;) kl.me3eccp , 6bT 7 ~~N ~Z Specification Aqueous Qutting Liquj
Aqueous Cutti ngmmmﬂwmmmmgt hod for Cutting Hard and Br ','HI%%}\/EJQN §092
Usi ng The Sane el d] The present invention relates to an
aqueous cutting agetresiseiwhi ch can use on precisely cutting/cutting work
material made of a hard and brittle material such as an ingot of silicon
single crystal o , rock crystal, ceramc and gl ass, and aqueous
cutting liquid ugimmm mmm’m‘g aquénss iduaatignagent, and a net hod for
cutting the hard and, JLtle mat erials by using the aqueous cutting agent.
More particularly, the present invention relates to,an aqueous cutting
agent, which is excellent in dispersion stability and viscosity stability
of an abr asPgBegug GuhhEngaridudd ar hguepnasytid norgentiang Mevhed f@avi ce,
aqueous cutt n%,l i qui d usab] e t.herefor, and_a net.hod Lor cutting/cutting
hard and br{cttiteFat@mcardd Ghihtis Mat&ded st Yedn8utten§aBer f or mance,
cleanability and the like of the work material. [Background Art]
Conventionally, in order to cut the hard and brittle nmaterials such as
silicon sin r | st e has been used a cutting agent conprising an
abr asi ve grgilr(r%cglt%%tags Fs?ﬁrll%réon carbide (SiC) dispersed in cutting liquid,
and this cutting | ' i t o]l tting
dovi co. and wor k- FaEEh eSS tRREhEBohds Y 87 1 Rhledts SRELERD el
2002 sever alyntiehschR utRVEh HrdIAESIBNEa L B RY /Sht €1 MY Wtk MRELr IR] @ldgdl thin.
Al so, in the case of precision cutting using, for exanple, a nulti-wire
sawi ng devi o, at hara@uhhinBristieuphtkrpalf stoRdasisad dldgwss ofTRaN iicon i N the
multi-wire saw cutting device, wire is wound nmany tinmes around a

mul ti - gr ooved nglliedery@taar oraqw 19ic st 1ol e6tk atry@t £1 ] akerahiial agd by
cutting with high precision to be reciprocated by a driving notor. This
reci procati gdasis,e andpigsseds agatbshgt hequid kusab ke | Bor whhé cadquieai®quat e
cutting load is being applied thereto to performcutting by a cutting

oper ati on weult inigeagenti nqarahemetkoddiomcutpphgdhea bardeandmrddtt ksort i on.
Since the reciprocating wwre is gradually worn as the work material is cut,
the wire is™&&Fdads Eﬁg’ élst%ﬁ’err&%ﬁo‘é‘nd:“&t&é\ﬁ Rig9e8ti-s Y9pBlied by a
geared notor. As the foregojng cutting, agent, there have been used an oil

cutting ageRBISASHAPEd Yoy 2R8I RESSERFL 1L b0 EEFHES (1P AR as

t he base, a _glycol cuttin nt _mai nly, conposed. of  pol yet hyl en |_ygol or
pol ypr opyl e _téllygo??eghﬂq'gﬂ]"gcgh&gp%c%%][‘?r?%nacgféq € oﬂ%lc\}{:g%ﬁ%bg%% an
agueous SOl 4iilseR sl ya SYHHIAGAATE e HIHe 1 VWM dnlte pRaieiANg] ol |
base cutting agents~had the follow ng problem “That is, the cutting agents
mai nly conpesedafi i #8iah Rileawei dhaiadt agggedbiidicdtt ity @4eRlient in
| ubricating properties, and has good cut surface of the work material, and
good cutti ngspelfotiategorhutand 4 Mo fo €@oting/Pett dhgee®d and
Therefore, the - 2 2 0J UN 2002 conventional oil base cutting agents
had t he probrérattlilzanatbeiapes avhihgh dfsf egcehtgnt sndeet bing pdrecamsmndee
tenperature at a contact portion _increases during an operation to generate
oi | mist, afl§g@eRilidygend glienddke of dihsarnnk mgt&¥dadt-i on for the work
material after the termination of a cutting operation, or a fire can al so
occur. Also, when the work material, the operative and equi pnment have been
contam nated by .the cufti agents, an organic solvent cleaning fluid such
as trichl org@(a%moq?éiiﬁﬁ ne chloride or the like is required to
renove-the pollu howeyer he organi c_.sol.vent cl fluid

causes carci nogeh:ggig?_ngj‘gglgplﬁm | 1 SRSt he? & gtl}ff stbarb_ eﬁp‘fﬁgrljgt%b]ber em of
waste 1reat %’ltehzli@ ts !sﬁcﬁ%’%nghEcg?ggsri%eedci’\}'izﬁéf, SQIR A 1PPOBRkn Fsed

performed for the cleaning disc
a cutting agent comprising an abrasive grain such as silicon
carbide (SiC) dispersed in cutting liquid, and this cutting

agent is supplied to a contact portion between a cutting

device and work material to thereby obtain metal sheets of



Al so, in order to solve such conventional, problens on the oil base cutting
agent, the aqueous cutting agent mainly conposed of the for i I

" cutting agent or aqueous sol ution of a surface-active agent %Bsﬂi)@ozmn
studi ed, but the viscosity stability during cutting was not sufficient,
good cutting performance could not be obtained, and it was inferior in

di spersion stability of the abrasive grain, and it could not be

suffici entl gesatradf tets [th seveswle tdfousavnet inenbyl slisiag ohpeabraf the
present invention to provide an aqueous cutting agent which is excellent in
di sper si on Be&Biriiatly thgnoperties in which the abrasive grain settle down
and do not nake any hard cake, but are easily re-dispersed - 3 20J UN
200Z by sinpl e aflsatibn}hefcase oflpradisiqy anbt inedisdpas stor leixaynpdfe,er
settling, and viscosity stability during cutting/cutting operations,
aqueous cut RiTyL T Iduide ssaliing devicae oWsT Eng tlisngs warbhy pexd@ramed
cutting/cutting nethod excellent in cutting performance, cooling .

per f or rrance,asc%@&ﬂrﬁb’ﬁ‘i fhaindse hell j fe gPukheWigik St Sutdiingndevice,

cutting/cutting hard an brit;cl.e materia% b Y Lng the cuttl agent. After
carnest!y sPHUS 18 HAIHLPENS, tAMER: 1% P GolE LoAT SROSBEY cl 1k Pan&doi ng

bl , th t | t t | f t that bj t | b
D enrbved t nREABL ST bl ghoBed e e, Bas s eiaLe orriatinst Be Slridal §ishur
a | nPatlgh %n gt _ MY He it el 0
e conetlet BYSREBEEETE1BAUES We MU LN ed Byl 8NE1 YERGQRRAD BHISD 1.

speci fi cal | yeclhBeoRa®I 90l wifY § HPBs BEQHdHEH 3 REWRAYSHEEE£1 4D whiid d
(first enbodi ment of thé present invention) which conprises a cationic

wat er - sol ubkf &@&dHabe vttt Bily AVAE i¥abeEn@lapl iled EROrEBEQY Perdaimat

| east one nmenbers of a rheology control agent selected fromthe group

consi sting eofitadnigndyganict themigo ripeda tdono Widliec thencarittig ageénan isqueous
silica sol, wherein the content of a nonvolatile nmatter of the rheol ogy
control ageheing 6uppild 8 tpethenicantagdi giortdont.heSamoanthef the

nonvol atile matter of the cationic water-soluble resin. Al so, the present

i nventi on prEFLRESCAk1AgUEdLS tuianadialilgurvarpsae dh¢ wabbdiateeidk ishe
present invention) which conprises a cationic water-soluble resin having a
total aminecut4 the wire gsnwoppdouphi@ 5PropetRPL ngREAHR Jiew #H& ning a

tertiary am.,no_gro ngd_a _quaternary .anmmoni um sal t-containin roup, and
at Ieas%/ onésmggggﬁge@f %X raﬂgaag&;la&\;oﬁorrdl agent sel ected fro% '?he group
consi sting of an ing aJQ_ic bent oni te, .an orga ictglento i.te and_an agueous
silica sol, wh_er%fn E'%e 85%98?1?%?“?%&%9%%@“I et ?1&"% S Y3701 ogy
control agegh 651 QulctihPAgRALCEPEpRY ¥ WAlaQhgtdifa AMBIY o2fthida jke

nonvol atile matter of the cCationic water-solublé resin. Al so, the present
invention pgaviydasral agueadsthdl bade,! i gWdddhiddemRpdidait «fidike
present invention) which conprises an aqueous silica sol wth an aveéerage
particle di esmpesedioflo1y@thly lledssylpdsl arqrilypropyiaing gkptab] e ambi n
having a total am ne value of 50 to 200 ngKOH g, containing a tertiary
am no gr oupaanddgeoust Sudriy gamasn tumasial tyc eemposiedy ofr @lip 2dNeONS n t he
content of the naonvolatile matter of the aqueous silica sol is 0. 1 to 30
percent by ®EiLYKLoHF cthe SysiRCwoRAHEhRIRNtatile matter of the cationic
wat er-sol ubl e resin. Also, the present invention provides an agueous
cutting liquid (fourth enbodi mrent of the present invention) in which the
cationic water-sqluble resin specified in ueous cutti ng | i quid of the

the a
foregoing third HRBGUCRenttRF CPﬁ’é’e;S‘rtééjé’r?tl Phiek?ﬂ DRUESADG REEBBS t G
per cent by Wit 190w SRR Alnnd b o CPESS RSB A oA D
0-CHCH2 E
composed of mineral oil have the advantages that it is
excellent in lubricating properties, and has good cut surface

of the work material, and good cutting performance, but is

inferior in cooling performance. Therefore, the



Z 0..J UN 2002 wherein R represents a hydrogen atom a nethy ﬂrﬁ
et hyl group. Al'so, the present invention provides an aqueousé&cyt m(mﬂ:t

(fifth enbodi ment of the present invention) which conprises a cationic

wat er - sol ubl e resin having an am ne value of 20 to 200 ngKOH g and an
abrasive grain, wherein the content of the abrasive grain is 100 to 1000
percent by wei ght of the anmount of the nonvolatile matter of the cationic
wat er - sol ubkenvesitnonAllsoil thasepcesenngiagasrits badpriow pdeblem thatk dbs
cutting agent (sixth enbodi ment of the present invention) which conprises
an aqueous eowetalgng ¢bf dcsprey fisederneangddrrcaise haef berppiaigireedt to
fourth enbodi ments according to the present invention and an abrasive

grai n, wher & FORRRCEPRERICBIIIHE ARSIV NGr APnCPRTABECR IO IFDSFéEent by
wei ght of the_anpunt of the nonvolatile matter of the aqueous cutting
liquid. FurPRémigthe pRRRKatINRALLSPPINRA 4B ALFBRRbHLIRG PPEFRtileg
(seventh emhodi nent of the present Jinvention) hard _and brittle materials
Whi ch compr F5s 'Bf: PRy PRSSHIR] &ic G (T &ERACEAT P0G ta 2cEEEAG ddevi oo
by using the foreg_oi ng aqueous cutti ng%%?ent. Brief Description of the
Drawi ng] Fi §BFEaE10RonsChrR ek Hhp| GaBT tPS9#¥e sawi ng devi ce mechani sm of
a cutting device

Pr ef Mbde f Yi t the | ti - 6 2
0 3"U N 2002 Hor BFRAY £ BT HPGIRR T Qb S ot FOR GPPFABE AedBor ¢ he
t o i.an. Th ' . i QR 2r - [ d
"t he. aquesde- BlieptafaPe fet ol i ad B, Sher clBL RO RN e o
bresent | nVeRLhAlcl 3ot A 310G $1:dd Shch0dsTeEhg orBehanall v 25 to
150 ngKOH g. en the am ne value of the cationic water-soluble résin is

| ess than 2ferpik®ene. chilobdgeney whsuflfikel dat requiaedr teolremolvet ¥heand t he
di spersion stability of the abrasive grain decreases. Al so, when the am ne

val ue of theotauic@dbnC WaigtesolhdNedrdr§si BheSorparit hanl 2@t ngkehingt he
viscosity of the aqueous sol ution beconmes too high, and the liquidity of

t he cutti ngfagedichesesrearednegenesis dasiic pdl ot ias, a theret hasallsgr oup
contained in the foregoing cationic water-soluble resin, any formof_ the
primary ani RESHrigh® prokbd eder b i@ste hreabmgrbihatt he ceanotah§ sgmampPest oup or
t he quaternabé amoni um base can be used, and the formof the salt

neutral i zed"By-eSR SR ASPOFAi 18 AR IR AL e BhaRPtRe I3 e For egoi ng
cationic water-sgoluble resin include, for exanple, the following resin: (1)
Honopol ymer or c%lﬁ)ﬁ?yrrén &r%frbgé’l gofver Bﬁgﬁ g&b‘(ﬁ'&%ﬁ?’éﬂ]iﬂﬁ’ ' Yfonorer,
its salt, O%hbtgiﬂ%%[seer &61‘{:¥ing agent, the aqueous cutting agent mainly

composed of the foregoing glycol cutting agent or aqueous
solution of a surface-active agent has also been studied,

but the viscosity stability during cutting was not sufficient,
good cutting performance could not be obtained, and it was

inferior in dispersion stability of the abrasive grain, and

it could not be sufficiently satisfied.

[Disclosure of Invention]

It is an object of the present invention to provide an
aqueous cutting agent which is excellent in dispersion
stability (properties in which the abrasive grain settle down

and do not make any hard cake, but are easily re-dispersed



ammonium salt. (2) Pol ycondensate of dicarboxylic acid and a2pgl ijyIsz
pol yam ne or a dipol yoxyet hyl ene al kyl amne, its salt or its quaternary

" ammonium salt. (3) Polyner of a dihal oal kane and a pol yal kyl ene pol yam ne.
LUJUNIUW( 4) Polyaddition product of a diepoxide and a secondary
amne, its salt or quaternary ammoniumsalt. ( 5 ) Polyaddition product of
a diisocyanate and a diamne, its salt or its quaternary ammoniumsalt. As
t he foregoi iy caitnmle cagEtaer i) ubf etliesibrasiesd yrariepar ee- by synt hesi zi ng
by various techni ques other than the foregoing or the articles on the

mar ket can bl sgildraidedl i ttkanptes sétthiendasandnirisogentnt stakbhityni ng
vinyl nmononmer in the resin( 1 ) include acrylic acid derivatives such as N,
N- di net hyl ardwidiathydutdeing /At t g epirathipingni noseesds aurstinige; 1 imtidheryl i c
acid derivatives such as N, Ndi nethyl am noethyl nethacrylate, N,

N- di et hyl aniYfedtlg fopethacrgueres cadmjiingnagentier pRat 2 okt A tN.ng

Ndi net hyl am nopropyl acryl amide and N, N-di met hyl am nopropyl acryl am de;
met hacryl am“}f‘etrﬂ?éfﬁ‘ia?i19«§§t§dbﬁu5§lmg RGHIRETMRYCERi FBPLePYIPSI AR A i de

d N, Ndi hyl ani . | h | anl de: ol ef.i i i h
i % PR L o oy TS AL 5 G Bl s S
N- di net hyl am \ i i nyil X ] | k
- LT R 0 S0 e ML AR o S0 0% )

N-di et hyl ard napipgastny! ether; vinyl pyridine derivatives such as
2-vinyl pyridine and 4-vinyl pyridine; vinyl imdazole derivatives such as

1-vinyl imdazol raed davhdytiysRidping B daselep avdwit thd BgkhB&shich
derivativessuch as 2-vinyl quinoliné; vinyl piperidine derivatives such as

N- et hyl - 3- ljgiteUinw! gt gdndHhich e fRal fvés &i©Uthverttor et d1Z 0 J
U N 2002 substituted styrene or™ nmethyl styrene derivatives such as N,

N- di met hyl anficowoei byt tiat éhe. olfkerplcemldfbe hehieged tthXdugh anlagieaus

pol ycondensate of an aliphatic dicarboxylic acid and pol yet hyl ene

pol yam ne, awttilnglagenidaresepeisinanthe ighradivalioraiydisperssd iand

di pol yoxyet hyl eneal kyl am ne. Exanples of the resin ( 3 ) include a
quat er nary @&pashifind dquesfusy sediutdondedfsaationia witerosd kanke stemiims 1, 2

di chl oroet hane, 1, 2-di bronoet hane and, 1, 3-di chl or.qQpr Qpane,
and coméieteé the present invention on t e(ﬂégks of these

findings.

More specifically, the present invention provides an
aqueous cutting liquid (first embodiment of the present
invention) which comprises a cationic water-soluble resin
having an amine value of 20 to 200 mgKOH/g, and at least one
members of a rheology control agent selected from the group
consisting of an inorganic bentonite, an organic bentonite,
and an aqueous silica sol, wherein the content of a
nonvolatile matter of the rheology control agent is 0.1 to
30 percent by weight of the amount of the nonvolatile matter
of the cationic water-soluble resin.

Also, the present invention provides an aqueous cutting
liquid (second embodiment of the present invention) which

comprises a cationic water-soluble resin having a total amine



and. a pol yal kyl ene pol yani ne having two or nore tertiary am no bvﬁ)uﬂéN ZUUZ
t he nol ecul e, having an average nol ecul ar wei ght of 1,000 to 10, 000, 000. An
" exanpl e of the cationic water-soluble resin(4) can be prepared by the

foll owi ng nethod. The objective cationic water-soluble resin can be
prepared by first using an excess anmount of an epoxide to an am no group in
an addition reaction of a diepoxide conpound and a secondary am ne conpound
to obtain aVBrEEWREEPL WIRPRERIMANI ag Sonteinilngla spokiidsy and\q BsAUDBY
converting the term nal epoxide to a quaternary ammoniumsalt with a
tertiary anfhé aaﬂHaéeﬁﬁHSEa?ﬁwq%saéFdCOWﬁ@l’éhW gEPEPwaPEA 3BILEBFE resin

t f bI 20 to 80 t b ht of ct
Fepr osent 0By TRELPEPmiRa s ERert oOHe CPatTRY aagetfﬁéﬁsé egﬁw‘d”’cé
J U N 2002 wherein R represents _a h dro en _ato roup. or an eth y
oroup. The HaSBEr BoBFIERATEL Phopl: AhorARE LS, BepFeRFEbI4R i TFd fﬂglc‘r ange of 1

0,20, The BLRUSHILA! aHaldn NARBANS£1 16015 1,2k puBLEN-SRL WAL, BB

wat er - hol di ng property esi n i ncreas the epOX|de

used in thetﬁEOMsnosmatszmé%ﬂ@@@r@é itge FREB2Eg %I”@c!)r%ifolf fYJerfXa@ppe; a
bi sphenol A type epoxy resin and a bi sphenol ype epoxy resin. The

articles ontbisn parkehtiniclvedghERi£ent #pdht &@rtmatoxﬁ&;s‘rb@mb mateeat
#1001(all commerci al names, produced by Yuka Shell Epoxy Co.). Exanpl es of

t he di epoxi dé& haelugtubalstwucémpabluhub repiasented by fornmula (1)
include, for exanple, a polyal kylene glycol diglycidyl ether prepared by
reacting an et hyhbse, oxindepadsant ,invemtdon enev Ddéslanadfietusocuat bugyl ene
oxi de adduct of diol or diphenol wth epichlorohydrin. The articles on the
mar ket i ncl ddauiflod thigdppabopmesto ofiGEby( PsRABAE| ARVeRkEOD brelickd by
Toht o Kasei Co., ,Ltd.). Exanples of ,the secondary am ne conpound used in

t he add|t|OHOWBﬁéﬁﬁﬁnanaHHEOH?eﬁé}ﬂHé SRLI Wash PBragﬁﬁﬂ%?ePaﬁBh%%%thyl

am ne, nonoethé 6amne nonoet hanol am pne, 2 an nopropanol_ and dlg&ﬁ00|
e

ani ne. Exanf}llé Frt%ipgm%}eéﬁvnea‘i%éd:aftdro"d&n%\‘ Frpiuie op
epoxi de of hASiRLCS Y0 BRINIELRLEPSEh Y 506 At /g LSAELLRMng" @
a tertiary amino group and a quaternary ammonium salt-
containing group, wherein the content of the nonvolatile
matter of the agueous silica sol is 0.1 to 30 percent by weight
of the amount of the nonvolatile matter of the cationic
water-soluble resin.

Alsc'_), the present invention provides an agqueous cutting
liquid (fourth embodiment of the present invention) in which
the catioﬂic water—solubie resin specified in the aqueous
cutting liquid of the foregoing third embodiment of the

present invention contains 20 to 80 percent by weight of the

structural unit represented by the formula (1):

—

—+—0—CH—CH,
(1)




amne to a quaternary ammonium salt, include, for exanple, ®rfet ,
di net hyl et hanol am ne, nononet hyl di et hannol - 10 20JU z godgngﬁagg?and

' triethanol amine. Exanples of the nonocarboxylic acid used in the
conversion include, for exanple, formc acid, acetic acid and | actic acid.
The tertiary amno group in the cationic water-soluble resin can be used by
neutralizing with the above-nentioned organic acid, as required. Exanples
of the diisocyanate in the above-nmentioned ( 5 ) include isocyanate
group-cont ai ni ng conpounds such as pphenyl ene diisocyanate, biphenyl

di i socyanat @hetreliyl @neegireseoyanat leydB8o@en di trret,hy b -mehy bi gheumy leenen

dii socyanate, 1,4-tetranethylene diisocyanate, hexanet hyl ene dii socyanat e,
2,2, 4-tri meERWehBZR8PE, 6- dii socyanate, methyl enebi s(phenyl isocyanate),

| ysi nenet hyl ester diisocyanate, bjis(isocyanate ethyl)fumarate, isophorone
di i socyanat e, met AyFeyclidHeRYESENtsHYRIHa RREV 2APS G afageus cutting

der vat | ves S Wb aaa T SHEACAL S d AT SoorBIRaL 15 HESEh
| socyanat es aad RAKOLS o AN LAles Qi il ORI HHIORLANA! § 0 RUP =GO WY N9
conpounds whi ChTare blfocked “derT vat i ves ot these i'Socyanatie

i amne i n_ VAV, EFCERLRES 2H RekBhy B 3pl 2R pBRRREEE, dpp AT e

CH2 ) nNHzZ [ I oIS o. ; e I i | ene
di am ne, tetﬁngng?ﬁlylggﬁeogi g&ne n%?%ﬁ%%%y’fgge&gpagnaﬁlﬁé%gﬁeﬁﬁl%e

di am ne, heptaighhtyd£rndanshne ACLRAERIIMIANR idicoith BEer JOIRE IcatdicHid1es
such as m xyl ene di am ne, moluil ene diam ne, p-phenylene diamne and - 11
2 0 SUN ~~~water-giodniblep ressyilnet hane; and di ami nes of cyclic ring
conpounds, heterocyclic conpounds or various oligoners. The structure of
the other porti oRnlsb,t hcthelpaeseati snvait jpar prouides\an aguéeds clittiard i cl es
on the market of the cationic water-soluble resin used in the first

enmbodi ment @Penfe (Frigddnerbeddmenin dihdhed ®1EISEREr By eng4-ondo Wi al
nanes, produced hy BYK-Cheme Co . , Ltd. , nonvolatile matter: 52 percent
by wei ght, SOMPE1FS&SuBNofdnBAVS| FETTENGEIBHD PPRGRENLS) L BnYNEFRDE S yier

450 i al g d d by _EF Chem cals Co . Ltd. , | atil

150, (COmerchal ReEs: B S04SR b SHIR O S8E B ecod g e el 211 ©
KOH g). In_thi I f t.h Lt 1 he r.esj f th

) By SRRSSL oS LS e R "L R e

aci ds and %gatehg A5+ 481 vd N Lo &gnisowgait Fbo%ﬁﬁ%ﬁnﬁ*{ 3,5; Qeiaﬁ@_ of die first

enbodi nent o e present invention Is ute or "agi tating and

m xing, andan®uate@fi Rk HehdrRFdnafi 130 ueaite s JfUtdneN agileduldl Tultitilg t hose
which are usually used as water can be all used, and I nclude, for exanple,
city water, lingdst.ri al water and pure water. The cationic water-sol uble
resin having a total am ne

Further, the present invention provides a method for

cutting (seventh embodiment of the present invention) hard
and brittle materials which comprises cutting the hard and
brittle material by a cutting device by using the foregoing
aqueous cutting agent.
[Brief Description of the Drawing]

Figure 1 shows an example of multi-wire sawing device

mechanism of a cutting device.

[Preferred Mode for Carrying out the Invention]
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val ue of 50 to 200 ngKOH g, containing a tertiary am no grou n
guat er nary anmmoni um sal t-contai ning group, which is used in &hg 3&@3&Hﬂ3&d
" third enbodi ments of the present invention, includes the sane as the resin
expl ai ned as one exanple of the cationic water-soluble resin of the
foregoing (4). - 12 2 0J UNZ2002 In the present invention, the
concentration of the nonvolatile matter of the cationic water-soluble resin
in the aqueous sHeueiaafakrt, hetliordgm Ngd delsariptiwanewitblbbimadeshn is
determ ned in consideration of the viscosity of the cutting agent, which is
the end prodde prasenthdny@ntiiany stability of the abrasive grain
conponent, and is usually 5 to 70 percent by weight, preferably 10 to 60
percent by wei ghfheqiming vidyweap fy-his erbiabl§ WaG oo S8 Uhd et I1BWSKS ght of
the sumtotal of the foregoi ngc,cati oni c, wat er-sol uble resin and the water.
For the rhedifodye AAYEHUS Gttt iRk d F9h idh @ceoreingnOos d8&nd &8 kodi ment s of

bent oni Lo, AMPBTOAE SBehlE PreSan TR SHihe S bdnsdI -t & of the
xamp 65 of Eni0 CTGRA) drorPERFPEAPLEIAES HONBAIL/ Sur NS tRE ARG ¢

(bot h pr oduca y U5 e Rfilag AR SRR 3R TR0 e e R 20 te i <
or of or bl y OO PEMEEbhE DAL IR SHorly by BaPRUCRURMSLILED, PRod Ve age

particle di Rl ¢fispferldI®AERMIS iy Id@ tH dbYaEike graninle@ct@asids.i s not
pref erabl e because the thixotropy i'nparting effect is |ow The aqueous

silica sol garey,althencaie BfifBhA Ntk Yt HCEHFTOFidgatrl681 hpt eaked irle in
wat er or by hydrolyzing sodiumsilicate with acid. The articles on the

mar ket can, is hdre thah 209 Mg/ 4,0r tREavDs€os bey SHOVkIeX - Aquéoasut ex- N,
Snowt ex-0 (all commercial names, produced by N ssan Chemi cal |ndustries Co.
, Ltd.) andsdimtiideebetnmebetbo risiglandasdctm ldguddiirnyno$ tdie tdut tomags ent
invention, the content of the nonvolatile matter of the rheol ogy control
agent is 0. Raert3dpgsomesmexsesmitky BasiCerably 0.2 to 20 percent by

wei ght of the ampunt of the nonvolatile matter of the cationic ]

wat er - sol ubl e re3LF0> With & REnesAraad sroumeadididest irethrthadiegFinthe

heol tral t is | h 0.1 t b tght,.the thixot
| mpar {1 ng oFAIGETE POKEEAATLNAAA FES IS nord EREm oo B eLHIaEy WATBht . 1t
i t f le b ' [ ' ic.
punpi g’ pr ogBetiiGs G18 Srau L PaT TR Ry et HoFF SRR Cfe i el

average party,Clg QRGN Ay LAIHIR Ha83S MYl 68 LiSel$ehdd) de Adni d

enbodi nent of the present invention can be any of the aqueous silica sol

speci fied | mff BRerswht a@nteallizald bgeai agiadci dondreituenst camdbe anxudl
enbodi ments of the present invention.
Examples of the foregoing cationic water-soluble resin

include, for example, the following resin:

(1) Homopolymer or copolymer of a basic nitrogen
atom-containing vinyl monomer, its salt, or its quaternary
ammonium salt.

(2) Polycondensate of dicarboxylic acid and a
polyethylene polyamine or a dipolyoxyethylene alkyl amine,
its salt or its quaternary ammonium salt.

(3) Polymer of a dihaloalkane and a polyalkylene

polyamine.
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In the aqueous cutting liquid according to the third enbodi nent of the
present invention, the content of the nonvolatile matter of the aqueous
“silica sol is 0.1 to 30 percent by weight of the anbunt of the nonvolatile
matter of the cationic water-soluble resin, preferably 0.2 to 20 percent by
wei ght . When the content of the nonvolatile matter of the aqueous silica
sol is less than 1 percent by weight, the thixotropy inparting effect is
| ow, and when 30 (BerBehyadgingpprrodueik odedatiepaxide aod prescnrgs ey
because it becones - 14 2 0J UN 2002 excessively thixotropic, and the
punpi ng properineas ate shdb onpdirtdrnIng édomegbdumgsaltieous cutting liquid
can be obtained by m xing and agitating the foregoing two conponents with
wat er. As water 80 Bplyrdaiticepswdred ahttediigsopyanataling askaning
content of the water in the foregoing aqueous cutting liquid is not
particul arl y-45 rﬁat%d,orbdttscéﬂla&eegﬂﬁfgf I R §&'gercent by wei ght. Al so,
the foregoi ng aqueous cutting . liquid can be caused_ to_contain the foregoing

|
vari ous additi on®8gé&nes f8§eﬂg€r99r E@tiPRdcaHatEtsSelrPLRgr89iAt 4&FMing to
the fifth i f . i ] i t.i Qnj
e {1TUN STARg I Lo M 360 o VEELD EORhSL 08 SR o e
mykKOH g, ang g‘?ﬁ'nﬁo‘y e Yrd SIS E ?rgalr‘i%'%t in ‘Mﬁ}%ﬂe%@%@. to the
nonvol atil e matter the cationi ¢ water-sol uble resin. e cationic

wat er - sol ubl e r egikBnR3¥ENG FARKAMHAR i¥ANYe rdykhl AtBmlABdea’hidg ¥engd0
ngKOH g can be the sanme as the foregoing reSins. As regards abrasive grain

used fQF th%o&ﬁiﬂfﬁt@nﬁ:lﬂet kégiﬁgﬁwtirﬁé@m@aaﬁylﬂctd&cﬁ_&éﬁ@ﬂht!iﬂé@@dcﬂﬂ,
there is no particular restraction, but various abrasive grain can be

utilized. Baym| ot Dinddiey BiviBsd&dengl alctylaekyde, Nldithywantindethyd C )
al um num oxi de (A1203 ) , silicon dioxide ( Si02 ) , ces iumdioxide ( Ce02
) . boron nidodnydatle ;BMet haadydiianeiwlid derd vamseivage sgiodl assiNgeNef t he
abrasive grain is usually 40 mor |ess, preferably 1 to 30 E-m or

parti cul ar | dimeshyrl@ninoed hyd ethanrylisre,t Ne Nvdietjey bamimoetiingl of t he
abrasive grain - 15 2 0J UNZ2002 is nore than 40 Vim their settling
speed t ends medhesgorkatqui @y laphae slrrinatdivashsuady @goiMgNabr asi ve grain
is 100 to 1000 percent, by weight, preferably within a range of 200 to 800
percent by WEMGAHRYIGMineRtoRylap Y prBLER AN 300 digetdty IFHAGRTARY Wei ght

o e O R A Sl s A o
dimethylaminopropyl methacrylamide and N, N-
dimethylaminopropyl methacrylamide; olefin derivatives such
as N, N-dimethylaminomethyl ethylene, N, N-diethylaminomethyl
ethylene, N, N-dimethylaminomethyl propene, N, N-
diethylaminomethyl propene; aminoalkyl vinyl ether
derivatives such as N, N-dimethylaminoethyl vinyl ether and
N, N~dimethylaminopropyl vinyl ether; vinyl pyridine
derivatives such as 2-vinyl pyridine and 4-vinyl pyridine;
vinyl imidazole derivatives such as l-vinyl imidazole and
l1-vinyl-2-methyl imidazole; vinyl quinoline derivatives such
as 2-vinyl quinoline; vinyl piperidine derivatives such as

N-methyl-3-binyl quinoline; N, N-dialkylaminoalkyl group-

- 8 -



*than 100 percent by weight, the anmount of abrasive grain int Cyt
..agent is too small, and it takes many hou-rs to cut. WWen theﬂmnytmmz

nore than 1000 percent by weight, the settling stability of the abrasive
grain is inpaired. The aqueous cutting agent according to the sixth

enbodi nent of the present invention conprises an abrasive grain in any
cutting liquid of the foregoing first to fourth enbodi nrents of the present
i nvention. Auhsghideed et Emnsiae ngrtdiyd styhensader bnetives thech ardbi ng
are used. Also,.the content of abrasive grain is the sane as that of

abr asi ve gr A e HINeL 3R ¥ ige b of WEFRN®F ¢ he present invention. Also, the
aqueous cutting ent _according to the present invention can be caused to
conpri se, as req%gﬁﬂfg@,le\?apifo%g&iﬁﬁ]ﬂ(&ﬁ éﬁ%ﬁ?éeﬁjeﬁrié{gomiﬁaﬁ?(?es% Vht such

as al cohols, ethers, and esters, .a mac¢rono| ecul ar  di spersion agent such as
pol yal kyl enea]g’té}b%ql%rﬁic}cé“bﬂét"ﬁlﬂtj’ agefAtanhROINEENEARPRPALEHILRE ANtkr al
oil system (4. foms f i r uch as
benzotri azoloa(e-ﬁd_l)}lcg&ﬂ?erg%’%&g%f ﬁ%}go%&fﬁatrlpeyg?rl sa&lvi\%r l?flac%/éa%iqgnalnfﬁi t he

met hod for i td N hadih _égj[]giiégn{%.eri al according to the present

inven_tion, there i s 'no particu ! restriction, but al_l hard and brittle
material are Use(ﬂ}x%%l;ﬁetsabgethébi‘@inﬁﬂ'@.fn@'l!il@@ & dpookt & Sy Qimnloaichnand

brittle material include ingots of silicon single crystal and polycrystal,
rock crystalsa@erdm£ pEBfisiih S8 N ital1d3d kn@s suchh@s 1gop-i s
particularly preferable. 'Also, as a cutting device used in the nethod for
cutting har diuid dyddtiHanearnlier pali BE6R6EtIgné andhe, F-LH&N] ordpidigagia, all
normal cutting devices can be used. Exanples of preferred cutting device
irncl ude a wiand aawlwpldediene palpaniinehaviagiwa prwiore tant hgrye@niisw and a
mul ti-band saw which are obtained by multiplexing the wire saw ng device
and the bandITourgy ¥rediher moleicpleantavinatan myerade Al ajumgight

peri pheral bl ade i nne eri pheral blades. In the nethod for cutting
hard and bricf‘iaﬂe'squq & ;J’dvujr(g(ﬁfg to the present invention, the cutting
is meant to inclyde hng.an ut.l L ng. ;s Nex L. i e made
of a concrete exé&pﬁ%gg‘%’i{ghgéngP%oé%égn%ut E|}J“'negxt"gor Zlﬁ% ':gerej'lJtch?(lll\e,,yl r?lﬁngri al

according tg,d %%M?&{/Wtf&@oﬁr@%t\f%@.e a multi-wire saw ng device

is used as the cutting ice, using arm ingot of single crystal silicon,
which is hard anghlr bbtjleeti®eetatlions Wbk er@EBLUBLe k&seXearhi beed and the
cutting nethod will be described. Figure 1 shows an enbodi nent of the
mechani sm ofprepardd by Eersavasinglaeri exceBy anusint@fipnaspoxgde tfo xad on -
17

amino group in an addition reaction of a diepoxide compound
and a secondary amine compound to obtain a precursor polymer
having an terminal epoxide, and then by converting the
terminal epoxide to a quaternary ammonium salt with a tertiary
amine andla monocarboxylic acid.

The cationic water-soluble resin contains preferably 20
to 80 percent by weight of a structural unit represented by

the formula (1) in the resin.

—-0—CH—CH,——
(1)




2 00.J UN 20U the table in the direction that pushes up the table, the
ingot is pressed against the wire. The wire dianeter is not papti,cul d
“limted, but is usually 0.05 to 0.25 mm The wire is wound a di”“?é d&
mul ti-grooved guide roller many tinmes, constant tension is applied to the
wire, and used by reciprocating by a driving notor. The wire is caused to
reci procate by a constant length, and thereafter, is wound up at a constant
| engt h wher elheredw W represeaqoeathpdiygenpdrgd, a anetliyle dise wirr @anworn by
the cutting i s wound up. The wire is supported by the nulti-grooved guide
roller, is €li¥dddare@upone into contact with the ingot while an adequate
cuttlng | oad is being inparted thereto, and a cutting agent havjng abrasive
grai n di spersed TRereimpers §prblll?édilb’é’ct\}\?eé‘ri YRt diGePAR eFﬁbll{n?gbg

thereby shave and cut the ingot npl es] Hereinafter, the description
will be mad&a8g%eRampl € ?e(h'b%lﬁ rﬂ‘ﬁ’@“ﬁlaésléﬁf-tllh%%rﬁqtdh efifeats $hadspect ,

the present inventiaqn not limted t e foll ow n concrete exanpl es,
but is appl M@&6e SO “e’ijﬁﬁlye?r\ﬁhlwéﬁeargl éﬁéﬁ@e&r\%’?l‘f Pﬁetgéoﬁés&f‘ t he

present invention. Also, the cutting agent for the wire sawi ng devi ce was
eval uat ed b>}ngﬁgars& | ow ng net hod. C eanabi i ty test: This test eval uates

the cl eanabili tygﬂﬁ%?e}é’a&?rt%aﬁ n&%:gg%é”@s 4 d]. th'ée aBULEL Fr%n‘é%ﬂted

prepared in the exa just the tenpérature to 2

o é’rl’ﬁ‘atrﬁ‘é cut{}'elclhgldz’Q‘%’l\g’me JdE B (C)yiééﬁvﬁr%ilﬂ| Ve ot

square pI at or’one m nu p the

single Crysﬁe%b ¥ reson é(\?&%r bi@f:ﬁéﬁoﬁ' ﬁtﬁp@%o@efeéin' ”ﬁtﬁé?'far%tlcll‘é%m
tenperature 24 hours. After a |I'apse of “24 hours, weigh
cutting agegh the market 1nclude‘Ep1coat #828, Epicoat #834 and Eplcoat

#1001 (all commercial names, produced by Yuka Shell Epoxy
Co.).

Examples of the diepoxide having the structural unit
represerted by formula (1) include, for example, a
polyalkylene glycol diglycidyl ether prepared by reacting an
ethylene oxide adduct, a propylene oxide adduct or a butylene

oxide adduct of diol or diphenol with epichlorohydrin. The
articles on the market include, for example, Epototo PG-
207 (commercial name, produced by Tohto Kasei Co., Ltd.).

Examples of the secondary amine compound used in the
addition reaction of the diepoxide include, for example,
monomethyl amine, monoethyl amine, monoethanol amine, 2-
aminopropanol and diglycol amine.

Examples of the tertiary amine used for converting the
terminal epoxide of the precursor polymer prepared by the
addition reaction of a diepoxide compound and a secondary
amine to a quaternary ammonium salt, include, for example,

triethyl amine, dimethylethanol amine, monomethyldiethannol

- 10 -



adhered to the single crystal silicon wafer square plate, and regard it as
the wei ght before washing. (e) Imrerse it in 300 M of hot ﬁbﬂbkﬂgN QQQ?

" and wash for 15 seconds by shaking it with a ultrasonic generator. ( f
After drying the test piece, weigh the cutting agent adhered to the single
crystal silicon wafer square plate, and regard it as the weight after
washing. (g) Determ ne the washing rate on the basis of the foll ow ng:

(Wei ght bef amelvasiidig riemiagidl aitiere .washimpdeswer ghite efor@a miesty hige x 100
The respective eval uati ons were conducted in accordance with the follow ng
criteria: Oad@&bBusednim ¢h@ c8APens i onrimctladesssot kawan@Be ,Dfobdicoacidye to
| ess than 80% x: Less than 60~ Dispersionstability test:Thistest

eval uat est he@@Rsberatoh adbla¢tic odchbrasive grain. ( a ) Adjust the
tenperature of the cutting agent prepared in the exanple to 250.5C. _(b)
Place slurry in FPROGSHTtigridARLBE FEARIATENEYFRRERRLIE ¥R eRE TSP bRl keep it

I ntact at roomtenperature. - 19 2 0, JUN Q01 (c) Read the tipne en all
has settled56%%H?qgﬂb%$é§ﬁéf¥?Wén§V§FG&ﬂF6H§C§éF% E%% %ﬁrW?P%k%%%%ance

with the following criteria: O 8 hours or nore to less than 24 hours O 6
hours or mor¥Fr9PIRACI I RS3 UEAWT Y. 4 hours or nore to | ess than 6 hours

berfor s outt i ng WBTIPIIE R 0% neg oot cd akavevaPnbEabeitfurY

perfornms cutting WOrk using a w ng devi ce, a utting
performance Qoihfife WSty fifite group-containing compounds such as p-

phenylene diisocyanate, biphenyl diisocyanate, tolylene
diisocyanate, 3,3'-dimethyl-4,4'-biphenylene diisocyanate,
1,4-tetramethylene diisocyanate, hexamethylene diisocyanate,
2,2,4~-trimethylehxane-1,6- diisocyanate,

methylenebis (phenyl isocyanate), lysinemethyl ester
diisocyanate, bis(isocyanate ethyl)fumarate, isophorone
diisocyanate,methylcyclohexyl diisocyanate and 2-isocyanate
ethyl-2,6 -diisocyanate hexanoate; and biuret derivatives
and isocyanurate derivatives of these diisocyanates; and
adduct compounds of these isocyanates and polyols; and also,
blocked isocyanate group-containing compounds which are
blocked derivatives of these isocyanate group-containing
compounds with various blocking agents.

Examples of the diamine in the above-mentioned (5)
include diamines represented by NH,(CH,),NH, (wherein nis 2
or more) such as ethylene diamine, propylene diamine,
tetramethylene diamine, pentamethylene diamine,
hexamethylene diamine, heptamethylene diamine, octamethylene
diamine; aromatic diamines such as m-xylene diamine, m-

toluilene diamine, p-phenylene diamine and

- 11 -



(a) Wre sawi ng device: Miulti-wire saw E250E (wire di aneter: ZEﬁ?#,ulN)h N
manuf act ured by HCT Shapi ng Systens SA. (b) Tabl e speed: 380 ' (49‘*

" Target wafer thickness: 820 dim (d) Ingot dianmeter: 8 inch (e) Ingot

| ength: 60 to 130 mm (f) Evaluation itenms: The warp was neasured using a
machine Utra Gage 9500 manufactured by Japan ADE Ltd. The neasurenent was
conducted for ten wafers at 5 points per wafer, and the average val ue was
regarded as dikenimegshersd teahdite; Bhel despecés \of eyalltiat i bmg dampoaards wer e
conducted in accordance with the following criteria: O 0 E-mor nore to

| ess than 1(edigna@ycliid g@mgpounsise oo vRadeus hahi@omersy [Fhe@Gtiwataremre to
|l ess than 30 ~-mx : 3 0 humand nore Re-dispersibility test: This test

eval uat es t i rdihasinsintign o3t tthe gbiraginge igr fiot paridcularly g U N
2002 ( a ) Adjust the tenperature of the cutting agent prepared in the
exanpl e to 29M2tqdy) Place slurry in a 300 M tall beaker to adjust to the
roomtenperature, After all settl sl o e th per

portion of the | F—‘&%f%rwq e%ﬁ“abﬁ?é‘lqrﬁgftggﬁm@q Sa%é{i?g:’fi[@‘a%qw €the

' accor dand@ At HoRRe Lol hov T bt aHey of cbS it e hriaar g 5 *

ninutes of more [0 hess than 10/ putes B, A0 MTAutes oraRLg £9 ! ess than
BYK-Chemie Co., Ltd., nonvolatilematter:52 percent by weight,
amine value of nonvolatile matter:27 mgKOH/g) and EFKA

' polymer 450 (commercial names, produced by EFKA Chemicals
Co.,Ltd.,nonvolatilematter:50 percent by weight, amine value
of nonvolatile matter:45 mgKOH/g).

In this respect, examples of the salt in the resin of
the foregoing (1) to (5) include salts of various acid such
as inorganic acids and organic acids.

The cationic water-soluble resin used in the first
embodiment of the present invention is diluted by water for
agitating and mixing, and is used in the form of aqueous
solution. At this time, thosewhich areusually used as water

can be all used, and include, for example, city water,

industrial water and pure water.
The cationic water-soluble resin having a total amine
value of 50 to 200 mgKOH/g, containinga tertiary amino group

and a quaternary ammonium salt-containing group, which is

used in the second and third embodiments of the present

invention, includes the same as the resin explained as one

example of the cationic water-soluble resin of the foregoing

(4).
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Viscosity stability test (1): This test evaluates the viscosity stability

using shearing force. ( a ) Adjust the tenperature of the c thqHH%gzgpg
" prepared in the exanple to 251C. (b) Place slurry in a 300 a r

to adjust to the roomtenperature. ( ¢ ) Using a honogeni zes, agitate at
10, 000 rpmfor two hours, adjust to 25C, and determ ne viscosity change
bet ween before and after the agitation to see the influence due to the
shearing force. (d)tHenpgesenes inventiiaat urtdte kyonbenishit ikkakoage Co. ,
Ltd. Mbdel MARKII 2.5 The respective eval uations were conducted in

accor dance wonyaliad ifls nettay off therdat ioHie waber +sal ulbhée ues ighbw tthee
viscosity change rate. - 21 2 0J UN 2002 O Less than 10~ O 10~ or
nore to | es®AYeRARS2Fo lag:iop0-0fh it hep (f@ negqidgs cerdAn3c0o WRteza-sodmd Lior e
Cooling performange test: This test neasures, using a radiation tenperature
i ndi cat or, 56 erdeiaterRipned tife cRRFAAerAtiAR %E%iengélsﬁeﬁtl%rp%lm%g
cutting in the foregoing wafer cutting performance test in order to

eval uat e t h€udddinghg porvbel IrthR) ae PEQEbCKy. and the seftihiag
eval uati ons were conducted in_accqrdance with the followi ng criteria: O
Less than 35281135y Hf Hhee abgasdye GFadr46empPNEDE: oA fH RS WERddiM v

tability t . This.test . he .s| i ity bef d

Sfter Cutti g Eon TDnb s ERGo b MRIPEE  c KRS T PO Al o O Gerqettomer o
luate the i i i ]t ' i . |

T acoat by paededian O BRIddrar Y bL B £ty 08 CORB neeAPRIUGHET Y

viscosity Changge s t¥EST b¥at e B elyBlihyenne dHit $8tehaggeub e Walin

content and
and the water.
For the rheology control agent used in the first and

second embodiments of the present invention, at least one
members are selected from an inorganic bentonite, an organic
bentonite and an aqueous silica sol. Examples of the
inorganic bentonite include sodium bentonite and calcium
bentonite, and examples of the organic bentonite include
bentonite surface-treated with cationic organic treating
agent, for example, Benton 34 and Benton SD-2 (both produced
by RHEOX INC.). As the bentonite, the inorganic bentonite
. is preferable.

The average particle diameter of the aqueous silica sol
is preferably 100 nm or less, or more preferably 10 to 50
nm. When the average particle diameter of the aqueous silica
sol is more than 100 nm, it is not preferable because the
thixotropy imparting effect is low.

The aqueous silica sol generally can be obtained by

decomposing silica tetrahalide in water or by hydrolyzing

sodium silicate with acid. The articles on the market can,

- 13 -



hi gh shearing force during cutting work. The respective eva tigwm
conducted in accordance with the following criteria. The nu i\i I S

" show t he anmpbunts of viscosity change. O Less than 100 cp D: 100 cp or nore
to less than 300 cp - 22 2 0 ~a N 200z x: 300 cp and nore Machinability
test : This test neasures the |oad factor of the equi pnent power during
cutting in the foregoing wafer cutting performance test in order to

eval uat e t h€ovhearaadylld,t ypdushogteutti ngnurdex-te saspeekive(gyal uations
were conducted in accordance with the following criteria . The nunerical

val ues showciommepavwarl haads f agiradudad be 4 sshaci2Ehdal 2huetraesecd o, | ess
than 30% D 30% or nore Exanples 1 to 6 In exanples 1 to 6, so as to have
t he conposi titeh )r &nd {heeilgheunit) shown in Table 1, a mxture of
D~sperbig 184 and water, or a mxture of these goods and bentonite is used
as cutting |iqui &0 &R SirsEoRndasEcadd( FPbAddBENEY Phj thE PEESERST at ed,
commerci al nanme: GC#600, average grai n size: 20_to 25 Vi is used for the
abrasi ve grdinyerdd®ran &hBesaBtentt PigthgeRPnvasabbigi Habitey agi £h€i ng and
m xi ng both. Using this aqueous cutti n(?h_lg%tent, and using an ingot of single

crystal silFo60189% 50 RIS atS Ge testh REEEoRIuMtEd N or each
cvalue on g T 24 U5 oS00 TR 2 HEAE G

to 3 Using Y non--aqueous “cu er a seoil in

conparative %Waeti]]ie qna@ﬁgxo'c%f'éﬂ'[é N AIGNC LA IE LAppl e 2, and

a surface-active agent-series o ting agent I'n conparative exanple 3
respectivel W%a%n@h‘ésbﬁgxt%%t' BEOthaf n8hPeh 8t 1 ¥Shattét | &£ Ah&SrHd1 Yy k

material, -
control agent is less than 0.1 percent by weight, the

thixotropy imparting effect is low, and when it is more than
30 percent by weight, it is not preferable because it becomes
excessively thixotropic and the pumping properties are also
impaired.

The aqueous silica sol with an average particle diameter
of 100 nm or less which is used in the third embodiment of
the present invention can be any of the aqueous silica sol
specified in the rheology control agent used in the first and
second embodiments of the present invention.

\ In the aqueous cutting liquid according to the third
embodiment of the present invention, the content of the
nonvolatile matter of the aqueous silica sol is 0.1 to 30
percent by weight of the amount of the nonvolatile matter of
the cationic water-soluble resin, preferably 0.2 to 20
percent by weight. When the content of the nonvolatilematter
of the aqueous silica sol is less than 1 percent by weight,
the thixotropy imparting effect is low, and when 30 percent

by weight is exceeded, it is not preferable because it becomes

- 14 -



2 0,J UN 20~~ the tests were conducted for each evaluation item The
results are shown in Table 2. Table 1~ Ci iExam |eCom ar af)i Qe Jéi{n20BDmos
"t on conponent 13456123Di sper byk 184(Percent by wei ght

i n30~070809070---~ttin |i wuiCuttingliquidwater (Peroentbyweight in
cutting70~030201029---1i uidlnor anic bentonite----- 1---Content of
siliconcarbi de(Percent by weight120120100100120100120120120wi t h respect

t oAb i~ttin ecaisaelasRpRbERbpOE, Sididene Tp@m@almgctﬁfd:tﬁermrés hyewsisght

of 769462275240256275- - - nonvol atl |l e matter of Ucati onic

wat er - sol ubliepesiined .neral oil------ 87--Non- aqueousMet h !

oleate------ 11--cutting agentPetrol eum sul fonic------ 2--acid cal ciund
cols------- 89- d §bel ¥aregoing-aquepwCiitigng liquid can be obtained by
agentBentonite------- 1- Surface-Surface-active a ents-------- 48acti ve

agent - Wat er mixing aBé%@ﬁg@kﬂ GhEtEeregaing pwgiqqnpopadis wabhavatersam
| eCom arative exam | eEval uation itenl23456123Cl eanabi | i t OO0O0OO0Ox OCDI s
ersi on st abif§ M@@@@CMDVBFethQQWJ@%Wﬁﬁﬁeem?me dis

bilitGOO "' 0 t stabilit
o for mncecon CHBSAR LSRRI LiG HAter YDERe TR AT Wﬁﬂﬂﬁﬁpﬁ.%@dnm
- 24 2 0J U~ ~ As b n f Tabl
aqueous cut t]ﬁﬂj”é]g O“(?ft tﬂ%&ntd'rcég@rﬁe EXal rom P}?We acc Mﬁqﬁ]&i’c&ﬂd be
i nproved as tcborgbagee%]d@@ gah g(ﬂy nt| onal non aqueous or aqueous cutting
er si S

agent. Al so, sinc tability of the abrasive grain is also

hi gh and the abr e ty
during the cutti §3%§6er i 8% ébaf‘go %@g%g}:e% eé%}éeséﬁfééd

i ndi cating tﬂlﬁg@ﬁthhﬂ@:tﬁ@ﬂfﬁ@ég&ﬂﬁg @éﬁmwuaalbeoheﬁgénw as I'Eélglﬁg:edm or
| ess. Preparation Exanple 1 (Preparation of cationic water-soluble resin

A-1) Into a reactThen agaesels eqtitiped ayent addeedingeter the stifther, a

refl ux condenser and a nitrogen gas introduction tube, 636.7 parts by

wei ght of Egmimstimesas qitdrmerp:ﬁﬁemarrqunmtbmemmihﬂ(a:mnidzpoxy Co. )
and 142.9 parts by wei ght of diglycol am ne were charged under nitrogen gas
stream and tWateti-gakublmgasdat hpydng anhamire (v lue aaddnt ferarg®ariat ure
to 120 C and reacted at the sanme tenperature for further 1 hour. And then,

t he reacti o2 dipetlht qu;K%/sa,deénéaggaaﬁévgogeaandOfhe Brederersbpatined by

72.9 t th 147. 5 ts b
el ght of SGINTITLbY AR Factid nahYal AHhLo fe BET SeEE IR | nto
the reacti on, aocréldllg%]lub@fggg{pre was react ed for 2 h_ours to obtain

cationic water-so e resin Al having a tertiary am ne value of 82 . 5

mgKOH g, a quat erifs %a2ABRALUPA B8LLsyRhibEe Ofedith havNGHAE Qfﬂﬂné\ \F@i@é am ne
val ue of 132 ngKOH g per the nonvolatile nmatter of the resin.

nonvol ati |l e widiil a r¥hge o 200 td @uovm%«owgoz‘:ahhsecaheoemevwé etheol ubl e
resin was 92 . 6 percent by wei ght.
foregoing resins.
As regards abrasive grain used for the aqueous cutting
agent according to the present invention, there is no
particular restraction, but various abrasive grain can be
utilized. Examples of the abrasive grain include silicon
carbide (SiC), aluminumoxide (Al,0;), silicondioxide(siog,
cesium dioxide (Ce0,), boron nitride (BN) and diamond. The
average grain size of the abrasive grain is usually 40 um or

less, preferably 1 to 30 um, or particularly preferably 10

to 25 um. When the average grain size of the abrasive grain
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The content of the structural unit represented by formula ( 1) in cationic
wat er-soluble resin A-1 was 11 percent by weight. Preparatiaon anpl e 2

‘ (Preparation of cationic water-soluble resin A-2) Into the §§ \]nggﬂaﬂ
vessel as Preparation Exanple 1, 757.3 parts by wei ght of Epototo PG 207
(comrerci al nane, produced by Tohto Kasei Co., Ltd.) and 97.5 parts by

wei ght of diglycol am ne were charged under nitrogen gas stream and the

m xture wasiBepbrkOthin 5oh§1w,s tieincdease dasdiparaidy &d baeth&s and
reacted at the sane tenperature for further 1 hour. And then, the reaction
t enper at ur equdeskdecreased to 80 C and the m xture obtained by prem xi ng
48.1 parts by weight of dinethyl ethanolam ne and 97.1 parts by wei ght of
50 percent by weThyhtcorent @atithagimoeso i) whmms wes gridad iisntl@ Ot ke
reaction product. The m xture was reacted for 2 hours to obtain cationic
wat er - sol ublé0pegercen bpwealighd ,t eprefeyakbhy neltisinue vangd of 20fgkKOH/ g, a
quat ernary ammonium salt value of 31.9 ngROH/ g and a total am ne val ue of
86. 7 npKOH §0pependrnthbyveebghte wat partatul arly aigfermid mah0dtat’i0le
matter of the cationic water-sol uble resin ma% 95. 2 percent eﬁ:meig%t. The
content of PRECERFLRY WeiIhhod FBEr 2Rt Ph{ ety SIat1ls 0 ni c
mater-solub#g res%n A.2 was 57 girggnt b¥.meight. Exanple 7 To 24.83 parts
by wei ght ofMEh&EALAPPORI ¥AKELerPsUPuf £€Pd8i'n A-1 prepared in Preparation
Exampl e 1, 62.57 R

by - ~=~ wWei ght._ of i QNi
gd 12.|3 parts bvfl it ittghet XSP%F%M%%-‘%#%?%%%%&?\%%% v?a ﬁrgg%ugie%‘igﬁ\éﬁliggan
i I try Ca. fd. i i . t
0.5 parts byhab WY Bt PO kent s SRCIRt et it 195 A & nare,
produced bytﬁanc&'eeﬁﬂgg%?eat% asldathd19 ,t hgn g i ?téﬁ;%‘;‘%_raf]rgﬁ HIwtl it Was

stirred for 1 hour to aln an aqueous cutting wei ght ratio of
the nonvol aghte iRt dHerSRiteDsISnSteé IS Alo N GeritRntolbyd weRigher, of
the cationic water-soluble resin in the aqueous cutting liquid was 15 . 85.
Exanpl es 8 thelBethiiaqustabidity of ktheuatsasiivExgmrplias i8 timpaQ@redre
obt ai ned by using the cationic water-soluble resin A-2 prepared in
Prepar ati on Exanphe 2quedusacvuythpgoagentcacddnding toethersikthi on shown
in Table 3 and the procedure of Exanple 7. Table 3a Exam | e78910For nul ati on
rati o (part Smbpddmentcafi shiec PResents dnyené ipas cRMRris£sgan. abxasdNec

wat er-sol ubl e 27. 3126. 2623. §3resi.n AvZEghgg%%ed ) )

wat er 62. 5769 BAB7IR Y SAELIRGek1a1id195 the 105250489, f # 8Pkt foR A ent

*20. 300. 300,.300..30Su. n1.0Q. 00100. 00100. 0100, QQWei ght rati o of
nonvol ati | eff Pg%ggptSqﬁgoggesPFF & /§§f8P§&%?T8325/7550I/cationic

mater-solublereSAg ie&grds the abrasive grain, the same ones as the

foregoing are used. Also, the content of abrasive grain is

the same as that of abrasive grain in the fifth embodiment
of the present invention.

Also, the aqueous cuttingagent according to the present
invention can be caused to comprise, as required, various
addition agents such as organic solvent such as alcohols,
ethers and esters, a macromolecular dispersion agent such
as polyalkylene glycol and a wetting agent, an antifoaming

agent of mineral oil system or silicone system, and a

rust-proof ancillary agent such as benzotriazole.
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20 ,f Ul~ ~9A~ *1): comercial name, produced by Ni ssan Chen'zﬁl\]gy 2002
Ltd., aqueous silica sol having a nonvolatile matter of 33 per t

" weight. Average particle diameter;20nm*2 ) : SN Defoaner 325, commerci al
nane, produced by San Nopco Co. Exanple 11 Into 100 parts by wei ght of the
aqueous cutting liquid prepared in Exanple 8, 100 parts by weight of an
abrasive grain (S C abrasive grain GC#600, average grain size of the
abrasi ve grain: 28st ve@srds Jomamatierdchland the pertded for ot ing dardg
slurry-11. Tests were carried out about each Evaluation itens by using a
singl e crystald ibngdtt 1as meteriedd amderdialg thhe hree pulesenwe iavendion,n Tabl e
4. Exanples 12 to 14 A abrasive grains were m xed into the aqueous cutting
| i qui ds prepaesd ia rExpapltdsulardrestr 16t kerwor dutgglb halrd sadd migtticd of
Exanpl e 11 to obtai.n Aqueous cutting agents 12 to 14. Tests were carried
out about eHéfSEiALUATEJIH ¢4 AfsaiEEethgPdesitngl Rrefosred amngstiments wor ked

material . The results were_shown in Tabl . - 28 ~ 0. JUl~ ~ Table 4~
O B OAE AN R L6 B IDA S 0r L i ey ndeisitos O B5GR Single
stabilitOO0OWf er _.cutting_erfornmnceOO0Q0Re-di s _ersibilitOO000Vi scosjt
stabilit 105656&8d PﬁdePg&Vﬁﬁﬁfé@@é@Odﬁ’%}&d%‘ms"ﬁlabi fffamic, compound

2000000RC! Qi GHE0.L AdAMAdES, olkhabBreo! B eaduiRdyatrial
Applicability he "aqueodus cutting agent according to e " present invention
prevents th%r%lfre@%ib‘i% grain fromsettling down, is excellent in dispersion

of abrasive“grain, and is capable of stably holding abrasive grain in the

agueous cutting AgeRt- A 80utisfgervide 490 IPLAL GtAbRbE Udet iy O even

hard and brittle material according to the present invention,

all normal cutting devices canbe used. Examples of preferred
cutting device include a wire sawing device, a band saw,
a multi-wire sawing device and a multi-band saw which are
obtained by multiplexing the wire sawing device and the band
saw respectively, and acuttingdeviceusingouter peripheral
blades or inner peripheral blades.

In the method for cutting hard and brittle material
according to the present invention, the cutting is meant to
include cutting and cutting.

Next, the descriptionwill be made of a concrete example
of the method for cutting hard and brittle material according
to the present invention.

A case where a multi-wire sawing device is used as the
cutting device, using an ingot of single crystal silicon,
which is hard and brittle material as work material, is
exemplified and the cutting method will be described.

Figure 1 shows an embodiment of the mechanism of a

multi-wire sawing device. By pushing up an ingot fixed on
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abrasive grain settle down, but the abrasive grain after the setfli
easily re-disperse. Thus, the cutting agent according to the pZJlé%DgJZUU&
“invention has high viscosity stability during a cutting/cutting operation,
stabl e abrasive grain density, and it uniformy adheres to a cutting tool
of the cutting device, for exanple, wire. Therefore, the cut/machined
surface has small swells, and the hard and brittle material can be

cut / machi nedhw tdbkadel teadiceicttiog Peat pushrsaip Bhedaklles aghedwsjodut ti ng
l'iquid according to the present invention is capable of being enployed for
t he aqueous isubiries§esyasainsdortdiengritie + hBher wseat dianeher ohS M50, when
work material is cut/machined using a specified cutting agent according-to
t he present Pamkdeuilar, 1t Hamgidted ,ngbut 29s usuglpy 00 JO P 20025 dgjent can be
simply renpoved b% wat er washing even if no organic solvent is_used on

cl eani ng the wor KR EFS 46, Wowad Grauand Bel hudferved gudfento bt eemaMYe use.
Further, on scrapping the cutting agent according to the present |nvention,
cl eani ng dr &lM&Fe, CPRSHAPENtBAE1GRr B%idrPHed thiDe BaER: radWPrhftYer the

[ i.s _dil ut.ed , 000 . 0, 000 ti . h
tC lcj);lt I(:lntg y?ggrﬁ%clﬁi’gro:gfa%tr]%q :b%c%h d%elva?}%o%%dé:rogﬁpe@hgg"%f‘?éi gg r‘QB@u\s/\géeJFgwwas hi ng
th tti | i qui.d heri to t.h ' { n.th ted, th
cutting 11 Qg TR B Pty Psrsea Loty 8 3 e3siERh) ot srice the
abrasi ve gr %E)n ateRRRrftant %.(éngtvﬁﬁ_ ekdby Tlew? 92 €31 sCs@igient i 4 yaqueous
liquid for aqueous cutting agent ich cor¥pr| ses a cationi'c water Sol uble

resin having,2p13041€ YA4UhOhsed &g%%@:ﬁﬁﬂﬁ%ﬂe R 5 &g%u@?%ﬁemers

of a theol ogy "Control agent selecte roup consi sting
i norgani ¢ bentonirhe wfPe is supported by the multi-grooved guide roller,

is caused to come into contact with the ingot while an adequate
cutting load is being imparted thereto, and a cutting agent
having abrasive grain dispersed therein is supplied between

the wire and the ingot to thereby shave and cut the ingot.

[Examples]

Hereinafter, the description will be made of examples
embodying the present invention. In this respect, the
present invention is not limited to the following concrete
examples, but is applicable to examples which are changed
within the scope of the present invention.

Also, the cutting agent for the wire sawing device was

evaluated by the following method.

Cleanability test: This test evaluates the cleanability
using water.

(a) Place 300 ml of the cutting agent prepared in the
example in a 300 ml beaker, and adjust the temperature to

25x0.5°C.
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organi c bentonite and an aqueous silica sol, wherein the content of a
non-vol atile matter of the theology control agent is 0.1 to 3(2;09rJ:LéN 2@&2
" weight of the ampunt of the non-volatile hatter of the cationic
wat er -sol ubl e resin. 2. An aqueous liquid for aqueous cutting agent which
conprises a cationic water soluble resin having a total am ne val ue of 50
to 200 ngKOH g, containing a tertiary amno group and a quaternary anmoni um
sal t-contai ni ng dbjupipaadsahgleastysinel reaihercs obfart sgohogyptabeériok agent
selected fromthe group consisting of an inorganic bentonite, an organic
bent oni t e andearrwdugousagant ckosobne whisretien. t he content of a non-vol atile
matter of the theology cantrol agent is 0.1 to 30 percent by weight of the
amount of the norfSVoFdWly matltletipofthens iggtlicogiry shatle 51d4ICOB @ai€di n. An
aqueous |lqgllld for aqueotl S Cuttlllg agent whlCll CO nprl S2S al7 aqueQUS
Sl Ca SOl Wduaeh pdedcageapdrkeep dtdiiaractrabiropmo temperatuse. fandh
cationic water-soluble resin having a total am ne value of ~0 to 200
mgKOHi g, conf®ditii'ng a tertiary al111110 group and a quaternary anmoni um
sal t-contai ni ng gé?ug,iftwher ein the content of the non-volatile matter of

S

t he aqueous sili PE ®.42R%e RF Bér ReRES by Wadigdht N6 CRRELRGRARNOF t he
non-vol atile tte tof the Qationicwgzt r-sql.ubl e resin, r| ig , ~~N
2002 4 . Thé FHNG FgFIM LT YES D S OPn Ve S P I 2 hfiePER RSt he
cationic wat I.es] i £4 i i ains 20 to 80 percent
by wei ght ofaq’gfs%% ctcﬁrla Sélusl'qni1fsrp€fa“bpérie entkgé @é&%rﬁor ula (1): 0-C HHC HZ

1) R wh i R . t I
(1) erein rég@;f@@tag?ﬁglgég% AR md! 98k TR 207 Pt O 48R LYY

group. 5. An aqu ch conprises a cationlic water-sol ubl e

resin havi ngcan 1@Mseotld Pl sk 110y 200 WO Gi1aith st iab I erta gl N,
wherein the content of the abrasive grain is 100 to 1000 percent by wei ght

of the amount of (fheafeay argtinet RAtledt Piedde Galighnike vAtEinggdne
resin. 6. An aqueous cutting agent which conprises the aqueous cutting

i qui d specidgdhetred tanythene iofgl@ ainysthll il icandwafiezbsqaaye plate,
wherein the content of the abrasive grain is 100 to 1000 percent by weight
of the ampurRdbfragdrdorvAsatihe waight aftemevagdidslss cutting liquid. 7. A
met hod for cutting a hard and brittle material which conprises cutting the

hard and brittl e (Rt OECEE™NS, tha Mafdiddyirad eudingiendagdsedds W& ting

t | ai med i.n. Claim5 .~ 32 ALl AHS. A.A3.. A3
A A ARLY. A .°§&P.WIAE‘.9AE! “Weioks %Sfﬁilﬁ?t NaRSEPRFE. X?A?g"s'. g%t.eﬂ.[ A.A (3. AA.A
Al LAY 04MN<ET [ . .
}Xsni d_[Z]nga]wcaaﬁhc]é]%?]‘Jcea’]%ﬁ BT 2 (2T A% ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] calnealeapeakkcal 4Tk €58hs were conducted in accordance with

the following criteria:
©@: 95% or more
O: 80% or more to less than 95%
A: 60% or more to less than 80%
x: Less than 60%
Dispersion stability test: This test evaluates thedispersion
stability of abrasive grain.
(a) Adjust the temperature of the cutting agent prepared
in the example to 25%0.5°C.
(b) Place slurry in a 100 ml graduated measuring cylinder

correctly and keep it intact at room temperature.
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+~L, c+NO*+) *} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c&a] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c&a] ca] ca] ca] ca! jk~V! ZC j py ¢

" C{!"#$}xsni d_Z] ca]ca] ca] ca] ca] ca] ca]ca] c(a] ca]ca]ca]ca]cal ca]QCQ] tg-fua?-@é]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! $<$[ $$$$$3%) W WWRE&EX ~(()L)[)))*-*
;*u***+=+{+++), } xsni d_Z] ca] ca] ca] ca] ca] ca] ca]ca] ca]c

aJ calca]calcalcalcalca]ca]ca]ca]ca]calcalca]calcalcalcalc(aljcaljcajcajcal),e
, 000+0g000031P1112y2r22228hé444me when all has settled down.

5555*5e5r 555} xsni d_Z] ca] ca] ca] ca] c(a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca

] ca] ca] ca] cdheat espeat tud cradlajad{iaaeap cajrohi& Bt 6h G FABIRGEIYwWXLh: ;| ;

}<b’<’5>D?m0mA}fk>éﬁI@@’imgcé}Féet]ecr,i@U] c, a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
c(a] ca] ca] ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ABB4ACWCCCC&D1EgEFFFFHHI
JIKK" L\ LLLLL$MM MUWNBx heiud s7Z|dxe &lass ¢ d&fsaftdanc @fc hapes] ca] cal ca] ca] cal c
aJ ca] ca] ca] ca] ca]lc(a]ca]ca]ca]ca] ca]ca]ca] ca]ca]ca]ca] cal NNN: Ov OOOPPRRRRSSC
SSSSOTI TTTTU VbWt m% (e ™ALt lee8] FApPaBc 8P8&Fca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ¢ca] ca] ca] c&aU] c&a] cal ca] ca] ca] ca] ca] ca] ca] cal X%Y6Z#[ T
[O/g "\ { \\ 1?"I J‘X"]‘_ll éa]oﬁwh‘é’é‘!?éo@gcé“qgfd} age&f]Z]t ] & %a?‘]eg]‘%‘a] I:a] ca] ca] ca][ cg][E:
1 4dB
S}jgg]&g?k(czﬂ\gg]gggi]hgﬂ]ﬁﬁégé a)lﬁglllcg] ﬁgl]n(_gsa] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca

15 i rAe R s e o
ol cal cal ST Ca] Cal R car cap by Ll & Al R IR O e e T Lo

st s~sssst . t ghttifg<pefernaneey b Ve wWrer du€l] ca] ca] ca] ca] cal ca] ca]jcajca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] c(a]ca] ca]ca]ca]ca]calca]lcalcalw
WXEXMKWKE XWKXXXYZa ¥, Wire sawing device: Multi-wire saw E250E (wire
zlzmeAAW{{{{|IRI|||]|}}}~Q}xsnid_Z]]ca]ca]ca]ca]c.a]ca]ca]ca]ca]ca]ca]ca]ca

NSl i jD
f?} x]sni dJ_Z%] ca] ca]ba] Tabte] spkeda] 88Pcainémina] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ?u! c) anx8(d| 6kzupkf a\ W ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] €8) cEpEapt (WpEsYchhagkogpea] chlfca] ca] ca] ca] c$al] c$a] c$au

& 8a

c$al] ca] ca] ca] cak#, . .
1 Ns{ \L/J]ql g]b] X} ] c!a] Zg?c%’ggfcgf‘éﬂfsﬁ]réaPc"*ﬁfEa] ca] c(a] ca] ca] ca] ca] ca] ca] ca] ca]
ca]ca]calca]calc a calcal.cal +i su<whkx@ wr mhc”? ca] cal] ca
ca} ca} ca} ca} ca} cg};gg?%%%( %]ggé]gg]é] gg] glé] gg?ﬁ“}“ca} c(ay ga] caj ca]chL} ca} ca} ca}
ca] ca] ca] ca] ca] cakY>EgHY Q2 @5hC G whahcaNk] LS@LC@LE%SQ‘&G%&G‘J&%&%Ca] cajca
] ca] ca] ca] ca] ca] ca] c(a] caU] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]calfH,
10%& ()-- ~ ®A¥Eink GLt18%6age-9300Endnutacthi’%d by bABY® ADE Ltd. The
T*109& () - <BCDET}si K, 10%&' ()-- @S10%& ()-ml01010I =10%&' ()-, 2@ 10%&' ()-S
&010%& () - ShedU&ement WaBTMMAuLAUR Fbi AMDYaLe L3 At39HRMTE hor wE¥YS () -
1096& ()-F10%& ()- 109%B& () -] a?si K, 109 39 109%®5& ()-,7- 10%& ()-,5T
1096& () -, 28nd0¥de ayerage0y8aue) wasSHIedasded, 49 -the-me@surtsd IE@SMIMBE () -
S109B& ()-- 109B& ()- #109B& ()-F 105 105 105=10%& ()-L, cdEbC, )
10% , 5t 109B&' () - TR¢10e@Rertive evedrations 1boBYp Fere crypgeted in
T1109B& ()-+bC, 10 @ 10%& ()-# 10%& ()-3 10B 10B 10B=109B& ()- @,
109B& () - @ 2°E6FEANCE- e fehler IT@OtEeIFR00R () - @y 10%& () -
@ty 10%&' () - @y 10% Os L y109%& (

m or morg_to less than 10 pm
O: 10 pm or more to less than 20 pm

A: 20 pm or more to less than 30 um

x3 30 pm and more
Re-dispersibility test: This test evaluates the re-

dispersibility of the abrasive grain.
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1{\=, 10%f10% h& ()- 10% h& ()- ! 10Z(10%h& ()- 10 10 20.,“,;1\]2002
1<

10, =109 ()-!)39MB10%& ()-!ZC jpr<{\=, 109 !YF4 109%A hA h& ()%

© 109\ & ()-* 10% h& ()-S 3(S10% h& ()- 10% h& ()- !0%0%hPh& () - pvwxy bC,
1098 ! 109K ()-, 109%& ()-,- 10%& ()-,# 10%& ()-Y 10 h 10 h 10 h<10% h& () -

Cl {1 "##$dELC, 10% !, s*@ 109K ()-S, s* @ 10%& ()-S (10%: ()-. @ 10%& () -
1098 ()-y@ 109%& ()-3 $<$[ $$5$$$3uj =, 10%!6 & 109%/hVh& ()-F 10 10
101 =10%& () - ! 8359 a)08@S 63 £ SEOYBMPPraBhDe® f{ L hE S BUBRAGEnt, pregddred | -
h& ()- @10% h& ()-S10% h& ()- f10% h&' ()- @10% h& ()- f10%
h& () - &&&X' ~(r{ (BHLjesxgmdEAt S* A& .() - (Y10% h& ()-'@ 10% h h& ()- @
h& ()- !'[&0% h{h& ()-, S 10@6h&f()-()L)%))}*aB' =, 109!, 710% h& ()-S3
h& ()-1 10% h& ()(PI0Fdacresdray. 110% RO (ML Lﬁmﬂ-%o*a.djus&;to
* Kk k* 0

UTEEUVT, '¥%Q room temperature.

(c) After all settled down, slowly agitate the upper
portion of the liquid with an agitating blade to read the time
until the deposit at the bottom disappears.

The respective evaluations were conducted in accordance
with the following criteria:

©: Less than 5 minutes
O: 5 minutes or more to less than 10 minutes
A: 10 minutes or more to less than 15 minutes
x: 15 minutes and more
Viscosity stability test (1): This test evaluates the
viscosity stability using shearing force.

(a) Adjust the temperature of the cutting agent prepared
in the example to 25x1°C.

(b) Place slurry in a 300 ml tall beaker to adjust to
the room temperature.

(c) Using a homogenizer, agitate at 10, 000 rpm for two
hours, adjust to 25°C, and determine viscosity change between
before and after the agitation to see the influence due to
the shearing force.

(d) Homogenizer: manufactured by Tokushu Kikakogyo Co.,
Ltd. Model MARKII2.5
The respective evaluations were conducted in accordance with
the following criteria: The numerical values show the

viscosity change rate.
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U& ()-3,10% U& ()- @0% U& ()-$10% & ()- 101hih 101hlh 2 0 JUN 2002

101h1h! Fs910%h1h& ()-*+=+{+++), dEuV7, - 10% U& ()- @8l0% U& ()- @ F10%
T U& ()-, 10% U& ()- z10% U& ()-@0% U& ()-), e, 000000+0~];, !"FY)10%!& ()-

fFY)10% % & ()- 10 U 10 U 10 U=10% U& ()- @ 10%

U& ()-! CS&109%PUPUE' () - +0g000031P1dE~];, !"SF10%&' ()- Sf &10%& () - S10%&' () -

S109%& ()-S 10%&' ()-SS 10%& ()-P1112?2z22aB~];, !"@10%& ()- @

10%&' ()-![S&L0Y& (P :@ekBIRNIn S 040%&' ()- & 109&' ()-2223| 444dE~];, " @

10%&' ()- -S10%& ()-@ 10%& ()- !s10% ()-@ 10%&' ()- @B10%& () - 44

555555*5}rg\ =, ! #10%4&'Y0% or more to less than 20%

"A: 20% or more to less than 30%

x: 30% and more
Cooling performance test: This test measures, using a
radiation temperature indicator, the temperature of the
wafer in the machined portion during cutting in the foregoing
wafer cutting performance test in order to evaluate the
cooling performance during the cutting.

The respective evaluations were conducted in accordance
with the following criteria:

©: Less than 35°C

O: 35°C or more to less than 40°C

A: 40°C or more
Viscosity stability test (2): This test measures the slurry
viscosity before and after cutting in the foregoing wafer
cutting performance test in order to evaluate the viscosity
stability during cutting work.

(a) Measure slurry viscosity before and after cutting
respectively.

(b) Determine an amount of viscosity change to
investigate the influence due to change in water content and
high shearing force during cutting work.

The respective evaluations were conducted in accordance
with the following criteria. The numerical values show the
amounts of viscosity change.

©: Less than +100 cp

A: 100 cp or more to less than =300 cp

- 22 -



10 10 10<10% ()-!VY3310%& ()- ! Y3310% @@ ()- @ 10%! ()-*Befjr 5pfy 2002
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10938 () -~ WeQUGADErgEBwb @A 1t ity COuE&NE)in@ e fnetiqindgiwager cutting
10968 ()-,L110%& () - @ 109%6&' () - f10%& () - gEFFFFFFFHOC, !'!- 109%& () -
FlOO/G& ()- f;@ﬁms&m(a)n% test ligerrdes: toogal prt@tdie shomralp)lityiduidingg A 2bC,

, F.- 109%& ()-s

cutting work.
The respective evaluations were conducted in accordance
with the following criteria. The numerical values show the
power load factor.
©: Less than 25%
O: 25% or more to less than 30%
Az 30% or more

Examples 1 to 6

In examples 1 to 6, so as to have the composition ratio
(weight unit) shown in Table 1, a mixture of Disperbig 184
and water, or a mixture of these goods and bentonite is used
as cutting liquid, and silicon carbide (produced by Fujimi
Incorporated, commercial name: GC#600, average grain size:
20 to 25 pum) is used for the abrasive grain, and an aqueous
cutting agent was obtained by agitating and mixing both.
Using this aqueous cutting agent, andusing an ingot of single
crystal silicon as theworkmaterial, the tests were conducted
for each evaluation item. The results are shown in Table 2.
Comparative Examples 1 to 3

Using a non-aqueous cutting agent with mineral oil as
the base 0il in comparative example 1, a glycol cutting agent
in comparative example 2, and a surface-active agent-series

of cutting agent in comparative example 3 respectively, and

using an ingot of single crystal silicon as the work material,
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U&' () - RSSCEHESdigst® wdrey B¥ddted 08K (Qachl@¥&1ation item. The

results are shown in Table 2.

[Table 1]
e Example Comparative example
Composition component 1 3 3 A R 6 1 > 3
Disperbyk 184
(Percent by weightin | 30 | 50 | 70 | 80 | 90 | 70
. cutting liquid)
fi:u‘lltil(;lg Water (Percent by
q weight in cutting 70 | 50 | 30 |20 (10|29
liquid)
Inorganic bentonite - - - - - 1 - -
Content of silicon
carbide
(Percent by weight 120 | 120 | 100 | 100 | 120 | 100 | 120 | 120 | 120
with respect to
_ | Abrasive cutting hquu_i%
5 | grain Content of silicon
= carbide
£ (Percent by weight of | 4 | 465 | 275 | 240 | 256 [275 | - | - | -
£ nonvolatile matter of
3 cationic water-soluble
resin)
Mineral oil - - - - - - 87 - -
Non-aqueous | Methyl oleate - - - - - - 11 - -
cuiting agent | Petroleum sulfonic ) -
acid calcium
Glycols - - - - - - - 89 -
cGult);f: : agent |vater - - - - - - . 10 .
g 48 Bentonite - - - - - - - 1
Surface- Surface-active agents - - - - - - - - 48
active agent- | Water - - - - - - - - 50
system . } } }
cutting agent Bentonite - - - - - 2
[Table 2]

vsl
>
o5
=
=
(4]

Comparative example

Evaluation item

Cleanability
Dispersion stability
Wafer cutting
performance
Re-dispersibility
Viscosity stability (1)
Cooling performance
Viscosity stability (2)
Machinability

Cllclicliollolmmeliolic]iy
OO0 |© ©O|O|
O1e|0IBe|eF O|le|0O|w
o0l O|e|O|+~
OIbIbiele; O|le|0|w
O|e|0|©®|0] 0|00\
D|o|x {®|© ©|0|x |~
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P9 $10%& ()-@, 109% ()-' *109%& ()-S( 109%& ()- @&, 109%& () - QZ
$LOYR () - XKXXXXXX%'DC, !l z10% U& ()- Y10% U& ()-F10% U&' ()-S#10% U&' ()-F
10 10 10=L109& ()-%'Y6Z#[ T[[[dEDC, !!'! 1- 10% U& ()- 10% U& ()- 10% U& ()-Y
10% U& ()-" fyl0% U& ()-- 10% U& ()- [[% \\\\dEbC, !!! [ 10% U& ()-*10%
U& ()-(- 10% U&' As-can0Be & dn -£ 39 OPani&e (0),- GdOSTdEnd )td A Guddow$™ " _bC,
- 10% & ()-& z10% & () -$F10% & ()-Z
cutting agent of the present invention, the cleanability
could be improved as compared with the conventional non-
agueous or aqueous cutting agent. Also, since thedispersion
stability of the abrasive grain is also high and the abrasive
grain settle down slowly, theviscosity stability during the
cutting operation is also high. Therefore, the warp value
indicating the cutting performance also could be restricted

to 20 wm or less.

Preparation Example 1
(Preparation of cationic water-soluble resin A-1)

Into a reaction vessel equipped with a thermometer, a
stirrer, a reflux condenser and a nitrogen gas introduction
tube, 636.7 parts by weight of Epicoat #828 (commercial name,
produced by Yuka Shell Epoxy Co.) and 142.9 parts by weight
of diglycol amine were charged under nitrogen gas stream and
the mixture was heat for 1.5 hours to increase the temperature
to 120 °C and reacted at the same temperature for further 1
hour. And then, the reaction temperature was decreased to 80 °C
and the mixture obtained by premixing 72.9 parts by weight
of dimethyl ethanolamine and 147.5 parts by weight of 50
percent by weight lactic acid aqueous solution was added into
the reaction product. The mixture was reacted for 2 hours to
obtain cationic water-soluble resin A-1 having a tertiary
amine value of 82.5 mgKOH/g, a quaternary ammoniumsalt value
of 49.7 mgKOH/g and a total amine value of 132 mgKOH/g per

the nonvolatile matter of the resin. The nonvolatile matter
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' F10% & () - bbbcOcccdEbC, 1!, 510% & ()-3GLO% & ()-2 10% & () -

010% & ()-3.10% & ()-f, @10% & () - cc*d1d2d3d4dBddbC, !!!,

109 ()- $F109%& ()-Z 10/ 10/ 10/=:10% & ()-9S 10% & () -

7410% & () - ddd&ef Kf f dEbC, !'!! 109%&' ()-, 310%& ()-- 10%& ()-s glO%& ()-,
1098 () -, 109 the bagdogiboriEnG seluh¥e rédv@was-97 -6 peveepr-hRwedghlt () -
% 109%& () - S#S109%& ()-- 10%& ()-chhhh i-icidEbC, !!!5f10%& ()- @10%& () -

1y109%&' () - @hevgogtent ofl ob@ fYruc ynab@ndy -renyasanted-bpformula (1)

11 @0% 0& ()- $10% 0& ()-Z 10 10 10l =MLO%&' ()-! F910%& ()- @, _

109 () -ij R FRaBn i@ watgrrow o ke resonsiod v3s @l1Dore&nt)bygveight.

10% o0& ()-! @10%0& ()- @10% c & () - k4kl kkkl FI dE~_@

I'1,10% o0& ()-@0% o0& ()-f10% o0& ()-@L0% o0& ()-3S10% o0& ()-, @O0% o0& ()-Flyll

$NBNBNENEB~. @ ! y.10% & ()-! +*10%R0R0& ()-(, 10% 0& ()-, Ll @
10% o0& () - ‘??F@?fé%l\?g‘ % -agT{plfO‘% 0& () - smmm2nl ndE~_@

1'17910% 0&' (1-.9210% o0& ()-3210% o0& () - @10% o0& ()- .

1096 08 (1 -1 EBRRREAELI R RRTHST 1) YA CTOsea P, £854m PRd@over ()-1 10 o

10/ 0 10" 0=ML0% 0 ()4 FOQ ¢ 0 P T2:920°RE Fr Bt d D Wbl 178 O
757.3 parts by weight of Epototo PG-207 (commercial name,

produced by Tohto Kasei Co., Ltd.) and 97.5 parts by weight

of diglycol amine were charged under nitrogen gas stream and
the mixture was heat for 1.5 hours to increase the temperature
to 120 °C and reacted at the same temperature for further
1 hour. And then, the reaction temperature was decreased to

80 °C and the mixture obtained by premixing 48.1 parts by
weight of dimethyl ethanolamine and 97.1 parts by weight of

50 percent by weight lactic acid aqueous solution was added
into the reaction product. The mixture was reacted for 2 hours
to obtain cationic water~soluble resin A-2 having a tertiary
amine value of 54.8 mgKOH/g, a quaternary ammonium salt value
of 31.9 mgKOH/g and a total amine value of 86.7 mgKOH/g per
the nonvolatile matter of the resin. The nonvolatile matter
of thecationic water-soluble resin was 95.2 percent by weight.
The content of the structural unit represented by formula (1)

in cationic water-soluble resin A-2 was 57 percent by weight.

Example 7

To 24.83 parts by weight of the cationic water-soluble

resin A-1 prepared in Preparation Example 1, 62.57 parts by
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1001 & () %jﬁ“ﬁ“ 00} @009y ERniBonray-) apvandEd 9 A {{{ R
109 & () - Wmle&g%l)i Flrpﬂchlfé\h@ﬁg cl%@&) Lbur g’J) olggain an

104 =: 10%4| & ()-!39109%. |.& %] & ()-,510%| & ()-3S
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ight rggﬁglg@cge nonvolatile matter of the aqueous
silica sol and the solid matter of the cationic water-soluble

resin in the aqueous cutting liquid was 15 : 85.

Examples 8 to 10

The aqueous cutting liquids of Examples 8 to 10 were
obtained by using the cationic water-soluble resin A-2
prepared in Preparation Example 2 and carrying out according
to the formulation shown in Table 3 and the procedure of
Example 7.

[Table 3]

Example 7 8 9 10
Formulation ratio (parts by
weight)

Cationic water-soluble
resin A-1

Cationic water-soluble

24.83 - - -

resin A-2

- 27.31

26.26

23.63

Deionized water

62.57

63.64

57.59

53.34

Snowtex-0 *1)

12.30

8.75

15.85

22.73

Defoaming agent *2)

0.30

0.30

0.30

0.30

Sum

100.00

100.00

100.00

100.00

Weight ratio of nonvolatile
matter of aqueous silica
sol/cationic water-soluble
resin

15/85

10/90

17/83

25/75
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tool of the cutting device, for example, wire. Therefore,

'©) 150 109%& ()->] 10%& ()- >

the cut/machined surface has small swells, and the hard and

brittle material can be cut/machined with excellent cutting

performance. Also, the aqueous cutting liquid according to

the present invention is capable of being employed for the
aqueous cutting agent according to the present invention.

Also, when work material is cut/machined using a specified

cutting agent according to the present invention, the cutting
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more, has lowtoxicity, andtherefore it canbe also scrapped
as it is. By water washing the cutting liquid adhering to
the abrasive grain thus separated, the cutting liquid can
be simply removed, and it is also possible to re-use the

abrasive grain separated.
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matter of the cationic water-soluble resin.

3. An aqueous liquid for aqueous cutting agent which comprises an aqueous silica sol
with an average particle diameter of 100 nm or less. and a cationic water-soluble resin
having a total amine value of 50 to 200 mgKOH/g, containing a tertiary amino group and a
quaternary ammonium salt-containing group, wherein the content of the non-volatile matter
of the aqueous silica sol is 0.1 to 30 percent by weight of the amount of the non-volatile

matter of the cationic water-soluble resin.



L Z10%W & ()-( L10% & ()-vUa<(1l 10%*' & ()-Z $ 10%*' & ()-1(5300336* 002
h=:10% & ()- &@10% & ()-( $10% & ()- _Cvua<(1 N2
"1t810% *' & ()-0t810% *' & ()-0t810% *' & ()-0t810% *' & () -0t 810% *' & () - ot 810
%*' & ()-0 ~A>vUa<(1

t810% *' & ()-0t810% *' & ()-0t810% *' & ()-0)?2d[ 7t 810% *' & ()-0t 810% *' & () -0
$' *-01_5vUi<(1

) 2d[ 7t 810% ¥'.&' (‘Thets8lGhrs &ty intg AHAAIE & ¢)abdm8d A% ¢l &i B ovBdeWin' & () -0
1?ACEGHd: vU4<(1

)) 2d[ 7t810%he&<3@)13@§18130®@’te& eplobdeonesin cpeeifiod ingllypint 810% *' & () -
oH\ " bded: v4<

))’7d[7t810°/c*m a(lPSo@Qlé% BOgPEFCEnE1 b wedabhy- ofs2oshrugtuyab 8oty < & () -
oes~dDvUA<(

))9dt810%*“f&?€)‘3581“§56*%?¥ &h(e) foravddy €182 () - 0t 810% *' & () -0t 810% *' & () - ot
810% *' & ()-0zZ vUa<(1

)t810% *' & () - ot 810% *' & %*'C&H( ot 810% *' & () -0t 810% *' & ()-0) 2d[
7zZ:vU4<(1 (

)t810% *' & ()-0t810% *' & (]-ot8 0%* & () 4ot 810% *' &]())-ot810%*'&'()-0)?d[
7zZ. vUA<(1

)t 8109% ** &() ot 810% *' & () ot 8TH9s * & ()~ 0t810% *' & ()-0t810% *' & ()-o0)2d[
7zZ:vU4<(1

y1810% * & [JeEraTobs *PRFO P8 1204952957 & 8T0s 2 YL SFRBR PTePD) - 0) 24|
7 zZ: vU4<(1ethyl group.

)t810% *' & ()-0t 810% *' & ()-0t810% *' & ()-0t810% *' & ()-o0t 810% *' & ()-0) 2d[
TNy X7vU4A<(15) @A0%dgh¢dus @ADEBY(rgent whidh &&dnprises a cationic

@10% & () - Ft 8109% * )-0)2d[ 7sP|[: vUA<(1 ) ,)- 10%& ()- ,(10% & ()-
L &109% & () - watsrew&upﬁe resm%a&lp)g angaraneryuedf[20, tr 00 NIKEBLG% & () -
,&3- 10% & ()-3 ,Yl- 10% & ()- 10%& ()- ,-- 10%& ()- ,+z

109 & () - + aquavmh{qswﬂqw;* —wReLpim Ve CRYen g tivel abrasiues & (
, 8@ 109 & (

1006 & ()-s ,%rié%&s {gg‘é‘?ldo}g@ E?)erce“(foé%’gﬂ 5‘&8%*%4) oi,g,&égﬁghg @

Sl oagsrs.e e oo it bt

"1098& () - Q3| [: )!(M&ﬁ&eoug éﬁ’%ﬁ%)a eft 1908éh (dompr S5 9 %e (Aqueous
10088 ()- 1 1008& ()= "1008& ()->d+ P[:-410% 3&610%6& ()- 331 %i;&()

1"1098& () - cukkih (V@&q(l)i.d spfecl@%.’@& Gh- ahy dRGESE (Q1aime @ bAs 1)

YlO%‘& ()- 10% & 10% & ()- #1109 & ()- Y 10% & ()- 10$10$f\c|[ A410$ I
= 10% & () - a@éﬂffﬁ‘&\(é gEa@xlO%k?efé:LE ﬁ@el@%t?el@d_f Hmé(l%fds&v(e) graln

~: 10%;#5& ()- Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading
43] c" "HeaditAgl88] ¢ 1PEAdPRyCEBLChY” Meddhtigo¥3the amenutngigBhe” "Heading
93] c"A "Default Paragraph FontDx!,'-27=Cl OUH 3af k}quX\ r-cj

$), 5Am4dk7pwe&9£e?}a RtheEset- Hie: aaYsaus+ GREL1Ng liquid.

gE%E?GIamSU@%%ﬂ?W?%EZ%‘% Fl.sni n(gﬁl\/gél chi WA&\R{J&(}% ;{E%%# ELY z
<> @BCOEF G A WWCPCRSTLA kg SRGIETI R MoveRemigy iobGeushg e n

<=>7 @\BCDEFGH, . ,
| " HSYR () * +, - el G R 2 %é&%ﬁ@@%%@%%%w?%_&%cdefghi

5 or 6.

- 32 -



