A CUTTI NG AND LUBRI CATI NG COMPOSI TI ON FOR USE W TH A
W RE CUTTI NG APPARATUS Field of the Invention The
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conmposition containing gelatinous particles or "gel
slugs" for use with an apparatus for cutting
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abrasive particles’in e formor a slurry and a wire
saw. Description of the Prior Art For one of the mmjor
.applications of the invention, the cutting apparatus,
E‘ﬂ@-ﬂﬁM&Bﬂ% a "wiresaw' or "wre-web", usually

conprises a row of fine wires arranged parallel to .
eac Aheinventiemeelates t9 & novelicyting And bpsating eompdsion containing
pressed agai nst these fine wires having dianeters in
gelatimowsrpaeticlesforO'gdlslags? Gomudel witheare apsparatasfon guiting weorkpieeds of
with one another in the sane direction, while a liquid
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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 noving "web" or wre
De 0 B on system whi ch drops a
"bl anketcurtain" of the abrasive suspensions onto the
" welor pnesef themajas applications ofihls inyamtionsthe kutting 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. The 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.



wor kpi ece. Thus, the abrasive particles carried by the
liquid are transferred via the coated wires to produce
w@2@pitsdderg or cutting effect. The above descrP@BUS2008/012857

slicing units or machines, xralled wresaws, are
described in U S. Pat. Nos. 3,478, 732; 3,525, 324;
5,269, 275; and 5,270,271 which are incorporated by
r ef : : : i

S Sffer! No. 6%?32 r%\'@(%rg P QAiScigsel 9 Nt Al l%vﬁagﬁg

di scl'oses a cuttin ricating composition
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. describhed coppositjons are free of, gel slugs, U.S.
usipg A fanises sustoeint. b deseriked Qompasitions or %e&fﬁtjglu&ﬁ
abrasive liquid as a suspension of particles of
si | UsDrPatent Bad 6,094,828 tissued to Siricot discleses an abtasive liguicas a
art suspensions are not stable and do not provide
suspendion of pavtitlenof silicdrhearbide in wagt omoil e Howeuert, theseprier, art
the conpositions require vigorous agitation to :
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during, WerkpieceisHping while sl wndgagitalipRmt i on fr om suspensi on
fall-out over a Ié&g termso that the workpiece is
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particles or grit in the conposition. Further, the
whixhprosides ®anifdrenisupphavfhaenegenbanly dispersed dbrasividmatesial without

transfer properties to renpve the frictional heat
abrid§ive partie Rk Adlonk@atiot ér hdrd-cake” formation from suspension fall-out over a
long term so that the workpiece is more efficiently and consistently cut by the abrasive
particles or grit in the composition. Further, the composition should have excellent
lubricity and heat transfer properties to remove the frictional 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-



site thereby increasing working |life of the wire and

avoi ding downtine. Finally, the conposition should
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particles. Summary of the Invention According to the

br oadest aspect, the present invention relates to a

cutting and lubricating conposition for use with an
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devices. Other applications of this invention can be
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by wei ght of a non.ionic surfactant b) about 80 to 99
a tepepegture el Abow 352  pol yal kyl ene gl ycol having 2-5
- carbon atons or the co-glycols thereof, and c) about
()3 t @b6et e itg h@%oyrweight affa m—bngmmrﬁacﬁaohi C
pol yel ectrol yte and then
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.
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. ar devi ces anong ot her applications. O her
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description. Brief Description of the Draw ngs .
understanding 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



Fig. 1 illustrates the suspension stability of
conpositions of the inventions, and Fig. 2 illustrates
W b@9sdf286 settl e properties of conpositions of P€TIES2008/012857
i nvention. Description of the Preferred Enbodi nents
According to the present invention, a novel suspension
and/ or lubricating "carrier" conposition increases the
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or sheet substrates. The | ubricating corrp03| tion of
acquracy and eEhigiensy ave ereetly ipENEds Also, therlubreatingcamposition provides
nonaggl oner ati ng suspension to allow a nore uniform
lubdiehtionstoythe §lidihg wireabd absorbs therfrictiorad heas ighrerated iat thg cutting
spaces which are formed between the wire and the

surfieeX PTRES theoé feahired pralongahy serdice Didé bf hB thdireadr brilkd and minimize
cutting portion, with the result that the machinery's
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i mproved. Al so, the lubricating conposition provid
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h eil hesefeatures prolong the service life of the
p ‘\’/FP? %i958-ai d and ni ni mi ze any warpi ng, roughness or
thickness variation or sub-surface damage to the
wor [Tpe tubsicating/suspensign (qqrmkst iof therinyentignapprepared by the steps of
tolerated in sem conductors, optical glass or
admixxing)b&ibw atlervbalew.a t€impetatiye of albaut 35%ispensi on
‘carrier"” of the invention is prepared by the steps of
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b) about 0.0 to 10% by weight of a non-ionic surfactant; and
¢) 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 of a glycol havmg 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



a) about 0.3 to 6% by wei ght of an organic ionic

pol yel ectrol yte; b) about 0.0 to 10% by wei ght of a
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about 80 to 99 wei ht per.cent of a glycol having a
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200- 400, and nost preferably of about 200-300, whereby.
the viscosity ranges fromabout 50 to 300 cps, and

then partially neutralizing the polyelectrolyte to a
CFhecdbrasiveLratérifl suitable Jomidelin hesabolvadpeciteBroonpositioh agsy include
so as to formgel ati nous particles. A suitable
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neutralization, through the formed gel slugs are not
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Generally, mean or peak particle sizes range.from
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 vammonium hydroxide

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



about 5-50 microns; and preferably from 8-20 m crons,
dependi ng on the international "FEPA or JIS" grade
waele®ogssé ons and on the application of the abP@rUYm®08/012857
slurry to a specific cuttinmg or grinding process. Mst
preferably, according to the present invention is
provided a neutralized lubricating carrier conposition
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to 6% by wei ght of polyacrylic acid-co-naleic acid
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5000, and c) about 0.3% by wei ght of a non-ionic
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wi thin ove range. Exanpl es of the organic
pol yel ectrql ytes (apionic, PE) suitable for use in the
v Entaromans dikead slprig agids &te-| strmene guifonippeid dpr gxample)
neutralized polyners of: acrylic acid; nethacrylic
aci &; alkdeeaiyloxysulfonic acids (i.e.: 2-methacryloxyethylsulfonic acid for
example)
e acrylamidosulfonic acids, and the like

e co-polymers of combinations of the above or other suitable monomer units.

Preferred polyelectrolytes include polyacrylic acid (PAA) having a molecular
weight of about 1,000-10,000, polyacrylic acid-co-maleic acid (PACM) having a
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
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essenti ally non-aqueous, sonewhat polar, but non-ionic
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necessarily contains from about 0.5-5%

localized area of separate composition and ionic character from the surrounding PEG
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medium.

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.



water within the PEG nedia. This water provides an

assi sted polar environnent within which the gel slugs
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however, will begin to dissolve the gel slugs,

conprom sing the slurry stability and soft-settle

properties created fromthe carrier of the present
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the present invention. The PEG base may comprise about 50 to 99 weight percent of the

200-300 preferred molecular weight PEG (based on total formulation weight percent) and
about 1 to 50 weight percent of a PEG having molecular weight range from about 300 to
about 1500 (based on total formulation weight percent) Thc higher molecular weight
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. .
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acetam de (DMAC), N-nethyl pyrrolidone (NWP), gamma
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to the required pH of about 4.0-5.50. By adding the base first, followed by the example

PACM, a variable level of neutralization of the example PACM chains occurs giving rise
to a variable level of ionic character for the neutralized example PACM. As a result of
this, gel-slug formation within the PEG medium will aléo vary and performance of the
resulting system will be variable and inconsistent. It is highly desired that the example
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.
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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 more 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-Seﬁle 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



neutralize enough of the exanple PACMto create the
hi gh i onic character needed to formthe |ocalized

WO e0woa3gaesd - sl ugs within the PEG sol vent. Wt h apdpuShasel2857
beyond the neutralization point (i.e.; pH~/ > 6),
excess ionic material is being added to the | owionic
PEG nmedi um di m ni shing the ionic strength difference

sur roundi ng lgéé%gv\ﬂg{)%?éuhégg m‘?ﬁjﬂs regi%(?l on ?Tr?%“lep&e

d h sLug f |
on a1 oI IS SRy aemeion per i bl ipieible @‘F%ﬁ‘ﬁ'@’ Such

(DM bet yeen

neutrali zed exanpl e PACM vs. the PEG water nedium (ie

hi gh Dm {ISATHSMERLs aremadsiing @Alibmted ool mappfastyend by “IMAD

AQ’

t hrough conprehensive testing that the carrier

f unct i on&ox propeiily\preparedisompositiop of theqiresentinyention, the SSR
only when the required physicochem cal "gel-slugs" are

pr oper | y rdadingefdr standaed plaedyi over @ peiod ofdevetal gtlal realis at “0”.
Zeta-Potential repulsion contribution. Gel-slug

f or mat i oThiza8iPhalPédntRSED itpfifRt B')bré}ﬁ?ed"&ﬁﬁﬁb;sﬁﬂm whigh

degree of product “cl oudi ness (i turbidit

determn
quantita

F&{/ eats éfé e1l tﬂ ﬁhh@%ﬂh%&? Wﬁl %H]SSR valuerf >0

e |n I on p ormance

ised to PR %%ﬁevﬁi?? ﬁﬂvfsa? Bt B0 JEIPRRE fts PeHoned on

used to

product cl qudi ness and, therefore, the relative nunber
and densPrygPEG200 g PRG-4Q0 slmmfgsprodm ¢ ap SSRyeading ef >0
of the carrier is neasured by enpl oying two

quant i t aaftereonlyseverad hours to on¢ day as seen in Fig. 2.

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



i) SSR (Soft-Settle Reading). This procedure neasures

in grans or | bs the resistance of a standard shaft
wWowaok/134286 r cul ar bottom of known di anet er and BCT/82968/012857

area to penetration through3a standard prepared slurry

placed in a standard coni cal' bottonmed tube where the

cone bottomis of the sanedi aneter as the circular

bot t om ok, 4 hfad o RSt SliAkds: FﬁﬁﬁﬁemSRQ&o ?@dﬁﬁg{‘ﬁﬁzh SSL

to shaft penetratlon over tine nore sta

slurry asure nts‘are i | i by.at ed.

Cool | anSHLEgS T B o0 e e e T il me es scen
conposition, of the present | nvent | on, the SSR reading

for standbF® & urry over a period of several weeks

remains at "0". This is in sharp contrast to

i nproperly prepared conposition which appears cl ear

rat her than cloudy, and which will give an SSR val ue

of HbthefattechedfiguresetSuspendionvs Stabikityf fonSHByI$0 Series Pmduct”
such tests perfornmed on strai ght PEG 200 and PEG 400

(i.¢5] SWR igfsphly aAIIUSST 2650 Seffes Se¥tliseflleqfs. Pinetf ﬂﬁﬂe#’&] |oY suspension of
several hours to one day as seen in Fig. 2.

“S({ﬁg%égﬂ% Wﬁqm P%%Srgg&ﬁmﬁg&%‘% an orm&\%ﬂ{@%l (e
SSE???%SE"!%@#%I%#Q#&;%% Hhe 5ghed B va?hq gpriers of

an unstable slurry, the vol unme occ pled b
theqyressahimuenting: With insreassdkartially me c&g componest Jeyel, there

aggl onerate and fall out of suspen5| on form ng
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.

‘ 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).



a hard cake at the bottom of the container. This

property of slurries can be easily plotted over tine.
wo-eomhan36 t he particles in slurries not of theP@r/ES®»0$/012857

invention that "fall" out aff suspension forma :

har dened cake at the bottom of the container, which

can be neasured by the SSR procedure. In properly

pre SRS b e | | 41, ti
SRS At SRERAP by 8RR e phefeRle Sith habifall @slg Wormation at o
..at a %vol that is much higherthan that for

eivBh PR PR BhooaliafHE P dMBREGR s soci at od with

such, SSL. slurries always reads at "0" regardl ess of

© ho Tl RPlICHAE REVBPIeE Pedlusraue AT g REpciice b hemethed of the
attached fi ?ur.es, "Suspension vs. Stability for

preggit-inwptiger [texiliegmderstood; heweveg\thatthe fisted gnamplgsaregy to be
Series Soft-Settle vs. Tine", the | evel of suspension

corstruéd of dnysway limitatied off thy ful sdope b€ dreddvearitioh sinve vadsegchanges
neutrali zed PACM conponent |evel (i.e.;

cansd-made withbut e parnak Adad theRpielt andebn Pty 6F thé &a@ﬁﬁg\? lt':kﬁﬁained

nane for the carriers of the present invention.

heljteﬁx%q%‘ﬁ?gf e rg{ﬂd?ﬁ%éréxgﬁ@'ég FhichStvEREM %? %Q&R’Slg ?J?&mentages

ere1s an Incr oncentration o

wi.thin the SS nedi an herefore a greater
sta}eggﬁe%ﬁré)@%m ge@ﬁ’fﬁeﬂgwb?re é’@éeﬁwfsg I’?‘gﬁ@teéxf abr asi ve
particles within the slurry over tinme. In the SSL-162,
there is a high level of partially neutralized exanple
PACM and also a high level of carrier turbidity. This

turbidity arises fromthe rd&xampledn and
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.



diffraction of light by the I ocalized "gel-slugs”
produced by the partially neutralized exanpl e PACM
wab®ogad23c| ugs have a particle density slight|BCT/E8IPE8/012857
than that of the surroundi ng PEG 200 nedium The
ani oni ¢ pol yel ectrolytes can be neutralized by alkal
nmetal or al kaline earth netal bases such as potassium
hydr oxi de or bari um hydroxi de or by non-netallic alkyl
amoni um hydr oxi des, for exanple, tetraal kyl ammoni um
hydr oxi de, preferably, tefrane - anmoni um hydr oxi de
(TMAH) . The non-netal lic Ms are preferred when
~maxi mrum gel -slug formation at a given neutralized PACM
concentration is desirable. The foll owi ng exanples are
illustrative of the practice of the nmethod of the
Preparationtof Camréatt i on. It will be understood, however,
that the |listed exanples are not to be construed in
any Tody1Kg of lost water BEG-200, fwHi¢h Sanger effectihe stirfingat ambient
since various changes can be made w t hout departing
tenipedtuic 16 a8did 0. 13128 8f & S0%ARfuS o sollitfont sTPoladBAic acid of peak
contai ned herein 1n Iight of the guiding principles

moldufi H‘;}'ﬁ%{? 0P G685t 33ho ‘?’é& thidhay ﬁs%lﬁui td’f Ex&%é?%gﬁs dispersion.

state el n aré based on wei ght éexcep

oL S i TR o DR s SRS otton
effective stirring, is added 0.21 Kg. of a 50% aqueous

of bagtum hyrogide seluligss9n aneltegtinemapant e bring thepH of the total mixture
ggrrperature of 250C. The

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-abilify 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.



m xture is stirred to a honogeneous di spersion. To the

stirring mxture is slowy added either 0.25Kg of a
wQakaszeous sol ution of tetranmet hyanmmoni um hyP@DESZIE8/012857

solution (i.e.; TMAH) or anéeffective anmount of TMAH

to bring the pH of the total mxture to 5.0.

Optionally, a non-ionic surfactant such as a

pol ynmet hyl siloxane (i.e.; exanples of which include

FC-99 or SAG 2001) may be added to optim ze surface

tension, mnimze foam ng, d i ove wet-ability of
t he above neutralized m xt UMECOWDOSI tion can be

used in a w cuttlngoer t|on
‘nediumto pré‘?ﬁ‘ 10onSiug ﬁrr L ap !’H-Eﬂ%%\’{ f&ﬁeeks

or nonths under even st agnant st or age
condi tions. Exanple 2 Preparation of Carrier To 9. 1Kg
of | ow water PEG 200, which is under effective

sti Ingredient anbi ent tS8IpedéOure is 88ked 16113Kg of SSL - 162
50% aqueous sol ution of polyacrylic acid of peak
mol ecul ar wei ght of about 3500 The m xture is stirred

1. 29P8l Q[ae@& spergan. To the stigging mixture 94
r 0 12Kg of a 25% aqueous

oI g?’?#n%@bgn um drOXI de solution, or an effective
anount to bring the pH of the total mxture to 5.0.

|on a non-ionic syrfactant such a
?W' | oxane (l-@ﬁexanpl es of 1-68 2.85
as 4 25% aq. solution) |

3. Non-ionic Surfactant 0.3 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 bf a SiC
slurry, a precise measurement tool was designéd 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” suspehsion 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



whi ch include FC-99 or SAG 2001) may be added to
optim ze surface tension, mnimze foam ng, and
WO powazees wet -ability of the above neutral i zedP@i/XE2008012857

The conposition with an effiecti ve anount of suspended
silicon carbide abrasive particles of desired particle
size distribution can be used to cut silicon ingots in

a W re saw. Exanpl e 3 Conpositions used in Figs. 1 and

2 vvith 15% w' w of SiC Ingredient SSL - 160 SSL - 161

for(ge acvisel absepetian of BisalifSreHie bopest é‘@"’ Jg 94/ Gonvenient
68 2.85 (TMAH as a 25% a sol utjon . Non-ionic
tooémqaagﬁ@ﬁm 01530 pbrasjve canjent ﬁawghfslsgumlyovpi qui d) 4.

PEG 200 98.21 96.47 94.4 To quantitatively deterni ne
t he Sedhatithefool measuresicakependiration resistartce n afepaat@ble and precise
- slurry, a precise neasurenent tool was designed and

madAés bothGtadardyroRipendiesidardepthedid vatibatian df tiegoolese shecked daily.
The operation and concept of this tool is explained

FoPRSNfry foinéEWitRMY anldeBeptatlé tsﬂs%%ﬁzhb& carfiet, “SSﬁ%é'&lé Réddings”
nmeasures the resi stance (in grams) to slurry
(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; 0g 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.



penetration of a blunt-ended shaft down to a

predeterm ned depth or distance froma standard
waeoomwbigzs@t i on shaped contai ner bottom A specP@l/US2008/012857

coni cal -shaped standard tubg is used to exacerbate the

"hard-settle" propensity of the slurry, thereby

di stingui shing a "good" suspension carrier froma poor

Cliiadaype contains a standard |evel of 15%
%‘:‘I‘V‘E‘%ﬂi. The | evel of abraswe chosen is.
ar hi ry. but e alev

- DRt ion caes B S Fordist Pk o€ R,

is.a |leyel for eni ent _tool neasurenent. 15%
worlietes gba 5 %@emregﬁ{wa aSHIE 3| O pier cubingos grinding

t he tool rreasures "cake-penetration resistance" in a
toolssprepared by admikipg:eci se manner, both standard rod

penetration depth and cali bration of the tool are

cd)e floadabebat 0 yo 16.0rweiglstiperaent 6fa mdioxﬁd surfactant;

accept abl e suspension carrier, "Soft-Settle Readi ngs"

(). &oin 46O} 80to wweighabéﬁéhtr&alpﬁlﬁﬂgeeﬁgy&ﬂ BaGin@ P-4 earbon
be | ow; <25g over |ong storage periods under

atofRk +(1eg|l¥5@l§gh&gg}dl tions. For a slurry formed within

an exce t suspension carrier, "Soft-Settle

adin enet rat on r a
oD ' Reigh{peabeat of REREsbil 1608 ol -2BaF. zfgs?hen
|ods nder controlled t.est condltlons For _slurri
Palf allyaet izingthe pelyelecizof¥tedn SHu Wty 3 Bass to h pkkofabant 4P do 5.50 at
PEG 200 300 or 400, for exanple), SSR's are typically
a tqmpqraterert@émo abait 355C sofprox gelatyions , suspededquicteepartioles with a
"storage" tinme periods (i.e.; several hours to 1-2
derdity shightlynhighdrahanahatist, thé berrdwidirig mbdiuSR f or a gi ven
slurry over tine, the nore stable, uniform consistent
and better the slurry.Wiat is Cained is:

2. The composition of claim 1 wherein said surfactant is a polyalkyl siloxane.

3. The composition of claim 1 wherein said polyelectrolyte is a partially neutralized

polymeric acid.

4. The composition of claim 3 wherein said partially neutralized polyelectrolyte is
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.



1. Alubricating suspension carrier conposition for

use in cutting or slicing workpieces of a hard and
wheiviBe3eaterial with a wire saw, or other cupP€T/H§2008/012857

grinding tools prepared by1adm xing: a) from about O

to 10.0 wei ght percent of a non-ionic surfactant; b)

fromabout 80 to 99 wei ght percent of a pol yethyl ene

5. 91 v§Rt $m§§§g%]gﬁ€CIg‘%g PQheRdif Rd %Blﬁeik%trﬁﬁ?@%%s%ﬁlecﬂar weight

t hereo abo to 6 wel ght “perce

organi c .i.Qpi C | vel ectrol yte, and then partially
betﬂvgg? Ef&qqtgﬁﬁ%a?cﬁgr%g}oyel ectrolyte in situ with a base

to a pH of about 4.0 to 5.50 at a tenperature bel ow

about 350C to form gel ati nous , suspended
mcro-particles with a density slightly higher than .

6. t haThe fompesitien elelaian havherain said polyelpgaolytmis partiallymeytralized
claim1 wherein said surfactant is a polyal kyl

withitéteaaliyd amBnoniime hydroxidel t i on of claim 1 wherein said
pol yel ectrolyte is a partially neutralized polyneric
acid. 4. The conposition of claim3 wherein said
partially neutralized polyelectrolyte is selected from

7. thergeg i Sf d155%h P Wiy ' bBte is parti i

pol 3 SRR O Al P LR S5 Bol I is partally neutplized
.ACr vyl i id, methacrylic acid, maleic acid, and

wuﬁ?%ﬁﬂ?g@ﬂﬁﬁ@p%of.S. The conposition of claim1l wherein
sai d polyelectrolyte has a nol ecul ar wei ght between

about 1000 and 1 mllion. 6. The conposition of claim

1 wherein said polyelectrolyte is partially
8. neufher¢mpesition of claim 1 including about 1 to 65% by weight of abrasive

particles.

9. The composition of claim 1 wherein the polyethylene glycol is selected from the

group consisting of PEG 200, PEG 300, PEG 400 and combinations thereof.

10.  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.

11.  Ina method for cutting workpieces of hard and brittle material with a wire saw, or
other cutting or grinding methods, the improvement which comprises providing a

lubricating suspension carrier composition according to claim 1.



with tetraal kyl anmoni um hydroxi de. 7. The conposition

of claim1l wherein said polyelectrolyte is partially
woewvna2seed with a nmetal hydroxi de. 8. The coP@DER100®62857

of claim1 including about 2¢ to 65% by wei ght of

abrasive particles. 9. The conposition of claim1l

wherei n the pol yethylene glycol is selected fromthe

1297 O4{je dséft (ﬁ%rrngfl @E%S&O@ﬁ hﬁ)’%ﬁ‘aﬁgéﬂs g'gi(ﬁf T &bontains

conbi nat1 ons of e conpo on o al m

canpri si about 90%to 99 wei ght percent of at |east
dmaﬂgPBﬂ%§E$ﬁ9$§ﬂ © Yt having a nol ecul ar wei ght of
about 200 to 1000 and a polar solvent. 11. hi a method
for cutting workpieces of hard and brittle nmateri al
~wWith a wire saw, or other cutting or grinding methods,
13t he Therprethadrmfrelaimhl cwhereinmaidsahsasyoparticles cemprise a member
| ubricating suspension carrier conposition according
selécted framrthd giotip cohprisinilsilitonfcarbide, diabiond) Bo®nrcaibide, alumia,
| ubricating suspension carrier contains abrasive
zir€5Hid, lceti@h oXitheD SilidE uhAL hkd fngdtdn cdidfiemet hod of claim
12 wherein said abrasive parglcles conpri se a menber
selected fromthe group conprising silicon carbide,
di anond, boron carbide, aluma, zirconia, cerium
oxide, silica, quartz and tungsten car bi de.



