St abl e Aqueous Slurry Suspensions Field of the Invention The
present invention relates to long-termstable aqueous or seni -aqueous
slurry suspep@pbuosnsss More particularly there is provi dedTars@snes2snd
sem -aqueous slurries that possess long termstability
characteristics i.e., referred to as soft settle properties, which
have a use in a nunber of comnmercial applications including |apping
applications, wire saw cutting, CMP (Chem cal Mechani cal

Pol i shing/ Pl anari zation) nmetal form ng and finishing, and free
abrasive grinding. Background of the Invention Non- aqueous,
sen - aqueous and aqueousStabip Aagicons ShiirmyoSuspdnsimsal hi gh density
abrasi ve particles have been previously used in wire saw cutting and
| appi ng ofp;M@befhs rivthabgve been unsuccessful in obtaining a stable
slurry. UTSTPatent No. 5,099,820 issued to Stricot discloses an

abrasive slurr Yh@{ure&nﬂﬁ@ﬁﬁi@ﬁ IrQReflo 16hg-tehiR @wﬁl%raﬁbé%ﬁs Bedelni-aqRBud Huat er
or oil. However he suspensions are not stable and do not provide

uni form | yhel &?&n’soﬂfl@@?arﬁ driyHerP Yo frBiddd dq@Sous RHE BenfidiqRas S1LATRS that

require V|g rous agitation to mai nt'ai n a uni form suspensi on of

particles,,apd i eﬁﬁaﬂﬁn@' énal%ctéﬁétfck ge, Rz‘PéTeg‘ﬂb adioft 4¢ARSHo hﬁgrxam&h

condi ti ons even during work-piece sl |C|ng while still un

agi tation, ! ihQQdiSE vping Afpli &%ﬁ%ue%
filed o8/ TBISHES '?% “\?\aﬁir%g'l %ﬁﬂ e?ﬂ%lvf}e’ at te'ﬁ'fs lkloﬁ 6§ GaBgl B30 Whi ch |s

herein inggy QgﬁﬁF egMy (('fh%frﬁd’a? MiRharfida? PoRstEiSy/MatieidatiAy @RWS fSrming and

sem -aqueous cutting and lubricating conposition for use with wire
saws that gikfinb&Sid e Borsiveirin@mpant . @ pol yel ectrolyte and pH to
provi de elgctrgstatlc repuIS|on%and particle-particle interference to
mai ntain a stabl e suspension of abrasive particles. U S. Patent
No. 6,054,422 to Ward et al discloses a lubricating conposition

cont ai ni ngau rggnggfm@hgj%ngprcent abrasive grit material in a

suspensi o ure of high and | ow nol ecul ar wei ght
pol yal I cyl ene ﬂbﬁ{ Q@leﬁu@r@mﬁaﬁi&%&e BRA ARuERe r'kruspensnome, of Thoh-d811d3dP OkigH | ON
of Silicon, SiC, Sapphire, optical glass, and ot her wafers used

in a vari f L&AYiK WeGEw cFiPh@bn fig of
L.E.D.'s, %%l?égggb%gg%g\n ci%[ﬁs’s‘é%r\%lbgeenspé%gﬁp}gs/ | asers, W{;(I:f erépo(plﬁks)%ll %8

CMP appl i GAKORR havtBd¥n %nﬁkﬁhlmtﬁﬁlﬁln E‘%taﬁl'étslui'ﬂ'yomé PLERYNI. 3IDH 820

bricks, boules, etc. The next step f ?omﬁng the initial cut of the

wafer, di ?s%ueﬁipcb %ﬁ'ﬁ:{)t cﬁ§c¢oses An%ﬁisﬁ*@ %lui'r@%f b QRPN BN silibsh GitideiRbtRlesti®

snooth out the surface, [ower t el imnate danage depth defects

and prepargh b Hef Bowk@dr, I]'}e%g en§ibhd” Al NS stableNar@CdE had prodidb RAUSm

carriers are used as the suspenS|on nmedia for the Iapplng abr asi ves

enpl oyed uﬁbrfcstto% %heoqmng%%wgw@pr %%bh’@&nsﬁﬁﬂmhﬁ?équ{#@ mgbu,hs a%leaua@tm

limted to: um num’oxi des, ZrO2 i cas, dianond

Lappi ng 5|ni£'ix{ténﬁ3§ qufbr’rﬂ &@pﬁ%ﬁ%ﬁ‘ﬁ{&u&é’sr H&&@&sb&%ion@&&ﬂés%u{ 18y Efder

range of about O. hi s means that the suspended abrasive

particles éég.%ni a/o%ﬁﬁhé é@eﬁ' aﬁh.fg%rﬁ IP%L snclihg&m& sl dndt bittaflon. Thi s does

not exclu he use of col appi ng abrasive (i.e. abrasive

particles of sgg@ dﬁ‘atén'i lﬁbcmﬁtseﬁalq{blow&sﬁz&sfﬁled b8/ 036000 PR icE | €5

are not typical?y use | 'appi ng slurries. The | apping slurry

for waf ergy ng%daint §66402%34 %&hus héteid YitloffolR&l 6y refBidhke, WikeRGes a non-

grinding, and abrasive forces during the wafer [apping process.

Duri ng th 9&&%%9@&&9@%@% iuﬂ,?@dtlﬂgcomﬁdaﬁmﬁ lfdfruﬁé/witﬁwirghé%@sttﬁﬂ
onto the wa er sur Ich™is held tween two large iron plates.
Counter rotation of the upper and Iomer plates hol di ng t he wafer
conpresses the slurry between the upper plate and the wafer surface.
The solids within the conpressed slurry contact the wafer, and
angul ar nonentum causes the abrasive action to renove surface wafer
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Description of the Preferred Enbodi nents The present invention
provi des a nmeans for providing a stable suspension of particles in an
aqueous orWeaPAHgHeous medi um which have a | ong stag TUSZABW(OPS2P4
wi t hout aggl oneration or abrasive particle hard settling. According

to one feature of the invention there is provided |ubricating carrier
and abrasive slurry conpositions which retain a stable zeta potenti al
environnment within the carrier for wire saw applications, for exanple
cutting of ingots or boules into wafers or disks for sem conductors

or optoel ectronic equi pnent; | ing or l-i shi, lurri.es

abr asi ve JFlifs PRt a spdectank 4 Nﬁ? °W?ﬁ iy PB'P %BEHEF%H“W“B&?H" SineAnd; o
mai nt ai ned at anbient as well as el evaged tglﬁ)er tEre. The 1abrasi ve
parti cl es Partislerparticieintegigrenee g mainizja 8 glablg susp Q"af%& FELe BIHEFY by

provi ding about 0.1 to 20 wejght percent qf K suspendi articles,
whi ch provi de ¥-bdtaent Mo pﬁa‘?%@?emi?fﬁrélr?teﬁeq’\ffgmgbai HQ&“Q@%FW&P@S
or hard settling and have_ a particle densjty Ie?s t han or, si,gi,l ar to
the carri €Pnigigingeip to T anisht perseHAPHSIVEF I iRl 4p @ SYsReRFion HiitEEe 2
hydr oxi des and oxi de hydrates that forma suspended particylate -
preci pi t ateixpre of highgnd lowy erolesplayweighf solypikulsng slyraltand;a sysrensipnagent.
water at a pH fromabout 4 to 12. The abrasive particles conprise the
conventi onal abyWepredugtioniaf Siliseny$iC; Sapphirs, SaAs.qpucaliglass, gpd gier yafers; o
100 pmfor saw wire cutting, netal finishing applications and |ower
for waf er usethidi ayprighyrfi indusirien §i.aodYlisepelentronies, Selagkellsy hikciA1 s Prosel banbut
0.5 to 20 gm and even_|ower for CMP application being the range

typi cal ofwidthalgvicespontivotasens wafiiepqlisking (M agrlisainng; HEpYRIhers) Yales giee
those formed in situ such as when a netal salt is formed into the

met al hydregkirers larger ingain biicksa baules; g Jop spxtysteprfolloping thesipitigh gt @pHiced
precipitated particles is generally |ower and the surface area of the
particle ivafey s piece, ign invehves theiLANPING 0k the g4t wafprdp smogth oppthe syrtage,; |,
precipitated form_In addition, there is generally a broader particle
si ze di st ripwert thenTHY, eHwinate damager denth detegisnandy psare; thewaler for fingtyo
abrasive material for use in the above-recited conpositjion nay.

i ncl ude poREEISHINIG i Iargsneral, apveons cariers gee wsgd @a ths; Qyepensipn medjy for the
car bi de, boron carbide, silicon nitride, cerium oxide, zirconium

oxi de, al Umpingnahsasives employed i this e, Jrapping orgives cafninsiufs but Grfone)s

t he nost common abrasive materials is silicon carbide. Generally,
mean or aJisiteddo:pHE: Aluminum pgides, £5gw Silicarmdiasnnd, ¢ic.5 1apping slpisiss ufilize
wire saw cutting applications, and preferably from 3-20 m crons
dependi ng abresivp Pattigles thah greoathe seemanesof abaw Qy3-20) sy o Thigmganp et g
the grit powder. The concentrations of the abrasive material in the
suspensi orfuspsaded #brssive partirley are dypicaly sorseqiloidal in sizg and pptuEeat s not
typically may range fromabout 0.1 to 60 weight percent of abragive
with a pareribdethsiuseof gellpidabfapping pbmpiye (i-0 ablasgiwe parriclghaf ﬂ%ﬁéﬂ%gf’?
from about 1-30 pm For netal finishing or |apping  applications,

abr asi ve @2@@-@2@@0 ¥R, Hta el pardclesgee Anttvpicalip pesddn lepips suBiesabout

10- 100 gm For wafer C.MP. (i.e. chem cal - mechani cal

pol i shi ng/ pl andhe Japping Fjurryafor peafere goam: FEMpicseis.ods FHRIFCEEY 3P @Y Pheahnge
from 10-2000 nm (nanoneters) and preferably, from about 50-800 nm

( nanonet ergsipding.oand abrasive dercenfpingghe piafer dappingragocess r Ruring the pregess of
sizes may typically range from about 2-70 inn and preferably from
about 6- 50‘p%eﬁary lapping” e slugry ds inincted ontothe avafes serfages which is Rgid betweene
pol ar sol vents which include al cohols, am des, esters, ethers,

ket ones, gwydasgssirongilates| Cauntes Fosation|of {he uppes pamhiower plates holdipg theevéafer
Specifically, exanples of polar solvents are dinethyl sulfoxide,

di net hyl acet am de (DMAC), N-nethyl pyrrolidone (NWP), (ganmma)

but yrol act one, diethylene glycol ethyl ether, dipropylene glycol
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Because the invention relates to aqueous and sem - aqueous nedi a,
extended contact of the fornulations of this invention with netals
such as caW0eMWR¥eM , iron, spring steel, etc., that RE/USYPBEERS6
conponents of wiresaws, netal finishing | appers, wafer |appers, etc.,
can result in corrosion or rusting of such netals, it may be

advi sabl e to add a corrosion inhibitor. It is another object of
this invention to provide an aqueous or sem -aqueous carrier/slurry
systemthat will not cause corrosion of netals such as iron, carbon
steel, etc. A corrosion inhibitor my be added to_the carri.er

f or mul at | cAmpTssses the shireychehveen Mecirpriplate and theyalarsugacee| Theispligsovithin a)
corrosion. Appropriate-inhibitors should not cause foam ng, interfere
with the fike eampsesseshglurpicpntes) they wafen and cangelargrompniay; sayses e 2HEsive or
sol i ds suspensi ons, conprom se the viscosity, theology, pH or

uni f or ni t yctisin totremes surtace wefemdeteets and “alsh” ewa the desierd; amaugt abMaler ve
or solids suspensions. Sui tabl e corrosion inhibitors which my
be added tsurfackanatefiabo Wittnald agusens slytries ysedciaday iarlapring. tsueh prtien oyt the
invention may include, but are not limted to aliphatic and aromatic
car boxyl i sluxyiand therdssign af the dappingraquipyentcpropagates prsticleyagglatasraionon the s
(i.e. diethanol am ne, triethanol am ne, etc.), alkyl or aromatic

ani nes or vRfanwithintheogssewir, ithin the &ed pirdngraxjthinethe fapper, fihBigrirosgaies,
corrosion inhibitors in the art such as |ong chain nodified .

car boxy| atetss Suonpasticlé agdlgmerstitarhas thetaddadadeleterionpeflegtofiprpdycingdamaging
DeCor eAPCI - 95, DeTrope CA-100. Further exanples of known corrosion

i nhi bi t or $sesgehes’l gn theilappgsl waféro Suchwatersmust thembextisoaeded plgreas cost.
suppression of nmetals used in CVWP processes (i.e. Al/Cu, Cu, A/Si,
Al /Si/Cu, GaAsAquaeps susprhsionef horkedllofdal(iienCObD highrdensity abesive ipatticldl t o
benzoic acid, pyrogallol, gallic acid, ammoniumthiosulfate,

8- hydr oxy heuibeesi arseyere zand cdrbilitatingnprebleinz Bir ' wagarg manufacturesg) dpr seysel | v,
there are other suitable corrosion inhibitors which function as
oxygen abslesaes sTodats,cthere reyistssnonleictisdopitsl, (witerbaged gamien that wilhimaipin o
hydr oqui nol I'i ne, 8- hydroquinoline, nitrites, sulfites, etc. .

The sel ect'NE@LSfabrabixe patiele sispansiorhionh morsr tharf et extigmely shp simegreripd pEa
invention is immterial as long as the inhibitor neets the above

ment i oned feye té geverahgrinutes. t fien thatcpariitlesgbesin ppagedamasate ang petg ot gt g
corrosion does not cause noticeable foaming of the carrier or
resul ti ngseipemsion giekdy fothechnttpmonfi the comtaingr o Pyclir dbragiverpartinde sailing iy of
the carrier to provide long-termstability of the slurry does not

del et eri oguirsnt Edqueens” vlugrizs cewys qyickinreven deringygpnggantmpixing Hr rgeireulation.
resul ting abrasive solids suspension does not del eteriously effect

t he uni f ofTiistpartiste sewtlinggie pepically ofanifested bararhand ssitiepeaks? atrfhe potiareof the

abrasive solids suspension within the carrier. . . The followng
exanpl es &pwaintr} Astyraiemptogrganiratepsiero, iwhichorould mainisim Big asiginghparticle
present invention. It wll be understood, however, that the |isted

exanpl es aize digubution bf the rvénginu elerasive, sagnafehe adcomplishpd, by ofimpls emixing
scope of the invention since various changes contained herein in

| i ght of wgitatigui hakigg wr ithe tike- e Aswhirestlth shuties aretimmediately Pisgardedy |
percentages stated herein are based on wei ght except where otherw se
i ndi cat ed wagtingreppansive abxagives tiveamyanpowsr, 8w eftditon of al umi num sul fate
hexadecahydrate was added to tap water so that the percent alum num
sul fate in thelnvgricsrart/sspedsiousygenjeraturs,odndt plb playedsa destarrin|they amownt ©f a
0.5 Msolution of tetranethyl ammoni um hydroxide (TMAH) to a pH of
7.52. The timsitimh b suspensiopaémaisehaniegenmis didus fors SRyxtended sagngetriirage-
volune retention (SVR) data are |isted. The SSR readi ng of "zero"
denonstrates an excell ent suspension. The SVR of "20".at the end of 4
weeks is consistent with a well "soft-settled" suspension. Table |a.
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g 0.4M (Al 2(S04)3 g 0.5M TMAH pH 0.94 300.00 9.75 43.24 7.52 Table

I b. Viscosity, SSR, and SVR Data % Solid Al 2(SQ4)3')3 161120 Anbi ent
Soft Sett |VWOZRNKSHOC Soft Settle & SVR Da 1 Day WeekPU/USAMS{RURSH 94
SVRSSR SVR

Inorganic particles may remain in suspension in aqueous and non-aqueous solvents
depending upon the size of the particle, lattice structure and density but in stagnant

storage tend to agglomerate and settle out of suspension.

Summary of the Invention

The present invention relates to the suspension of inorganic or ceramic particles in
an agueous Or semi-aqueous c_:axﬁer which is maintained at ambient as well as elevated
temperatures and over a wide pH range including a pH of about 7 to 8.5. According to
the invention, particles such as sols, gels, gelatinous, precipitates, etc., are used to
suspend abrasive particles due to a particle to particle interference within the aqueous or
semi-aqueous carrier environment which is also believed to produce a stable repulsive
zeta potential within the environment. The slurry composition can contain about 0.1 to
70% by wéight of the abrasive inorganic‘ or ceramic materials and about 0.1 to 20% by
weight of generally formed suspending particles which are comprised of other metal
oxides, hydroxides, and oxide hydrates that form a suspended precipitate in water within
a pH range of about 4 to 12. The aqueous content of the carrier can contain about 5 to
100% by weight of water with an organic solvent making up the difference which is inert
and non-reactive with the water medium, the suspending particles whicl'l include the

. abrasive material. The suspending particles have a density similar to or less than the

carrier solvent composition.



SSR Dar 1 SVRSSR SVR SSR 290 22 0 280 20 0 Exanmple 2 Solid

al um num sul f at e hexadecahydrate was added to tap water so that the
concent r atWBAMA31E%Um num sul fate in water was 10. 76%FPCHS3008895335 on
was neutralized with TMAH (25% solution in water) to a pH of 7.69.
The formul ation, viscosity, SSR and SVR data are listed in the
followi ng tables. Again the SSR and SVR readi ngs denonstrate an
excel l ent stable abrasive particle suspension, even after 4 weeks.
WO 2009/ 131556PCT/ US2008/ 005256 Tabl e 2a. Fornul ation Data % Solid

Al 2 '
(SO43 1611%&5 g glr%?a.l\%}egtr ofqmaS Pnlvltrgion to provide long-term stable abrasive slurry

suspensions which can be used in wire saw applications for cutting slices from ingots,
lapping applications, CMP applications, and the like.

It is another object of the invention to provide a long-term stable suspension of
abrasive particles in a low toxicity carrier.

It is yet another object of the invention to provide a stable suspension of colloidal
or NCOL abrasive or other particles in a neutral or near neutral pH medium.

A further object of the invention is to provide a means for susi)ending colloidal or

NCOL abrasive or other particles in a liquid not depending upon viscosity.

Description of the Preferred Embodiments

The present invention provides a means for providing a stable suspension of
particles in an aqueous or semi-aqueous medium which have a long stagnant shelf life
without agglomeration or abrasive particle hard settling. According to one feature of the
invention there is provided lubricating carrier and abrasive slurry compositions which
retain a stable zeta potential environment within the carrier for wire saw applications, for
example cutting of ingots or boules into wafers or disks for sendico_nductors or opto-.
electronic equipment; lapping or polishing slurries, CMP abrasive slurries and the like in
which a suspension of particles is maintained at ambient as well as elevated temperature.
The abrasive particles are maintained as an aqueous or semi-agueous slurry by providing
about 0.1 to 20 weight percent of suspending particles which provide a particle-particle

interference against agglomerates or hard settling and have a particle density less than or



(Al 2(SO3 g 25% TMAH pH 10. 76 267.73 32.24 99.25 7.69 Table 2b.

Vi scosi ty,‘ggzwg%SVR % Solid Al 2(5043 Viscosity at gér,ééf%(mb\g%aent

Soft Settl C Soft Settle & SVR Carrier Slurry

similar to the carrier solvent. 'i"hese suspending particles are metal oxides, hydroxides
and oxide hydrates that form a suspended particulate precipitate (i.e. sols, gel stugs,
gelatinous precipitate etc.) in water at a pH from about 4 to 12. The abrasive particles
comprise the conventional abrasive particles having a particle size of about 3 to 100 pm
for. saw wire cutting, metal finishing applications and lower for wafer lapping
applications b;ing in the range typically of about 0.5 to 20 pm and even lower for CMP
application being the range typical of about 50-1000 nm. The preferred suspending
particles are those formed in situ such as when a metal salt is formed into the metal
hydroxide. In such a case, the density of the in situ prepared precipitated particles is
generally lower and the surface area of the particle is greater than commercially available
forms of the in situ precipitated form. In addition, there is generally a broader particle
size distribution of the in situ form suspended particles.

The abrasive material for use in the above-recited composition may include
powders of diamond, silica, tungsten carbide, silicon carbide, boron carbide, silicon
nitride, cerium oxide, zirconium oxide, aluminum oxide, or other hard grit “powder”
material. One of the most common abrasive materials is silicon carbide. Generally,
mean or average particle sizes range from about 0.5-30 microns in wire saw cutting
applications, and preferably from 3-20 microns, depending on the international “FEPA or
JIS” grade designations of the grit powder. The concentrations of the abrasive material in
the suspension medium or carrier for wire saw cutting applications typically may range
from about 0.1 to 60 weight percent of abrasive with a particle size range of from about

0.2-50 pm and preferably from about 1-30 um. For metal finishing or lapping



Week 4 Dar 1 SVR SSR SVR SSR SVR SSR SVR SSR 10. 76 16.0 74.0 660

42 0 56 0 51 0 Exanple 3
WO 2009/131556 PCT/US2008/005256

applications, abrasive sizes range from about 6-200 pm and preferably from about 10-100
pm. For wafer C.M.P. (i.e. chemical-mechanical polishing/planarization), abrasive
particle sizes may typically range from 10-2000 nm (nanometers) and preferably from
about 50-800 nm (nanometers). For ceramics lapping applications, abrasive particle sizes
may typically range from about 2-70 pm and preferably from about 6-50 pm.

Solvents which may be used with the water are polar solvents which include
alcohols, amides, esters, ethers, ketones, glycols, glycol ethers, alkyl lactones, or
sulfoxides.  Specifically, examples of polar solvents are dimethyl sulfoxide,
dimethylacetamide (DMAC), N-methyl pyrrolidone (NMP), (gamma) butyrolactone,
diethylene glycol ethyl ether, dipropylene glycol methyl ether, tripropylene glycol
monomethyl ether, various polyethylene glycols and poly propylene glycols and the like.

The organic solvents are used in some cases to provide needed viscosity levels to
the resulting slurries prepared. Other uses for organic solvents may include a lowering of
the slurry/carrier freezing point. The choice of the solvent is relatively immaterial as
long as the solvent is inert, non-reactive with water or with the suspended abrasive
particles and haé low toxicity and is of low odor.

The suspending particles that can be used include, but are not limited to, metal
hydroxides, oxide hydrates and oxides other than the abrasive particles that form an
aqueous or semi-aqueous suspension (i.e. gel, gelatinous precipitate, sol, colloidal or non-
colloidal suspension, solid emulsion, etc.). These suspending particles as an important
component of the present invention will not settle out over time. This includes, but is not

limited to those éompounds, which in situ are within or without the medium converted to



Solid al um num sul f at e hexadecahydrate was added to tap water so that

t he concen i of alum numsulfate in water was 15. 4% Thj S_._
sol ution \kgé%?aﬁ?lé%ﬁ I zed wwth TMAH (25% solution in mp?:é‘ﬁ%szgog)ogszzbﬁ'_' of
7.73. The formulation, viscosity, SSR, and SVR data are listed in the
following tables. Simlar results in ternms of slurry stability to

t hose of previous exanples were observed. However, in this exanple,
the SVR of 74 after 4 weeks @50C il lustrates an exceptionally stable
slurry. Table 3a. Fornulation Data % Solid Al 2(5043 g Tap Water g

T St T
Solid Al 2(n§e%l) §r Mbrﬁﬁ@tﬁi Worg{eag Eba.gé,: Fﬁ)r %Smhﬁ@,t po%%gihmsﬁﬁ&rbﬁdé% tetramethyl :
ammonium hydroxide, sodium hydroxide, tetraethylammonium hydroxide, barium
hydroxide, etc. as illustrated by the following example equation:
AL(SO4);+6[(E85)NIOH " 2A1(OH);+3[(CH;)4N]2(SO4)

An insoluble fully suspended precipitate or precipitates of aluminum are formed
between a pH of about 4 and 12.

Among the suitable metal hydroxides of use in this invention include, but are not

limited to Mg(OH);, manganese hydroxides, aluminum hydroxides, and Zn_(OH)z.

Among the metal oxides or oxide hydrates which may be used or formed in situ as
suspending particles are MnO,, MgO, ZnO, Sn0.xH,0, TiO;, Al O3xH,0and the like.
These oxides can also be used to provide the corresponding hydroxides in situ to provide
a stable suspended sol, gel, gelatinous or colloidal or non-colloidal suspension for the
carrier system.

In the case of AI{OH); or other aluminum oxide or hydroxide species, a pH range
for use in the carrier is #bout 4-12. A preferred range is 5.5-9 and the most preferred
range is 7-8.5. Within the most preferred range it is believed a stable zeta potential
environment exits about the particles enhancing the mutual repulsion of particles within
the system.

Excluded as suspending precipitates or particles are those particies having a
density significantly greater than that of the carrier solvent, and those that are not

naturally precipitous or suspendable. It being understoed that there are those metal



SYR 50C Soft Settle & SVR Carrier Slurry Da 1 Wek 4 Day 1 Wek 4

SVR SSR SYR SSR SVR SSR SVR SSR 15.54 29.4 236.5 71 0
WO 2009/131556 PCT/US2008/005256

oxides or hydroxides which have a higher density except when formed or precipitated in
situ in the carrier solvent or in another medium which is then added to the carrier systems
of this invention.

To quantitatively determine the level of “Soft-Settle” characteristics of an
abrasive slurry, i.e. SiC slurry, a precise measurement tool was employed by PPT
Research chemists and engineers. The slurry stability of a particular carrier is gauged by
its soft settle characteristics (SSR), or, in other words, the resistance of solids suspension
to form a hard cake at the bottom of the container, as well as its suspension volume
retention (SVR), which measures how well the solid particles remain in suspension. In
order to determine if a carrier can create a stable slurry, a slurry containing 15% silicon
carbide (SiC) JiS 1000 grade (i.e.; an average particle size between around 13-16 pm)
was prepared and stored in 50 mL centrifuge tubes at ambient and 50°C, and the SSR and
SVR were measured over an extended period of time. The soft settle was measured using
an IMADA Vertical' Manual Lever Force Test Stand, Model LV7100. The IMADA
measures the force required for a probe with a standard diameter circular pad at the shaft
bottom to go through the slurry and reach the bottom of the tube. In order to measure this
force, the setup of the IMADA was modified by Jengthening the probe shaft so that the
probe could reach within 1 mm the coned bottom of the centrifuge tube. The probe was
1engtheﬁed by attaching a long screw to the probe. The force measured by the IMADA is
reported in hundredths of pounds. A low SSR indicates that the abrasive can be easily
resuspended, and high value such as >1.2 indicates the abrasive has hard settled and

cannot be easily resuspended.



58 t0h710 I74 0 Exanple 4 In thi sI exanpl e, instead of using tap water
as e so sem - aqueous sol vent enpl oying diet |
(DEGQ), vvas‘)éﬁgéd&’fl%é%ﬁgause al um num sul fate i s not sol uWéﬁﬁ%O%Q@QJé

wat er solution of alum num sul fate nust be prepared before it is
added to the DEG In this case, a 0.4 Msolution of alum numsulfate
was prepared and added to the DEG The pH was then increased with a
25% aqueous solution of TMAlLl. SSR, SVR and viscosities were
nmeasured. The soft settle tubes were prepared with 15% zirconi um

oxi de (Zr02) ipstedq fcaéalgtf% g;pgméfgeﬁlgﬁe YbRinlel e Sslid Stchfied Wathlnoe ng

tabl es. The SSR results I'n nonstrate that at anbi ent

tenperatu rcgmﬁ,gg (E).‘@Q 't(ﬁerﬁt‘ﬁ ?%@?g&i@i{d{%é ggme%gean SRR MRS RutrPfh the

starting anoun ceeds 2.0% In this case the

SSR=0. 16, mggA E%b%Fi(ﬂdﬁ1EfHd/§P@fppgn\F\éF§ g?é'.sm Bi ﬁértdl@%name%%l@érqo

syspensi,orsff3 even’ an 0.49% producesl a stable

SPGB T il 1o

Al 2(504) 3 a(sE?rrng\%ingahlrly &’&%a?é’é’oﬁ%é,@.d %_hoq né&ssari]y indicative of the soft settle
c}‘laracteristics of the slurry. The SSR and SVR were checked daily for a week, followed
by once every week.

So that the tool measures “cake-penetration resistance” in a repeatable and precise
manner, both staﬁdard rod penetration depth and calibration of the tool are checked daily.
For a slurry formed within an excellent suspension carrier, “Soft Settle Readings” (i.e.
SSR) of penetration resistance are expected to be low; <0.2 Ibs. over long storage periods
under controlled test conditions i.e., > 4 weeks. For slurries formed within poor
suspension carriers (like standard PEG-200, 300, or 400, or water for example), SSR’s
are typically in the region of 1.5-2.0 (i.e. high) within quite short “storage” time periods.
In other words, the lower the SSR for a given slurry over time, the more stable, uniform,
and better the slurry with respect to everything from performance to storage capability to
slurry suspension maintenance to recyclability.

Because the invention relates to aqueous and semi-agueous media, extended
contact of the formulations of this invention with metais such as carbon steel, iron, spring
steel, etc., that are typical components of wiresaws, metal finishing lappers, wafer
lappers, etc., can result in corrosion or rusting of such metals, it may be advisable to add

a corrosion inhibitor.
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2.03 386.16 7.99 5.84 8.01 0.99 4.12 703.91 30.25 22.09 8.05 1.50

6.28 589.22 39.45 28.83 7.80 2.03 8.50 566.14 52.57 38.42 7.79 2. 58
WO 2009/131556 PCT/US2008/005256

It is another object of this invention to provide an aqueous or semi-aqueous
carrier/sturry system that will not cause corrosion of metals such as iron, carbon steel,
etc.

A corrosion inhibitor may be added to the carrier formulations of the present
invention to suppress or eliminate metal corrosion. Appropriate inhibitors should not
cause foaming, interfere with the formulations ability to provide long-term stable
abrasive or solids suspensions, compromise the viscosity, rheology, pH, or uniformity of
the carrier formulations and their associated abrasive or solids suspensions.

Suitable corrosion inhibitors which may be added to the aqueous and semi-
aqueous carriers of the present invention may include, but are not limited to aliphatic and
aromatic carboxylic acids, neutralized carboxylic acids using alkanol amines (i.e.
diethahol amine, triethanol amine, etc.), alkyl or aromatic amines or Bronstead bases.
Also included may be other known metal corrosion inhibitors iﬁ the art such as long
chain modified cﬁrboxylates commercially under such trade names as DeForest DeCore-
APCI-95, DeTrope CA-100. Further examples of known corrosion inhibitors equally
suitable for the corrosion prevention or suppression of metals used in CMP processes (i.e.
Al/Cu, Cu, AV/Si, Al/Si/Cu, GaAs, LnP, and the like) may include but are not limited to
benzoic acid, pyrogallol, gallic acid, ammonium thiosulfate, 8-hydroxy quinoline,
catachol, benzonizoie, etc.

Additionally, there are other suitable corrosion inhibitors which function as
oxygen absorbers or scavengers which include but are not limited to hydroquinolline, 8-

hydroquinoline, nitrites, suifites, etc.

11



10. 77 336.74 40.66 29.20 8.80 * DEG = Diethylehe G ycol Table 4b.

SSR and S %Solid Al2(Sat)3 Viscosity at 25C ( | < OSR
5 VR 50 ezt Carrier Siurry with 18% Zr 02 myﬁi@ﬁe}@s@%sﬁ 1
Week 1

The selection of the corrosion inhibitors for the purpose of this invention is
immaterial as long as the inhibitor meets the above mentioned performance criteria
including:

- suppress or eliminate metal corrosion

- does not cause noticeable foaming of the carrier or resulting slurry

- does not compromise or interfere with the ability of the carrier to provide

long-term stability of the slurry

- does not deleteriously effect ‘viscosity, pH or rheology of the carrier or

resulting abrasive solids suspension |

- does not deleteriously effect the uniformity or homogeneity of the carrier

suspension or the abrasive solids suspension within the carrier.

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
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

A 0.5 M aqueous solution of aluminum sulfate hexadecahydrate was added to tap water
so that the percent aluminum sulfate in the water was 0.94%. This solution was

neutralized with a 0.5 M solution of tetramethyl ammonium hydroxide (TMAH) to a pH

12
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SSR SSR SSR SSR 0.49 31 212 0 1.16 0 0.21 0.99 49 218 0 1.24 0 0 1.50
27 217 0 1.03 O

PCT/US2008/005256

of 7.52. The formulation soft settle readings (SSR) and suspension volume retention

(SVR) data are listed. The SSR reading of “zero” demonstrates an excellent suspension.

The SVR of “20” at the end of 4 weeks is consistent with a well “sofi-settled”

suspension.
Table 1a. Formulation Data
% Solid g Tap g 0.4M g 0.5M pH
Al (SO0y); '16 Water (AL (SO TMAH
H,O :
0.94 300.00 9.75 43.24 7.52
Table 1b. Viscosity, SSR, and SVR Data
% Solid Ambient Soft Settle & SVR 50°C Soft Settle & SVR
AlL{SOy);+ 16H0 Day 1 Week 4 Day | Week 4
0.94 SVR | SSR | SVR | SSR [ SVR | SSR | SVR | SSR
29 0 22 0 28 0 20 0
Example 2

Solid aluminum sulfate hexadecahydrate was added to tap water so that the concentration

of aluminum sulfate in water was 10.76%. This solution was neutralized with TMAH

(25% solution in water) to a pH of 7.69. The formulation, viscosity, SSR and SVR data

" are listed in the following tables. Again the SSR and SVR readings demonstrate an

excellent stable abrasive particle suspension, even after 4 weeks.
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0.51 2.03 34 353 0 0.16 0 0 2.58 32 330 0 0 0 0O Exanple 5 The

pur pose of wing formulations is to lower the

t he forrrul‘gbpgnr? @é‘grl bed in Exanple 4 by diluting thew(;fé'{ri%mg?%\sl\%g%

tap water. The carrier was diluted 25% and 50% wi th water, keeping

the concentration of alum num sul fate constant between the various

dilutions. For this exanple, 50%dilution is reported in the table

bel ow. The soft settle tubes were prepared with 18% zirconi um oxi de
(er3|02) instead of SIC. The results are listed in the follow ng

t abl es.

Tabl e 5a. Formul ati of
Carrier fromExanple 4 (g) Wi

h%iaafﬁ\‘]n?m,h& Bha(504) 3 Veight of

% Solid g Tap g Solid g25% pH
AL(S0y); - Water (Al (SOy)s TMAH
16H,O
10.76 267.73 32.24 99.25 7.69
Table 2b. Viscosity, SSR, and SVR
% Solid Viscosity at 25° | Ambient Soft Settle & | S0°C Soft Settle & SVR
AL(804)3 (cP) SVR
Carrier | Slurry Day 1 Week 4 Day 1 Week 4
SVR [ SSR | SVR | SSR | SVR | SSR | SVR | SSR
10.76 16.0 74.0 66 0 42 0 56 0 51 0
Example 3

Solid aluminum sulfate hexadecahydrate was added to tap water so that the concentration

of aluminum sulfate in water was 15.54%. This solution was neutralized with TMAH

(25% solution in water) to a pH of 7.73. The formulation, viscosity, SSR, and SVR data

are listed in the following tables. Similar results in terms of slurry stability to those of

previous examples were observed. However, in this example, the SVR of 74 after 4

weeks @ 50°C illustrates an exceptionally stable slurry.

Table 3a. Formulation Data

% Solid g Tap g Solid g25% pH
AL(SO04)s Water (AL(SO4)s TMAH
15.54 253.37 46.62 146.03 7.73

14



Water (g) PH 0.25 140 140 7.77 0.50 140 140 7.86 0.75 140 140 7.63

1.01 140 140 7.71 1.29 140 140 7.61 Table 5b. Viscosity, 5512 and
SVR Data WO 2009/131556 PCT/US2008/005256

Table 3b. Viscosity, SSR and SVR Data

% Solid Viscosity at 25° | Ambient Soft Settle & | 50°C Soft Settle & SVR
Alz(SO4)3 (CP) SVR
Carrier | Slurry Day 1 Week 4 Day 1 Week 4
SVR | SSR | SVR | SSR | SVR | SSR | SVR | S8R
15.54 29.4 2365 | 71 0 58 0 71 0 74 0
Example 4

In this example, instead of using tap water as the solvent, a semi-aqueous solvent
employing diethylene glycol (DEG), was used. Because aluminum sulfate is not soluble
in DEG, a water solution of aluminum sulfate must be prepared before it is added to the
DEG. In this case, a 0.4 M solution of aluminum sulfate was prepared and added to the
DEG. The pH was then increased with a 25% aqueous solution of TMAH. SSR, SVR
and viscosities were measured. The soft settle tubes were prepared with 15% zirconium
oxide (ZrQ) instead of SiC. The results are listed in the following tables. The SSR
results in '.I'able 4b demonstrate that at ambient temperature, a stable suspension exists
after one week when the starting amount of the AI{SOs); - 16H20 exceeds 2.0%. In this
case the SSR=0.16, which is indicative of a very “soft-settled” and stable syspension. At

50°C, even an AlS level of 0.49% produces a stable suspension after one week,
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OS/oSoI id Al 2(504)3 Viscosity at 25C (cP) Anmbient SSR & SVR 50C 5512 &
VR Carrier Slurry with 18% Zr02 Day 1 Wek 1
5512 5512 W&30094315% 6 63 0 ’ 4 P2y fushoosonsiad

Table 42. Formulation Data

% Solid % 0.4 M Weight of Weight of 0.4 Weight of pH
AL (SO AL{S0,) DEG* (g) M AL(SO) 25% TMAH
(&) (&)
0.49 2.03 386.16 7.99 5.84 8.01
0.99 4.12 703.91 30.25 22.09 8.05
1.50 6.28 589.22 39.45 28.83 7.80
2.03 8.50 566.14 52.57 38.42 7.79
2.58 10.77 336.74 40.66 29.20 8.80

* DEG= Diethylene Glycol

Table 4b. SSR and SVR Data

% Solid Viscosity at 25°C (cP) | Ambient SSR & SVR | 50°C SSR & SVR
AlL(SO4)3
Carrier | Slurry with Day 1 Week 1 Day 1 Week 1
18% ZrO:; SSR SSR SSR SSR
0.49 31 212 0 .16 0 0.21
0.99 49 218 0 1.24 0 0
1.50 27 217 0 1.03 0 0.51
2.03 34 353 0 0.16 0 0
2.58 32 330 0 0 0 0
Example 5

The purpose of the following formulations is to lower the viscosity of the formulation
described in Example 4 by diluting the carrier with tap water. The carrier was diluted
25% and 50% with water, keeping the concentration of aluminum sulfate constant
between the various dilutions. For this example, 50% dilution is reported in the table
below. The soft settle tubes were prepared with 18% zirconium oxide (ZrO,) instead of

SiC. The results are listed in the following tables.
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1301.6 0.50 8 730 1.501.16 0.75 10 86 0 0.76 0 0.53 1.01 9 87 O

1.1 0 0.14
WO 2009/131356 PCT/US2008/005256
Table 5a. Formulation Data
% Solid AL(SO04)s | Weight of Carrier Weight of Tap pH
from Example 4 (g) Water ()
0.25 140 140 7.77
0.50 140 140 7.86
0.75 140 140 7.63
1.01 140 140 7.71
1.29 140 140 7.61
Table 5b. Viscosity, SSR and SVR Data
% Solid Viscosity at 25°C (cP) | Ambient SSR & SVR | 50°C SSR & SVR
AL(SO04);
Carrier | Slurry with Day 1 Week 1 Day 1 Week 1
18% ZrO, SSR SSR SSR SSR
0.25 6 63 0 1.3 0 1.6
0.50 8 73 0 1.5 0 1.16
0.75 10 86 0 0.76 0 0.53
1.01 9 87 0 1.1 0 0.14
1.29 16 185 0 0.73 0 0

The SSR results in Table 5b demonstrate a minimally acceptable reading for
“soft-settle” properties of the ambient temperature slurry when the % aluminum suifate
content is > 0.75%. At 50°C, the SSR indicates a stable “soft-settle” slurry afier one

week when the % aluminum sukfate content is something > 0.50%. -
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1.29 16 185 0 0.73 0 O The SSR results in Table 5b denonstrate
a mnimall |l e reading for "soft-settle" propegt.l f
anbi ent te‘ﬁBgﬁ@ﬁg&g@y urry when the % al um num sulof afeﬁéféﬁ%g%{oo%zgg>
0.75% At 50C, the SSR indicates a stable "soft-settle” slurry after
one week when the % al um num sukfate content is sonmething > 0.50% |,
Exanple 6 This exanpl e expl ores whether a netal hydroxi de base, such
a KOH can be used instead of the non-netal base TMAH used in the
ot her exanples. The carrier was prepared by first raking a 0.1M
solution of alum numsulfate then %B%jtlhi s solution to deionized
water so that the concentration of —1M al umi num sul fate in the
sol ution s 109% | i ' S nal | 4t h
D R S L e T N S

0. 1M KCH _ € pH"0 e _ e results are
rotal - hyc S eaB G IRl e h Ao BRRRE, e LS PATRRR LS

oh S0l i o Astos oy APl Rl i 5% pPedls sBE Aefie O
0.60 90. 01wa 9"58 &a? t?lé gg‘lcentration of the 0.1M aluminum sulfate in the solution was 10% by
weight. This solution was then neutralized with 0.1M KOH until the pH of the solution
was 8.05. The resu}ts are listed in the following table. It is apparent by this example that

metal hydroxide bases will produce a very stable aqueous abrasive suspension even after

4 weeks of storage.
Table 6a. Formulation Data
% Solid g Deionized g 0.1M Al;(SOy); | £0.1 M KOH pH
AbL(SO4)s Water
0.60 90.01 10.00 50.90 8.05
Table 6b. SSR and SVR Data
Ambient Soft Settle & SVR . 50°C Soft Settle & SVR
Day 1 Week 4 Day 1 Week 4
SVR SSR SVR SSR SVR SSR. SVR SSR
26 0 17 0 21 0 20 0
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8.05 Table 6b. SSR and SVR Data Anbi ent Soft Settle & SVR 50C Soft
Settle & SVR Wek 4 Wek 4 Dar 1 SVRSSR SVR SSR Dar 1
SVRSSR SVRVEZRIZHAE617 0 210 20 0 PCT/US2008/005256

Comparative Example
This example tests if the pH does in fact need to be greater than 4. A 0.1 M agueous

aluminum sulfate hexadecahydrate solution was prepared and added to DI water. The
concentration of the 0.} M aluminum sulfate solution in this carrier was 10% by weight
of the A1(SOs); - 16H,0. The final pH was about 4. Soft settle tubes were prepared and
monitored as explained in the previous examples. The results are listed in the following
table. The results of this final listed example demonstrate that at both ambient and 50°C,

the SSR values show a “soft-settied” stable slurry suspension even after 4 weeks when

the pH is as low as 4.0.
Table SSR and SVR Data
Ambient Soft Settle & SVR 50°C Soft Settle & SVR
. Dayl Week 4 Day 1 Week 4
SVR SSR SVR SSR SVR SSR SVR SSR
14 0.21 11 0.69 11 - 0.66 11 0.65
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Conpar ative Exanple This exanple tests if the pH does in fact need to
be greater than 4. A 0.1 M aqueous al um num sul fate hexadecahydrate
sol ution was prepared and added to DI water. The concentration of the
0.1 Malum num sul fate solution in this carrier was 10% by wei ght of
the Al (SOX)3 16H20. The final pH was about 4. Soft settle tubes were
prepared and nonitored as explained in the previous exanples. The
results are listed in the followng table. The results of this final

| i sted exanpl e denonstrate that at both ambi ent and 50C, the SSR

val ues show a "soft-settl ed” stable slurry suspension even after 4

weeks mhquhgﬁgsgkggggggkOM/as 4.0. Table SSR and SVR Data Anbi ent

Soft Settl t Settle & SVR Wek 4 Da 1 Wek 4 Dar

L SVRSSR SR S thod Tor the suspension of eolicidal of non-salloidal abrading particlos and
suspending particles in an aqueous or semi aqueous carrier medium characterized by
producing a stable precipitate or suspending particles in situ so as to establish a particle to
particle interference to the settling of the abrading particles in said aqueous camier
containing 0.1 to 70% by weight of the abrading inorganic and/or ceramic particles with
0.1 to 20% by weight of suspending particles which differ from said abrading particles
and are selected from the group consisting of water insoluble metal oxides, metal
hydroxides, and metal oxide hydrates that form a precipitate, gel or sol, in situ in said
carrier medium at a pH of 4 to 12 and causes a suspension as a result of a zeta potential
and steric hinderance.
2. The method of claim 1 wherein said aqueous carrier medium is characterized by 5 to
100% by weight water.
3. The method of claim 1 wherein said suspending parficles as formed in an aqueous
medium is characterized by a density similar to or less than the aqueous carrier medium.
4. The method of claim 1 wherein said aqueous carrier medium is characterized by at
least one inert polar solvent.
5. The method of claim 4 characterized by said polar solvent being selected from the
group consisting of dialkylene glycol, alkylene glycol, glycol ether, polyalkylene glycol,
alkyl lactone, N-methyl pymolidone, alkylene carbonates, acetonitrile, and dimethyl

acetamide.
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What is clained is: 1. A nethod for the suspension of colloidal or
non-col | oi dal abrading particles and suspending particles in an
aqueous or sem aqueous carrier nedium characterized by producing a
stabl e precipitate or suspending particles in situ so as to establish
a particle to particle interference to the settling of the abrading
particles in said aqueous carrier containing 0.1 to 70% by wei ght of
the abrading inorganic and/or ceramc particles with 0.1 to 20% by

vei ght of guspeRiE daldhcl Garithiisda it §J1@§usf3érﬂ'iﬁgﬁﬁhﬂ:le@b£cﬁéjb1n&ls are
particles and are selected fromthe group consisting of water

i nsol ubl e pELAL AXiEESm etﬂ%&%xﬂ)ﬁ%%&ﬂﬁ%ﬁu and netal oxide hydrates
that forma precipitate, or sol in situ in said carrier nmedi um

at a pH of; %dﬁeqnétﬁomlaql lﬁsc@l%a@teﬁiég@)‘;@%iigﬁsggﬁdolggﬁ f@g sthefk s@e &Iﬁom

potenti al steric hinderance arm 1 ere| n

vt or o MR AR B RE MR hEER Y o bR ng%@%.h%b’ﬁeg o

formed 11 AcABIE MEdLUD boachaL a6t Srl glm?%da%ls iyl p hon g ©

I h
\%irwerglsfl tsa?S eou ueg;r r::g;; nmedi v char d%b | east one
i nert pol a‘?wé’gg\/% he SITEHRE 'ﬁ%f“ﬁcﬁ‘g}‘uﬁte&rﬁe tc“ﬂ rtoésft?aflé’asaby sal d

pol ar solvy, bei n from up.consi

pol ar S0l et hele 3215120, Lo he. 81 QU eonst R .0g. o st e
Iactone N—neta¥ pyn- IJdon Ikylgwf car bonates, acetoni.trile, and
di met hyl o 8{PARiRgting of diampnd, rf'élt°ﬁ6cfa FIFOR: FURPT R oide; Silice i5grim; ¢
suspendi ng rtlcles or els re metal qQr transit.ion netal

hydr oxi des® ol besen foRbigs, ['fmmwn 512 SPher BB end IuREHPRCNAT act or | zed by
sai d suspending particles being sel ected fromthe group consisting of
al uni num hydrigrehed of cla b finuding arpaPion MBS ne hydroxi de, ferric
hydr oxi de, nanganese hydroxi de, and magnesi um hydroxi de, which are
formed in ¥t dR3AVERUS AT St t%%eoéﬁrap’@gﬁérﬁﬂ‘iﬂﬁg cORBROAIIOR fP¥ Yo o afpp 0k
salt wth a Bronstead base. 8. The nethod of claim1 characterized
by said alfeEslisfelqpaing; crites sayei Gwginge| demical. fresheniend ppliships caprlsaionng
of dianond, silicon carbide, silicon, zirconiumoxide, silica, cerium
oxi de, bordemisals bingrbanigely planariration. dend smptak JpPping r BEndingarfadt Gnighingn
carbide. 9. The nethod of claim 1l including a corrosion inhibitor.

10. An aqueplisstiens chupsteriggibsus abrading slurry conposition for use in
waf er or ceram cs |apping, wire saw cutting, chem cal, nechani cal

pol i shing appl Ak 0k lon F0%Cversigh of abradikinprganic m%ntaﬁmmnaﬁiv,lesand met al
| appi ng, grinding and finishing applications characterized by:

A.) 0.1 to 70%Bby Ovetog?i® bf veigha df ngjd isnspending particlelf whicl diffarifrom said
particles; B.) 0.1 to 20% by wei ght of said suspendi ng

parti cl es ahtadmp paiititlee andf aroselested droabtha dionp cpaisting dfaseta nsides, eesd| ect ed
fromthe group consisting of netal oxides, netal hydroxides, and

net al oxi dedioydes tebmetabdxide leydfaoasnie arerfosmedin vt With the caaier mediummadd um
and form suspended precipitates, gels, sols, colloidal or

non- col | oifckad susprmpeEEdpitatds) el solg aslidid orimahi-dofividhl saspaidicls idltheo 12
and suspendi ng said abrading particles because of a zeta potenti al
and steri GafjengRiiamca,a pH of 4 t612 abd 5lpddaeie s abRddHR! parRle hecaliSél of a

D.) O to 95% of an inert polar solvent.

zeta potential and steric hinderance,
C.) 5to 100% by weight water, and

D.) 0to 95% of an inert polar solvent.
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