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DESERI PTI ON WATER- SOLUBLE WORKI NG FLU D FOR FI I)(ED ABRASI VE W RE SAW o |~p2z
Techni c ' sent invention relates to a ' ‘
mater-sgﬁﬂ@Pghg%gﬁgﬁéhgpﬁygﬁﬁor a fixed-abrasive wire saw. In
specific, it relates to a water-soluble working fluid for a
fi xed-abrasive wire saw, for use incuttinga siliconwaferwtha
fi xed-abrasive wire saw. Backgroqﬂﬁ$#ﬁfPﬂﬁ§@2]hbmadays, t he
i nportance of inproving cutting techni'ques of a silicon wafer is
increasing in order to reduce manufacturing costs thereof. Cutting by
awre sawin a | oose-abrasive formis a mainly adopted nmethod in
processi ngygrskl 620Nl RORKAMG tFHIR 1PASER aPf ASh VERRXBEVER! AGRES iSRG
entails various problens as will be described bel ow. [0003](1)
Because a slurry made by dispersing abrasive grains in fluid is used
as a working fluid, it is difficult to separate the | oose abrasive
grai ns ameclenicalelFisld(2) There is a limtation to the running speed
of the wire, resulting in alimtation to inproving the processing
efficient§00IRB) WheThehenaseat snved itom reilrtesdén towedgueeotlhble
kerf loss, it breaks during the processing, |eading to decrease in
t he yi elworking Wewl d heombr aixaedplafassi we evied isied | Anosgecifac, it
reduce the kerf loss, there will be an adverse result such as .
vi scosi t¥2}3edase dIvAERISTUFHELe et thluit s e etk akgasive
| oss. PCI/JP2011/067457,%100477 %PQO4]In order to.solve these ,
pr obl ens"1 %€ Fpfadt AbHES VR Hhte 5 Y2 48 &l ded HRUART i éh
has di anond abrasive fixed onto a surface of a piano wire or the like
by eIectW%ﬁ%p%%Ytion, a resin bond, or sone other neans (Patent
Docunent 1). Wen processing a brittle material by using the
fixed-abrasive wire saw, a working fluid is used for the purposes of
| ubri cat s 9py £0@hd NGyt and di spersion of cut debris generated. In
consideration of the problemof flamability and sonme other factors
as well, [0to2s pref elaRl® ¢ USR Al W enpdkiing fdutitdng
However, when a material to be cut is silicon, there will be high
reactivi tycheisees éhea citl idehf e faid ishenweekisnggfl Lni dréonpes eckbdice
general materials, resulting in reaction of the silicon debris (cut
debris) methfaateriong aosas kéhéreéaft h€utarikiondpyf lauiwd. reo sgendmatae
hydrogen, and |leading to |likelihood of ignition. For these reasons, a
wor ki ng ibosd-abrebive formbis ed radomyr edopiteg methodi Lncpro¢gssing a
preferred. From such a viewpoint, there is suggested a working fluid
descri bedlihcPateafeDochwenthe. lgpsatabrasi se-Pipepreseeymyrantails
[ 0005] Patent Docunent 1: Japanese Patent Application Laid-Open
(JP-A) NI 2003-p5aBLEMPatent 1 bbchferRes2r 1Bl AoRECW 2003- 082334
Sunmar y I nventjon_ Problens to be Solved by the Invention .
[ 0006] I—b&égég, it Hf)ou‘?’\%cat“i‘%? 3 el kY 5 i%é%lﬁ%ec’bﬁ%é“g abrasive

PCT/ JP2011/ 067457 00477 hi d , , i . i si
T JOLLLORTST KIRRTIL LUg onedaus e, Uhe B ocessing, pecl sl on,
Document 2o£aneat Bl SRout.stabl L v Partistlrly. ¢ bctouns

therein Enﬁﬁﬁi‘%Q%fLoﬁaHéi ReVakh E&gféﬁ@%ﬁgﬁﬁ EHEL RS e WREDY B YRE KiAGs

fluid contains a [arge amount o as a pH show ng
al kal i ni t YuitBet 8n 0SS Ui rdQti ngnt e I QBIRM 0k 1 BYdhegen genahahi efe

but also the problemof viscosity increase or gelation. [0007] The

vi scosi tyiracreaggder tgehat hoorakrt Be weakt8dthe kerf loss, it breaks
during the processing, leading to decrease in the yield. (4) When
the abrasive grains are refined in order to reduce the kerf loss,

there will be an adverse result such as viscosity increase of

the slurry, leading to increase in the kerf loss.
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fluid causes bel ow probl ens. (1) The anmpunt of fluid brought
by a wir LES, SRk i l.ay ge nonuniformty in thickness of a cut
nateria”ﬁ?ggFggf%?atlEéﬂggﬂ?Le product quality). (2) Slipping
of the wire occurs, causing the wire to break (decrease in the yield)
(3) It is difficult to performwashing in the subsequent step (it is

di fficul th t bri t he fluid bet waf s
(2) The 194BEE The T B Hse CanB LERoF ES5e AT T horba eI THE L7
t . i : . i i 000 i_ngl.y,
anobi ecti it Yeite 13, BEL PR Ehon O RERRA: OTEE nonarrndlf Btttk
wor ki ng £14idl dro & ot abiasi y e Wi A v chean it
Increase In 1ts viscosity en m Xed wt cut debris; reaction

bet ween ¢ Ne-vesdd ek £t and-d e asdndlebdd Ssorphddihar eldarenarAtdran

of hydrogen; and al so viscosity increase or gelation of the working
fluid Meengndotf 50 viergnt e ddeehliems a BelAdR20hmite1437by108414) the
0009 ] The inventors conducted an intensive study to solve the above
pr obl enst i and aibt a4 nesl wiilre fok] ewvogkfngdilngsd is used fiokr thdhmrposes
vi scosity increase caused by Si cut debris mxed in occurs because
the Si cuf lddbiicstiioxedconlisgj rarfd de spewdepnfof mugndebetaysmerated.
dispersibility of the Si cut debris is poor. (2) The above

vi scosi tin i ¢rrsiderawrbe htdve pred e phAcfhaingbhl pkeden@érsevedther
wat er - sol ubl e polynmer in the working fluid to increase dispersibility
of the Sfackfraiett Pell, it is prgfepredet he USie aurabebr P31kl ot med
in the king fluid, the Si cut dehri,s and the working flujd may .
react w Luje%ch FSMTAe T e HOSP Ry G REr At b R CH§d“r%&é13r.l%°n' therejyill

Yﬁﬁ%é?ib?“ﬂii@h”%@?ﬁ%i e e e e R
5) T - - j '

br et or T L S &7 QOB b T o7 o PR wor b rigl 1T d [D00) T

| nvent or s exagh Retblihe (aBOVRUYIAU RTEN | MRSLY Y a1 7001 NS LRTR L,

the invention described bel ow Irst aspect of the present

i nvent i ofi] i 8d & Wed E r $104 H?H@op@hlﬁlaﬁgj fbabsn§ e Bl ké XERoaMLES el i dre,
saw (hereinafter sonetines referred to as a "working fluid of the
present Foverhéo8" YeasCOSPra Skdgkind) £ biiid eqsiclones watlelh 5oddibf om

pol ymer sel ected from pol yvi nyl pyrroli done and a copol yner i ncl udi ng
Vi nyl pyrreéctoneg;wiands{ B} ceatier prg@Gotttdhe Bworkbnghfd widwpbitlhe there
present invention conprises a predeterm ned water-sol uble pol yner as
(A) conmposestggdFheedby whehing tbuidi dsssribednipobwfeent Document 2.
di spersibility of the silicon powder can be inproved and viscosity

i ncrease of the working fluid PCT/JP2011/067457 (100477)

Citation List

Patent Literature

[0005]

Patent Document 1: Japanese Patent Application Laid-Open (JP-A}
No. 2001-054850

Patent Document 2: JP-A No. 2003-082334

Summary of the Invention
Problems to be Scolved by the Invention

[0006] However, it is found that the cut debris has become
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containing the silicon powder can be inhibited. Further, it is
possi bl LRk b j ng fluid and the silicon pomder from
reactingﬂaﬁghﬂgggﬁh4gﬁgyﬁ%%$generate hydr ogen, and al so possible to
i nhibit viscosity increase or gelation of the working fluid
containing the silicon powder. [0012]In the first aspect of the
present invention, a melgﬂﬁbavera e .nol ecul ar wei ght ,of the (

conponerﬁhllrg P DI PLEEHOY 56 063] Snlﬁ%QrVEPst a&éipect
of the fese“%%wveﬂ Iworkln Pe£Q da 0t 9f %@ergé;tgﬁgﬂj;ag; Ontt% not

pref erabty P nass% or Hor mass% or~ [ ess ot al

mass of ¢ )ngn;yﬂfe%ri béeamlkes)gl UE%E&M Lrayfi Xed;abrash e bt ergaw

as 100 nms e water e Wor |ng fluid for a
fi xed- abfasiye W o 88W & r kg, fiindl @§9§0Eh@fcﬁ[th@e95:§§Qﬁ&xéd“t@@r‘e@.&
preferably further conprises (C) an alkali salt of a polycarboxylic
aci d. Theneesdedd, ddaddind Qacmonatiblisngr efakgabby, Owdénnassdriing
more and 10 mass% or | ess, based on the total mass of the
wat er - sof Ll odita irgs fd Ul drFeoramsodfritx et alatast e dviress sawHashtod ng
mass% The working fluid of the present invention can be easily given
di sper sidikaliniwashimgrpropertsy nandrcy ros graesistehdydnpgen
containing an alkali salt of a polycarboxylic acid in the working
fluid ass¢@raohpohental §ODLEPHeS ea of V4ECEBIE YWOIddaRP S PUISE 1fBGrL oA -
fixed- abraS|ve wire saw of the first aspect of the present invention
pref er ab @OQﬁ}ther IR rilseo ity dRerersfocg galedied Plofmhenyogkdng
consistin g %%ols glycol et hers, and pol yoxyal kyl ene gl ycol s.
The cont %1%f ? em% preferably 0.1 mass% or nDre and
95 mass% or le sed on thE %ﬁ mass t he wat er-sol ub

ki hg

PCT/ JP2011/ 067 GHPT 08 “Fﬁﬁod“%ho Y fi Y& af 5t Ve Cvﬁursemg
1 |
saw as foggrgea%é nlf%%q]ty]ﬁn Y SERELY O Sl yaterasel bl e erking.,

I Xe wre sawils pre .S or €ss

at 25C Lf %ﬁﬁ| §§Q§ g ug l{%g wor ki ng f|UId |tself is hlgh it

beconmes nuc rking fluid contains silicon powder.
Thor of o o, .t hey ] 3005 cPbet oo PN BACLLWL CobeSehs dife PReLorantcar
not nore than a predet'erm ned val ue. [0017]The viscosity of a working
fluid (siautbptedefini ghefpiaed) by adding 10 mass% of silicon powder
havi ng an average particle size of 1.5 pmto the water-soluble
working fluid {®r B fixet-fAfhraditveonpeefoaw sbshhegf insthaspdstepfent
the present invention and stirring, is preferably 100 nPa .s or |ess
at 25C. stephetviscodiftiycudft theegions theduft] delir towraiid Aguid between
predeterm ned silicon powder is high, the problens listed in the
above seg@&fens!Problens to be Solved by the Invention" are likely to
occur. Effects of the Invention [0018 The wat er - sol ubl e working fluid
for a fixed-abfasiVee ditfe oantbe Fhet ey Fhe&ti oA EBRDE | SRSregse

redet erm ned wat er - sol ubl Theref when t he, wor ki ng, fluid
P ont i o8l FheoanaBnRers GorLR 18 be| fhehde t?aw?eseth% ST 2bn

wd d d h k f d
P s 1pBEAS! %?éﬁao#é‘mf%"ﬁérb: Phar i chE BhaBr L avEREesh Y
I nhi bited, Eur gar Sugeg nglmeié'ug L&Hgdf9ulah9 9r§S§f£ean%segg9@e
conpr|ses a pre ernlne er-sol u Fe ? 0SSI b

inhibit fhe.silycan %Tlﬁﬂﬁbibe | NG 1Buig?f4fggd' aGt kWREnWhited

each ot hér to generate ydr ogen, SO possible to In |b|t

Vi SCOSi t y kRCERBSE10F i PE11ald an B bﬁe%e\éﬁr Bhegwof’gﬁé 204 @e4dehe cut
(100477) fluid containing the silicon powder. Mdes for Carrying Qut

t he Inveateb@ms[,oaﬁalﬁ\ﬁé&e}ﬁy ot £ M kd gy fyla ;0an& EilxedvAbeasive
Wre Saw> The wat er - sol ubl e wor ki ng for a fixed-abrasive

W re sawiatrtheepbeseniativanbifonheowpiksas: flAjidat | east one
wat er - sol ubl e pol yner sel ected from pol yvi nyl pyrrolidone and a

Means for Solving the Problems



[ 0020] ((A) Component) The working fluid of the present

i nventi %fﬁﬁ%i%@ﬁ%ﬁ%ﬂoﬁ%} one wat er-sol ubl e pol yner selected from
pol yvi nyl pyrrofidone a a copol yner including vinylpyrrolidone as
(A) conponent. Wth the water-soluble polyner contained in the
working fluid, it is possible to inprove dispersibility of the
silicon po rint wor king fluid containin he silicon, powder. As
o resul t O sl 'ty Mt r BHERUaE St S dior KEh G T AR o oERs Mt i FRR
powder be i.nhibited. It is, also .possible i nhibjt..r tjion of
Phe st | 10 o e e Bk R AT 5 e ety ST I o
hydrogen in th ' flui.d c LOLAg.S) L) wger : .
Vi scosity incrggggﬁ%#%ggﬁggﬁgx gﬂk?hgb§0F§Pééggﬁﬂ?%'co&iéﬁ#&%&gaﬂg@%
silicon powden, can e dsthichict 8d. <LQ03dbASst Qi kbe MWei ghtiAveRIQowder
nol ecul ar wei ght of the water-soluble polyner as the (A) conponent
det er m neskryard e el u e rdRad d ¥k K aateg e imdit Rikglie liaseioor.
| i ght scattering detection nethod, the lower |imt thereof is
preferably 2,000 dahemtteyveand starss tpr efrerralzise 82000 e0h et eantyt he
upper limt thereof is preferably 1,000,000 or |ess,

nmor epr ef srablhqifdg,0 @0 e RCEHrIR2GU] W86 24520 1D047FPlunet ebs, trEndrorking
further nore preferably 500,000 or less. If the nolecular weight is

t oo smal¥lwid ne olnaiekse bl sl bianigey  athehadVEintaweslgbrdfsf.ect  of
addi ng the (A conﬁonent may not be exerted. On the other hand, .if,
the nol ecul ar Wi Yhenithe 3b qudr debrhgdiscrrirrins 6F Gha geriisgddiniy-
increase in the working fluid is likely to occur. [0022] Based on.the
total nmesse EIOBY R HRNE H MO 881 T MEXKEFrCE MR FRFD o TRer,

fi xed-abrasive wire saw the Iowgr limt of the content of the (A

conmponent®{ 3" pF ef €t abt ‘U% ¢ L6839+ ore, nore preferably 0.05

% , f . 0 :
s o, gl Syl A UL 0 PSS R
mass% or { fag 1 ARk 0L %t@w?{ﬁ@%g%%r@égg%%ehwgab&ng% £QRtRN of

the (A) conponent Is too sma g out e the "above range, the
advant aggeusi-ef fects of inhibiting viscosity increase and of
preventing generation of hydrogen may be poorly exerted. On the other
hand, if the conf eat MHodderoPleBOMBINENE (49 ¢99 vkas@eved Be Micaasirty
of the working fluid is likely to increase. [0023] The wat er-sol ubl e
pol yner asptéeée{&)yminaponetd r+sopabyeimyl pysr ol ddne wer lai rop pold yikr

i ncl udi ng vinyl pyrrolidone; and two or nore kinds thereof nmay be used
in mxtuf@l@As to tHEhedpolgmerrs refadingd whey lghoveolpmddens he
proportion of the vinylpyrrolidone unit based on the entire copq%yner
i s prefeiabeysbvehyl vood hos ecompheohefethe ol ecrbhen ydrg e kel ow
vi nyl pyrrolidone may be vinyl acetate. [0024] ((C) Canponent)

The wor ki ng fI&ifd 55t ereepEe’Eithe RYERENEN MBS 101 Hér 20T SO HPLe
al kali salt_ of a_polycarboxylic acid as, (C) conponent. .

PCT/ JP201%F 561?9;5581(%%0%93?) 2By XEAT AT EREVE YL ED n%%"i’\ehﬂe%%“%%‘f%%t i ng
the anount of ,addition theregof, it |s ssib to attai n advant ageous
f Toct o BPTSFIfRG ERECRAERI HG FPufd SPERSRS: biyor viad REr e STy
and corr 9s] : es), st 0025] e t a L.C

el ude Sarnsi8aYE: Uelr it T Recte oy 1 BArYECEBINbAb Rt
and mal i j I ; i 4Lpgl 5 h ' j
motal suchias 3 SEor BoRO Y ERREERLLAGNE LT o OO AES PloRhd
as tr|e;@@H?hgpkggiigbhbgogﬁgpqul@thQL et hyl enedi am ne, and
N-(2- am noet hyl') - 2- am noet hanol. [0026] Based on the total mass (100
mass% offobhewor ki nohé hidirkiefy theiaresent proeaid Qhvehite dnovehpti séé
of the content of the (C) conponent is preferably 0.01 mass% or nore,

and nor eapsed s ednyi b d wAB8$%s6l ubbEe ol it tipBe(A) kBibohkareof Théreby
preferably 10 mass% or |ess, nore preferably 2 mass% or |ess, and
when it contains silicon powder, dispersibility of the silicon

powder can be improved and viscosity increase of the working fluid
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di et hyl ene gl ycol, ethylene glycol, and butylene glycol. Exanples of

the gly | yl ethers of the above glycols. Exanples
of the ﬁwﬁgg%@%éﬂﬁkkg@éﬁgﬁmt hyl group, an ethyl group, and a
butyl group. A part of the hydroxyl group of the glycols may be an

al kyl ether, or all thereof maybe an al kyl ether. Specific exanples

of the glycol, ethers inglude diethyl ene glycol .ppnoethyl ether, . .
di et hyl Hore dﬁi’& ﬁ}}lll&PHeP?Wﬁ%H ?ﬁ%g&ﬁ éﬁglg&%&r norbEr Tyt Lt 1S
et her. [0029].Exanpl e f.t ol voxyal kyl.ene_gl.ycol s ,i.ncl

ol yet TR L EOr, SRaTybt oot St RN dt: 2Rt M sSryRep e from
pol yoxy p l.ene; t 1ght - :

nol ecul g'lréyv\(/%fgﬁq %{]%gr g%ﬁﬂﬁqﬁ{é&g%ﬁsg%egﬁ%ﬁt yre eeghdsfi%ge%ﬁ%@gglssmle
per meat i GG GArARIB: Y 3 npirehekablyqdPaf98n 05 f | 1858 wditg fluid
preferably 5,000 or less, and further nore preferably 400 or Iess.

[ 0030] Basegh oiddecROtad 1 IBss dibimss?) of the working fluid of
the present invention, the lower limt of the content of the (D)
conponentq0is] pref errablohe). £l nEs $¥peic thife t hed e epkefte iakkyt@oh, mass%
or nore, further nore preferably I mass% or nore, still further nore
pr ef er abkeidhtrasedsage moskscabal | welsgpeo @l thpr effer aldnmpdrGniasisPo or
nore; and the upper limt thereof is preferably 95 nass% or | ess,
nmore prepeebdrabdy % or 1e3%0, @Y further nore preferably 80
mass% or |less. If the content of the (D) conponent is too small being
out si de t®el3bove radiyeha He iy aftpegdo e éfhfee Presendddinygnitheny DEhe
conmponent cannot be exerted. On the other hand, if the content of the

d
(D) conpotiRhent sOt oth'¢ aklye, COMRORY: nl R H3Pof 1 WA hg S MALE
may degr ade. 0031 he working fluid of t?e res i nvention
Cont &) nBATRIPINTIY OB PR PC 2804 nEOEAS T SoRRS WAt 1P dtRe
cases furth o] I RS e_( ]i t . t he ) NeMd.s the
rest bei%%rgggvgig%& fréng Y e%gﬁangggig%‘fea%é{isndpﬁ%houg parstT'cuI ar
limtati nd th ' be .di,gt LI ; - e e ®lGrdhi
wor ki ng ??Ell%l?_t hat _(L:‘Ignnét gf—ﬂ%¥agnggﬁébadr%%nl\tqﬁ%?%é?%%r tigaends tro _lve
increaseyits M $eISthy OfrHe G9lrked s WRD p3idded@ni ROVHEH oh Sp Ot Al Ied
therein. By contrast, the working fluid of the present invention can
i nhi bit whseRstt¥orpel ease(@r Helatkiaanl eblthefvarksngechtbbey Wherncid.
containing silicon powder, even with a conposition in which a |arge
amount ofThaei@itdrst odntlaé neEd, cbapoazatpl = paefetrpbdivt § oDl ima ¥ oh more
wat er accounts for 90 mass% or nore based on the total mass of the
wor ki ng &hdild) mk6632) xCeasachasestarcsheftatted Woskiafl tBeuraber-soluble
The viscosity of the working fluid of the present invention is
pref er abvgrBOngPaleidritess, L inrd Jrwsfsireh Wi b samg a8 00| mgsssandihe
further nore preferably 20 nPa.s or |less, at 25C. The viscosity of a
wor ki ng Vptkdngsfabidt @8 £hai BYeseRrhednBGNEESPeFIT NS ppatibt &r ¥t e
silicon powder in the workipng fluid of the gresent inventioné is 100
nPa.s, pPefBRABLYLLEt)Pa"ESBENEeRECPREFY pRBFeFAbF 9S50 RS 55 b skY

and further _nopre preferably 45 s or. les at. 25C. . The asur ement
of the vPEBbaTDy P 3aea oo el LItk AP P A harad By R R
mass% of si l.i,con er article size: 1.5 pm to the working fluid
of the pF‘CZLEéLHt aF’nsg\rﬁ?F%)ﬁg’BE ftllrcr'i ng and m xing them thereafter

PULting 2gphghnl ess #LEe), gl ls 2l {8, 1l ABhelik FOL & FfdlAbHASive

stirring the xture at _rpm and renoving t

stai nl esg;isteghy bad kbnRy sl bhEraddant olef thBG M KGOS 1Y ettt ibRep 2B Bably
described working fluid itself is too high, the viscosity of the

si mul at ey PEELI RIRBELQ6EA5 D) ( 500487) mbki etontainEremt BReSikban
powder will also be inevitably high. Further, if the viscosity of the
si mul at edohktisd ihg d001hcahs, e durobt iesss daserpdietbtya Tihe ety eycols.
section "Problens to be Solved by the Invention" are likely to occur.
The content of the (D} component is preferably 0.1 mass% or more

and 95 mass% or less, based on the total mass of the water-soluble
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Exanple 6 1.0 Oz 1P17L'0 1E. QOT 09 9 SZ 8'T Exanple 5_1
o PCT/JP2011/067457 (100477)

working fluid for a fixed-abrasive wire saw as 100 mass%.
[0016] The viscosity of the water-soluble working fluid for
a fixed-abrasive wire saw is preferably 50 mPa ‘s or less at 25°C.
If the viscosity of the working fluid itself is high, it becomes
much higher when the working fluid contains silicon powder.
Therefore, the viscosity of the working fluid itself is preferably
not more than a predetermined value.

[0017] The viscosity of a working fluid (simulated fluid)
formed by adding 10 mass% of silicon powder having an average
particle size of 1.5 um to the water-soluble working fluid for
a fixed-abrasive wire saw of the first aspect of the present
invention and stirring, is preferably 100 mPa's or less at 25°C,
If the viscosity of the simulated fluid containing predetermined
silicon powder is high, the problems listed in the above section

“Problems to be Solved by the Invention” are likely to occur.

Effects of the Invention

[0018] The water-soluble working fluid for a fixed-abrasive
wire saw of the present invention comprises a predetermined
water—-soluble polymer. Therefore when the working fluid
contains silicon powder, which is silicon cut debris, the silicon
powder can be dispersed in the working fluid. Accordingly,
viscosity increase of the working fluid containing silicon powder
can be inhibited. Further, since the working fluid of the present
invention comprises a predetermined water-soluble polymer, it
is possible to inhibit the silicon powder and the working fluid
from reacting with each other to generate hydrogen, and also

possible to inhibit viscosity increase or gelation of the working
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fluid containing the silicon powder.

Modes for Carrying Out the Invention
[0019] <Water-Soluble Working Fluid for a Fixed-Abrasive
Wire Saw>

The water-soluble working fluid for a fixed-abrasive wire
saw of the present invention comprises: (A) at least one
water-soluble polymer selected from polyvinylpyrrolidone and a
copolymer including vinylpyrrolidone; and (B) water.

[0020] { {A) Compcnent)

The working fluid of the present invention comprises: at
least one water-soluble polymer selected from
polyvinylpyrrolidone and a copolymer including vinylpyrrolidone
as (A) component. With the water-soluble polymer contained in
the working fluid, it is possible to improve dispersibility of
the silicon powder in the working fluid containing the silicon
powder. As a result, viscosity increase of the working fluid
containing silicon powder can be inhibited. It is also possible
to inhibit reaction of the silicon powder and the working fluid
to prevent generation of hydrogen in the working fluid containing
silicon powder. TFurthermore, viscosity increase or gelation of
the working fluid containing silicon powder can be inhibited.
(00211 As to the weight-average molecular weight of the
water—-soluble polymer as the (A) component determined by the gel
permeation chromatography/multi-angle laser light scattering
detection method, the lower limit thereof is preferably 2,000
or more, and more preferably 8,000 or more; and the upper limit

thereof is preferably 1,000,000 or less, more preferably 700,000
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or less, and further more preferably 500,000 or less. If the
molecular weight is too small being outside the above range, the
advantageous effect of adding the (A} component may not be exerted.
On the other hand, if the molecular weight is too large,
agglomeration or large viscosity increase in the working fluid
is likely to occur.
[0022] Based on the total mass (100 mass%) of the
water-soluble working fluid for a fixed-abrasive wire saw, the
lower limit of the content of the (A} component is preferably
0.02 mass% or more, more preferably 0.05 mass% or more, and further
more preferably 0.2 mass% or more; and the upper limit thereof
is preferably 7 mass% or less, more preferably 5 mass% or less,
and more preferably 3 mass®% or less. If the content of the (A)
component is too small being outside the above range, the
advantageocus effects of inhibiting viscosity increase and of
preventing generation of hydrogen may be poorly exerted. On the
other hand, i1if the content of the (&) component is too large,
the viscosity of the working fluid is likely to increase.
[0023] The water-soluble polymer as the (A) component is
polyvinylpyrrolidone or a copolymer including vinylpyrrolidone;
and two ox more kinds thereof may be used in mixture. As to the
copolymer including vinylpyrrolidone, the proportion of the
vinylpyrrolidone unit based on the entire copolymer is preferably
60 mol% or more. A monomer to be copolymerized with
vinylpyrrolidone may be vinyl acetate.
[0024] {{C) Compcnent)

The working fluld of the present invention may further

comprise an alkali salt of a polycarboxylic acid as (C) component.
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By adding the (C) component and adjusting the amount of addition
thereof, it is possible to attain advantageous effects of giving
the working fluid dispersibility, washing property, and corrosion
resistance.

[0025] Examples of the polycarboxylic acid include adipic
acid, oxalic acid, dodecanedioic acid, citric acid, and malic
acid. Examples of the alkali include: hydroxides of alkali metal
such as potassium hydroxide, sodium hydroxide; and amines such
as triethanolamine, triiscpropanclamine, ethylenediamine, and
N- (2-aminoethyl)-2-aminocethanol.

[0026] Based on the total mass (100 mass%) of the working
fluid of the present invention, the lower limit of the content
of the (C) component is preferably 0.0l mass% or more, and more
preferably 0.1 mass% or more; the upper limit thereof is
preferably 10 mass% or less, more preferably 2 mass% or less,
and further more preferably 1 mass% or less. If the content of
the (C) component is too small being outside the above range,
it is difficult to realize the advantageous effect of adding the
(C) component. On the other hand, if the content of the (C)
component is too large, there may occur viscosity increase or
gelation of the working fluid, or precipitation from the criginal
fluid.

[0027] {{D) Component)

The working fluid of the present inventionmay still further
comprise, as (D) component, one or more selected from the group
consisting of glycols, glycol ethers, and polyoxyalkylene glycols.
Including the (D) component produces an advantageous effect of

giving the working fluid lubricity and wettability.

9
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citric | LQl { d potassi um hydroxi de triethanol am ne
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[0028] Examples of the glycols include propylene glycol,
diethylene glycol, ethylene glycol, and butylene glycol.
Examples of the glycol ethers include alkyl ethers of the above
glycols. Examples of the alkyl group include & methyl group, an
ethyl group, and a butyl group. A part of the hydroxyl group of
the glycols may be an alkyl ether, or all thereof may be an alkyl
ether. Specific examples of the glycol ethers include diethylene
glycol monoethyl ether, diethylene glyccl diethyl ether, and
propylene glyccl monoethyl ether.

[0029] Examples of the polyoxyalkylene glycols include
polyethyleneglycol, polypropylene glycol, and a copelymer of
polyoxyethylene and polyoxypropylene; and the weight-average
molecular weight thereof (in terms of polystyrene using the gel
permeation chromatography) is preferably 10,000 or less, more
preferably 5,000 or less, and further more preferably 400 or less.
[0030] Based on the total mass (100 mass%} of the working
£luid of the present invention, the lower limit of the content
of the (D) component, is preferably 0.1 mass% or more, more
preferably 0.5 mass% or more, further more preferably 1 mass%
or more, still further more preferably 3 mass% oxr more, and in
especial preferably 10 mass% or more; and the upper limit thereof
is preferably 95 mass% or less, more preferably 90 mass% or less,
and further more preferably 80 mass$% or less. If the content of
the (D) component is too small being outside the above range,
the advantageous effect of adding the (D) component cannot be
exerted. On the other hand, if the content of the (D) component
is too large, the cooing property of the working fluid may degrade.

{0031] The working fluid of the present invention contains

10
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nonoet hyl et her viscosity of working fluid (nPa-s) Hd
the (A) component, and in some cases further contains the (C)
component and the (D) component, the rest being (B) water. The
water may be of any kind without particular limitations, and thus
it may be distilled water, tap water, etc. A working fluid that
contains a large amount of (B) water tends to increase its
viscosity or be gelated when silicon powder is contained therein.
By contrast, the working fluid of the present invention can
inhibit viscosity increase or gelation of the working fluid when
containing silicon powder, even with a composition in which a
large amount of water is contained, for example a composition
in which water accounts for 90 mass% or more based on the total
mass of the working fluid.
[0032] <Characteristics of the Working Fluid>

The viscosity of the working fluid of the present invention

is preferably 50 mPa ‘s or less, more preferably 25 mPa s or less,
and further more preferably 20 mPa-'s or less, at 25°C. The
viscosity of a working fluid (simulated fluid) formed by
dispersing predetermined silicon powder in the working fluid of
the present invention, is 100 mPa ‘s, preferably 55 mPa ‘s or less,
more preferably 50 mPa-s or less, and further more preferably
45 mPa s or less, at 25°C. The measurement of the viscosity is
based on a simulated fluid obtained by: adding 10 mass% of silicon
powder (particle size: 1.5 pm) to the working fluid of the present
invention; stirring and mixing them; thereafter putting a
stainless steel ball (2mm in diameter) into the mixture; stirring
the mixture at 1000 rpm for 10 hours; and removing the stainless
steel ball by filtration. If the viscosity of the above described

working fluid itself is too high, the viscosity of the simulated
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filuid containing the silicon powder will also be inevitably high.
Further, if the viscosity of the simulated fluid is too high,
the problems described in the above section “Problems to be Solved
by the Invention” are likely to occur. The viscosity of the
working fluid and the simulated fluid can be measured by a
Brookfield type viscometer.

[0033] The pH of the working fluid is preferably 5.0 or more
and 9.0 or less. If the pH of the working fluid is too low, an
iron material or a wire brought into contact with the working
fluid is likely to corrode. On the other hand, if the pH of the
working fluid is too high, it is likely that the working fluid
and the silicon powder react with each other to generate hydrogen.
The working fluid of the present invention may be used in the
form of being diluted with water, but even in that case, the pH
of the working fluid after diluted is preferably within the above

range.

Examples
[0034] <Examples 1 to 13 and Comparative Examples 1 to 5>
The water-soluble working fluids for a fixed-abrasive wire
saw of the present invention (Examples 1 to 13) and water-soluble
working fluids for a fixed-abrasive wire saw not being the present
invention (Comparative Examples 1 to 5) were prepared such that
the compositions thereof are respectively as shown in Tables 1
tc 3. The pH of each working fluid prepared was measured, and
the viscosity thereof at 25°C was measured by a Brookfield type

viscometer.

Additionally, simulated fluids were formed by: adding 10
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mass% of silicon powder {average particle size: 1.5 pm) to each
of the working fluids; stirring and mixing them; thereafter
putting a stainless steel ball {2mm in diameter) into the mixture;
and stirring the mixture at 1000 rpm for 10 hours. After removing
the stainless steel ball from each of the simulated fluids by
filtration using a metal mesh (50 mesh), the viscosity (mPa s,
25°C) of each simulated fluid was measured by a Brookfield type
viscometer. Further, heating 10 ml of the simulated fluids up
to 50°C, the amount of hydrogen generated within thirty minutes
was measured.

[0035] With regard to the weight-average molecular weight
of polyvinylpyrrolidone (PVP), PVP K-15 had 92,700; PVP K-30 had
70,000; and PVP K-60 had 400,000. In addition, PVP/VA was a
copeolymer of vinylpyrrolidone and vinyl acetate; the
welght-average molecular weight thereof was 32,000; and the
preportion of vinylpyrrolidone in the copolymer was 70 mol%.
[0036]

[Table 1]
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In the cases of the working fluids of Comparative

[0039]

Examples, there was viscosity increase in all of the simulated

By contrast, as for the working fluids

fluids to cver 55 mPa -s.

of the present invention (Examples 1 to 13), wiscosity changes
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were small in the simulated fluids, and none of these simulated
fluids had a viscosity of over 45 mPa-s.

[0040] The working fluids of Examples 1 £o 3 and Comparative
Examples 1 and 2 were those obtained by diluting their original
fluids by 10 times. Therefore, a composition of the original
fluids was such that the amount of each compound therein was 10
times the amcount in their diluted ones.

[0041)] (Group I)

Group I consisted of Examples 1 to 6 and Comparative
Examples 1 to 3, being examples of working fluids containing large
amount of water. The working fluids of Comparative Examples
which had large amount of water (Comparative Examples 1 to 3)
all showed viscosity increase and were gelated. However, the
working fluids of the present invention added with PVP (Examples
1 to 6) were not gelated and showed little viscosity increase.

In addition, the amount cf hydrogen generated in Examples
1 to 6 did not exceed 5ml, whereas the amount of hydrogen generated
in Comparative Examples 1 to 3 was more than 15 ml, which was
a significant amount.

[0042] (Group II)

Group II consisted of Examples 7 to 12 and Comparative
Example 4, wherein the kind and the amount of (C) component and
of (D) component were the same and the (A) component was different.
From this, the advantageous effect of inhibiting viscosity
increase by each kind of polyvinylpyrrolidone (PVP) and a
vinylpyrrolidone/vinyl acetate copolymer (PVP/VA) was shown.

In addition, comparing the amount of hydrocgen generated in

Examples 7 tc 12 with that in Comparative Example 4, the amount

17
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o) det propy P ERE RS PEBYy AT et byt eneal veol | monoet hyl ether
water citric acid dodecanedi oic acid epTxospAy wnTssugoa
tri et hanol am ne N-(2-am noethyl)-2- am noethanol Total viscosity of
wor ki ng 5%Lﬂ§h§$§§ﬁEﬁeﬁﬁ%é@é§x§§§3%£§11 in the working fluids of the
present invention containing polyvinylpyrrolidone etc.
[0043] (Group III)

Group III consisted of Example 13 and Comparative Example
5, containing (D) component different from that in Groups I and
ITI. From this, the advantageous effect of inhibiting viscosity
increase by polyvinylpyrrolidone (PVP) was shown regardless of
the kind of (D) component.

In addition, comparing Example 13 and Comparative Example
5, the amount of hydrogen generated was small in Example 13 which
included polyvinylpyrrolidone.

From above, it is shown that the working fluid of the present
invention comprising at least one water-soluble polymer selected
from polyvinylpyrrolidone and a copolymer including
vinylpyrrolidone has advantageous effects of inhibiting
viscosity increase and hydrogen generation in the simulated fluid
having silicon powder dispersed thexrein.

[0044] 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 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.
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sinmulated fluid (mPa-s) anopunt of hydrogen generated (m)
PCT/JP2q*%ﬁgfgéﬁﬁbéﬁﬁQgﬁi%JEPOBS] [ Table 3] [0039]1n the cases of
t he worKi ng urds o nparative Exanples, there was viscosity
increase in all of the sinulated fluids to over 55 nPa.s. By
contrast, as for the working fluids of the present invention

( Exanpl t.o 13),.  viscosity..changes PCT/JP2011/067457 (100477)
were sme rf&lf%tlilﬁag“) SZ}E?‘RJ]IJE& ]fjﬁ}f ds, and none of these simul ated

fluids h i i 1.:L.Q0 T j: £ 1_ulj .f
e Teghgs cosui, € et 65 rpas AR recuncaon fL s o
by di | utjng thei %f }HO ?%gleﬁlf;:&urlf{?rg'}’lol'pcghr@é espé%ri%flqligesuﬁtably used

conposition of the ori s was such that the afount of ‘each

conmpound; f hereiihgnass 10 ddies ddiewdRUNM ind & hekeddhbuhedvengsre saw.
[0041] (Group 1) G oup | consisted of Exanples 1 to 6 and
Conparative Exanples 1 to 3, being exanples of working fluids
containing | arge anount of water. The working fluids of Conparative
Exanpl es which had | arge anount of water (Conparative Exanples 1 to
3) all showed viscosity increase and were gel ated. However, the
working fluids of the present invention added with PVP (Exanples 1 to
6) were not gelated and showed little viscosity increase. I n
addition, the amount of hydrogen generated in Exanples 1 to 6 did not
exceed 5 m, whereas the amount of hydrogen generated in Conparative
Exanples 1 to 3 was nore than 15 nl, which was a significant anount.
[0042] (G oup I1) G oup Il consisted of Exanples 7 to 12 and
Conpar ati ve Exanple 4, wherein the kind and the anount of (C)
conponent and of (D) conponent were the same andthe (A) conponent was
different. Fromthis, the advantageous effect of inhibiting viscosity
i ncrease by each kind of polyvinylpyrrolidone (PVP) and a

vi nyl pyrrolidone/vinyl acetate copol yner (PVP/VA) was shown.

In addition, conparing the anbunt of hydrogen generated in Exanples 7
to 12 with that in Conparative Exanple 4, the anpunt

PCT/ JP2011/ 067457 (100477) of hydrogen generated was snmall in the
wor ki ng fluids of the present invention containing

pol yvi nyl pyrrol i done etc. [0043](Goup II1)
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Goup Il consisted of Exanple 13 and Conparative Exanple 5,

cont ai nig8T/GPho LONPABS N ofll7hf erent fromthat in Goups | and I'l. From
this, the advantageous effect of inhibiting viscosity increase by

pol yvi nyl pyrrol i done (PVP) was shown regardl ess of the kind of (D)

conponent . In addition, conparing Exanple 13 and Conparative
Exanpl e 5, the anmount of hydrogen ggﬂgiﬁged was small in Exanple 13
whi ch i ncl uded pol yvi nyl pyrrolidone: From above, it is shown

that the working fluid of the present invention conprising at |east
one wat er-sol ubl e pol yner sel ected from pol yvi nyl pyrrolidone and a
copol yney i ngl ydipg-¥bnybpPyrididRne1 hag @dvant:ageous, ffieet %1 8¢ saw,
inhibiting viscosity increase and "hydrogen generation in the

si mul at eghd | wh b Payd N B |00 mpwaali i shessied idier ei n. [ 0044] The
present invention has been descri bed above as to the enbodi ment which
IS supposed to(ze g acdd taloras warld r -ao lpikdfee palilyencat sprleseril from
However, it should be understood that the present invention is not

i mted polyhenehyodrseidonk soldsedapp e s pigwifudiatd on and can be
appropriately nodified within the range that does not depart fromthe
gi st or spryipyofolidonewemd on, which can be read fromthe appended
clainms and the overall specification, and that a water-soluble

wor ki ng fluid fBr ¥2§§%ed- abrasive wire saw with such nodifications
are al so enconpassed within the technical range of the present
invention. PCT/JP2011/067457 (100477) Industrial Applicability

[ 0045] The wat er - sol ybl e rkiong fluid f a. fixed-abrasive wre saw
of the pfmen?f}?%\yé#t ol \g@‘é‘ﬁ)lﬁew%géggaﬂ‘ﬁ/l%tﬁqraﬁl glﬁ%(gaakﬁa%h‘{? i'mg a
silicon fe LR usi | - |V [ e A

PCT/ JP20 0%9%%‘93( 18059752 H s Whaes 41 e dftaverage FHSTH For
a fixed- LV i S - 50l ki | 44

conpri si ‘ﬁgiﬁt Sf%%% g%“ Iéeas éﬁ?}lﬁr@{ V\gfeifj'?éso nﬁei’gg%({/'ndgdj’sel ect ed
from pol yvi nyl pyrrol i done and a copol ynmer including vinyl pyrrolidone;

and (B) water. 2.The water-soluble working fluid for a

fixed-abgasi verié ne: tsaw R0GH1d Rerkongl aldid, foMher €iRed@-abrasive wire

wei ght - aver age nol ecul ar wei ght of said (A) conponent is 2,000 to

1, 000, 00faw3adbertahgrcsotbie Woskihg whereif o eodiaxed-abreside(A)

Wi re saw according to claiml1l or 2, wherein a content of said (A

conponentomgefefR MasEWadrmapse andndranssds orniess, ohabess orPasred on

total nmass of the water-soluble working fluid for a fixed-abrasive

wire sawchs toDahesass af Theewddeersepdbbee wopkkhgd fflptd ter a2

fi xed-abrasive wire saw according to any one of clains 1 to 3, the

wat er - sof UBPe-ABFRFHYST Fure FavtRer LeBnpRfs¥ng (C) an alkali salt of

a pol ycarboxylic acid. 5. The water-soluble working fluid for a

fi xed-abrasive wire saw according to claim4, wherein a content of

I I 0 0,

zﬁl?hgcz6§grp09§gtwéég£L§§1dEE§5éb%&ig%r%l%?g égrQP ié%%ﬂak%ééivgaﬁf e
saw according to any one of claims 1 to 3, the water-soluble
working fluid further comprising (C) an alkali salt of a

polycarboxylic acid.

5. The water-soluble working fluid for a fixed-abrasive wire
saw according to claim 4, wherein a content of said (C) component
is 0.01 mass% or more and 10 mass% or less, based on the total

mass of the water-soluble working fluid for a fixed-abrasive wire
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mass of the water-soluble working fluid for a fixed-abrasive wire

PCT/ JP2 7 w as 100 nmass% 6. The water-sol ubl e
%}i‘%‘?@i@j{)égﬁ%?ﬁ& 7SR

wor ki ng I Xed- abrasive wire saw according to any one of
claimse 1 to 5, the water-soluble working fluid further conprising (D)
one or nore selected fromthe group consisting of glycols, glycol

et hers, and afpol Y yal kyl ene glycols. 7. The water-sol ubl e working
fluid fdi**a %xlegfzﬂ?r ive wire saw according to claim®6, wherein a
content of said (D) conmponent is 0.1 mass% or nore and 95 nass% or

| ess, based on the total mass of the water-soluble working fluid for

a fixed gbrasiye whie saw1a8) 100, PR8sder1 Bra Foe waf Sreaolibl & yoik a0

fluid for a fixed-abrasive wire saw according to any one of clains 1

to 7, V“E‘dv@ia(b@oﬂ/diggj‘)sﬂé Yarff drhe orkidignd luied iss 3hd Rt s d1e$s eat

25C. 9. The water- ubl e working fluid for a fixed-abrasive wire saw
accor di Rgb#101 ANy 1a11e) Gfuraiainmeokhptra s8ngwWhel ebie sovimansidel eafteal from
sinmulated fluid formed by adding 10 mass% of silicon powder having an
aver age ties tgiede staresiftiing gindloyssisd wdnkdalg fttheixds ,amcthdstirring i s
100 nmPa.s or |less at 25C

polyoxyalkylene glycols,

7. The water-soluble working fluid for a fixed-abrasive wire
saw according to claim 6, wherein a content of sald (D} component
is 0.1 mass% or more and 95 mass% or less, based on the total
mass of the water-soluble working fluid for a fixed-abrasive wire

saw as 100 mass%.

8. The water-soluble working fluid for a fixed-abrasive wire
saw according to any one of claims 1 to 7, wherein a viscosity

of the working fluid is 50 mPa's or less at 25°C.

9. The water-soluble working fluid for a fixed-abrasive wire
saw according to any one of claims 1 to 8, wherein a viscosity
of a simulated fluid formed by adding 10 mass% of silicon powder
having an average particle size of 1.5 pum to said working fluid

and stirring is 100 mPa-s or less at 25°C.
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