therefore unintended increase in the
electrical conductivity is caused and metal corrosion is caused
easily.
[0043] (D) Compound Which Shows Basicity on Dissolution in
Water

The working fluid of the present invention also contains,
as the (D} component, a compound which shows basicity on
dissolution in water {hereinafter sometimes referred to as a
“basic compound”). Including a predetermined amount of the (D)
compeonent in the working fluid of the present invention enables,
in combination with the (C) component described above, such
advantageous effects that: the pH and the electrical conductivity
of the working fluid of the present invention can be adjusted;
fluctuation of the pH of the working £luid of the present invention
during cut processing can be reduced; metal corrosivity of the
working fluid can be reduced; and other components can be
dissolved into the working fluid of the present invention stably.
[0044] Specific examples of the basic compound as the (D)
component include: compounds containing alkali metal elements
such as sodium hydroxide, potassium hydroxide, sodium carbonate,
potassium carbonate, sodium hydrogen carbonate, and potassium

hydrogen carbonate; and amines such as triethanolamine,
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di propyl ene glycol polypropyl ene glycol (Mwv=1000) citric acid
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triisopropanolamine, ethylenediamine,
N-{2-aminoethyl)-2-aminoethancl, and N-(B-aminoethyl)ethanol
amine. They may be used alone or in combination.

[0045] When actually using the working f£fluid of the present
invention in cut processing, the lower limit of the content of
the (D) component is preferably no less than 0.01 mass %, and
more preferably no less than 0.1 mass %, based on the total mass
(100 mass %) of the working fluid of the present invention. The
upper limit thereof is preferably no more than 0.7 mass %, more
preferably no more than 0.6 mass %, and still more preferably
no more than 0.5 mass %, based on the total mass (100 mass %)
of the working fluid c¢f the present invention. Herein, in the
case of preparing the highly concentrated working fluid of the
present invention as described above, the upper limit of the
content of the (D) component is preferably no more than 7 mass %,
more preferably no more than 6 mass %, and still more preferably
no more than 5 mass %, based on the total mass (100 mass %) of
the working fluid of the present invention. By setting the
content of the (D) component in the above range, the above
described advantageous effects enabled by inclusion of the (D)
component can be realized. When the content of the (D) component
is too large, the amount of the (C) component used to neutralize
the (D) component increases, thus causing not only unintended
increase in the electrical conductivity but also deterioration
of dispersion of the cut debris,

[0046] The working fluid of the present invention may
contain a salt formed from the (C) component and the (D} component,

instead of the (C) component and the (D) component described above.
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in terms of the (C) component and the (D) component. Specific
examples of the salt include alkali metal salts of carboxylic
acids and amine salts of carboxylic acids.

(0047] ((E) Component)

The working fluid of the present invention contains water
as the (E)} component. The kind of water is not particularly
limited and may be distilled watex, tap water, etc. In a case
of using water with high electrical conductivity, for example
water with high hardness, it is preferable to adjust the amount
of ion contained. For example, a concentration of ion (hardness)
in tap water varies among areas or countries.

(0048] When a cutting process is performed using a wire
having fixed abrasive grains, a large amount of heat is generated
during cut processing compared with the cutting process by the
conventional loose abrasive method. Thus, a large load is
imposed on the wire or a workpiece. Further, it is known that
when the workpiece expands due to the heat generation, cutting
precision is negatively affected. It is also known that diamond
abrasive grains fixed onto the wire tend to wear away easily and
that the life of the tool is negatively affected. Therefoxe, the
working fluid used during the processing is required to have a
cooling ability. In order to improve the cooling ability of the
working fluid, it is necessary to increase the amount of water
contained therein. However, when the workpiece is silicon, the
water in the working fluid and the cut debris may react with each
other to generate hydrogen gas. Since the amount of water in the

conventional agueous working fluid cannot be increased easily,
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the problem of the coocling ability thereof has not yet been solved
fundamentally. When hydrogen gas is generated by reaction of the
cut debris mixed in the working fluid with the water in the working
fluid, the working fluid takes in bubbles at a time of being
supplied by a pump. As such, the amount of the working fluid
supplied becoﬁes instable or the specific weight of liguid
decreases due to the bubbles taken in, therefore leading to such
problems that a wire machine which controls the working fluid
by the specific weight of liquid detects the abnormality and stops
the processing. There is also a risk that the hydrogen gas
generated explodes due to static electricity.

[0049] According to the working fluid of the present
invention, it is possible to inhibit reaction between the working
fluid and the cut debris by including each of the components
described above and also setting the pH at the predetermined value
mentioned above. Therefore, the amount of water contained in the
working fluid can be increased to improve the cooling ability
of the working fluid. That is, according to the working fluid
of the present invention, it is possible to attain both inhibition
of the hydrogen generation and improvement of the cooling ability.
[0050] Increasing the amount of water in the working fluid
is likely to easily cause corrosion of a metal component of
equipment or a wire brought into contact with the working fluid.
However, according to the working fluid of the present invention,
the corrosion canbe inhibited by including a predetermined amount
of the (B) component and the (C) component, or adjusting the pH
of the working fluid in the predetermined range given above.

Therefore, the amount of water contained in the working fluid
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can be increased to improve the cocling ability of the working
fluid. That is, according to the working fluid of the present
inventiocn, it is possible to attain both inhibition of the
corrosion and_improvement of the cooling ability.

[0051] The lower limit of the content of the water is
preferably no less than 10 mass %, more preferably no less than
25 mass %, and still more preferably no less than 50 mass %, based
on the total mass (100 mass %) of the working fluid of the present
invention. By setting the content of the water to be 10 mass %
or more, it is possible to easily ensure the cooling ability of
the working fluid, prevent degradation of the processing
precision, and reduce a load on a tool. On the other hand, the
upper limit thereof is preferably no more than 99.7 mass %, based
on the total mass (100 mass %) of the working fluid of the present
invention. When the amount of the water is 100 %, that is, in
a case of pure water, it is unsuitable as a working fluid in view
of the wettability and the permeability. However, it is seen that
when other components specified in the present invention are
contained even in a very small amount, at least some advantageous
effects can be attained. 1In addition, the cooling ability of the
working fluid is better as the amount of water contained in the
working fluid is larger.

[0052] (Water-Soluble Polymer)

The working f£luid of the present invention may contain a
water-soluble peclymer. Dispersibility of the cut debris in the
working fluid of the present invention can be inhibited by setting
the electrical conductivity of the working fluid at a

predetermined value as described above. Including the
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water-soluble polymer in the working fluid of the present
invention makes it easier to control the dispersibility of the
cut debris mixed in the working fluid.

{0053] The water—soluble polymer that can be used in the
present invention is not particularly limited and may be selected
from those used in the conventional working fluids. Examples
thereof include polyvinylpyrrolidone and a copolymer having a
structural unit derived from vinylpyrrolidone. The content of
the water-soluble polymer may be adequately determined within
the range that can realize the above advantageous effect enabled
by inclusion of the water-soluble polymer, does not hinder the
advantageous effects of other components, and does not cause
negative influence on the working fluid.

[0054] (Defoaming Agent)

The working fluid of the present invention may contain a
defoaming agent. By including the defoaming agent in the working
fluid of the present invention, it is possible to reduce the foam
generated in the working fluid.

[0055] A known defoaming agent may be used without

particular limitations. However, it is preferable to employ a
defoaming agent that can be dispersed in the working £fluid stably.
[0056] When actually using the working fluid of the present
invention in cut processing, the lower limit of the content of
the defoaming agent is preferably no less than 0.01 mass %, more
preferably no less than 0.02 mass %, and still more preferably
no less than 0.03 mass %, based on the total mass (100 mass %)
of the working fluid of the present invention. The upper limit

thereof is preferably no more than 0.06 mass %, more preferably
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no more than 0;05 mass %, and still more preferably no more than
0.04 mass %, based on the total mass (100 mass %) of the working
fluid of the present invention. Herein, in the case of preparing
the highly concentrated working fluid of the present invention
as described above, the upper limit of the content of the defoaming
agent is preferably nc more than 0.6 mass %, more preferably no
more than 0.5 mass %, and still more preferably no more than 0.4
mass %, based on the total mass (100 mass %) of the working fluid
of the present invention. By setting the content of the defoaming
agent in the above range, the above advantageous effect enabled
by inclusion of the defoaming agentcan be realized. If the
content of the defoaming agent is too large, degradation of
stability of the working fluid, such as separation of the working
fluid, is likely to occur.

[0057] (Other Components)

The working fluid of the present invention may contain other
components that are not described above. Various kinds of
additiveswhicﬁck)notcausenegativeinfluences(Nltheworkpiece,
such as corrosion and discoloration of the workpiece and which
do not affect stability of a system after mixing, may be added
to the working fluid of the present invention within the range
that does not affect the processibility. Examples of such
additives include a viscosity adjuster, a pH adjuster, and an
anti-oxidation agent. The viscosity adjuster, the pH adjuster,
and the anti-oxidation agent are not particularly limited and

known ones may be used. However, those that are soluble in water

are preferred.
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Examples

{0058] <Production of a Working Fluid>

I
1-

Z
I

6 51
C

Water-soluble working f£fluids for a fixed-abrasive wire saw

of the present invention (Examples 1 to 4) and water-soluble

working fluids for a fixed-abrasive wire saw not being the present

invention (Comparative Examples 1 to 13) were made such that the

working fluids had the respective compositions shown in Tables

1 and 2. The content of each component shown in Tables 1 and 2

is represented inmass %. Comparative Example 9 is a working fluid

containing 10 mass % of a synthetic fluid produced by YUSHIRC

CHEMICAL INDUSTRY CO., LTD. and 90 mass % of water. In addition,

the “"Cl0alcohol:EQPO” shown in Tables 1 and 2 refers to a copolymer

of an alcohol having a carbon number of 10, ethylene oxide, and

propylene oxide.

[0059] <Evaluations>

The working fluids produced were evaluated in terms of the

evaluation items shown in Tables 1 and 2. The “appearance” shows

the result of the appearance of each working fluid observed

visually. The “pH” shows the measurement result of the pH at 25°C

of each working fluid. The “clouding point” shows the

measurement result of the clouding point of each working fluid.

The “viscosity of working fluid” shows the viscosity at 25°C of

each working fluid measured by using a Brookfield-type viscometer.

The “surface tension” shows the result of the static surface

tension at 25°C of each working fluid measured by using a digital

tension meter RTM-101 manufactured by RIGO CO., LTD. and using

the du Nouy ring methed. The “electrical conductivity” shows the

result of the electrical conductivity at 25°C of each working fluid
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measured by using a conductivity meter ES-51 manufactured by
HORIBA. The “viscosity of simulated fluid” shows the measurement
result obtained by the following procedure. First, a simulated
fluid was made by: adding 10 mass % of a silicon powder (average
particle size: 1.5 pm) to each of the working fluids; mixing them
by stirring; thereafter putting a stainless steel ball (2 mm in
diameter) into each of the resultant mixtures; and stirring the
mixtures at 1000 rpm for 10 hours. Next, the stainless steel ball
was filtered off from each of the simulated fluids by using a
metallic mesh (50 mesh), and thereafter the viscosity at 25°C of
each of the simulated fluids was measured by using a
Brookfield-type viscometer. The “amount of hydrogen generated”
shows the measurement result of the amount of hydrogen generated
within 30 minutes after heating 10 ml of each of the above
simulated fluids up to 50°C. For evaluation on the “hard cake”,
each of the simulated fluids was let to stand in a glass container
for a week, a supernatant liquid was removed, and thereafter
hardness of a precipitation layer that remained at the bottom
of the glass container was checked by using a medicine spoon.
When the precipitation layer was so hard that the medicine spoon
could not reach the bottom of the glass container, it was judged
as poor. When the medicine spoon reached the bottom of the glass
container, it was judged as good. The “precipitation
performance” was evaluated visually from the color of the
supernatant liquid after letting each of the simulated fluids
stand in the glass container for a week. When the supernatant
liquid was not clear due to the silicon powder suspended therein,

it was judged as poor. When the supernatant liquid was clear,
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it was judged as good. To evaluate the “corrosivity”, the
following procedure was taken: cast iron debris were put in a
glass petri dish; the working fluid was poured thereinto until
the cut debris were immersed in the working fluid completely;
thereafter, the glass petri dish was let to stand for ten minutes
with the lid put thereon; then, the working fluid was drained
by inclining the petri dish with the 1id put thereon; subsequently,
the petri dish was put on a horizontal table and was let to stand
for 24 hours in this state; and then generation of rust was
evaluated through observation. In the evaluation of the
corrosivity, “good” means that generation of rust was less than
10% of the cast iron debris.

[0060]

[Table 1]

27



colorless and transparent 99 auoN 8b 18El

001
0 | pagbr/gPegtv/0s4115

869

‘0 Z2Z2'0

ZI

aood

pcob

Tood

poob

poob

poch

poob

poob

AlTAaTs0oII0D

Tood

Tood

T100d

poob

poob

poeb

poob

poob

gouenzogaed ucTiPiTdrooxd

zood

Tood

1ood

poob

poab

poch

poob

poob

aYe0 pIBy

SE

T

[s.-equw] praty
pPa3lBETNUES JO AJTSODSTA

0c

[43

Y4

[Tw] pajeIsuad
uaborpAy Jo 3unowe

oF

SFT

Ly

9E€

08se

866

[wo/g
] A3TaTIDoNpUCDO TEDTIADSTS

BY

145

0§S

LY

S¢

Le

[w/Nu] uoTsusl aceyans

€

T

<

62

4

Z

[s.edqu]
pInTr HburiTom Fo A1TsodsTA

BUCH

JUON

SUON

BUCN

0°0E

0°0E

0°tZ

G°9E

[D,] 3utod buipnoTd

L'E

8°9

B E

078§

S°6

5°6

£°8

£°6

ud

pajeaedes

AjTpTqang
|87 TUM
A13ybr1s

juszedsuril
pue
SS8TIOTOD

JusIedsuesy
pue
FEEY e 5]

Sudredsuril
pue
§53TI0T0D

roTTaA
ATaybris

MOTTRA
AT3ubTTS

MOTTaA
ATaybrTs

MmoTTERA
AtaubiTs

souprevadde

0T

00T

00T

00T

00T

00T

001

00T

00T

Te3oL

€00

200

2070

z0"0

juabe
butwecyep poOsSEq-UODTTTS

{0000 L=MH)
aucpTIToazAdTAuTaiTod

0404 : TOUR2TEQTD

(000E=MK)
TooATD suaTAjyTrAxoATOd

QL

0L

0071

08

8E 766

BE " B6

Ia3em

auTue
Touryl? (TAYylacuTwe-¢)-N

SUTWETOUPY2TI]

APTXOIPAY wWNTsswiod

pPIo® OlCTp2uUrDapop

PTo®R DTIIT2

01

{000T=4H)
100ATH sustAdoxditod

01

0z

TooATh susTAdoadTre

0Z

0

0z

001

1

ToDATE susTAy3aIp

¢ aTdwexy
aaTjexedwo)d

p aTdurexy
saTieaedwo)

£ oTdwexy
saTiereducd

Z eTdwexyg

saTaereduc)

1 aTdwex®

aaTieIedwod

p eTdwexg

£ aTdwexy

z arduexy

1 ardwexg

sSWa}I uotTienTeam
pue sSTeTI83LH 85IN0g

28



001 col orl ess

Z969

800

pooh Conparative Exanple 6 QZ OI CO

and t ransERreRh1 2GR 81)

[0061]

[Table 2]

aood

pcob

poob

pcob

poob

poob

pooh

xood

AJ1TATSOIIOD

poob

pcob

ao0od

Tood

pooh

pooh

poch

pooh

sourPwIGcIdad uoTielTdiosad

pooh

poocb

zoo0d

zood

poob

poob

pooh

poob

8yEd pIEY

o1

€9

St

>00T1

oE

[D.62 ‘s.egqu] pINTI
PeIETNUTE JO AJITSODSTA

>0¢

2L

[Tw] pa3leasusb
usaboapAy Jo Junouwe

DBEE

oLcZ

L6Z

£6T

[1}:3 54

E6LT

T8ET

TES

[wo /5]
AjTaTionpuoos TEOTIZIDOT=

Lz

44

[44

FE

a8y

8%

::14

[u/nu] uoTsUus] a0eJans

<

4

4

£

£

£

[s.eqwu]
pInTy burjyzom JO AATSOISTA

BUON

SUON

0°E2

BUON

SUON

SUCN

[D,] autod burpno(d

"8

Z°8

0°6

0°TT

g9

Z°F

yd

MOTIBA
ATaybris

MmoTTaA
ATaybrTs

quazedsuril
pue MmoTIeA
Araybris

jquazedsuea)
pue MoTTaA
At3aubrrs

quaIedsueal
pue
soTTak 3ubTt

juaIedsuelly
puw
SEaTIOTO0

auaredsueil
pue
SEITIOTCD

Jussedsueil
pue
SERTIVTOD

aouerradde

00T

00T

00T

00T

00T

00T

00t

00t

12301

0°0

2070

70

2°0

8% "8L

9y "6L

£L76L

FP°0

22 0

50" 0

pPINTA
oT3IBYIuUAS

| |y
Q|| @

0e

0¢

0e

0z ’

quabe
fuTweOoISpR POSEBO-UCDTITIS

{D00QL=MA)
auoptToraAdTAuTtaiTod

OJOE:TOYCeSTEDTD

(000 E=MR)
To0ATh suatdyTerAxcATod

BE'6Y9

8v°69

29769

I2308M

suTwe
Touryls {TAUroouTUE-9) -N

[UTWPTOURYJATI]

6270

1A

8070

apTXeapdAly umtsseiod

PIOE oTOIp2uUESapop

EE"0

PTO® DTIITO

{000 T=NMN)
TooATbh susTAdoadAged

01

T

0T

T00ATh ausTAdoadTp

02

0z

0Z

TODOATD suaTiyjetp

£T =7dwexd

aatzeaedwe)

ZT ®sTduexz

aaTiwaedwon

IT1 &Tdwmexy

saTieiedusc)

01 oTdwexd

aaTiRIRdUOD

6 oTduwexy
saTereduo)

g @oTdurexy
saTivIRdHOD

| a7dwexzm
satT3ezedwo)

g eTduexy
satTieaedwo)

swall uoTjenyead
PUBR STETISIBR 20INOE

29



TES 6 pools pooh rood Source Materials and Evaluation Itens

di et hvl epergipye P06l RE0oPVI ene gl ycol pol ypropyl ene glycol (Mv=1000)
citric acid dodecanedi oi c acid potassi um hydroxi de triethanol am ne

N- ( 6- am noet hyl ) et hanol wat er pol yoxyal kyl ene gl ycol (Max=3000)
0d21104001s010 pol yvi nyl pyrrol i done (Mx=70000) silicon-based

def oami ngy ¢, As shown in Table 1, Examples 1 to 4 exhibited

favorable results in each of the evaluations on the hard cake,
precipitation performance, and corrosivity. Additicnally, in
Examples 1 to 4, the amount of hydrogen generated was small and
the viscosity of the simulated fluids was low. On the other hand,
'as shown in Tables 1 and 2, Comparative Examples 1 to 13 had poor
results in any one of the evaluations on the hard cake, the
precipitation performance and the corrosivity, had a high
viscosity of the simulated fluids was high, or had a large amount
of hydrogen generated.

[0063] The present invention has been described above as to
the embodiment which is supposed to be practical as well as
preferable at present. However, it should be understood that the
present invention is not limited to the embodiment disclosed in
the specification of the present application and can be
appropriately modified within the range that does not depart from
the gist or spirit of the invention, which can be read from the
appended claims and the overall specification, and that a
water-soluble working fluid for a fixed abrasive wire saw with
such modifications are also encompassed within the technical

range of the present invention.

Industrial Applicability
(0064] The water-soluble working - fluid for a fixed-abrasive
wire saw of the present invention can be used when cutting a

silicon wafer by using a fixed-abrasive wire saw.
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present invention is not limted to the enbodi ment disclosed in the
speci fi c@tdon of the present application and can be appropriately
nodi fied wthin the range that does not depart fromthe gist or
spirit of the iFveri®h, which can be read fromthe appended cl ai ns

and the overall specification, and that a water-soluble working fluid
for a fixed at}}‘lg"?ﬂen wide kit aduc RORBUFEL¥AEYondt are® &t s  the

enCOnpasgggeﬁégit?bfg%vér%ihnng} sz_iLluil;:laQ eB(% ],Eéqﬁcnpro%s?ngtrei ngnﬁé(g)&'uS/cm
or less;
a pH at 25°C of the water-soluble working fluid is 5 or more
and 10 or less; and
a viscosity of a simulated fluid formed by adding 10 mass %
of a silicon powder having an average particle size of 1.5 pm to
the water-soluble working fluid and stirring a resultant mixture

is less than 30 mPa's at 25°C.

2. The water-soluble working fluid for a fixed-abrasive wire
saw according to claim 1, further comprising (A) at least one
nonionic surfactant selected from copolymers of an alcohol,

ethylene oxide, and propylene oxide, and polyoxyalkylene glycols.

3. The water-soluble working fluid for a fixed-abrasive wire

saw according to claim 1 or 2, further comprising (B) a glycol.

4. A water-soluble working fluid for a fixed-abrasive wire saw,

the water-soluble working fluid comprising:
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I ndustrial Applicability [0064] The water-sol uble working fluid for a
fixed- abp@pigpeoys/bhss58W of the present invention can be used when
cutting a silicon wafer by using a fixed-abrasive wre saw.

PCT/ JP2012/ 054115 CLAIMS 1. A water-soluble working fluid for a

fi xed-abrasive wire saw, the water-soluble working fluid conprising:

C b | id; 0 d whi h | Cl
() 3 car o 16, Seinggy o (ke SETPRUNL WALST ot Bestelly 0

el ectri (o RVZ: -.S0| j fluid is
500, 105, nESRESN i Ble T Qe dd O oPliR W It | e

wat er - sod Porn®@bking, fdri HrbBy Pe R LR, 3L é@lﬁ&@giﬁyléﬂe glycols;a
viscosity of a sinulated fluid formed by adding 10 mass™ % of "a

silicon powder(#jawi.ngrarksakesadeoPardnd!on siaze af ot. beka &0 4 R veol;
wat er - sol ubl e working fluid and stirring a resultant m xture is | ess
than 30 nPa.s @) 25C1 Badbe vatmesrs andbbenaws ki 6g fddd dff drcaarboxylic
fi xed-abrasive wire saw according to claim1, further conprising (A

at | eastaoin@; noni oni ¢ surfactant sel ected from copol yners of an

al cohol , ethyl ene oxi de, and propyl ene oxi de, and pol yoxyal kyl ene

gl ycol s. 3. Thelatlellspiaghl & womdnsy afiduii dndss % o tedsadf asicmmpaiurs
saw according to claiml1 or 2, further conprising (B) a glycol. 4. A

wat er - sofitbtle SRPKS R s 1 oY fo &35kt bt aish W i fie aé'&i?v t he

wat er - sol ubl e working fluid conprising: PCT/JP2012/ 054115 (A

0.1 nass % or Nor 'HMF8 nass %or less of at |east one nonionic

f I d f | y.ame f | cqhol id
:ﬁcrj S?;ES?T efm:e‘%%lieuee%n ;%81 %ﬁ%iﬁ%gﬁg‘ncdﬁyvggﬁyg at F %k; §;?‘Xe;) i
mass % . 9 ,
Owa{rgf—sggngbgg v%c%%r%ul%sis gO )/&'9 r more. a?&QO@O %5(/651“

| .
mass % or nore a éss of “a carboxylic ac
0.01 mass.% QLshore and 7 mass % or |less of a conmpound which shows
basicity on dissolution in water; and

a pH at 25°C of the water-soluble working fluid is 5 or more
and 10 or less; and

a viscosity of a simulated fluid formed by adding 10 mass %
of a silicon powder having an average particle size of 1.5 um to
the water-soluble working fluid and stirring a resultant mixture

is less thar 30 mPa‘'s at 25°C.

5. The water-soluble working fluid for a fixed-abrasive wire
saw according to any one of claims 1 to 4, having a surface tensiocn

at 25°C of 20 mN/m or more and 50 mN/m or less.

6. The water-soluble working fluid for a fixed-abrasive wire
saw according to any one of claims 1 tc 5, further comprising

a water-soluble polymer and/or a defoaming agent.

7. The water-soluble working fluid for a fixed-abrasive wire
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(E) water, wherein an electrical conductivity at 25C of the
wat er - sql; fluid is 300 1.1.S/cmor nore and 3000 1.1S/cm
or |less G’P)J?Z@Pifﬁﬁﬂ%t 25C of the water-soluble working fluid is 5
or nore and 10 or Iess and a viscosity of a sinulated fluid
formed by adding 10 mass % of a silicon powder having an average
particle_size of to the water-solu rking fluid 5
st|rr|ngares e S &.
o5 FEinait Helveots Pect i Lionpa sodres8tia S mass »

vvater sol u [ fluid £o fi X V, e o]

anyord arie rd 15t R Ao GE AR Rl LR St
nN/ mor fiie o%nghéqraWrms%rluEQ%swor}@‘an e MRl £67 %Oki';?é& %Bfgéfgefvjﬁle
for a fixed-abrasive wire saw according to any one clains
further o4 SNy ramawter-sol ubl e pol yner and/or a def oam ng agent
7. The water-soluble working fluid for a fixed-abrasive wire
PCT/ JP2012/ 054115 saw according to any one of clainms 1 to 6,
containing 10 mass % or nore and 99.7 mass % or |less of the (E)
wat er, based on a total nass of the water-soluble working fluid for a
fi xed-abrasive wire saw as 100 mass %
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