WO 20119/ 134236PCT/ US20118/ 012857 1 A CUTTI NG AND LUBRI CATI NG COMPCOSI TI ON FOR
USE WTH A WRE CUTTI NG APPARATUS Field of the Invention The invention
relates to aVAWEM3L# ting and | ubricating conposition F6ATERPNAYSYel ati nous
particles or "gel slugs" for use with dn apparatus for cutting workpi eces of
hard and brittle material such as sem conductor ingots or other brittle
materials, wth abALUVEINGANRLABRICARNG GOMBOSATEONFORYSE a wire saw.
Description of the Prior AMITH A WIRKCUITING APRARAIUS applications of the
invention, the cutting apparatus, referred to as a "wiresaw' or "wre-web",
usual ly conprises a row of fine wires arranged parallel to each other and at a
fi xed pitchField obthedneentions pressed agai nst these fine wres having dianeters
in the order of 0.10-0.20 mllimeters running in parallel with one another in
t he sane directi @he inwbntioa relates tpua bvabnudtiigiaad subsipating compbsitiomdcingaigogir ed ont o
the noving wires as a liquid curtain supplied between the work-piece and the

i ncom ng W Igefatindus amioles pr Gel slugs)) farrusabiithan uppatatad fon gutting woskpiecesoft o cut the
wor | cpiece into wafers, disks or sliced parts by an abrasive grinding action.

The 1iquid sluﬁipﬁadﬁdleaﬁutaml wiehfag kéricoiiuc@dF g6 ak Sliebititte inarrialMvilg " web" or
wire through a circul ati on system which drops a "blanket-curtain" of the

abrasi ve suapREISé paficledinqhd foem ofe blurry W6d a bede@iw. t he wire-web inpacts the

wor kpi ece. Thus, the abrasive particles carried by the liquid are transferred
via the coated wires to produce a grinding or cutting effect. The above
described slicing units or machines, called wresaws, are described in U S.

Pat. Nos. 3pbi&iptivh ofthoBroBAf O 269 275; and 5, 270, 271 which arc
i ncorporat e y T el er ence. 2009/ 134236PCT/ US2008/ 012857 2
For one of the major applications of the invention, the cutting apparatus, referred

to as a “wiresaw” or “wire-web”, usually comprises a row of fine wires ananged parallel
to each other and at a fixed pitch. A workpiece is pressed against these fine wires having
diameters in the order of 0.10-0.20 millimeters running in parallel with one another in the
same direction, while a liquid abrasive suspension fluid is poured onto the moving wires
as a liquid curtain supplied between the work-piece and the incoming wires, thereby
providing an abrasive coating on the wire to cut the workpiece into wafers, disks or sliced
parts by an abrasive grinding action. The liquid suspended abrasive particles are coated
onto the moving “web” or wire through a circulation system which drops a “blanket-
curtain” of the abrasive suspensions onto the “web” just before the wire-web impacts the
workpiece. Thus, the abrasive particles carried by the liquid are transferred via the
coated wires to produce a grinding or cutting effect. Thg above described slicing units or
machines, called wiresaws, are described in U.S. Pat. Nos. 3,478,732; 3,525,324;

5,269,275; and 5,270,271 which are incorporated by reference.



U S. Patent No. 6,602,834 to Ward et al discloses a cutting and |ubricating
conposi tion which g)r ovides electrostatic and steric repul sion between abrasive
particles usVAglam34¥ni zed surfactant. The descri bed col$d4iSt1¥AS8Hre free of

gel sl ugs. U.S. Patent No. 5,0992820 issued to Stricot discloses an
abrasive liquid as a suspension of particles of silicon carbide in water or
oil. However, these prior art suspensions are not stable and do not provide

uni f orm coat i ng &hS.thatent Not6,602834ip Weasd etral displesesa cutting aed lubrigaioBt i ons require
vi gorous agitation to maintain uniformsuspension of the particles, and the
suspensi on sempbsisonywhichypiovideyelegitdstatic andyterivirepision bétween abrasive\partictéar i ng

wor kpi ece slicing while still under agitation. Thus, there exists a
furt her needisingan éonimed shrfastant.i Hg desatibed bompesitiong arsdree ©f gelisbigswhi ch provi des a
uni form supply of honpgeneously dispersed abrasive material w thout abrasive
particl e aggl oneias.iPatentNo. 009820 adsecd tbGtriat disclodes amnlsrasipeliqiidas 4 al | - out over
a long termso that the workpiece is nore efficiently and consistently cut by
t he abr asi veugendiorcofqmrtivies @f silicomcatlide inomperir bil.o Howevarf these pribhat conposi ti on
shoul d have excellent lubricity and heat transfer properties to renove the
frictional hesenganaraiotstable ahdido fotiprovide wiifoem icbatingloy theTutimg? agressor king life
of the wire and avoiding dowmtine. Finally, the conposition should provide a
| ong t er m stRakh@n®us frremPosifdnsasfuire vigdrqs agitftio So malnediiiniforin sifjRndiGyent i on
According to the broadest aspect, the present invention relates to a cutting
and | ubri catdf i@ pamiERe snt it subbnsios Settiéstdut quiclap Raden btdgnanPéonditions Al sveh kpi eces
of a hard and brittle material such as sem conductor materials, solar

materials, QRtih€dbrkpitde SRy whildetil H@érb3AARAPCT/ US2008/ 012857 3 el ectronic
materials, silicon ingots, granite block, LED substrates, and the |ike.

Further, such comResiekddssted RirtRéd Red tor@ ol cUfigh Hhd fuBficding cOBSsitidnON cutting
and grinding of specialty materials or ceramc parts as conponents for

speci al ty t Q@ih protiiMlniféfn _sﬁW&Flﬁangeﬁobﬁ& dfsil&é‘ed%i’ds%%atéﬁah%{th&ﬂm i cations
of this invention can be easily ‘conceived by those skilled in the art when the

suspensi on BEAGLE hanak abdibRelUEEL hald oV AR AR 850KBRALbAEN ©

results, such as e grinding or slicing rates. More

speci fical | >fcmgtt éd‘mﬁtitﬁ%i){l}?igfé)féytgﬁée %{%’l}r}ﬂy\'g&&:&ng@%n@fﬁ% ﬁg theWBrasffeabouUt 70%

(wt/w) of an abrasive mate conprises 't teps of adm xing at
' ' . o . A

cur faot ant - Bt Ot g8 e cdiborifin, ARBk:, edobBod st MR et 00T 201 R

2-5 carbon %b%ﬁy Qd AdAPerGiRr? k)yo(bgllués {OI}SII;IQQJ the %Ii.'c(éional heat generated at the cutting

site thereby increasing working life of the wire and avoiding downtime. Finally, the

composition should provide a long term stable suspension of abrasive particles.

Summary of the Invention

According to the broadest aspect, the present invention relates to a cutting and
lubricating composition for use with an apparatus for cutting workpieces of a hard and

brittle material such as semiconductor materials, solar materials, optical and opto-



c) about 0.3 to 6% wei ght percent of an organic ionic polyelectrolyte and then
partially neutralizing the polyelectrolyte with an appropri ate Bronsted base
to a pH of a¥BEYA34336% o 5.5 so as to form gel ati nous mi FCIYSABPREEs. A
preferred polyelectrolyte is polyacryli*c acid-co-maleic acid (PACM, though
honopol ynmers or other co-polyners of simlar properties and structure wll

al so function. It is an object of this invention to provide a cutting

and | ubri catlentgoniompissals. sticondrigots, granitallocko EEDsubsimates canghtlaf liker iFytthéron of t he
abrasive naterial to the coating of the cutting wire so that solids particle
aggl oner at i suwchaompbsitions afexdffectivet andseefuhfor the pragtsion opgting and grinding of
2009/ 134236PCT/ US2008/ 012857 4 Yet anot her object of the invention is
to provide apeisty nagerialscr ceramicomits agcangropess for specidliy tails agtomotie, asi ve cutting
material is suspended in the conposition and remains suspended w t hout
har d- cake f afraohihé omother tyymrdevictse Qtheyl applicativnsoof ity @rvextionrcah beigaser i ods of
st agnant st orage. A still further object is to provide high quality
sl i ced sheetsnceivad by thoselskilked in theptochealthe/susprempion bersefitssofshis invbtionf or
sem conductor and sol ar devi ces anong ot her applications. O her objects
and appl i calprdvitk alodntdgecusqeifpitdnte fesultsnsifhias fithe geinding & sticiag oPhat e
understanding of the invention will be had by referring to the follow ng
drawi ngs angutsestes.i MbieQpecifically, the lubricating composition, which may contain up to
about 70% (wt/wt) of an abrasive material preferably, comprises the steps of admixing at
a temperature below about 35°C.
a) about 0.0 to 10% by weight of a non-ionic surfactant
b) about 80 to 99 weight percent of a polyalkylene glycol having 2-5 carbon
atoms or the co-glycols thereof, and
c) about 0.3 to 6% weight percent of an organic ionic polyelectrolyte and then
partially neutralizing the polyelectrolyte with an appropriate Bronsted base to
a pH of about 4.0 to 5.5 so as to form gelatinous micro-particles.
A preferred polyelectrolyte is polyacrylic acid-co-maleic acid (PACM), though
homopolymers or other co-polymers of similar properties and structure will also

function.

It is an object of this invention to provide a cutting and lubricating composition
which allows for the uniform distribution of the abrasive material to the coating of the

cutting wire so that solids particle agglomeration or slurry fall-out does not occur.



Brief Description of the Drawings Fig. 1 illustrates the suspension stability

of conpositions of the inventions, and Fig. 2 illustrates the soft settle
properties oVOWHIH3I% i ons of the invention. Descripti ofBUSENEORELEf erred
Enbodi nment s According to the predent invention, a novel suspension

and/or lubricating "carrier” conposition increases the efficiency and
productivity of abrasion-type slicing tools for slicing ingots made of brittle
and hard mat eri alYepanvitied pbigetof fherinvemtiopisito psoviskeiacatling ang baeatingf or

sem conductor, optics, ceram c and photocell wafer or sheet substrates. The

| ubri cat i ng comppssent Wieneio thet dbrasivie cutting nateriahis sospemded o the sompogitaomtand| es i n

non- aggl onerati ng suspension to allow a nore uniformdelivery of these

abr asi ve partmaihesispended @itRA0 ddri4RSfoR0IUIISE padicR g Blometatibh evenudver logg spaces

whi ch are forned between the wire and the workpiece, or alternatively, at both
ends of the petibdsiofigtapant storage.wi th the result that the machinery's slicing or
cutting accuracy and efficiency are greatly inproved. Also, the lubricating
conposi tion proviAdei] futtheriobjtt ioto grovitléiRigh lquatity slicet skeetnWafehs diskssort he
frictional heat generated at the cutting surfaces. Thus, these features

prol ong t he spevialiyGhaget fpartOduithble foMséricondudtoriafld sult deVides dnidhg@iher War pi ng,
roughness or thickness variation or sub-surface damage to the workpi ece
surfaces whiagfliddeiérisci ency cannot be tolerated in sem conductors, optical glass
or photocel |l devices. The | ubricating/ suspension "carrier"” of the

invention is prepaicedbiedts hitPappli€tidondfor At BoKipbEtiBEINOMIRdh afd a RRYOWnIpISteTPETr at ur e
of about 35C. a) about 0.3 to 6% by wei ght of an organic ionic

pol yel ect r olyili&@standing of the invention will be had by referring to the following drawings and

description.

Brief Description of the Drawings

Fig. 1 illustrates the suspension stability of compositions of the inventions, and

Fig. 2 illustrates the soft settle properties of compositions of the invention.

Description of the Preferred Embodiments

According to the present invention, a novel suspension and/or lubricating
“carrier” composition increases the efficiency and productivity of abrasion-type slicing
tools for slicing ingots made of brittle and hard material providing superior quality sliced
components for semiconductor, optics, ceramic and photocell wafer or sheet substrates.
The lubricating composition of this invention maintains abrasive particles in non-

agglomerating suspension to allow a more uniform delivery of these abrasive particles to



b) about 0.0 to 10% by wei ght of a non-ionic surfactant; and c) from about 80
to 99 wei ght percent of a polyal kyl ene glycol solvent, wherein the allcyl ene
gr oup contaﬂﬁgz%w@&%%ﬁbon atoms. Preferably, said glycolPSTAS&ER28Yt ed from
the group consisting of polyethylene gPycol, polypropylene glycol, dipropylene
gl ycol, polyisobutylene glycol and their co-glycols; and wherein said glycols
consist of (on a total fornulation weight percent basis) from about 80 to 99
wei ght per cdhg cuttingzspagey sdichraze/formgedbeatweandhé wire amd thh wodpieab.cartaltedatieho,
preferably of about 200-400, and nost preferably of about 200-300, whereby the
vi scosi ty r anbeb efidsaftielzatiingPortion, B30 thepesultamd thehmearhinaryt's dicing oneuttingl i zi ng t he
pol yel ectrolyte to a pH of about 4.0 to 5.5 with a suitable Bronsted base so
as to form gedunidyraod sffigienty are gsatlAimproved| Adsd, ¢iwi Isbridéfing composition provides

2009/ 134236PCT/ US2008/ 012857 6 base may al so be used for the partial

neut r al i zat ilabricatidnr to tigdslicing wWirerand dbpebs thé ftiztionnl Bedd @éneraed/ dtlthe drtinghed s with a
Bronsted base, and the resulting particle slurry stability is sonmewhat

conpr on sed surfactfl ETIABY théde\featifes prolonl tiseetvidel 1He bDthe WaiR or Braidéhdahiditsizé eci t ed
conposition may include dianond, silica, tungsten carbide, silicon carbide,
boron carbi dgy walpiig; foughndss brtBlickheds varBtioN bficub-salfde daiap Ol thewetkpicber hard

grit "powder"” material. One of the nost preferred abrasive materials is
silicon car Rudfes (Whith defididhcy ERiidt BE toRfakd RAEiicohuctdrs, @pti¢al BASs ér OM about 5- 50
m crons; and preferably from 8-20 mi crons, depending on the international
"FEPA or Jl Shogésidfviéesi gnations and on the application of the abrasive slurry
to a specific cutting or grinding process. Most preferably, according to
the present invefhi RBritating/sBipelfsh @aRfrt §Ghd ae&doﬂmreﬁéw thé stepSéf
conposition to a pH between 4.0 and 5. 5 which conprises: a) about 93.5 to 99

wei ght per cqaﬁﬁm%%grm o%&@h?ﬁ&’a&)‘é odl%e@! s wherein said pol yethyl ene

glycol s consist of a nolecular welght of from about 200 to 400; and whereby
(e 20011 ) Mo D gl S pSRBRIGE, [ oo ST e
acid (PACM atya mbE6H Mo 1054 8 \Weibfl 118 ndh-iciOMradad0atd 5000, . and
c) from about 80 to 99 weight percent of a polyalkylene glycol solvent, wherein

the alkylene group contains 2-5 carbon atoms. Preferably, said glycols are

selected from the group consisting of polyethylene glycol, polypropylene

glycol, dipropylene glycol, polyisobutylene glycol and their co-glycols; and

wherein said glycols consist of (on a total formulation weight percent basis)

from about 80 to 99 weight percent 6f a glyéol ﬁaving a molecular weight of

about 200-600, preferably of about 200-400, and most preferably of about

200-_300; whereby the viscosity ranges from about 50 to 300 cps, and then

partially neutralizing the polyelectrolyte to a pH of about 4.0 to 5.5 with a

suitable Bronsted base so as to form gelatinous particles. A suitable Lewis



c) about 0.3% by weight of a non-ionic surfactant. Preferably the PACMi s
partially neutralized with tetranmethyl anmoni um hydroxi de E’Q\/A? to a
st oi chi onet r'We 2¥d#At t o produce a final pH within the 2BETS2Q8HFE7 WO
20091134236PCT/ US2008/ 012857 7 Exanfl es of the organic polyel ectrol ytes
(anionic PE) suitable for use in the invention include but are not limted to
pH partially neutralized polyners of: acrylic acid; mnethacrylic acid;
mal ei ¢ aci d al kbasgimayalsodeiugedsfor the padiabreutrializatipi.dbrpighsihe farmied gelslugs (i . e. :
styrene sulfonic acid for exanple)

are not as well defined s with a Bronsted base, and the resulting particle slurry

stability is somewhat compromised.

The abrasive material suitable for use in the above-recited composition may include
diamond, silica, tungsten carbide, silicon carbide, boron carbide, silicon nitride, Cerium
oxide, aluminum oxide or other hard grit “powder” material. One of the most preferred
abrasive materials is silicon carbide. Generally, mean or peak particle sizes range from
about 5-50 microns; and preferably from 8-20 microns, depending on the international
“FEPA or JIS” grade designations and on the application of the abrasive slurry to a
specific cutting or grinding process. |

Most preferably, according to the present invention is provided a neutralized
lubricating carrier composition to a pH between 4.0 and 5. 5 which comprises:

a) about 93.5 to 99 weight percent of one or more polyethylene glycols wherein

said polyethylene glycols consist of a molecular weight of from about 200 to
400; and whereby the viscbsity of the coniposition is about 50-300 cps under
room temperature conditions (25°C), |

b) about 0.3 to 6% by weight of polyacrylic acid-co-maleic acid (PACM) at a

molecular weight range of about 1500 to 5000, and

c) about 0.3% by weight of a non-ionic surfactant.

Preferably the PACM is partially neutralized with tetramethyl ammonium hydroxide

(TMAH) to a stoichiometric amount to produce a final pH within the above range.



all cylacryloxy sulfonic acids (i.e.: 2-nethacryl oxyethylsulfonic acid for
exanpl e) acrylam dosul fonic acids, and the |like co-polyners of conbinations
of the aboveV8rV8i+® suitabl e nononmer units. Pr eFETUESEOBBI2$E| ect r ol yt es
i ncl ude polyacrylic acid (PAA) having d nol ecul ar wei ght of about

1, 000- 10, 000, polyacrylic acid-co-maleic acid (PACM having a nol ecul ar wei ght
of about 1500-8000 and the like. The "non-neutralized" formof the above

pol yel ect r ol yt Exanipleseof thesgrganig polyatectnelytesdariprie PErsuitable feraise thodheiot f unction in
this invention and have been shown not to enhance the Soft-Settle

char act er i stineestio inpiade butsypeonnt lionted tf piSpatialinheptralized palymesd ofy "neutral i zed"
formof the anionic PE or electrolyte will properly function to formthe

requi red gel - sl ugs asrylwiasidi bl e gel ati nous particles.. The required

gel ati nous particles produced at a tenperature bel ow about 35C by the in situ
neutralization of thehsxdiguckl; PACM wi thin the PEG nediumexist primarily WO
20091134236PCT/ US2008/ 012857 8 because of the "effective" charge difference of
t he exanpl e PACMef rgateitRgigsur roundi ng PEG environnment. The neutralized exanpl e
PACM pol yner chains are highly ionic in nature, existing within an essentially
non-aqueous, SOMgWhikenPQdufbnic Blis NON-1oni ¢ PEG nedium It is of note that the
PEG environnment necessarily contains fromabout 0.5-5%water within the PEG

dia. Thi t | i l. e QRNEE L3 hipswhich th I
CTuge exi st in aestantar i o haf 13 Sy RO NEARTR oLk T LT O
begin to di I t |, sl . .QMLSi t t abi l.i t d
cof 1 -settl e pr opr (USRS GRS 2Zp AR Grbtiis o R B S ont s on

Since highly ionic species tend to coal esce within a non-ionic or
| ower - pol arity nedi llt e neutralized PACM polymer chains will also tend to
aggl onerate locally w thin e PE& rregi urP into a localized area of separate
conposi tion and PorfcBlapidesytionic acidy, and the 1&g r oundi ng PEG nedi um Si nce
the PEG is sonewhat polar in nature, but not ionic, there will also be
interacti on of tMe S9zrobmars of Gembinatipnsof theabawp protiescnitable Bepoper ypitups wi t h t he
pol ar sections of the PEG polyner chains (i.e.; fractional mscibility)
creating a "gelatinous particle", which is akin to a swelled polyner within a
sol vent, but not dissolved, and is of different conposition and different
i oni ¢ character Preferredmelyslecireliiqslinelpdppalyasslicasid (PAA) having emalkeculapni ¢
character is necessary for the exanple PACM "gel -slugs” to properly form The
hi gh ioni c reeight of afout he0l k&R, polpaewlicpsid-ai-mglsiciasid{PACM\liadimgeed by t he rapid
and conplete solubility of said gel-slugs in excess water.

. molecular weight of about 1500-8000 and the like. The “non-neutralized” form of the

above polyelectrolytes (i.e.: anionic PE in the free acid state) do not function in this
invention and have been shown not to enhance the Soft-Settle characteristics of PEG
suspensions of SiC. Only the partially “neutralized” form of the anionic PE or electrolyte
will properly function to form the required gel-slugs or miscible gelatinous particles. .
The required gelatinous particles produced at a temperature below about 35°C by

the in situ neutralization of the example PACM within the PEG medium exist primarily



WD 21019/ 134236PCT/ US2008/ 01 2857 9 The concentrations of the abrasive
material in the suspension nediumtypically may range fromabout 5 to 70

wei ght per cel® 20081 ¥R¥r abl y about 20 to 55 wei ght per centPCTARHBLESpr ef er abl y
about 35-50 wei ght percent for nost hi §h vol une applications. Addi ti onal
pol ar sol vents, which can be included and which are useful as suspension or

di spersing agents include al cohols, am des, esters, ethers, ketones, glycol
ethers or sefavss efdbe “effsetivel’ ichari¢ differenemef theexampboP ACMsfoom thetsyrrgunsing net hy |
sul f oxi de, di nethyl acetam de (DMAC), N-nmethyl pyrrolidone (NWP), gamma

but yr ol act oXEG efivephméntn#hghentralizedtehgnple PAEIM polymenchainsiaee hjbhly adnicist hyl et her,
tripropyl ene glycol nononethyl ether and the |iKke. Mot her conponent of

t he present nawwes axisting within hv esseritially oonrbqueats, somefhatpdlar betmonsiaiy BEGY | ene
glycols (PEG as the mediumw thin which the "gel-slugs” are fornmed in the
present i nvamdiumn. It Suf nPleGhd ePEG ynvionnentecakoily cdfaihofr@f abait §iH-5%er cent  of
the 200-300 preferred nol ecul ar wei ght PEG (based on total fornulation weight
per cent) andvatdyovithinlthe BEGGneddd. gitiis petecprotvided ancas$ikted pelmi engiromhan whthin wei ght
range from about 300 to about 1500 (based on total fornulation weight percent)
The hi gher ralichotié gel sligs eptist il Slable $ornh eWatet cudkent béyohdhe 1150s, howbweul ar wei ght
base PEGs within all m xed proportions. Such medi unms conprising m xtures of
PEGs or ot heill gkgif @ dissolvelthe @8 slus, icOmprotmidiig ha bluft§ stapiity i Sopt-segtleét r al i zed
carrier of the present invention of high viscosity. This may be advant ageous

for certain g'eﬂﬁ'b Bidated i tBE caer of eed présefit ikedvibn.t Sinkd ISRy Sdtii¢ sReies N the art . .
WO 21019/ 134236PCT/ US2008/ 012857 10 Preparation of Carrier PACM as an

exanpl e of ahda®psAMREE HBINRGHERE bf WL Bol Aty Medaim, MR Mu@BAd IPAICGNIN, nust be
partially neutralized wthin the PEG nediumior the required gel-slugs to form

properly. | fhoRgith Edlids3Gl aldt&dds afdlomérte 19¢ai1) Within e PREShediRA i f T oM whi ch
both the base and the exanple PACMoriginate, followed by addition of the

neutral i zed;SAfMitafeal dFSegakate cdntfositiofi R ORic chhrdStr frdrh MR dulrbudBfPeIRG 1 bl e for
stabilizing the abr gsi v%d:‘par%i cl gs Wi t hi nct he carirP(lg er do not form either

properly or a4;@l!, and the carrier material will not finiction properly.

Since the PEG is somewhat polar in nature, but not ionic, there will also be
interaction of the partially neutralized example PACM carboxyl groups with the polar
sections of the PEG polymer chains (i.e.; fractional miscibility) creating a “gelatinous
particle”, which is akin to a swelled polymer within a solvent, but not dissolved, and is of
different ‘composition and different ionic character than the surrounding PEG medium.
This different ionic character is necessary for the example PACM “gel-slugs” to properly
form. ‘The high ionic nature of the example PACM gel-slugs is also evidenced by the

rapid and complete solubility of said gel-siugs in excess water.



The exanpl e PACM nust be added to the PEG nediumfirst with mxing to provide
a honogeneous di spersion, followed by neutralization with the appropri ate base
to the requiWea'®ipsi¢ about 4.0-5.50. By adding the basé’cﬂqséqo?/"gﬁﬁﬂ owed by
the exanple PACM a variable |evel of feutralization of the exanpl e PACM
chains occurs giving rise to a variable level of ionic character for the
neutralized exanple PACM As a result of this, gel-slug formation within the
PEG medi um wi | | dheeongentiatigngoftke shsasiverraaterigl in the syspension medivy &ipdsallyi | | be
variable and inconsistent. It is highly desired that the exanple PACM pol yner
chai ns be nemayrangefroth shoubdtonEoweiht pewiante prefesablyahiout2() oI weight penepriti shed wi t h
t he exanpl e PACM added to the PEG first, and under constant agitation when the
Bronst ed based mostgueferdbly about 35F@rweighs pexsautifordosy bighsiolwys appligatioper |y form the
neutralized pH for the PACMw thin the PEG nmedi um nust be at |east about 4.0.
Much | ower t.han ®Adidsiood@selansdlvents, whivhicaebeinoluddd okl which &% asgfilleas PACM t 0 create
the high ionic character needed to formthe | ocalized ionic gel-slugs within

t he PEG sol sespensionid dxporsihg bgdtSmP1udé alcii) 8miies, 28618, difiers, ketones\gtyboladded base
beyond the neutralization point (i.e.; pH- 1? 6), excess ionic material is
bei ng added etherstdnulfaxides.0 8peeifiehlly, rathples oftpoldr Bolsértigre ditgethyd Bulfoxide; engt h
difference (Lip) between the |ocalized exanpl e PACM chai ns and the surroundi ng
PEG wat er nmalithéthyl addtirside OMAG)PN-rhéthApyrrokdbne @NMP).ag@ha titytglabtondrat i on, whi ch
relies, in part, on a significant difference in ionic character of the

neut r al i zed dexange glyRoKhy Sthet, AR roPyiEnoalyRbl MEHYIWLMeL, tpropylehe gdicoral ue) .

It has been clearly established through conprehensive testing that the carrier

functions t gngBmethel dihetahd@ielRepart i cl e suspension only when the required
physi cochem cal "gel-slugs"” are properly fornmed, irrespective of any

el ectrostatic or adgther Baipdhdt 8t the ?:Fﬁd&ﬁih%nﬁ&ﬁh{félbéétth@&mbinaﬁon of@iffefdnt!0
formati on can be both seen visually and neasured. The degree of product

ol oudi ness_Ghiyethylché!gihidh (PG A8 IRHAGH williniiftitlhe - BARRGY 40 liRa fipen 2

sem -quantitative indicator of stabilization perfornmance. A nore quantitative

tool | mown %?elﬁeééﬁﬂﬁé‘énﬁﬁi%tﬂ{ef@db&%n&h@%égx&)ﬂ émlgr &ﬁ@?mhﬁ&w

determ ne t he product cloudi ness and, "t efore, the er and

density of s$phaRph g&%&x%d %&ﬁ&%@gﬁ%ﬁ@%@féﬂﬁ?@@%ﬁ&%&%{ B ?Jen{)%n asur ed

by enpl oying two quantitative nedasure 0 ettl'e Readi ng).
Thi s proced S Skl A0E i St f shaf t
wth acirc H"glrt ﬁg@? ?lgvgq&glf n(;)lvm d%%?\g?é %ﬁlg‘g‘g?f?&zﬁ?&(}% gzgr ° O%S%gﬁtgt i on
through a s . pl i ~ j bhott oned t ube
(110190 2 348003500 A S i A e HR P

PEG must be soluble in the lower molecular weight base PEGs within all mixed

proportions. Such mediums comprising mixtures of PEGs or other glycols will result in a

lubricating, partially neutralized carrier of the present invention of high viscosity. This

may be advantageous for certain grinding or other applications known to those skilled in

the art. .



WD 2009/ 134236PCT/ US2008/ 012857 12 di aneter as the circular bottom of the

i mersed shaft. The |l ower the resistance to shaft penetration over tinme, the
more stabl e WRAM8LI0 Such measurenents are nmade in aPEAUSHIOEPREt ool

manuf actured by "1 MADA'. For properly BYepared conposition of the present
invention, the SSR reading for standard slurry over a period of several weeks
remains at "0". This is in sharp contrast to inproperly prepared conposition
whi ch appeaiPseparation ofCarxiert han cl oudy, and which will give an SSR val ue of >0
after only several hours to a few days. Further, such tests performed on

strai ght PEG 200PAGM,RE@ exxainpi¢ efraniappropriatel polgelactroh@Rmatesidi mentwhed>0 after only
several hours to one day as seen in Fig. 2. ii)SVR (Slurry Vol unme Renai ni ng).
Thi s pr ocedherimpmsthegartialp neuttabizal witloh il PECetmbdinmdonthe requiredgdl+shags tn or i gi nal
honogeneous slurry in which the solids di spersion occupies 100% of the vol une
of the |i quifensproperly. If meutralized sh@ile chesPEG wythintthewatet madivadoompivhith bytht he
suspended particles (SVR) falls rapidly, as the solids aggl onerate and fall

out of suspaieshassaridahérexaghpte PRCH @igimate folloed by hdditiorndf thdteutalidedi ner. Thi s
property of slurries can be easily plotted over tinme. Further, the particles
in slurriesPA@M e the FEGPthe titro gePslag privfurilyatsponkidld for Qabilifihg thd aprasise on form a
har dened cake at the bottom of the container, which can be neasured by the SSR
procedur e. banpre@mhinuh@éae@ardedmﬁme&héﬂp%peﬂpt)r ithdl, fidaheddrriérivaéidlon, the SVR
val ues fall much slower, and finally equilibrate at a % volunme that is nuch

hi gher thamnnhanhﬂgkneﬂﬁkgple slurries. Further, the SSR associated with such
SSL slurries always rends at "0" regardl ess of the SVR reading or tine as seen

inFig 1. Thélexk aﬁﬁ)l@FA@Nﬁﬁﬁ'stEé 84e@ $o the PEENRAEHIA Birt WithhikBigho Ly T or
SSL- 160 Series Product™ (i.e.; SVR graph) and "SSL-160 Series §oft-SettIe VS.

Time", the hexgle aqfonfdga%ﬁ%@&rgén, "faﬁi“tea%yhr:&m}a@n%&ymé SpprdflafARed W th

i ncr eased neutral i zed "PACM conponent | eve

SSL- 162>SSL101&gIen$§jé. QgOFEAD&QO-S%ﬂ_e@?gggéaru QQ@I vﬂﬁ tﬁé)é%k% carriers

of the present Wth incr y neutralrzed conponent

| evel , ther? aHBIE RRSESE nEQRGE M dnr af bx ?Jn [CMcHRs c‘Mnts*El e% %assy_

medi um and t ere ore a greater resistance set I'ng or “ev | 1'ing of

abrasi ve pa%éfirﬁﬁle%\;eﬂ)ﬂoﬁ@% érerrt(ﬁX% t}a]\l%ﬁz\s&eple PA t Q%a§§ t 2, there is

a high |evel tra neu |zed exa also a | evel of

carrier turhi.di |sturb S fro he refra ion an d|ffract|on

of 1ight byg}'ﬁggﬁy%‘égfof?%t kthﬁgl%d e&u[(]%}uc afSBya‘iYﬁ“d ‘frfngfl‘l:e Oc% Sutral i zed

exanpl e PACMH@P sl.ugs hayve BlartLe e 1qerhl ;{ Sl. '99“% r ger t han t hat
g 5%%@}“'58% % consisfent. Itis desire e exh ple

of the surr&®
PACM polymer chains be neutralized homogeneously, which is most suitably

accomplished with the example PACM added to the PEG first, and under constant
agitation when the Bronsted base is added.

For the required gel-slugs to properly form, the neutralized pH for the PACM
within the PEG medium must be at least about 4.0. Much lower than this does not
neutralize enough of the example PACM to create the high ionic character needed to

form the localized ionic gel-slugs within the PEG solvent.



The ani oni c pol yel ectrolytes can be neutralized by alkali nmetal or alkaline
earth netal bases such as potassi um hydroxi de or barium hydroxi de or by

non- net al | i NVARPWYI343¥oni um hydr oxi des, for exanpl e, tetPACAASFEYFPIRPATONI um
hydroxi de, preferably, tetranethy-ammohium hydroxide (1' MAH). WO

2009/ 134236PCT/ US2008/ 012857 14 The non-netallic hydroxides are
preferred when maxi num gel -slug formati on at a given neutralized PACM
concentration i sWithsiddedbase beyond theTieutralizatiovipaief (b aplph-éS Grexcessiiont r at i ve of
the practice of the nethod of the present invention. It will be understood,
however, t hatatdriabislbeing @ddedsta thel lew-ienie PEGtmediurhalimimnishing thelioniv strayethvay
"imtative of the full scope of the invention since various changes can be
made w t houtdiftepee (ApdetwaemtieHecaliped ¢xtampiedP ACMbpins aref the herduedinBi ngs cont ai ned
herein in light of- the guiding principles which have been set forth above. M
per cent ages PEGAvater thediwnn This eeduas@cinay reducgh thegekdpg fondnaticn, ohlvhreliese

i ndi cated. Exanple 1 Preparation of Carrier To 8.9Kg of |ow water PEG 200,
whi ch i s undepargbh ecignifieatidififerenty in ionicadidadieDofAlie Kgtralized ckQifpla®aeds sol ution
of polyacrylic-co-maleic acid at a tenperature of 25C. The m xture is stirred
t 0 a honpgerneahsPEGAy e siedium (ie: high Apvdle. stirring mxture is slowy added

ei ther 0.25Kg of a 25% aqueous sol ution of tetramethyanunoni um hydroxi de

solution (i.e.; WKWakbeenlcleanly edtitdishddiBroagltothprefiendiVMdsting that thgcdri@ pH of the
total m xture to 5.0. Optionally, a non-ionic surfactant such as a

pol ymet hyl  SidcA@16 nfaintfin abraXddPpdrEsle Ssp¥hticabnlyWwhdhdRe felquid&i or SAG 2001) may be
added to optimze surface tension, mnimna foamng, and inprove wet-ability
of the above@hpedschethical ©gelBlugh® 48 properly formed, irrespective of any electrostatic or
Zeta-Potential repulsion contribution.
Gel-slug formation can be both seen visually and measured. The degree of
product cloudiness (i.e.; turbidity) determined on visual inspection has been a semi-
quantitative indicator of stabilization performance. A mofe quantitative tool known as a

nephelometer may be used to numerically and precisely determine the product cloudiness

and, therefore, the relative number and density of stabilizing gel-slugs.

The performance of the carrier is measured by employing two quantitative measurement
tools:
i) SSR (Soﬁ-Séttle Reading). This procedure measures in grams or lbs the
resistance of a standard shaft with a circular bottom of known diameter
and surface area to penetration through a standard prepared slurry placed

in a standard conical bottomed tube where the cone bottom is of the same



The conposition can be used in a wire cutting operation as the suspension
mediumto provide a stable slurry suspension for weeks or nonths under even
stagnant st OVAgWIeHAi ti ons. WD 20091134236PCT/ US2008/ FLIE57008/8128%anpl e 2
Preparation of Carrier To 9.1Kg & |ow water PEG 200, which is under
effective stirring at anbient tenperature is added 0.13Kg of a 50% aqueous
sol ution of polyacrylic acid of peak nol ecul ar wei ght of about 3500. The
mxture is stirred todiamgterasghneinular bpiigre pEthg immersed shafto Thenbover ther i ng ni xt ure
is slowy added either 0.12Kg of a 25% aqueous sol uti on of barium hydroxi de
sol ution, or an eff ectepistancertoshaft pepettation gveritimey Hieghore ktgble theadlurry. dushe to 5. 0.
Optionally, a non-ionic surfactant such as a polynethyl siloxane (i.e.;
exanpl es of whi ch i ncineadereREn® areanads/ita26libtedrtvgl inemiasloharedd by “BADA”7e sur f ace
tension, mnimze foam ng, and increase wet-ability of the above neutralized
m xt ure. The cofqresopetlp prepartet campasitionaifitheepresentLinventbn,shisfiided silicon
carbi de abrasive particles of desired particle size distribution can be used
to cut silicon ingot sreadingfonistandssdsiurry over a period of several weeks remains at “0”.

This is in sharp contrast to improperly prepared composition which

appears clear rather than cloudy, and which will give an SSR value of >0

after only several hours to a few days. Further, such tests performed on

straight PEG-200 and PEG-400 slurries produce an SSR reading of >0

after only several hours to one day as seen in Fig. 2.

i) SVR (Slurry Volume Remaining). This procedure measures the rate of
solids settling over time from an original homogeneous slurry in which the
solids dispersion occupies 100% of the volume of the liquid slurry. In an
unstable slurry, the volume occupied by the suspended particles (SVR)
falls rapidly, as the solids agglomerate and fall out of suspension forming
a hard cake at the bottom of the container. This property of slurries can be
easily plotted over time. Further, the particles in slurries not of the present
invention that “fall” out of suspension form a hardened cake at the bottom
ofvthe container, which can be measured by the SSR procedure. In
properly prepared compositions of the present invention, the SVR values

fall much slower, and finally equilibrate at a % volume that is much higher



WO 2009/ 134236PCT/ U S2008/ 012857 16 Exanple 3 Conpositions used in Figs. 1 and
2 with 15% ww of SiC IngredientSSL - 160 SSL -161 SSL - 162 1. %
Pol yel ect r olyPa000H&) 0.70 1.5 2.4 5 PCT/US2008/012857

than that for unstable slurries. Further, the SSR associated with such SSL
slurries alwéys reads at “0” regardless of the SVR reading or time as seen

in Fig. 1.

In the attached figures, “Suspension vs. Stability for SSL-160 Series Product”
(i.e.; SVR graph) and “SSL;160 Series Soft-Settle vs. Time”, the level of suspension of
“soft-settled” slurry is increased with increased neutralized PACM component level (i.e.;
SSL-162>SSL-161>SSL-160>>>PEG); SSL being the assigned name for the carriers of
the present invention. With increased partially neutralized PACM component level, there
is an increased concentration of “gel-slugs” within the SSL medium, and therefore a
greater resistance toward settling or even falling of abrasive particles within the slurry
over time.

A In the SSL-162, there is a high level of partially neutralized example PACM, and
also a high level of carrier turbidity. This turbidity arises from the refraction and
diffraction of light by the localized “gel-slugs” produced by the partially neutralized
example PACM. The gel-slugs have a particle density slightly larger than that of the

“surrounding PEG-200 medium.

The anionic polyelectrolytes can be neutralized by alkali metal or alkaline earth
metal bases such as potassium hydroxide or barium hydroxide or by non-metallic alkyl
ammonium hydroxides, for example, tetraalkylammonium hydroxide, preferably,

tetramethy-ammonium hydroxide (TMAH).



(PACM as a 50% aq. sol ution) 2. %Base (TMAH) 0.79 1.68 2.85 (TMAH as a 25%

ag. soluti On\zfo 2009/134236 PCT/US2008/012857
14 .

The non-metallic hydroxides are preferred when maximum gel-slug formation at a
given neutralized PACM concentration is desirable.

The following examples are illustrative of the practice of the method of the
present invention. It will be understood, however, that the listed examples are not to be
construed in any way limitative of the full scope of the invention since various changes
can be made without departing from the spirit and concepts of the teachings contained
herein in light of the guiding principles which have been set forth above. All percentages

stated herein are based on weight except where otherwise indicated.

Example 1
Preparation of Carrier

To 8.9Kg of low water PEG-200, which is under effective stirring, is added 0.21 Kg of
a 50% aqueous solution of polyacrylic-co-maleic acid at a temperature of 25°C. The
mixture is stirred to a homogeneous dispersion.

To the stirring mixture is slowly added either 0.25Kg of a 25% aqueous solution
of tetramethyammonium hydroxide solution (i.e.; TMAH) or an effective amount of
TMAH to bring the pH of the total mixture to 5.0.

Optionally, a non-ionic surfactant such as a polymethyl siloxane (i.e.; examples of
which include FC-99 or SAG-2001) may be added to optimize surface tension, minimize
foaming, and improve wet-ability of the above neutralized mixture.

The composition can be used in a wire cutting operation as the suspension
medium to provide a stable slurry suspension for weeks or months under even stagnant

storage conditions.



3. Non-ionic Surfactant 0.3 0.35 0.35 (FC-99 as a 100% | i qui d) 4. PEG 200

98. 21
WO 2009/134236 PCT/US2008/012857
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Example 2

.Preparation of Carrier

To 9.1Kg of low water PEG-200, which is under effective »stirring at ambient
temperature is added 0.13Kg of a 50% aqueous solution of polyacrylic acid of peak
molecular weight of about 3500. The mixture is stirred to a homogeneous dispersion.

To the stirring mixture is slowly added either 0.12Kg of a 25% aqueous solution
of barium hydroxide solution, or an effective amount to bring the pH of the total mixture
to 5.0.

Optionally, a non-ionic surfactant such as a polymethyl siloxane (i.e.; examples of
which include FC-99 or SAG-2001) may be added to optimize surface tension, minimize
foaming, and increase wet-ability of the above neutralized mixture.

The composition with an effective amount of suspended silicon carbide abrasive
particles of desired particle size distribution can be used to cut silicon ingots in a wire

saw.



96.47 94.4 To quantitatively determne the | evel of "soft-settle”
characteristics of a SIiC slurry, a precise neasurenent tool was designed and
construct ed W) 2PRPB4Rsear ch cheni sts and engi neers. The P6FESABBR3UNd concept
of this tool is explained above. In reliew, the "Soft-Settle Tool" essentially
measures the resistance fmgrans) to slurry penetration of a blunt-ended shaft
down to a predeterm ned depth or distance froma standard confi gurati on shaped
cont ai ner bottom A special conical-shaped standard tube is used to exacerbate
the "hard-settle"” propensity of the slurry, thereby distinguishing a "good"
suspension carrier froma poor one. TheExampledontains a standard | evel of 15%
abrasive (SiC). The level of abrasive chosen is partially arbitrary, but
represents a-level W 20081p08UaBaRETNFIgS20a8] DwitB33%IwW/w afiSi§ood vi sual
observation of the solids settling process, and is a |l evel for convenient tool
measur enent. 15% abrasive content by weight is such a |evel. : So that the
t ool neasures "cake-penetration resistance" in a repeatable and precise
manner, both st aisgedientod penet r 8SLonl6kept h andSsialk-ilbt at i on oSSLhdé2ool are
checked daily. For a slurry formed within an acceptabl e suspension carrier,
"Soft-Settle Readings" (i.e.; SSR) of penetration resistance are expected to
be | ow, <25d. @veolytlecteplt RAQM) peri od® under contriofl ed test congutions. For a
slurry formed(ACM 43 a50% %% eblugs) suspension carrier, "Soft-Settle Readi ngs”
(i.e.; SSR) of penetration resistance are expected to be extrenely low, g
over long storage periods under controlled test conditions. For slurries
formed wi t hi2n vpBade (INVATENSi on carrier® (i ke standaggl PEG 200, 39@s50r 400, for
exanpl ), SSR(PMAIEad /5% ad.Isylutibn)t he regi on of 35-50g or higher within quite
short "storage" time periods (i.e.; several hours to 1-2 days). |In other
words, the lower the SSR for a given slurry over tinme, the nore stable,

uni form consiNgnSBhic 8adadiailtt €r the glurry. 0.35 0.35
(FC-99 as a 100% liquid)

4. PEG-200 98.21 96.47 | 94.4

To quantitatively determine the level of “soft-settle” characteristics éf a SiC
slurry, a precise measurement tool was designe;d and constructed by PPT Research
chemists and engineers. The operation and concept of this tool is explained above. In
review, the “Soft-Settle Tool” essentially measures the resistance (in grams) to slurry
penetration of a blunt-ended shaft down to a predetermined depth or distance from a
standard configuration shaped container bottom. A special conical-shaped standard tube
is used to exacerbate the “hard-settle” propensity of the slurry, thereby distinguishing a
“good” suspension carrier from a poor one. The tube contains a standard level of 15%

abrasive (SiC). The level of abrasive chosen is partially arbitrary, but represents a level



18 What is clainmed is: 1. A polar organic solvent based |ubricating
suspension carrier conposition for use in cutting or slici % wor kpi eces of a
bard and briWPPEHHR¥rial with a wire saw, or other cuttHAF>d8BREHdi ng t ool s
prepared by adm xing: a) fromabout 0 t 10.0 wei ght percent of a non-ionic
surfactant; b) from about 80 to 99 wei ght percent of a polyethyl ene glycol or
gl ycol havi ng repeating units of 2-5 carbon atons or the co-glycols thereof;
c) about 0.3 to 6 weight percent of an organic polyelectrolyte partially
neutralized in situ to formgel ati nous or gel mcro-particles with a density
slightly hi dgbegoodivimaldbaervasontofhesalidsoatilingwroenssiiandris adenctl &)r comnepient 2. The
conposi tion of claim1 wherein said surfactant is a polyal kyl siloxane. 3.
The conposi ttoedmeasurethentml 3%whmsiee norsait by paight &lsheh mlewtlr al | zed pol yel ectrol yte
is selected fromthe group consisting o f a partially neutralized polyneric
acid, partially Seulatteitad dneasiress ‘cakedpgnatritionl resistareet inal regeathblpiemt] preacize y

anmoni um pol yner . 4. The conposition of claim1l wherein said polyelectrolyte
has a nol ecuhanhenboth standred veelpenethmioh défib @ndculibtatioh bf the ool areTheckb@dgiynposi ti on
of claim1l wherein said polyelectrolyte is partially neutralized with

tetraal k-yl Foaaehiry forfed wathirtkéh acceptable suspension carrier, “Soft-Settle Readings”

(i.e.; SSR) of penetration resistance are expected to be low; <25g over long storage
periods under controlled test conditions. For a slurry formed within an excellent
suspension carrier, “Soft-Settle Readings™ (i.e.; SSR) of penetration resistance are
expected to be extremely low; Og over long storage periods under controlled test
conditions. For slurries formed within poor suspension carriers (like standard PEG-200,
300 or 400, for example), SSR’s are typically in the region of 35-50g or higher within
quite short “storage” time periods (i.e.; several hours to 1-2 days). In other words, the
lower the SSR for a given slurry over time, the more stable, uniform, consistent and

better the slurry.



6. The conposition of claim1 wherein said polyelectrolyte is
partially neutralized with a netal hydroxide. 7. The conposition of
claim1l wherein the polyethylene glycol is selected fromthe group
consi sting of PEG 200, PEG 300, PEG 4QQ@ and conbi nati ons t her eof 8.
The conposition of claim™I conprising about 90%to 99 wei ght percent
of at |east one polyethylene glycol having a nol ecul ar wei ght of
about 200 to 1000 and a polar solvent. 19 9. In a nethod for
cutting workpi eces of hard and brittle material with a wire saw, or
other cutting or grinding nmethods, the inprovenent which conprises
providing a lubricating suspension carrier conposition with suspended
gel particles or gelgtingus.m croparticles according to claiml.
10. The met hod of clxgjlilgran{]lgc%ﬁlgre ih the lubricatin .suspension carrier
contains abrasive part’t ®PEE Wpaite fakgnt hesedi lbricating suspensieit hod of
cl ai m 10 wher ei n s&rgepmpsisiwnier sech ewttiop opslicdiag workgndres of el ect ed
fromthe group corgphardiand bsitld materialwhh devirakaagonethebartans 6ar bi de,
alum a, zirconia, @biditdtodld ﬂepa@ﬂlbycaamigmg_rtz and tungsten carbi de.
12. The nethod of clagife® dba6t BdioNH).BSwé ﬁvgefc@ eﬂaalaﬁﬂfo,u pol ar
sol vent sel ected fromylpetffoup consi sti %g f al cohol, am des,

d
a

ol
esters, ethers, ket { t -and sul f oxi des. 13. The
met hod of claim 12 \m%é? %ésﬁgogéj 3 ﬁﬁ”se]s%ltyemeni g%(i@;@efl@' 15 om t he
group consisting of dg%?ﬂ gb’ﬁf’?g?‘f’?% re}%ﬁaﬁ@g HyRts ‘grﬁ 0 N- et hyl
pyrrol i done, and gan}'rg;ﬁl?t B¢ se-gbteels thereeh  The conposition of claim
1 wherein sai d pol y&) 8Raul 8130 weighhpaeentiof ap orgmic palyelectror ns an
aci di ¢ amnioni c pol y- elyéepatty ecws udiged i it tadent gelpdmuseugelal i zat i on.
micro-particles with a density slightly higher than that of
the surrounding medium, and
d) water.
2. The composition of claim 1 wherein said surfactant is a
polyalkyl siloxane.
3. The composition of claim 1 wherein said partially neu-
tralized polyelectrolyte is selected from the group consisting,
of a partially neutralized polymeric acid, partially neutralized
amine and partially neutralized quaternary ammonium poly-
mer.
4. The composition of claim 1 wherein said polyelectrolyte
has a molecular weight between about 1000 and 1 million.
5. The composition of claim 1 wherein said polyelectrolyte
is partially neutralized with tetraalkyl ammonium hydroxide.
6. The composition of claim 1 wherein said polyelectrolyte
is partially neutralized with a metal hydroxide.
7. The composition of claim 1 wherein the polyethylene
glycolis selected from the group consisting of PEG 200, PG
300, PEG 400 and combinations thereof,
8. The composition of claim 1 comprising about 90% to 99
weight percent of at least one polyethylene glycol having a
molecular weight of about 200 to 1000 and a polar solvent.



15. The method of claim 14 wherein the sol vent fpr'the suspensi on
agent is selected fromthe group consisting of diethylene glycol
ethyl ether, dipropylene glycol nmethyl ether and tripropylene glycol

nononet hyl et her. 16. The conpositijgn of claim 1l wherein said
partially neutralized polyelectrolyte is a basic cationic or acidic
pol y-el ectrol yte. 17. The conposition of claim 16 wherein said

basic cationic polyelectrolyte is neutralized with an acid sel ected
fromthe group consisting of alkyl substituted propionic acid, _
pol ymet hyl acrylic acid, phosphoric acid and a hindered sul fonic acid.

18. The conposition ®flnci kMol 4onbetiab wweibicBast hatlndngutieal | zed
pol yel ectrol yte isnafern¢idinCa @%Qawcopé)dhx? @fihg O BHAdRS! fGhed from
the group consisti Bgs e i réf@&’:ir ththi @E LS H s3f)r Qr%rlﬂ)hgatam d.
pol ymal ei ¢ aci d, %%Z ls% Céc}ﬁ posﬂ?on Ath suspen(g(rzé( gt pars! d,
mal ei ¢ acid, and Mheles'sf gelatmous nnc:roparhcles according to claim 1.

10. The method of claim 9 wherein the lubricating suspen-
sion carrier contains abrasive particles suspended therein.

11. The method of claim 10 wherein said abrasive particles
comprise a member selected from the group comprising sili-
con carbide, diamond, boron carbide, alumia, zirconia,
cerium oxide, silica, quartz and tungsten carbide.

12. The method of claim 9 including as a suspension agent
a polar solvent selected from the group consisting of alcohol,
amides, esters, ethers, ketones, glycol ethers and sulfoxides.

13. The method of claim 12 wherein said polar solvent is
selected from the group consisting of dimethyl sulfoxide,
dimethyl acetamide, N-methy] pyrrolidone, and gamma buty-
rolactone.

14. The composition of claim I wherein said polyelectro-
lyte 1s an acidic poI} mer that forms an acidic amionic poly-
electrolyte suspension agent upon neutralization, '

15. The method of claim 14 wherein the solvent for the
suspension agent is selected from the group consisting of
diethtylene glycol ethyl ether, dipropylene glycol methyl ether
and tripropylene glycol monomethy] ether.

16. The composition of claim 1 wherein said partially
neutralized polyelectrolyte is a basic cationic or acidic poly-
electrolyte. :

17. The composition of claim 16 wherein said basic cat-
ionic polyelectrolyte is neutralized with an acid selected from
the group consisting of alky] substituted propionic acid, poly-
methylacrylic acid, phosphoric acid and a hindered sulfonic

+acid.

18. The composition of claim 14 wherein said partially
neutralized polyelectrolyte is an acidic anionic polyelectro-
Iyte selected from the group consisting of polyacrylic acid,
poly-methacrylic acid, polymaleic acid, co-polymers of
acrylic acid, methacrylic acid, maleic acid, and mixtures
thereof.





