AQUEOQUS FLUI D COVMPCSI TI ONS FOR ABRASI VE SLURRI ES, METHODS OF
PRODUCTI ON, AND METHODS OF USE THEREOF The present application
clains the benefit of U S. provisional application nunber 60/841, 580,
filed August 30, 2006, which is incorporated herein by reference in
its entirety. BACKGROUND 1. Field of the Invention. The present

i nvention gewsh@bkb¥stel ates to aqueous fl uid conposi tecansbvrsuuse in
formng abrasive slurries. The aqueous fluid conpositions are useful
for form ng | oose-abrasive machining slurries and, nore particul arly,
wire saw slurries. 2. Background. Wre saws are extensively
used to slice silicon for solar and el ectronics applications. They
are also used for slicing a variety of other conpound sem conduct or
mat eri al s i ncluding sapphire, GaAs, InP, and SiC, optical materials
such as quartz glass and crystal, and hard and brittle materials such
as ceram cs. A wire saw generally includes a plurality of wires
oriented under tension. The wires are driven sinultaneously as an
abrasive slurry is supplied between the wires and workpi ece. The

the wor kpi ece ThoBoRsS-AHaF P BsHGRE sBR AV H S ERS i EBPs e
production of |arge nunPRPRUGTION, pdEUMBTIROEE OFfUSFaHEREPFar t hi ckness,
fl at ness, and surface snopot hness. EUring W re saw cutting, the

wre does not do 5 B%E% s@g@d[ahon ctlai tthe Eene of %C% Sro:[.n(s?io%ali an??a?‘ rtlm}mh)%r

abrasive slurry e Cut

called WO 20@(8&.@1@@7&@11%2@@??@5@@11& mcp@e%d veffﬂaér véer?m%ﬁmm ng "
Q her exanpl egyt@diy.| 00se- abrasi ve machi ning include ultrasonic

machi ni ng, mater-jet cutting, and sandblasting. The slurry is a
suspensi on of abrasive particles in a fluid conposition, also
5soneti mes reBAEKEFXEBAs a "lubricant”, "vehicle or "carrier". As

t he abrasives, matieri akisidsp@biasntshl i con carbide (Si C), dianond, and

boron carbi de ( B4?hﬁ 8%}/{1“1‘( Qge?lgo n%ggal m&%%%}éﬁusﬁu&g%}nﬁ&itmﬁy ﬁr psg?rp

enpl oyed, wherein 05| i on predom nant cont
m neral oil i e ebragiteslugine o Shasgucout @idicasnesideng araflseéﬂ |f°<itf‘?r5‘"t5f'°°<§bout
1: 1 based on begdivghtachilibg Gtirrisdntohd@e pdriitufailgSvilkkae siadris been
enpl oyed', wherein the fluid conposition
2. Background.
Wire saws are extensively used to slice silicon for solar and electronics
applications. They are also used for slicing a variety of other compound semiconductor
materials including sapphire, GaAs, InP, and 8iC, optical materials such as quartz glass

and crystal, and hard and brittle materials such as ceramics.

A wire saw generally includes a plurality of wires oriented under tension. The
wires are driven simultaneously as an abrasive slurry is supplied between the wires and
workpiece. The woricpiece is forced through the wires as the slurry acts to abrade the
workpiece into a plurality of pieces. This method allows for the preduction of large

numbers of sliced pieces of particular thickness, flatness, and surface smoothness.

Puring wire saw cuiting, the wire does not do the cutting, but rather it acts to

transport the abrasive slurry, which does the citting. This type of process is called



10 predom nantly contains a water soluble glycol (e.g., polyethylene
gl ycol (PEGQ, ethylene glycol, and pol yoxyethyl ene glycol) in which
the abrasive particles are dispersed. Wiile mneral oil provides good
| ubricating and cutting properties, it possesses poor cooling
performance. Further, because mneral oil is not water soluble,

or gani ¢ 15sokyemnterand specialized detergents are requiriuesotoasscd ean
the mneral oil fromthe cut pieces. Due to poor cooling performance,
di sposal restrictions, and post cleaning difficulties, alternatives
to mneral oil are needed. Wile glycols, such as PEG offer sone
benefits over mneral oil, these materials 20 are very costly and
they present problens wth the anbunts and net hods of di sposal

avai l abl e. Further, glycols have high viscosities that lead to

i ncreased dra forces on the waf er . Such hi h drag forces an |l ead to
breakage of ctosqAbErsiye mawlitingy PRPTFEPRIES {f e-abrastve machiniyg MGRLTe)

t hus, be hi ghligasélshsicahlng, \tmerdawahng;anmnctblpetdlgfl uid conpositions for
use 25in form ng abrasive slurries, particul arI y wire saw slurries.
SUMVARY Thi s _invention pr OV'% a fl u1 ? itior loLoarlsouse in
forming | oose- abr 285 NEYREHERAHG €1 F“?‘Yeé?mc,&fﬁn Wf)“gostl cl'es can be
di spersed 3§ n dohetirhdsuéferedampasiubricans, 'yehiele' dr ScaBler'p Ao iedbragiveRo PRI

slurry COprOSJBEH ﬁgtiig&ega“)lic‘e (@iC Q%ﬁn@%d%&éﬁ%m@ﬁl@ los ) ﬂ'e@e Bieﬂ@zﬁbﬂs es. As
used herein, n" .or. " wWor

slurry” is anW@ﬂ%PW’““\‘RE)h%{?y congy ﬁ#‘%ﬁ%ﬁ’@é’?fﬁ'@@??gn Bred%ﬂélmnﬁ%n

t hat cont ai nscoafamasines @hintvhichets atiasipe rsalibpekadiat aratiqed abpygil d based on
conposi ti on, weight. Water soluble slurries have also been employed, wherein the fluid composition

10  predominantly contains a water soluble glycol (e.g., polyethylene glycol (PEG), ethylene
glycol, and polyoxyethylene glycol) in which the abrasive particles are dispersed.

While mineral oil provides good Iubricating and cutting properties, it possesses
poor cooling pcrforinance. Further, because mineral oil is not water soluble, organic
15  solvents and specialized detergents are required to clean the mineral oil from the cut
pieces. Due to poor cooling performance, disposal restrictions, and post cleaning

difficulties, alternatives to mineral oil are needed.

While glyeols, such as PEG, offer some benefits over minera! oil, these materials
20  are very costly and they present problems with the amounts and methods of disposal
available. Further, glycols have high viscosities that lead to increased drag forces on the

wafer. Such high drag forces can lead to breakage of cut pieces during thin slicing.

Tt would, thus, be highly desirable to develop improved fluid compositions for use

25  in forming abrasive slurries, particularly wire saw slurries.

SUMMARY
This invention provides a fluid composition for use in forming loose-abrasive
machining slurries. Abrasive particles can be dispersed in the fluid compositions so as to
30  provide a working slurry composition useful in loose-abrasive machining processes. As

used herein, a “working slurry composition” or “werking abrasive slurry” is any slurry



wherein the abrasive particles are present at a concentration that is
suitable for a given | oose-abrasive machi ning process. The fluid
conpositions of the present invention provide excellent |ubricating
and machining/cutting properties. The concentration of the 5
conponents can be adjusted depending on the desired application to

m ni m ze progysisieakage during machi ning. The fl ui bccaaRPeBitdions
are further cost effective, possess enhanced heat dissipation
properties, and provide easier and less |imted post-cutting disposal
options. 10l n one aspect, the invention generally relates to a fluid
conposition for use in formng a | oose-abrasive machining slurry
conpri sing pol yethyl ene glycol and water, wherein the conposition
conprises at |least 10 vol % wat er. Enbodi nents according to this
aspect of the invention can include the follow ng 15 features. The
Conposi tion campessiop Hiateniaine srasivs parFles digemsgsiorihinghe Tyt gamppsition,

pol yet hyl ene \geyeirthe &icislok pﬂﬁdesaib@mseﬁ@t a/@h&nirniod Baviobltabla foer givem sone

enmbodi nents, the conposit.lon conp 0 75 vol %
o ot~ pseue ot i e o) b BRaRBap il ol et %bﬁ*s'i‘a'at °

vol % PEG abomv:@@xwiw&tboca@bsw r@@hlv’agl%wca@@we%ﬂéﬁff’“&ﬂlt%‘?% 1“8
about 55 V@Il %REGhents Bmaﬁrmju&{dmﬂéxﬁﬁgbstheﬁheecb@mh@swrtmmm@(te corPti ses

about 25 vol % to about 80, vol Qs%btn 29 8L Yt Qerad 04l hoséeas Vol %
wat er, about %f?f‘ 51985 B o U ?%gaﬁ terS or arogt 50 vo%g/oto

about 60 vol %nhme#hcafﬁlﬁé‘l’méf"ljﬁ‘&?ﬁH@P&é’i‘dﬁﬁ?sieéﬁ“ R EMEBRES BN can
further conpriigRsdoRiodd. Nore viscosity nodifier. The viscosity

nodi fiers can be sel ected from conventional viscosity nodifiers such
as synthetic clay, natural clay, Car bo S

car boxymetiRyl cel | Ut ensaspes g jnpatipy gegerall 3"2’3%% o3flujfl composition for use in

hydr oxyet hyl cekhik @ 5@se-dbydivonyimpslung ebhurlsogeolyeratling ket lud waer

pol yvinyl al Coperel Qnﬁ%@ﬂgrb%pgi%t 1143?10\4)0&/&%&; y modifiers can be
added so as to I‘OVI dea conposition having a viscosity ranging from

about 5cps to about 100cps. In sonme enbodi nents, the conposition
contai ns up to abaiboditiemshdording ortbis asperrof the w@@@mmyﬂchﬁﬂihﬁ fdlewingnd

in some enhodi EIE%E S’[‘I-Ilg CQHEL%EBH barQomhph a@é@l@\ﬁ volfd t0/8b30s0 oloN & peetipie 30

vi scosity nodi osition_c further co e or nore

activator. |gl§€ﬂ#ﬁ’@5’éﬁ)‘}bﬁ’§ﬁf’§°'y‘ttﬁ§56 ﬁ“ﬁ’@%eirt Sﬁm%%r%%gmegts /p to about
5 vol % of one c@fpossEconpBsc? A8 BXHBT hRETE IS0V PEGL 89UR25xet tpabei 70 and

in some enbodi et aRatdo Rios oBbiss QIR ateuda3l ¥nelo 28618 6010l HIFES,

activator. The act I vat or rom cony n tivators
such as tri et REFHOIARVA tﬁﬁ%"“&% Wzgkgﬁ%af“esm ngl]’ ?6’““5’2%‘? & L"Sc[a(%‘ further
conprise moe esmprisesebow8S Vil BiotbiOsolqwaters ghett ﬁoﬁﬁi‘ybiotab‘?“é"'%‘éﬁ%ﬁ‘@te’

sel ected from,GonyeRid %%Butrvu%i% \mmrmrtawussw}at&muttso vethens! I ne

and carboxylic sal t%f 831%%um§%3 ;tfée”t Sﬁlnﬁepgorx%%ggg)(g@o; ﬁl&gv&gﬂ&}al ns

from about 0. F¥#Fbf ne or nore rust. inhi
modifier. The viscosity mod1ﬁers can be selected from conventional viscosity modifiers

. such as synthetic clay, natural clay, Carbopols®, carboxymethylcellulose. ethylcellulose,
25  gelatin, hydroxyethylcellulose, hydroxypropyl cellulose, methylcellulose, polyvinyl
alcohol, and xanthan gum. The viscosity modifiers can be added so as to provide a
composition having a viscosity ranging from about Scps to about 100cps. In some
embodiments, the composition contains up to about 10 vol% of one or more viscosity
modifier, and in some embodiments from about 0.1 to about 10 vol% of one or more
30 viscosity modifier. The composition can further comprise one or more activator. In

some embodiments, the composition contains up to about 5 vol% of one or more



I n anot her aspect, the invention generally relates to a nmethod for
formng a fluid conposition suitable for use in formng a

| oose-abrasive machining slurry conprising 10 m xi ng pol yet hyl ene

gl ycol and water such that the conposition contains at |east 10 vol %
water. I n another aspect, the invention generally relates to a nethod
for using a b weshsRIposi tion conprising polyethyl engcgiyselodnd at

| east 10vol %water in a wire saw 15 process. The nethod conpri ses
providing the fluid conposition, uniformy dispersing abrasive
particles within the fluid conposition to forma working slurry, and
supplying the working slurry to a wire saw process. I'n

anot her aspect, the invention generally relates to a fluid

conposi tion suitable 20for use in reciprocal cutting by a wire saw
conprising polyethylene glycol and at l-east 10 v

anot her aspecttivatonand inseme srehediients eauf §2 valyede @b:‘?“fts "05/" r?é‘t'ﬁ@&lmf’%r
provi ding a fictiathr.CTHEROBII @R b6 ildcablfi®miconventipalianivapoispihosal wire saw

cuttin co ril. .
pol yet %yl egIe) g?tllang Rl gér\adzlttﬂ??e b%rafte]. l’klhg ct%é;ff)gmﬂpéh R RE cGﬁBﬂi)sfeloﬁé &Gn

ast 10%water,_ uniforn ‘i’% “B\i%t %C
abrasi ve par tihglnbitasst Rierus FEINHPIE O ReSAFRRG Foroi YU 78} PRI 6
slurry, angl nRdiifiiinBEmind endidat@odictsyitsofn sbine emiprdiohanty, thé enmppsitien qeeteided
for recipr oca‘l1 Lti[ottltl gYolP% (AT, WRLEne oﬁgérgn@ﬂmxﬁ% aspect, the

i nvention gener raf ates to a nethod for dissipating heat during a
machi ni ng process conprising supplying a working slurry to the
machi ni ng WO 200%{ A3if&&4RaThbBRedi6h B&8R1Y rejres memssthadifer foritg aftpid

slurry conpri SI pgmtpo%ls& %ﬂﬂr%@@m%r}ﬁ%@a’loﬁ-adr%f%%agtgmi{ él%%&@ﬂsmg’ind

abr asi ve partl di sperse n_the o, and
wat er, whéfei W“‘&t‘b’ PP'(??}EEtle“ﬁ gb’&?ltafl%ﬁatf)‘fs“ q‘n%at IP °§m¥" ojk} g aﬁf 4 Rbs

di ssi pat e heatvaterland repl eni shing t he wor ki ng fI uid with water during
t he machi ning process to further dissipate heat.

In another aspect, the invention generally relates to a method for using a fluid

composition comprising polyethylene glycol and at least 10vol% water in a wire saw
15  process. The method comprises providing the fiuid composition, uniformly dispersing
abrasive particles within the fluid composition to form a working slurry, and supplying

the working slurry to a wire saw process.

In another aspect, the invention generally relates to a fluid composition suitable
20  for use in reciprocal cutting by a wire saw comprising polyethylene glycol and at least 10

vol% water.

In another aspect, the invention generally relates to a method for providing a fluid
composition suitable for use in reciprocal wire saw cutting comprising providing a fluid
25  composition comprising polyethylene glycol and at least 10% water, uniformly
dispersing abrasive particles within the fluid composition to form a working slurry, and

modifying the viscosity of the working slurry as needed for reciprocal cutting by adding

water.

30 In another aspect, the invention generally relates to a method for dissipating heat

during a machining process comprising supplying a working slurty to the machining



5 I n anot her aspect, the invention generally relates to a fluid
conposition for use in formng a | oose-abrasive machining slurry
conpri sing polyethylene glycol and water, wherein water is present in
the fluid conposition in an anmount such that the vi scosity of a

wor ki ng slurry formed by dispersing abrasive particles within the

fluid corrposdwghdagoz;gg educed by at least 1.5 tines. EfeegkiBiisn
according to this aspect of the invention can include the follow ng

features. Water can be present in the fluid conposition in an anount
such that the viscosity of a working slurry fornmed by di spersing
abrasive particles within the fluid 15 conposition is reduced by at
least 2 tinmes, at least 2 tines, at least 2.5 tines, at least 3 tines
at least 3.5 tinmes, at least 4 tinmes, at Ieast 4 5 tirres at least 5
times, at least 5.5 tines, at |east 6t| nes, | ea Eitirres, at

| east 7 ti mesprogss Hsaerking Sﬁif'tb’lcﬁ%@““"&tp"'l}"ét&ﬂf“eglyf‘i’!naé%ea“é?" getergnd
tinmes, at | eagimsBrelphiitiss unitbrntl@disdersSd i tiel pobsthylanrdeviend ¥a@tet whaen a201 n

anot her aspect,, .t hgmknnc\! L en e&g&?{e@old}émgﬁé ]?ctate&dtra)lé?usmng'h‘féworkmg
conposition for G8€ th formn 0ose- abr asi ve. mac %elng slurry

conpri si ng poﬂy’é%%ﬁéd‘glnggﬁlmaﬁhﬁ"%?ﬁst"M?"é‘i‘Sﬁ‘thﬁ %i scosity of a
working slgrry formed by di spersing abrasive particles, at a solids

content C% within t %miLch@ ﬁ?eqm&?éd tg!te&pamy%el&&dygﬁﬁid bango&ﬁomfias%pn

of water, such thaf' scosit 8"3 urr % t
1.5 tinmes | esdrmipgs lepssphyisiy “@eiwb%%lw&ﬁm%%’tﬁ% FRYIRY g® o,
abrasi ve part lwralnea vater B@ldsahs inanfivididomBdsition in an an‘émmchhrﬁmths vigessitir efiang

to this aspect ,,g Sp‘%g f&}{-@&]h} } 8l aﬁ%e%qx%cﬁemﬂ-ﬁm% i Bemdosiabalr es.

The abrasive pa ng slurry can have the same grit
size as thé a%@@é%%ﬂ%ﬁ“@? in the slurry conposition conprising
PEG and abrasive particles. The 30abrasive particles in the working

slurry can have a ér%dln%ltsggdordir@tgﬁustapﬁ@t e iRbrRs ba\ﬁenmmecfmsmgn
the slurry conposition conpri si n% rasive DalgttS %tha:?fh The
abrasive WO 5@6’8‘750?’?337&?9@?/5’{5%"?6 f’?‘g%ggcﬂlpﬁséf”f‘l‘%?“ Ih e ng
slurry can hawecaity afagenkigs ilerrshomed bh divperireg %@Fl&%ﬁaﬁ@f%a’ﬁb*m‘ﬂeé@‘dl n the
slurry fonﬁgsl&hﬂd&tﬁf? &Pédu&!dfw a6t @-ﬂﬂesaiﬁ{ls'dﬁlz\ﬁﬂleﬂaf itds€d. £Gmes] R east 3

vi scosi y of the workin e .a

| east 2.5 ti md&nep gdest 3a?gt“1"’éaa§[eg‘°(§ﬁt“fnﬁ‘°é§“ t‘ljet‘m - 61% leaSt?% ?e%gﬁ%rsr'é% | ess,
at | east 4 t i Mess laclesst 6 tines, gasit 64, tsnewhbsstvé@sas atagast| 7 Enes Bt fepshgs
less, at |eas ttinﬁs,it least 8.5 times, at least 9 times, at least 9.5 times, and even 10 times,

20 In another aspect, the invention generally relates to a fluid composition for use in
forming a loose-abrasive machining slurry comprising polyethylene glycol and water,
wherein the viscosity of a working shurry formed by dispersing abrasive particles, at a
solids content C%, within the fluid composition is reduced by the addition of water, such
that the viscosity of the working shurry is at least 1.5 times less than a slurry composition

25  comprising PEG and abrasive particles at solids content C%.

Embodiments according to this aspect of the invention can include the following
features. The abrasive particles in the working slurry can have the same grit size as the
abrasive particles in the slurry corhposition comprising PEG and abrasive particles. The

30  abrasive particles in the working slurry can have a smaller grit size than the abrasive

particles in the slarry composition comprising PEG and abrasive particles. The abrasive



S5tinmes less, at least 6 tinmes less, at least 6.5 tines | ess, at |east
7 tines less, at least 7.5 tines less, at least 8 tinmes |ess, at

| east 8.5 tinmes less, at least 9 tines less, at least 9.5 tines |ess,
and even 10 tines less than a slurry conposition conprising at | east
60 vol une percent polyethylene gl ycol and abrasive particles at
sol i ds cont gpy, %? | une percent. 10 I nanot hekca§PRElsetihe

i nvention genera.ﬁy relates to a fluid conposition for use in formng
a | oose-abrasive machining slurry conprising pol yethyl ene glycol and
wat er, wherein water is present in the fluid conposition in an anount
such that, during a machi ning process, the tenperature of a working
slurry formed by di spersing abrasive 15particles within the fluid
conposition is reduced by at |east 2C Enbodi nents according to
this aspect of the invention can include the follow ng features. The
tenperat ure ofartilentrthd werkig sinicycah drvwedertsy e sigp 8128 fragbraByepgitips in the

particles w tmr@ boBiBosktlod 'cg'n;ﬁg @ﬁG%@éﬁra@ﬁHp@ﬁclé’sGd‘H@ﬁ&obw ofithe WeAdskig 3C
at | east 4C, at | east 5C, i ggt | les ‘?‘it st%Qm%tleS %88§

| east 9C, at TWm<En feptleas? “1“5%1 fs ? GBSt LRt R 88 e

even 14C. times|l¢ss anbashenm@ssm@tleaSthéflmmﬁeﬁtﬁ{qtifﬁﬁtééﬁé?la?si%Flela%lsét es to
a fluid cogpoghidiQq af lga;st b'8iRed 168s,f a@feé& 619 tiRed 10R S 1A 7 AifuleyIRss/ A GRSt 1TISNQ

oLy, combr SUL. 00 VS DHLSN, S UEg) s AU oSSl 10 <

di sper si ng abtiasiluse apaeveh ¢0 s lest than %@*Wm@@ﬁﬂo@ﬁt’m@)ﬁ“gﬁ et 6P ¢ he

fluid conposi {rd»hgﬂe ﬂe?ceﬁt%gl}@tﬁﬂerﬁ)élﬁcﬂﬁn&ﬂﬂsivb 9i1ti€lés 20Ellies con@ntcd0 vbhat t he
tenperature of the working slurry is at least 2C tines |less than a
slurry conposP¥i8h conprising PEG and abrasive particles at solids
content C¥® 30 WO 2008/027374PCT/ 1JS2007/ 018911 Enbodi nment s
according to this aaReet ap, tRenicnioaRkicnily edesitng ituid eontrheitidrobot wwinng

features. The abrasive particl a&%nullg[rl]l.\tn{; M?ﬁéﬂg%gly&h}i&{e)@ﬁ@r&n@@é&@r t he

sane grit si z&RLEE IS SHIRET Ve e’slurr osition
conpri si ng PE@hereid watst is stegest ‘ﬁéﬁﬁtﬂ“&‘l%@l’c’s‘lﬁrﬁ’é ‘%Wémﬁél?af LR i n the
WOr Ki NG ST UF I Yaiin dR4@ss3hE BRpbriiro@F & trorking elutrin mictey disperaing sbwasie

particles 1|5-r|]-htg£]"§%es MEry, © -ﬂ? %}pgésig@r%&?ﬁggﬂfgﬁfg% and abrasive

particles. rasrve ing slurry can have a
| arger grit size than the abrasive particles in the slurry
conposi ti on conpr ighiginRECaanding b B aspectpétht ingbreion cdbindludg tha fetleeiigni ng
process, the IGHRS] Hubleh o %Q@am&gaqnm%ww@wagmg fAgive 35iibi8SS,
at least 4C |ess s o o
within the fluid composition can be reduced by at least 3°C, at least 4°C, at least 5°C, at

20  least 6°C, at least 7°C, at least 8°C, at least 9°C, at least 10°C, at least 11°C, at least
12°C, at least 13°C, and even 14°C.

In another aspect, the invention generally relates to a fluid composition for use in
forming a loose-abrasive machining slurry comprising polyethylene glycol and water,
25  wherein, during a machining process, the temperature of a working sturry formed by
dispersing abrasive particles, at a solids content C%, within the fluid composition is
reduced by the addition of water, such that the temperature of the working slurry is at
least 2°C times less than a slurry composition comprising PEG and abrasive particles at
solids content C%.

30



| ess, at |least 6C less, at least 7C less, at least 8C |l ess, at |east
9C less, at least 10 C 10 less, at least 11 Cless, at |least 12C

| ess, at |east 13C less, and even 14C |l ess than the tenperature of a
slurry conposition conprising at | east 60 vol ume percent polyethyl ene
gl ycol and abrasive particles at solids content 20 vol une percent. As
shoul d be ung ?$&994 vol une percents as referred heﬁghﬁmmmﬂ@&ﬁpspect
to a 15 partlcu ar conposition are based on total volune of that
conposition. Also, as referred to herein, viscosity values are as
determ ned at 25C. Suitably, viscosity values are neasured using a
Brookfield spindle (e.g. #2 or #4) at 60 rpm O her aspects and

advant ages of the invention will becone apparent fromthe 20
foll owi ng description, taken in conjunction with the acconpanyi ng
drawi ngs, illustrating the principles of the invention by way of

exanpl e only. BRI EmbRESGH #R&irOh OFHDRAWE MES FYagtioncad éjslude S (llavvsi t y
pr ofiles of t % re?% ﬁ?s;%fpaﬁ%@mltﬁe vayrkﬁ{@:illﬁ'ﬂ' Jaﬁ’halv@‘ﬁﬁ: saﬁégrﬁ's& asdhe
ro

depi cts tenperature | es of test  sa
fol | ows. DESCRFFSIFP epricerdn fie siopy g den e ﬁ%""”ﬁ% &?E%%gg'ﬁs“’%ﬂﬁ‘é“"ﬁ? glghgnt
i nvention ar eaasive altidesio the woekingshud® camnivoasndllercsi sigthansthe/@rasge hi ni ng

processes §ncly d%%mg.&f&mpeﬁmon%mmg%@ SR QL el e

cutting, and l'astin rocesses can b use % ut . and
machi ne a partlcles in the working slurry can have a farger grit size than the a rasive pamcles inthe

slurry composition comprising PEG and abrasive particles. During a machining process,
the temperature of the working slurry is at least 3°C less, at least 4°C less, at least 5°C
less, at least 6°C less, at least 7°C less, at least 8°C less, at least 9°C less, at least 10 °C )
10 less, at least 11 °C less, at least 12°C [ess, at least 13°C less, and even 14°C iess than the
temperature of a slurry composition comprising at least 60 volume percent polyethylene

glycol and abrasive patticles at solids content 20 volume percent.

Ags should be understood, volume percents as referred herein with respect to a
15  particular composition are based on total volume of that composition. Also, as referred to
herein, viscosity values are as determined at 25°C. Suitably, viscosity values are

measured using a Brookfield spindle (e.g. #2 or #4) at 60 rpm.

Other aspects and advantages of the invention will become apparent from the
20  following description, taken in conjunction with the accompanying drawings, illustrating

the principles of the invention by way of example only.

BRIEF DESCRIPTION OF DRAWINGS
FIG. 1 depicts viscosity profiles of test samples of Example 2, which follows.
25
FIG. 2 depicts temperature profiles of test samples of Example 3, which follows.

DESCRIPTION
The fluid compositions provided by the present invention are suitable for use in

30 various loose-abrasive machining processes including wire sawing, ultrasonic machining,

water-jet cutting, and sandblasting. Such processes can be used to cut and machine a



WO 20081027374PCT/ US2007/ 018911 variety of materials including, but
not limted to, silicon, sem conductor materials such as sapphire,
GaAs, InP, and SiC, optical materials such as quartz glass and
crystal, and hard and brittle materials such as ceram cs. The

di sclosure to follow should be construed as illustrative rather than

in a limting,selsss,, For exanple, while certain conbiggfykRfsi
S5material s and concentratl ons may be provided, such conbi nations of

materials and concentrations are based on wire saw cutting, and could
be suitably nodified for other types of | oose-abrasive nmachining
processes and for cutting and nmachining various materials. 10Wen
referring to percentages of the various conponents herein, unless

ot herwi se indicated, all percentages refer to volune % and are based
on total volune of the concentrated slurry conposition. The fluid
conposi tions @fielyhe mpleggentiuding duttnbdimied psiliwe, ssmsowiuctnmeengstsugh as
15sol ubl e g! yga% reA(EXAsCBpVﬁ%HElCP Hﬁlca{\é@arte%ﬁls Sikh Hp&'ﬁﬂg%y& %cﬁcr?sﬂil tagdbh-ed f Or

| oose- abr asi ve urries can be use a‘n %‘P‘% ctl ce f the
present i nvenﬂfldd’rﬁ’““"r'l‘?é%‘élsé‘r?é%?%a“?‘?fc ITrbsclosre o RovndPtlf P °°[“%8’e€

pol yet hyl ene giuyestive @iRE@an ieb ipltepengl Fookampledvhje beytaw;ﬂemhiwtf@nﬁeﬂf
glycol. Ins On%aéf@?ﬁfdrgg&gutrah&% n%!@&lowﬂéi & glﬁ;on%@iﬁh&lsw&%naﬁﬁnﬂm e

glycol is genera cont al ned the fluid conposi.t lonsdjt.n

rangi ng from a%%‘ati%‘sﬁﬁlb%e?{ﬁ"'ﬁﬁ%ﬁ?’ %@“%6‘? X;"“@g’g@ﬂta % edifigg © Furre of
the fluid conposddfimsc-abrasive orehiengdymotiersesrnd forptt@na‘andmdwm@glm ons
contain from ghaut;. 20 vol % to about 75 vol % glycol, in sone

enbodi nents from about 25 vol %to about 70 vol % in sonme enbodi ments,
from about 30 vol %to about 65 vol% in sone 25 enbodi nents from 35
vol % to abidut 60 v&hégrefamis topesontegeeefiierdiarieiscampaners ket unlagy opeI™st o

about 55 vol %y, 4fhiRd fah'iskxée:@égm@ﬁi&lv&nﬁe $obliddRES baea R kit ol@t B the | N SOME
enbodi nents, del oni is used, which has very | ow

conducti vity. C?‘lce‘?t’?t%é“fr% OéWOf%‘far’t the use of deionized 30 water will
assi st in keeping the conductivity of the slurry I ow such that it
does not The fluid compositions of the present invention comprise one or more water

15  soluble glycol. Any conventional water soluble glycols suitable for loose-abrasive
machining slurries can be used in the practice of the present invention. These glycols
include, but are not limited to, polyethylene glycol (PEG), ethylene glycol, and
polyoxyethylene glycol. In one embodiment, the giycol is PEG.

20 The water soluble glycol is generally contained in the fluid compositions in
amounts ranging from about 15 vol% to about 80'voi%, based on total volume of the
fluid composition. In some embodiments, the fluid compositions contain from about 20
vol% to about 75 vol% glycol, in some embodiments from about 25 vol% to about 70
vol%, in some embodiments, from about 30 vol% to about 65 vol%, in some

75  embodiments from 35 vol% to about 60 vol%, and in some embodiments from about 40

vol% to about 55 vol%.

The fluid compositions further comprise water. In some embodiments, deionized
water is used, which has very low conductivity. It is believed that the use of deionized
30  water will assist in keeping the conductivity of the slurry low such that it does not

interfere with wire breakage alarm systems used with most wire saws.



interfere with wire breakage al arm systens used with nost wire saws.
WD 2008/ 027374PCT/ US2007/ 018911 Addition of water to the fluid
conpositions alters the viscosity of the fluid conpositions and,

t hus, the anmount of water contained in the fluid conmpositions can be
sel ected so as to provide a desired viscosity. In some embodi nents,

water is add&&;&@;ﬁﬂ? 5fluid conpositions in an anDuqkThggﬁwﬁggyldes
the fluid conp05| lon with a viscosity suitable for thin wafter

slicing using a wire saw. In sonme enbodi nents, water is contained in
the fluid conpositions in an anount that effectively reduces or

m nimzes potential wafer breakage when slicing thin wafers, such as
t hose bel ow 250 m crons. 10l n particular, conventional water sol uble
slurry conpositions, which predom nantly contain a water soluble
glycol (e.g. PEG, have high viscosities that |ead to increased drag
forces on the wafer. The present fluid conpositions provide decreased
viscosities when confibnetwskrdtitithe dudembposifials alat the vis@bsitpbdfehedlujc ol s.

For exanpl e, Woeh-AEINAL NG i SRIMSPLLANBLe bk HotfuldtohBostddfs B 65 €N

fluid conpositions, wherei n the 15conventi on s urry present
f1ui d -conposi £ SHERA P’c%lﬁf aiiwr%dﬁféscgsgﬁel"éﬁma@m?é'ﬂ&a‘fﬂtw&?ré%adaﬁtd ¢ the
same solids cdnidenhpattionsin at inousi thet pioeidesitinr fidicdiibsifont with 2prise st

fluid conposity dQEﬁ%f&%r?@%r s%mlqgm{g awu%gpélmomgé{ﬁéoﬁﬁ{emssvaw when the

slurries forned using_ the present osltions contaln abrasive
particl es of £oryiged Qﬂ’ihf flyd f‘gmtoﬁ‘&?f‘st‘%%‘sa@“’ﬁ‘gélﬁt i EhedCTsoR mnimizes
slurries, thepstkniatwvee thakape dhesilinigg tiivevgbre seh ks thbwibdlowafpasidns.ons
still 20possess a |ower viscosity. Ln some enbodi nents,

slurries formed using the present fluid 0si tions possess a
viscosity Phat is BPYfiEHRcoveRtqnalaer F‘é‘ébi S['T'E‘a’rf"E‘B‘?ﬂf@ﬁf MBI’ slurries
and, in sone erbodnmentcentainpwite salbWe tlydd (4. RBG), bas highaivcodinstbatisadnal

slurries, wheEﬁhaegs&bedrmegaﬁma%ém@d%%ma caaﬁasitﬁhﬁﬁo@&%e&%gj at
t he sanme solids content, an & L@ % % e abras ve
bar t1 ol 65 di s HEFEEE T HPTPTHE e uaHen POt LBl ROSPE) B TPIGMU e
t han, the saneommring eewnventionl PEG slurgf to theereent fliid kenspoditigpewiseen the t hi n
the convenisi 0Bgdvestloldl PE€ Sy O Recaivphid ,coxﬁ;%meﬁsiuo@mhtmﬁ lrﬂérsaxh@&raswe
general ly haveg¥H§ﬁ8§1t'e§m{fQ%§ froglq outf d—30 E E gresent
slurries can REVES S&EEIGTLE BiPma e SHEG P e PEEE S cp or
| ess, 50 cp compositions possess a lower viscosity. Further, even when the sturries formed using the
present fluid compositions contain abrasive particles of finer grit size than those used in
conventional slurries, the slurries formed using the present fluid compositions still

20  possess a lower viscosity.

In some embodiments, sfurries formed using the present fluid compositions
possess a viscosity that is at least 1.5 times less than conventional slurries and, in some
embodiments, up to about 10 time less than conventional slurries, wherein the same types

25  of abrasive particles are used at the same solids content, and wherein the grit size of the
abrasive particles dispersed within the present fluid compositions is greater than, the
same, or less than that of the particies dispersed within the conventional slurries. For
example, conventional slurries generally have viscosities ranging from about 200-300 cp:
The present slurries can have viscosities as low as about 30 cp or less, 40 ¢p or less, 50 ¢p

30  orless, 60 cp or less, 70 cp or less, 80 cp or less, 90 cp or less, 120 cp or less or 150 ¢p or



300r less, 60 cp or less, 70 cp or less, 80 cp or less, 90 cp or

| ess, 120 cp or less or 150 cp or WD 2008/ 027374PCT/ US2007/ 018911

| ess. The present slurries nmay suitably have viscosities from30 cp
to 150 cp, or from30 cp to 100 cp. Further, when perform ng

| oose- abrasi ve machining using slurries formed with 5the present
fluid conpoa&aaﬁgﬁinilurrles formed with the present fliiikflornisen
conpositions are tter able to provide |lower viscosities than
conventional slurries as the machining progresses. This | ow viscosity
is provided without causing solids settling. The addition of water to
the fluid conposition dan further assist in dissipation of 10 heat
during a machi ning process. In sone enbodi nents, water is added to
the fluid conpositions in an anount that effectively contributes to
di ssipation of heat during wire saw cutting. As the wire saw cuts the
wor kpi ece, watgt “El‘é@fb@é’fﬁ!‘;lasieé miaytshigablyl a4 vigositia diomt30ep &hiy0 di. osirgradld ng
heat and redug; at related stress on the workpiece. As water is
evapor at ed, can e easily replenished as needed. By reduci ng heat
rel ated stress on the 15 workpi ece and cut pieces, warpage of cut

pi eces and br eakagartiu)wirg petihing pove-dbtasivempeséhingnding Flamicefearrd vath
wnile convent 1Balephil Eﬁ&%ma&gvghﬁl@es%%a @line alresetafmd cchfleaitAt acheat

di ssi pation a machinin roces t he pres

conposi ti ons, b‘x‘}{ﬁéﬁ%‘ﬁ}g Bpvidg %ﬂr ¥ g‘f“’ﬁ\“ 48y el “érées a?atg%mac ipine
enhanced heat p@ssegahisdow viswsigtmeroddsiodihnetrsingaplish seiire ent | onal
slurries and’slurries formed using the present quid conpositions are

used in nachining sse under mlar condit the.slurries
formed using the pﬁ‘éé@‘ﬁ °“f‘1 WP R S1RA B °f”i“%??q‘°“ aS’V{:u S'ﬁ;}‘)'ln LSS a{"m ot
154

during theopr b@esasmghataclamega‘pcebseéswﬂ@@ml’o@hmm% Waﬁquah@ ﬂEeoﬂuld4C

| ower than co @&%l‘ﬂ%@h asanuhi (RS effR1ivaRorblite RERssiflion eptaaTElutng Wikken
usi ng 25conventional

es in ni_ng.process, - t es
are general | y S5Ha&Het %‘ #ﬁév‘ﬁﬁrs%cceué%h% °"‘Fpo‘%°r?1 V?%g SEParUr & ﬂ%ﬂ% ,!;'EJ[&!?” i ng
the process, ¢wrredissigtioghestand reduinechept rﬂ@ad:%ﬁt%%&ﬂ&%‘&ﬂ*ﬂ@% ASVIIT#h as
36C. In soNe R{PEHIBSSEoan Be &bty xjelﬁéméhSd 449:6led. Byt BiRing®Ed: reBitHd sBéss bitbe

S or e chin, VPR SRS R o AL b EERR R o AN

However, the t®lmpér ature of conventlonal 30slurries, even when a
chiller is used, can sonetines still reach 36C during a process.

For examiple, while conventional slurries provide poor and, at best, adequate heat

dissipation during a machining process, the present fluid compositions, when used to

20  form working slurries, provides enhanced heat dissipation. In some embodiments, when
conventional slurries and slurries formed using the present fluid compositions are used in
machining processes under similar conditions, the slurries formed using the present fluid
compositions provide temperatures during the process that are at least 2°C lower than and
up to 14°C lower than conventional slurries formed with PEG. For example, when using

25  conventional slurries in a machining process, the slurries are generally added to the
process at room temperature (22°C). During the process, conventional slurries can reach
temperatures as high as 36°C. In some processes, a chiller is used to take heat out of the
system and, during such processes, the temperature of conventional slurries can, in some
cases, be kept between about 28°C and 30°C. However, the temperature of conventional

30  slurries, even when a chiller is used, can sometimes still reach 36°C during a process.

Thus, the temperature of conventional slurries can increase by up to 14°C during the

10



Thus, the tenperature of conventional slurries can increase by up to
14C during the WD 20081027374PCTI US2007/018911 process. During a
machi ni ng process in which slurries forned using the present fluid
conpositions are utilized, when the slurries are added to the process
at roomtenperature (22C), the tenperature of the slurries can be

mai nt ai ned %é@oﬂoﬁsﬁ?m 5C of roomtenperature, in sSQuekbRtdpENt S
wi t hi n about and in some enbodiments wthin 5 about 3C, in sone
enbodi nents within about 2C, and in sonme enbodi nents w thin about 1C.
In certain enbodi nents, the tenperature of slurries formed using the
present fluid conposition are maintained at roomtenperature (22C)
during a process. In accordance with the present invention, the fluid
conpositions contain from 10 about 20 vol %to about 85 vol % water. In
sone enbodi nents, the fluid conpositions contain from about 25 vol %
to about 80 V;S?Jacoe/QsV\@hﬂﬁgarhﬁbh&Q@roE:Eﬁbﬁdwm&rﬂlﬁnefsIftﬂmeraimmxttheaﬁesvfdlﬂ@/lﬂt o)

about 75 %\/vater(immms SONE h«g&rg“%“ﬁ@ﬁ esfagé)mdgcgg% {J&es\ggg %/g,;,g,,,@a@mc 70

vol % wat er, afgr ment s rom about. 5 % bout 60
vol % wat er. 183%3 tq tﬁpﬁf%‘ﬁﬁﬁﬁé? Yprgisar SRR ‘ﬂfc?e or more
Vi scosity nDdihpefdiure A Yon@mbedintosaithivateeoECLand rmsdm# r-leb@m‘lqnts wihin | n

abrasi ve SJj ur o | it 3° 6 al‘r? son&#%&ﬂmrrﬁ%&lal x??onutfﬁé HXABLE em&iﬂﬂﬁéﬂ%t»\htﬁmd ay,

nat ural cl ay, s 17 opol's I so ref ed to [
and having a tbh@trh ‘éal“ DFWW‘%Q“B’P“*@Q HpreEyat ““&8 @\‘Sé‘@ i '%Sgne.
et hyl cel | ul ossyid getpasitith arduyisinmigtodt hgphﬁahrbecduusézﬂi;ddn@@qwqul

cel l ul ose, nethyl cellul ose, polyvinyl 20 al cohol, and xanthan gum

One exanple of a synthetic clay useful in Yth g gractl ce of thcfém‘%resent
i nvention is LapoR? #esprgnce witl (s prsept igveptigha e JuidiepiRostians RYAP 503
sodi um | i tihi uaaonﬁzgnesfbumb@n B$ outtemater. Th eoms subodintets.terdfifid @mpositipds pe

added in_amountad MAlaBhi Bl o S0RI% a8l if Hvehubdinamasioicns
as desired. 2 en ad

one, or nore Viscasit Le i ned
15 Che 1o d eethgndion B v mapupuigs Sl TR it etop R8RS
enbodi ment s,  thier, iddui sbneapodimeritoien sont Wival*ti eyt 4Hwte V5‘t°9'0| % of one
or nore viscosity nodifier, and in sone enbodi nents up to about 1

vol % In 9k her e g'ﬂgﬁ @élﬁpofsfnb:?s ch fﬁl’tﬁ'er %[ﬁﬁ@&ie&:‘r RIBS E:ebM R nddifiErd Mn@bout
0.1 vol%to ae&%gn’uonal viscosity mod?in e?s fgxl: use m a ragllves s grﬁé:stc}én grDuseJ suci:l s, Iforll' SOome
example, synthetic clay, natural clay, silicas, Carbopols® (also referred to as carbomer,
and having a chemical formula of C, H,0,), carboxymethylcellulose. ethylcellulose,
gelatin, hydroxyethylcellulose, hydroxypropyl cellulose, methylcelluiose, polyvinyl
20  alcohol, and xanthan gum. One example of a synthetic clay useful in the practice of the
present invention is Laponite®, a synthetic layered silicate (hydrous sodium lithium
magnesium silicate). The viscosity modifiers can be added in amounts that alter the

viscosity of the fluid compositions as desired.

25 When added, one or more viscosity medifier is contained in the fluid
compositions in amounts up to about 10vol%. In some embodiments, the fluid
compositions contain up to about 5 vol% of one or more viscosity modifier, and in some
embodiments up to about 1 vol%. In other embodiments, the fluid compositions contain
from about 0.1 vol% to about 10 vol% of one or more viscosity modifier, in some

30 embodiments from about 0.2 vol% to about 5 vol%, in some embodiments from about 0.3

vol% to 4 vol%, and in some embodiments from about 0.3 vol% to about 2 vol%.

11



30 enbodi nents from about 0.2 vol%to about 5 vol% in sone

enmbodi nrents from about 0.3 vol%to 4 vol% and in sonme enbodi nents
fromabout 0.3 vol %to about 2 vol% WO 20081027374PCT/ US2007/ 018911
The fluid conpositions can further include one or nore activator. Any
conventional activators for use in abrasive slurries can be used such

as, for exanple,.am.ne borate and triethanol am ne. Therachinabars are
generally used 1 nh conjunction with 5viscosity nodifiers, but can be

added with or without the addition of viscosity modi fiers. The
activator is generally added in an anpunt that will enable the
viscosity nodifier to set up a matrix in the fluid. This matrix w ||
increase the yield stress or the overall dynam c viscosity of the
fluid. Many activators, such as triethanol am ne, provide additional
benefits, such as corrosion inhibition, and may be used in excess of
t he amount 10 need for activation of the viscosity nodifier. For

exanple, in sone ﬂ@ﬁlﬁdéﬁ%‘[}ﬁﬁMsn&'@an@ﬁlﬂ@%é&d&n&@ﬂ r%r@fact@ﬁt& Q@ny MO €
activator is added These t| - %nctl qnal acti va% ”E}/e}%% Hsed
¥ eneti ts Bre

without a vi s©BEPHSRalASHaFgr BYEORRET PURES T Ponar ®
desired. The #hiod mbrmmpumammn@meﬁqmtnwreugnw%wseém@cwnﬁw @"th

fungi ci de. s Ay 1aConRVRRL] &@é’én bb BRGl Gitslesyithsadnd dadikio0sRisaRIABDMfers.

machi ni ng sI urries can be The fun cld |l oY% ed in
an anmount ef f SEEFVET i Efft ‘%"‘ﬁ 6F mg‘bn hat ﬁ%na%{e%hgﬁ&gig i f@‘qg

exampl e, in semep endcdintefvs. Tis ma@xxafaamcrezsexikﬂ 3%‘6?‘“’6?% ‘ftﬁr""“ﬁﬂ
fungicide is qug,ggmggggyoofqmurlplmmggt%tbﬁj suH BWhidihanblaging, Ipktivilie

conpositions can taln one H
commes, 1 one Cel iy £ S B3 LB SR o

from any donveswt fu ntaivatiweéﬁhdélscoal%dodilffff | Eﬂb‘§’é¢m‘é’!ﬁs RsPpecHdeREHE to
slurries, suchyass ‘%l% Qﬂ:ﬂl@t)fﬂlme k@ Stor i6Hdikd N Thicse mKisitinarifna) gotivadraunay

omadi nes or 9 usec{ wnt up ayv1%c031tﬁ m%g%nr(\%m thJr%@dﬂ.llo%alq:\éﬁéfﬂtsaabé &sd‘eﬁo m Dow

Chem cal Conpany, he vvoactlvelngrelens
254- (2-ni trobutyl) - rmr phol i ne and 4,4' 42- et hyl -
nitrotrimet hyl ene)tk AiH phBdsifiGas chx ﬁ]t‘tﬁe@.i}(cl’u)le o1® or more fungicide. Any

R R L N e L i
has a ¢ he mc afung@qdmeage@qraﬂy added in an amount effective in mmlmlzmg or controlling ’Elmg,eﬁi

growth. For example, in some embodiments, up to about 2 vol% of one or more

fungicide is added.

20 To control bacterial growth, the fluid compositions can further contain one or
more biocides. Some biocides can further control fungal growth. These biocides can be
selected from any conventional biocides used in loose-abrasive machining slurries, such
as Bioban™ P-148, Grotan®, Kathon®, metal omadines or glutaraldehyde. Bioban™ P-
148 is available from Dow Chemical Company, and contains the two active ingredients

25  4-(2-nitrobutyl)-morpholine and 4,4'-(2-ethyl-2- nitrotrimethylene)dimorpholine.
Grotan® is 2-[3,5-bis(2-hydroxyethyl)-1,3,5-triazinan-1-yljethanol, and has a chemical
formula of CsHaN3O3. Kathon is 2-octylthiazol-3-one, and has a chemical formula of
CHgNOS. Bioides can be added to the present compositions in an amount that is
effective in minimizing or controlling bacterial growth and, in some embodiments the

30  biocides can further minimize or control fungal growth. In some embodiments, a mixture

of biocides is used to control both bacterial and fungal growth.

12



C11H19NGCS. Bioi des can be added to the present conpositions in an
amount that is effective in mnimzing or controlling bacteri al
growm h and, in sone enbodi nents the 30 biocides can further m nim ze
or control fungal growth. In some enbodi ments, a m xture of biocides
is used to control both bacterial and fungal growth. WO

2008/ 027374 /018911 When added, one or nore

contai ned | rﬁ%hﬁ(}%‘?u?d conmposi tions in amounts up topgltr)/gﬁ{ﬂ%ldagl % In
sonme enbodi nents, the fluid conpositions contain from about 0.05 vol %
to about 2 vol % of one or nore biocide, on sone enbodi nents fromb5
about 0.06 vol%to about 1.5 vol% in some enbodi ments from about
0.07 vol%to about 1 vol% and in sone enbodi nents from about 0.08
vol % to about 0.5 vol% To inhibit corrosion of the | oose-abrasive
machining parts (e.g. the wires and wire saw), the fluid conpositions
can further contain one or nore rust inhibitor. The rust 10inhibitors
can include any C(Wl}éﬁa&de@f&aé orlrhbS¢ bibddti ibécninsd skedluidcompostnabr asi ve

machi ning slurries, Du& It,/ I[Ff&%@%b@%% t?ﬁ'ﬁuﬁecogﬁgsﬁfoﬁsgcontam from

triazol es, S|f‘|’?§’§"t585t tarb C sa e rust |n{E bitors can be
i ncl uded in tateuwrfozel%mb@mwplﬁfvrqunecqsﬁw&%‘?l?‘il%n@saﬁﬁﬁfﬁ Gimegigdiom
effectively i pad.d6 @k fcaBh@N.5 v&ﬁém&madid&dl;m&nmémﬁrabmﬁ@7 vol$ to about

inhibitor is contained in t ' bpg.s up to
about 5 vol % I"ir’} °s?)rﬁé " SRS c’m“mf'"légtg qﬁil yogﬁo%g%tta:ggns cont ai n

fromabout 0.1 vol%to about 5 vol %of one or nore rust inhibitor, in
sonme enbodi ment s fﬂ!‘oqmzlaﬂwbm& 2 1hé0d%6-tGashb QiathidngmkY4e.g. the simEnd wire

embodi ment s f r%a]btﬁ% }? yde com :émt;:/cpni(ggn p&)ﬂ%m%ngg {Bre hidk iRRRr. STRQG Ment

from about 0.4 Ao in sone odi nents. from

about 0.5 ol ehibitorgprninclude oy %Wentmal rugt jph Bﬁ‘f@“éﬁmb‘u’i(’ﬁ*é%? SRR o
conposi ti on CouRlehS&b af feiiirbaiide, 2hine/kdos] idamlreuiic88 or odrBoxywlat selts: from

about 15 vol %rgomat RoR a0l i tﬁﬁ{}gn&n&atmaymwaﬁo%ﬂmm&f

the foll ow ng Vi scosity frers, activators
f ungi ci des, bleﬁ?ﬂ“d%?smh‘ﬁﬁaf’f?w&st i nhi bitors. For exanple, in one
enbodi nent, the fluid conposition contains from

15 When added, one or more rust inhibitor is contained in the fluid compositions in
amounts up to about 5 vol%. In some embodiments, the fluid compositions contain from
about 0.1 vol% to about 5 vol% of one or more rust inhibitor, in some embodiments from
about 0.2 vol% to about 4 vol%, in some embodiments from about 0.3 vol% to about 3
vol%, in some embodiment from about 0.4 vol% to about 2 vol%, and in some

70 embodiments from about 0.5 vol% to about 1 voi%.

In one embodiment, the fluid composition comprises from about 20 vol% to about

85 vol% water, from about 15 vol% to about 80 vol% PEG, and optionally, one or more
of the following components: viscosity modifiers, activators, fungicides, biocides, and

25  rust inhibitors. For example, in one embodiment, the fluid composition contains from
about 20 vol% to about 85 vol% water, from about 15 vol% to about 80 vol% PEG, from
about 0.1 vol% to about 10 vol% viscosity modifier, from about 0.2 vol% to about 5
vol% activator, from about 0.1 vol% to about 2 vol% fungicide, from about 0.05 vol% to
about 2 vol% biogide, and up to 5 vol% rust inhibitor. In an exemplary embodiment, a

30  fluid composition comprises about 53 vol% water, about 44.3 vol% PEG, about 0.4 vol%

I3



about 20 vol %to about 85 vol %water, from about 15 vol %to about 80
vol % PEG from about 0.1 vol %to about 10 vol % viscosity nodifier,
fromabout 0.2 vol%to about 5 vol % activator, fromabout 0.1 vol%to
about 2 vol % fungicide, fromabout 0.05 vol %to about 2 vol % bi oci de,
and up to 5 vol%rust inhibitor. In an exenplary enbodi nent, a 30

fluid conposj.ti npri ses about 53 vol % water, abo &Y PEG
bbout 0 4ot T EEDE) 0oy 3 ancT/ Us2007/ 018611 synt hpgirﬁjgmclmay,l about

1.1 vol % activator, about 0.4 vol % fungici de, about 0.1 vol % bi oci de,
and about 0.5 vol % rust inhibitor. The present invention further
conprises a nethod for preparing fluid 5conpositions suitable for use
in formng abrasive slurries. The nethods conprise m xi hg one or nore
wat er soluble glycols with water to provide a fluid conmposition. In
accordance with the present nethods, from about 15 vol %to about 80
vol % of one apntheic elayyaber 1.3 sbitkicavayinypbot 0idyrolth Seagicids. bput 9-bKIP0 vol %

to about 85 %@%%’e%&%euhﬂst@%%s@inmbﬁ&rﬂ. conposition. In certain
enbodi ments, the water soluble glycol is PEG 10 In somne

enbodi nents, the methods further conprise adding one or nore

vi scosi ty nodifi errht preteneinghyedhrtznchrpsises e methgd & pspamaRidni t h t he
present mef hogs MRl QidBORE us in/BhiSlorRIVe siiiedTOThe méihs @asinbisemielng i er
i s added. 15N some enbod| ment s tt}f? rrtettgo%gidwfmggg%%%glmilﬁe addi ng
one or nore a‘?&‘?i"b‘ﬁ?’&?"a’tebs"k“ggg&%’/légf and Water. “The activators can be
added with oracwirddncuwitit theprasdel metiods, Gpmebase b Tl opaptddepkt ofioge Tone
enbodi ments, ype@eARABE B%IQE mRBEWIK FIPLEVAGHS MatIRS vhig agdadiorhna

sone enbodi nent,s, act.vators are, agdded in ctivates
the viscosit yMHEAROEHEY ceéﬁak?émf’%ééj‘“ed‘gssﬁh?é”ag%%[s‘r‘ggs%?”f%}ﬁ%% met hods of

the inventitbon conprise 20 addi ng one or nore activator in conjunction
with one or nore Vi $aRshibydiaBel, fHe efefods Hthepatnpeite 200ing oGt mpgtviRessitg an

be added in an. aHRUNL LHAK L ENARLCR: LOFualleifiBithd YestRUclo8] uf @ o665t s UP 2

matrix in the™ (he matrix acting to’increase the yie
stress or theva¥ef ador thereaircesity redifeiit gdet t he f1 uid.

15 In some embodiments, the methods further comprise adding one or more activator
to the glycol and water. The activators can be added with or without the addition of
viscosity modifiers. In some embodiments, up to about 3% of one or more activator is
added. In some embodiments, activators are added in an amount that activates the
viscosity modifiers to give the desired viscosity, and methods of the invention comprise

20 adding one or more activator in conjunction with one or more viscosity modifiers. The
one or more activators can be added in an amount that enables the viscosity modifier to
set up a matrix in the fluid, with the matrix acting to increase the yield stress or the

overall dynamic viscosity of the fluid.

25 In some embodiments, the methods further comprise adding one or more
fungicide to the glycol and water. The fungicides can be added with or without the
addition of viscosity modifiers, and/or activators. The fungicides are generally added in
an amount effective in minimizing and controlling fungi growth. For example, it some
embodiments, up to about 2 vol% of one or more fungicide is added.

30

14



251 n sone enbodi nents, the nethods further conprise addi ng one or
nore fungicide to the glycol and water. The fungicides can be added
with or without the addition of viscosity nodifiers, and/or
activators. The fungicides are generally added in an anount effective
in mnimzing and controlling fungi growh. For exanple, in sone
enbodi nment s out 2 vol % of one or nore fungi d. 30
V0 20087 007 Mk FR3007 018011 In some enbodi ng‘lr#?m%ﬁ‘ggqng hods
further conprise adding one or nore biocide to the glycol and water.
The bi oci des can be added with or without the addition of viscosity
nodi fiers, activators, and/or fungicides. The biocides are generally
added in an anount effective in mnimzing and controlling bacteri al
growt h. Sone biocides are 5 further effective in mnimzing and
controlling fungi growh and, thus, in such circunstances, one or

nor e bi oci des Canlrbs%mad@l&diuﬁ@tseﬂhé @ethbdsdinthendoniptisez@diagchepombredfocidet h

fungi and bact l 1% water %t DO kes 6 qi'él Paeiagvlﬁ'x%?wmt fnb AitRh oPNE OF
nmore fungi ci dt8 m ze and contro n s
enbodi ment s, npow xrevﬁ@ms, PVAHITS G or Sygiclies: r??ﬂﬂé‘ 6*@?%%“‘?’% Yaag%édn Mo

In sone enmbodiKmndestctivm HiRinhaaisank usittloBing barmpini sevth.dshnmgicsides ¢ nor e
rust inhibg f)‘r’ﬁ.{,—t\f.etr ﬁ}fef %H}lnm;lg Jﬁ@%é(‘@o% Liting'fBei lehbSkn Anehhdiy itn@ﬁc‘ﬁ can be

added with ion of vIScoSi %f%/Fan
activators, femghaigessoneonaPrmLigsidgtsapBsaddedia e ely P?H’i“B'iz? W@ onfpol
general | y addegh fuhgiand teowiisgrehi ettioutrequinng tidrdBition sfpne ormas fupgiciddsor

15 exanple, | Q}rmmn?’zagm)%mrmmg]?%mm hpso&lagﬂgocﬁ'néﬁ@é 46 BLbRE v&s B

rust inhibitor hus fornmed fluid conpositions.can
then be del i vesrmede bigeide ispledbner . When a user wishes to use the fluid
conpositiap for a | oose-abrasive nmachi ning process, the user 20sinply

adds and di spers ©5n M&%ﬁ{bgﬁmgﬁg Eﬂe%e%d%ﬁﬂtﬂe‘r @orﬁ[ﬂﬁe Iddhhg dnéQRRShit 0Ns

to provide a working abrasive w rmuch
b 661 ve. part IS 1§ 5 SUEP £%4 Y. PR OTBBEM BB sIehat

desired sol i dsddaAbEviscodity niddifiersegtivatars gunglcides, ynddsr bivicidps. dhe rust
cal cul at i ons. ;| Qe0ELeranl Qﬁjeﬂ%%%ﬁgmﬁgﬂféc% if YILRIE EatdsOR. @ WOr Ki ng

Wire saw conposi tons ranges, from 8. vol % bas t al
vol ume of ¥hecxmBPle; RGOUF gvglegtawpé% 5‘552 ‘fof%ﬁfon‘f‘ﬁrm?re(r)ur?%ejmfgglﬁotr%eadl ly

det er m ne howadied¢h abrasive particles nust be added to the fluid
conpositions obtain the desi red wor ki ng sl urry Any conventi onal

abrasive particles_ c to and d| p t
fluid conpositions’ "Fﬂ}i’ﬂb? i gRmeRAYOnS 4 “31’3 Q:vmé Plagggﬁmggr gﬁ%@p

(Si O, di anonalser arnhlesb@ussrtiwdkrctnowse@n@ralcpﬁ%a%?sé@éfﬁt‘h"f‘llwrﬂcess’ the user
Conposi ti oS G@fiy ahﬁgueﬁd d@ﬁeréﬁﬁﬁlastve phRE188 VAlNiraEE BEd SdniffokioB epodddd ons
30 having any desir D0t tham{u%eHo&r'r&#Lthasﬂfe%%&ut@%dm

addition of tH&" ’E?f)‘?’?%‘l‘f arr%ﬁsr? €an ype rasive particles.
the fluid composutmn based on the desired solids content in the resulting siurry by simple

calculations. In general, the desired solids concentration in working wire saw .
compositions ranges from about 20-28 vol% based on total volume of the working wire
25  saw composition. Thus, one can readily determine how much abrasive particles must be
added to the fluid compositions obtain the desired working slurry. Any conventional
abrasive particles can be added to and dispersed within the present fluid compositions
including, but not limited to, silicon carbide (SiC), diamond, and boron carbide (B4C).
The present fluid compositions can, thus, be used to form abrasive shurry compositions
30 having any desired solids content and particular properties by addition of the appropriate

amounts and types of abrasive particles.
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WD 2008/ 027374PCT/ US2007/ 018911 The fluid conpositions of the
present invention possess a higher water content than conventional
fluid conpositions. This higher water content provides a nunber of
benefits. The amount of glycols required to provide the conposition
with a desired 5 viscosity is reduced because additional water can be
used in pla of the glycols for this purpos re
expensi ve Q?%?%%Fsﬂgnd thus, reduction in the annuﬁFTgkﬁﬁﬂh%% S
present in the fluid conpositions reduces costs. A reductlon in the
anount of glycols in the fluid conmpositions further reduces the

i npact of problens associated with glycol disposal. For example, it
is oftdn required to renove at |east a portion of the 10glycols in
used slurry conpositions prior to disposal of the used slurry due to
di sposal restrictions. Because the present conpositions contain a
smal l er content of glycols, this renmoval or cleaning step is reduced
and sometimes can-heqgl E&Hlﬂ)@ﬁl&g of ﬁxgplle?etr@ih‘)'entlgd-ﬂo&sﬁ@ra,hzgl’@ztﬁ'terlc&itéhlﬂ

excel | ent heat dissipater and, er t ent
in the presenﬁmﬁ?HﬂﬁgﬁﬁhﬁﬁgFTWﬁﬂgmBTEW?H@?rgﬂﬁxﬁ%ggpﬁgng%?ggﬁﬁgi|on
Enhanced heat behBifits. SHicpabo nf glypisorgied th grogide the ponspogition Vigiya desired

capabilitigs QXGQBEﬁ%/}egﬁJQQbécmE Q&éﬁ%nﬁ%&:l-&ﬂb@ﬂéld Bk afga&e@emagwoy!s and
| oweri ng warp t urt he

i ncr s on
the wor kpi ece™d#¥y Rﬁ‘@i”?r"'acﬁh"i‘i{sﬁbege\ﬁv‘ﬁnﬁﬁe '8?%?{‘ sé"&‘g g T “ﬁ’gta % m{ 9,]@&91'{8 i ned
and cut pi eceglycdByprisrioi @b figid aorhiosiens redrera nestso A rgiction ip alné‘slé of

glycols int h%x I:leiln %e%%%b&s‘it%§fm’tﬂér SRe&EE ﬂn}é uﬁ&facttdﬂ @rof)iehih gksociated with
conposi tions and

Qrces waf er y
reduci ng br eaBHgd d’(ﬁ?c’%ﬂag?’ﬁ %thtds @ﬁf‘ reﬁméeéj Greh S0 %a?t FP ﬁmmﬁtﬁj her
been foundiot hatycdlhie ushdshea sedpovitise@spt ty dmc@wa@el ugsd slpmpduedeifienos of
water in acc Oréééi'aﬁcﬁls V\BéclausB BR pRE&S ampoglmﬁe Bénitia Sallerebbit of fle@ispthizcal

wire notion. Curr a

uni di r ect i onal™%a'? é’r f‘%%“m@r‘?{el’ & ’“Fa{eng%dfi}l %‘app"&ulggs C%Q%IIHL&%H%'&M i 1sc05| ty
of presently &wdiichabiepisfah @Fcelﬁf@b*wﬁbfsﬁstpf“ﬁfr@d s, theoge &5 ‘Hﬁg*t TRenFPUFHL t y
of the fluid Ql%fméit hhz@ﬁ&n;&o@:naﬂsq:@civdﬁﬂﬁmmmd ireat disipmioas Enfanéed et | on,

reci procal CUtdESISIQ% ign B]P ((%)v%% he slufrjéxvp.!tt? elmal) #Itlés%ggﬁigldf Fm r@%'cﬁtﬁg szr €

usage. ustrated by t he
fol I owi ng examptigsingetorktrsgddtnng warat SHELR R cHls g © PSR 4y i n

any way. The qabds@ntis wafkpikd dgink eechiipeuiedhas lgd 1 bleukligaof rhichipedandr e
references, | Sc%tupe:eccl:esp %tyepi;:]c;wdmgp aLiQJgérsaﬂ‘SSLt Qé‘&a‘?&%@ﬂ&'gly%% inQﬁhSﬁm@S cited

compositions, viscosity of the fluid compositions and drag forces on the wafer is reduced,

20 thereby reducing breakage of machined and cut pieces.

It has further been found that the decreased viscosity provided by the addition of
water in accordance with the present invention can enable reciprocal wire motion.
Currently, for example, in the solar industry, unidirectional wire motion is required due to

25  the high viscosity of presently available fluid compositions. By reducing the viscosity of
the fluid compositions in accordance with the present invention, reciprocal culting is

possible, which will reduce the required wire usage.
The present invention is further illustrated by the following examples which

30  should not be construed as limiting in any way. The contents of all cited references

(including literature references, issued patents, published patent applications) as cited
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WO 2008/ 027374PCT/ US2007/ 018911 t hroughout this application are
her eby expressly incorporated by reference. The practice of the

present invention will enploy, unless otherw se indicated,
conventional techniques, which are within the skill of the art. Such
techni ques are explained fully in the literature. 5 EXAMPLE 1 A

fluid conposjti s prepared by mxing 51.67 vol % YRatgkefisedd VOl %
PEG 0. 26 v%é/é@%%\é\%?te, 1.1 vol % am ne borates, 0.1 vol ()/%)GBi oban

P- 1487, and 0.54 vol % triethanol am ne. The resulting solution was

m xed with JI S1200 silicon carbide to make 10 a slurry with 24 vol %
solid concentration. The slurry had the follow ng characteristics:
Density: 1.569 g/m Viscosity: 48.1 centipoise, neasured by
Brookfield spindle #2 at 60 rpm Conductivity: 50.2 us pH 9.05'15
The slurry was used to slice a 125mX125nm pol ycrystalline ingot into
250 um t hi ck-iaédb@ tidnpalidsiisrearsieaneby EXMRY BcApREFhpweicrenrry Ehr HTesHed
silicon carbide slurries. hRRE L fless (IThAiRaRl conldukibiaeS") were
formed as setocfi?h (SIP {%Jnffasﬁggﬁﬁl%@%',?tﬁfe{fsuflféﬁgl vere %or (l*l ; 0y in

pol yet hyl ene tefhpigess: yithepouifhinte 34 ?/% q’/%“s%‘f"ﬁ s 39(’:?{68% eVt ri es
was provi ded e fitkraglief f erent silicon carbide grit sizes (JIS 800, JIS
1200, JIS 5’L500). 25A fourth silicon carbide slurry conposition was
formed by addingnFizicon carbide

A fluid composition was prepared by mixing 51.67 vol% water, 47.11 vol% PEG,
0.26 vol% Laponite, 1.1 vol% amine borates, 0.1 vol% Bioban P-1487, and 0.54 vol%
triethanolamine. The resulting solution was mixed with JIS1200 silicon carbide to make
10 aslurry with 24 vol% solid concentration. The shurry had the following characteristics:
Density: 1.569 g/ml
Viscosity: 48.1 centipoise, measured by Brookiield spindle #2 at 60 rpm.
Conductivity: 50.2 s
pH: 9.05
15
The slurry was used to slice a 125mmX125mm polycrystalline ingot into 250 pm

thick-wafers in a wire saw.

EXAMPLE 2

20 ) Three conventional silicon carbide slurries (hereinafter “conventional slurries™)
were formed as set forth in Table 1. The slurcies were formed with polyethylene glycol
(PEG200) at 22 vol% solids. Each of the slurries was provided with different silicon
carbide grit sizes (JIS 800, JIS 1200, JIS 1500).

25 A fourth silicon carbide slurry composition was formed by adding silicon carbide
to the aqueous slurry composition set forth in Example 1 (hereinafter “present slurry™).
Silicon carbide having a grit size of JIS 1200 was added to the aqueous slurry

composition to form a working slurry composition having 22 vol% solids.

30 The viscosities of the slurries were measured using a viscometer, #2 spindle, at 60

RPM. These viscosities are set forth in Table 1.
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to the aqueous slurry conposition set forth in Exanple 1 (hereinafter
"present slurry"). Silicon carbide having a grit size of M5 1200 was
added to the aqueous slurry conposition to forma working slurry
conposition having 22 vol % solids. 30The viscosities of the slurries
were measured using a visconeter, #2 spindle, at 60 RPM These
viscosities vomosRiszforth in Table 1. WO PCT/US2007/018911

2008/ 027374PCT/ US2007/ 018911 Table 1. Viscosity Conparison of
Conventional Slurries and Slurries Formed Using an Aqueous Slurry
Viscosity of conventional slurries with PEG00 at 22 vol % sol ids
Silicon Carbide Git Size Viscosity, cps JI'S 800 284 JI'S 1200 307 JIS

1500 336 Viscosity of working slurry formed using aqueous slurry
conposi tion

Table 1. Viscosity Comparison of Conventional Slurries and Siurries Formed Using an

Aqueous Siurty

Viscosity of conventional shurries with PEG200 at 22 vol% solids 1

Silicon Carbide Grit Size Viscosity, cps
JIS 800 284
JIS 1200 307
JIS 1500 336

Viscosity of working slurry formed using aqueous slurry composition
' at 22 vol% solids:

Silicon Carbide Grit Size Viscosity, cps

s 1200 71

As clearly demonstrated, the viscosity of the present slurry was much lower than
5 the viscosities of conventional slurries. In particular, the viscosity of the present slurry
was at least four times less than the viscosities of conventional slurries using PEG200 at
the same solids content. Even with such low viscosity l_e.ve.is, the present sluryy was

capable of preventing solids settling.

10 The slurry composition set forth in Table 1 having silicon carbide grit size JIS 800
was then used in a wire saw operation 1o slice silicon ingots, and the viscosity profile
measured during the operation. The working slurry formed using an aqueous slurry
composition in accordance with the present invention (Table 1, silicon carbide grit size
JIS 1200) was also used in a wire saw operation, and the viscosity profile measured

15  during the operation. The viscosity profiles for the two slurries are set forth in Figure 1.

The present and conventional slurries had the same solids content. The present
slurry clearly demonstrated a much lower viscosity compared to the conventional shury.
The low viscosities provided by the present slurry did not result in solids settling. This
20 lower viscosity is expected to reduce breakage of thin waters by reducing drag force on

the wire.

18



at 22 vol % solids: Silicon Carbide Git Size Viscosity, cps JI'S 1200
71 As clearly denonstrated, the viscosity of the present slurry was
much | ower than 5the viscosities of conventional slurries. In
particular, the viscosity of the present slurry was at |east four
times |l ess than the viscosities of conventional slurries using PEGOO
at the same sgbhfisnsant ent. Even with such [ ow vi scosigc%ldsgﬂé%gmthe
present slurry was capable of preventing solids settling.

slurry conposition set forth in Table 1 having silicon carbide grit
size JI'S 800 was then used in a wire saw operation to slice silicon
ingots, and the viscosity profile neasured during the operation. The
wor king slurry formed using an aqueous slurry conposition in
accordance with the present invention (Table 1, silicon carbide grit
size JI'S 1200) was also used in a wire saw operation, and the
viscosity profile nmeasured 15during the operation. The viscosity

profiles for td3eniik £lohekliGR @hferafb efaflibfidhsi N Figure 1. The

present and conveniiohal s}urrie gggd the sape solids content. The

present slurry cle l?ﬁ%?“&'é‘ﬂ%%"ff"é‘? KEmplE & e RRRSEL UK OWith SAuBRYRFREFEH

t o t he conventandfrahvestional sjurryTmdth highPEG sodsit)tahdsfeprdioiid 8ifulay viehethen

present sl ujryedisg cdmsrﬁrﬁéa,hg}e si!ﬂ%nsiﬂé&sdf@r Al &Lrhmt:s J;p,'g%m %gch%ﬁer
educe of thin wa

Vi scosity is ected to r reakage rs by reducing
drag force ongégmmm

It was shown that the present slurry dissipates more heat than the conventional

slurry. Results are set forth in Figure 2. Both slurries were provided at room temperature

10 prior to cutting and underwent the same running conditions, Throughout the pr'ocas.s,
under the same running conditions (e.g. wire speed and rate of cutting), the present slurry
ran 3-4°C lower than the conventional slurry. Further, while the conventional slurry
increased to a peak in tmmpcratﬁre by at least 5°C duririg the cutting process, the present
slurries remained within abont 2°C throughout the cutting process. This decreased

15 temperature profile, provided by the present slurry, canreduce thermal stresses on the
waf‘ers, resulting in lower warpage of the wafers, and will also reduce breakage or
cracking rate for thin wafers,

Although a number of embodiments of the present invention have been described
20 it will become obvious to those of ordinary skill in the art that other embodiments to

sndfor modifications, combinations, and substitutions of the present invention are
possible, all of which are within the scope and spirit of the disclosed invention.
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the wire. WD 2008/ 027374PCT/ US2007/ 018911 EXAMPLE 3: Qperati onal

t enperature eval uati ons The two slurries set forth in Exanple 2
(i.e. "present slurry" with aqueous content and "conventional slurry”
wi th high PEG content) and referred to in Figure 1 were then 5 used
to cut 125nmm square silicon ingots for solar wafer cells using an
ETCH CT Wresaw. It was shown that the present slurry

di ssi pates nore heat than the conventional slurry. Results are set
forth Yhatisgipiges. isBot h slurries were provided at roomtenperature 10
prior to cutting and underwent the sane running conditions.

Thr oughout the process, under the sane running conditions (e.g. wre
speed anil cariiee cofmpositipn fier)ysetindorpring arleoss-abiagiveanagiung ey t han t he
conventional. slurry. Further, while the conventional slurry increased
to a pedRPIH"Yenperature by at least 5C during the cutting process,

t he presepbuBiaIveiRE®D AlS3RIB0AGI%IOf polyetibhderie @Gcslhr oughout the cutting
process. This_ decreased 15 tenperature profile, provided by the
present @Papk 90 velanta &iueled WRE naMd st resses on the wafers, resul ting

in | ower o%ro‘?'%?cgre tlshc%oﬁﬁxva Rlcts afldr Bhé lor MloTe aclediem, br eakage or

cracking rate for afers. Al though a nunber of enbodi ments of
t he preseviteréinveeiobsemachiningelerrydesieed bedispeciing kpm alpei hwobk e ahgut

ol o o 7 4R B8sF e e P BRSO RS
i nventi on ameapaesidl2s, Calhbt i3fabslut ¢50 ape owlgski n t he scope and spirit
of the disclosed invention. Wat is clained is:
2. A loose-abrasive machining slurry composition comprising:
a carrier composition comprising about 15 vol% to about 80 vol% of polyethylene
glycol (PEG) and about 20 vol% to 85 vol% water; and
one or more viscosity modifiers and/or one or more activators; and
about 20 vol% to about 28 vol% abrasive particles dispersed within the carrier
composition,
wherein the slurry has a viscosity measured at 25 °C that is about 150 cp or less.

3. A carrier composition for use in forming a loose-abrasive machining slurry consisting
essentially of:
polyethylene glycol (PEG);
water; and
one or more viscosity modifiers, and/or one or more activators, wherein the one or
more activators are selected from triethanclamine and amine borate,

wherein the composition comprises at least 10 vol% water.

4. The composition of any one of the preceding claims comprising about 20 vol% to
about 75 vol% PEG.

5. The composition of any one of the preceding claims wherein the water is deionized.
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1. Acarrier conmposition for use in formng a | oose-abrasive

machi ning slurry conprising: about 15 vol %to about 80 val % of

pol yet hyl ene gl ycol; about 20 vol%to 85 vol %water; and one or nore
viscosity nodifiers and/or one or nore activators, wherein a

| oose-machining slurry fornmed by dispersing from about 20 vol %to
about 28 vol % abrasive particles wthin the carrier conposition has a
viscosity nmeasured at 25 C that is about 150 cps or less. 2. A

| oose-abrasive nmachining slurry conposition conprising: a carrier

conposit EIE%CS& §sh !ll B%%BH& iHe ﬁé%gmwb%f ARAUE v ﬁ'tl% Ofscoatymbhinbene

gl ycol ) out vol A) o0 85 Vol % water; and one or nore
Vi scos ateyse’rm:teﬁ rf!@m; symbigtir clepenaturaoley, Gertiopalsh sarbmametaleelzbseol %

comos G Gher AT I EPRPIY ReRoRb IRESAPA SEubas bk Bluiese,

I s abopblylibQi sleoidl, &rebgantha@n gAncarrier conposition for use in formng
a | oose-abrasive machining slurry consisting essentially of:

pol yet hyl ene gl ycol (PEG; water; and one or nore viscosity

modi fi o1 $pe aa%eélt:QH%f §ﬁ¥ BRE &f ?rﬁ—:t ;‘Jﬁé@é@lh@ clagvidieiniiBe QRCoSIty MBHRers

activators are selecte romtri et hanol am ne and amnmi ne borate,
wher ei are hddasbspes ta prvidsoapeinpesitian hawiagta viscasiy vangibe rom about 5 cps to

about 100 cps.

8. The composition of any one of the preceding claims wherein the composition

contains up to about 10 vol% of one or more viscosity modifier.

9. The composition of any one of the preceding claims wherein the activator is selected

from triethanolamine and amine borate.

10. The composition of any one of the preceding claims wherein the composition

contains up to about 5 vol% of one or more activator.

11. The composition of any one of the preceding claims further comprising one or more
rust inhibitors, wherein the rust inhibitors are preferably selected from triethanolamine

and carboxylic salts.

12. A method for forming the carrier composition of claim 1 comprising:
mixing about 15 vol% to about 80 vol% of polyethylene glycol and about 20 vol% to
85 vol% water; and
adding cne or more viscosity modifiers and/or one or more activators fo the mixiure
of polyethylene glycol and water,
wherein a loose-machining slurry formed by dispersing from about 20 vol% to about
28 vol% abrasive particles within the carrier composition has a viscosity

measured at 25 °C that is about 150 cps or less.
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4. The conposition of any one of the preceding clains conprising
about 20 vol %to about 75 vol % PEG 5. The conposition of any one of
the preceding clains wherein the water is deionized. 20 6. The
conposition of any one the preceding of clainms wherein the viscosity
nodifiers are selected fromsynthetic clay, natural clay,

Car bopol s(r), carboxynethyl cellul ose, ethylcellul ose, gelatin,

hydr oxyet hyl cel | ul ose, hydroxypropyl cellul ose, nethylcell ul ose,

pol yvinyl al cohol, and xanthan gum 7. The conposition of any one of
the pr?@gﬂh@h&ﬂ ﬁfr”%mﬂ”f& Br EHRpYEBEQH docor@sHdel lrPary Bnadfg@ so as
to provide a conposition having a viscosity ranging fromabout 5 cps
to aboprecedidgcirims iga w‘r&esmmssmmmnfswmwy one of the preceding

cl ai 8 wher ei.n_the S voI % of one or
nore Vi s@5%‘f' '99%%'*" e%%oéﬁt' he cgqrr%'%scl)f# ﬁ%hpecgﬁ E’yd%ﬂ]e "of the

pr ecedi n@nFb@nlysiispeesiag abbhtEZ(BG(bE%/’ai ai‘fothSS@I%(Hbeaiste panticles within the
tri et hanol am ne and am ne bor at e. e co ositi, gvn of ang@ggs g:

the precedi#jd EP%pﬁﬁ‘t'ﬁﬂé‘? farm ?W@r‘ﬂﬂﬂﬁ%ry a(wagb HIEEPHY TFaPYe

vol % of Oneﬁh%flsr%o%t%@'c}:@b?fess ddd The conposition of any one of the
precedl ng clainms further conprising one or nore rust inhibitors,

wher ei n tshipplyingt the mrking @lwmalioea pirefsenapiogesel ect ed from

tri et hanol am ne and carboxylic salts. 12. A method for form ng the
carrier conposition of claim1l conprising: mxing about 15 vol%to
about 89 Aetcthed fraligadtylgereat glsicgh raachinibg pro@ds\confrismgds vol %

wat er; and addin nore viscosity nodifiers and/or, one or nore
acti vatorsé‘ppty”lgrgwﬁfqﬁl‘f’%ﬁlé‘”dfto%? Qﬁcﬁ %;hgro&fa%gﬁe HOHIDA SIYTY GRS 5
| cose- machi mertgarﬁértﬁdrﬁ(pcfémdmét Ay sHesorans ipheddirytiaings) ab30t oM
about 28 vol % abrasive particles within the carrier conposition has a

vi scosi ty nebeui28ava atBagve patticles untimlyidererged vithindbe carrierg. A

met hod for 8&%@?5.@0&%&%‘&&&0”1)05' tion in accordance with any one of
t he precedi ng N a W’re saw process conprising: providing the

fluid conploseini atneadt agryrtiomef thie wéter prawediesdo dissipate heat; and

replenishing the working slurry with water during the machining process to further

dissipate heat.

15. The composition of any one of claims 1 to 11 wherein the viscosity is about 120 cp

or less.

16. The composition of any one of claims 1 to 11 wherein the viscosity is about 90 cp or

less.

17. The composition of any one of claims 1 to 11 wherein the viscosity is about 60 cp or

less.

18. The composition of any one of claims 1 to 11 wherein the viscosity is about 40 cp or

less.
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uni formy dispersing about 20 vol %to about 28 vol % abrasi ve
particles wthin the fluid conposition to forma working slurry
havi ng a viscosity neasured at 25 C that is about 150 cps or |ess;
and supplying the working slurry to a wire saw process. 14. A nethod
for dissipating heat during a nachining process conprising: supplying
a working slurry to the machining process, the working slurry

conpri gj the carr.ier.conpositi,on o Of . [

ol a s 10t F5Rog i St REBAT P 98T ! 48 T ol DReBHEES kBRI 0P or
di sperggd. within the carrier conposition, and water; wherein at |east
a portion of the water evaporates to dissipate heat; and repl enishing
the working slurry wwth water during the nmachining process to further
di ssipate heat. 15. The conposition of any one of clains 1 to 11
wherein the viscosity is about 120 cp or less. 16. The conposition
of any one of clains 1 to 11 wherein the viscosity is about 90 cp or

| ess. 17. The conposition of any one of clains 1 to 11 wherein the
viscosity is about 60 cp or less. 18. The conposition of any one of
clainms 1 to 11 wherein the viscosity is about 40 cp or less. 19. The
conposition of any one of clains 1 to 11 wherein the viscosity is
about 30 cp or |ess.
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