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COMPOSITION FOR TMPROVING DRYNESS DURING WIRE SAWING
BACKGROUND OF THE INVENTION
[6081] Wafers used in electronic devices are typically prepared from an ingot that is first
shiced into thin wafers. Wire sawing 1 the most common method for manufacturing such
wafers, A wire saw comprises a web of {ine wires arranged using a series of spools and
pulleys such that the wires are paralie! to each other al distances of 0.1 mm o L3 mm. Asa
substrate is pressed against the web of wires, a composition is continuously sapplied to the
area. The composition generally contains ay abrasive suspended in a higuid carrier which
fucihitates the interaction between the wire of the wire saw and the substrate wherein the
substrate 15 abraded and shiced into wafers.
j0002] Current methods of slicing subsirates to produce wafers often employ the use of non-
agueous ligud carmers in the composition containing the abrasive. Typical carriers include
the use of mineral oil, kerosene, polvethylene glyeol, and polyalkylene glycols. The viscous
aature of these carrters allows the abrasive particles o be suspended in the composition and
allows the composition 1o adhere to the wire of the wire saw and/or the substrate which
results m a more efficient mechanical abrasion of the substrate. Such compositions, however,
generally contain high concentrations of abrasive, and, due to thetr lack of colloidal stabulity,
the abrasive particles setile owt of solution. Non-agaeous comppostiions are also relatively
sensitive to contmminaton by the materials abraded during the slicing process, which causes
the abrasive particles to lose sheing efficiency and to agglomerate. In addition, due to poor
thermal properties, pon-agqueocus composstions generally result in increased amounts of heat
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bemy generated by the wire sawing process doe to [riction, which in tum increases th
of wear on the wire and decreases the slicing rate. Reducing the level of wear on the wire
enables the use of wires having smaller diameters, which is desirable because it reduces the
amowst of substrate {ost during shicing (e, the kerf). Compeositions having a longer shelf
life which can incvease slicing performance are desivred.

[0603] During wire sawing operations, the wire moves gt a relatively hagh velocity, which
causes the composition {0 evaporate ot dry during the shicing process, resulting in the
formation of hard deposits on the wire and increasing the level of wear on the wire. This is
gspecially problematic with respect to aqueous compositions. In addition, evaporation or
drving of the composition during wire sawing operations can redace recovery and recycling

efficiency of the various components of the composition, such as the abrasive.



WO 2010/071870 PCT/US2009/068909

~
BRIEF SUMMARY OF THE INVENTION

{0604] The invention provides a composition for sheing a substrate using a wire saw
comprising {1} a liguid carrier comprising at least 30 wi % water and 0.1 wi % 0 20wt %% of a
polvol, (11 30 wi% to 60 wi.% of an abrasive suspended i the Liquid carrier, and (ni) 0.2
wt.% to 10 wi.% of a thickener.
{0805} The invention also provides a composition for shicig a substrate using a wire saw
comprising (1) a liquid carrier comprising at least 30 wi.% water and 0.1 witds to 20 wite of a
monatomic aleohol, (1) 30 wi.% 1o 60 wt.% of an abrasive suspended n the Hquid camer,
and (i1} a salt selected from the group consisting of calctum chloride, ammonium sulfate,
alununom nitrate, and combinations thereof.
j0006] The mvention further provides a method of slicing a substrate, which method
comprises {1} contacting the substrate with either of the compositions described above, (11}
with the composition i contact therewith, relative to the substrate so as {0 abrade at leasi a
portion of the subsirate 1o slice the substrate.

DETAILED DESCRIPTION OF THE INVENTION
{00071 The invention provides a composition for slicing a substrate using a wire saw and a
method of slicing a substrate using a wire saw.
[0008] The substrate 1o be sliced can be any suitable sobstrate. Suitable substrates can be, for
example, stlicon, sapphire, silicon carbide, germanium, pallium, or ceranncs. Preferably, the
substrate is stheon.
{06689} The composition comprises a liqud carer and an abrasive suspended in the hquid
carrier.
j80101 A liquid carrter is used to facHitate the application of the abrasive and any optional
additives to the surface of a suitable sabstrate {0 be shiced. The higuid carrier can be any
suitable solvent mcluding lower alcohols (e.g., C+Cy aleohols such as methanol, ethanol,
etc.}, ethers (e.g., dioxane, tetrahydrofuran, efc.), water, oil {e.g.. mineral o), kerosene,
polyzivcol, polyethylene glyeol, polvalkvlene glyvcols (e.g., polypropylene plveol), and
mixtures thereof. Preferably, the liqud carmier comprises, cousists essentially ofl or consisis
of a mixture of water and alcohol. Without wishing 1o be bound by any particular theory, it i3
likely that the use of a non-agqueocus lquid carrier increases the viscosiy of the composition

which increases the ability of the composition 1o adhere to the wire saw and/or substrate,
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resulting in a more efficient abrasion of the substrate. The ionic properties of the non~
aqueous higuid carrier, however, also increase the collowdal instability of the composition.
The materials that are abraded during the shcing process agglomerate with the abrasive
particles suspended in the liquid carrier, which canses the abrasive particles 1o lose sheing
etficiency and settle out. In addition, the use of a non-aqueous hiquid carrier having poor
thermatl properties increases the amount of heat generated due to friction during the shicing of
the subsirate. The Hauid carrier can comprise at least 50 wt % (hased on the weight of the
hiquid carrier) water {(e.g., at Jeast 60 wi.%, at least 70 wi.%, at feast 80 wt 3%, at least §5
wi. %%, or at east 90 wi %% water). Alternatively, or in addition, the lquid carrier can comprise
98 wi % or less water {(e.g., 95 wit% or less, 98 wi % or less, RO wi% or less, 70 wi.b% or less,
or 60 wi.% or less water). Thus, the liquid carrier can comprise an amount of water bounded
by anv two of the above endpoints. For example, the hguid carvier can comprise 56 wi %
water 1o 98 wi% water (e.g., 30 wt.% to 85 wt.9% water, 68 wi.% to 93 wi.%% water, or 70
Wi % 10 95 wi %o water).
{0611 The alcohol comprising the liquid carrier can be any suntable alcohol. Preferably, the

alcohol is o polvel or a monatomic alcohol. The polyvol or monatomic alcohol can have
carbon chain of fowr or more carbons and/or a carbon alont to oxypen atom ratio of at feast
2.5:1. For example, the polvol can be a glycol (F.e., a diol), glveers!, polvethvlene glveol
(PEG), polypropylene glveol {PPG), 1 6-hexanediol, penlaerythriie, or combinations thereof.
The mounatomic alcohol can be, for example, T-hexanol (hexyl alcohol), 1-octanol, 2-¢thyl
hexanol, or 2-butyl-1-octanol. The lipsid carmier can comprise at least 0.1 wi% (based on the
weight of the liquid carrier) alcobol (e.g., at least 1.2 wit %, at least 0.3 wi %, at least 1 wit.%,
at least 3 wi %, at teast 5 wt %, at least 7 wi %, at least 10 wit %%, at least 15 wi.%, or at least
20 wi % alcohol). Alternatively, or in addition, the hiquid carriar can comyprise 25 wi % or
fess alcohol (e.g.. 20 wt.% or fess, 17 wit% or less, 13 wi % or less, 12 wi% or less, 10 wi9%
or Joss, B w9 or less, 5 wt.% or less, 3 wi%% or less, or | wit.% or less alcohol). Thus, the
liquid carrier can comprise an amount of alcobol bounded by any two of the above endpoints,
For example, the liqund carvier can comprize 0.1 wi % alcohol 10 25 wi%s alcohol {e.g., 0.1
wi. % 10 20 wi.% alcohol, 0.1 w9 to 10 wt.% alcohol, T wt.% to 15 wt.% alcohol, or 1 wit ¥
10 10 wi. % alcohol).
{00121 The abrasive typically 15 in particulate form {e.g., abrasive particles) and is suspended

in the liqund carrier. The abrasive can be any suitable abrasive. For example, the abrasive
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can be natoral or synthetic, and can comprise, consist essentially of, or consist of oxade,

carbide, nitvide, carborundum, or the hike. The abrasive also can be a polymer particle ora
coated particle. Preferably, the abrasive has a Mohs hardness of at least 7.5, The abrasive
typically comprises metal oxide particles. Preferably, the abrasive s selected from the group
consisting of silicon carbide, digmond, boron carbide, alumina, and combinations thereof
Preferably, the abrasive is silicon carbide.

{6613] The abrasive particles typically have an average particle size (e.g., average particle
diameter) of 0.5 pucrons to 100 nucrons. The abrasive pavticles can have an average particle
size of at feast 0.1 microns {e.g., at least 0.5 microns, at least | micron, ot least 3 microns, at
least 10 microns, at least 20 microns, or at least 30 microns}. Alternatively, or in addition,
the abrasive particles can have an average particle size of SO0 microns or less {e.g., 300
microns or less, 100 pycrons or less, 30 pucrons or less, 30 nyicrons or less, 20 microns or
less, 10 microns or less, or ¥ mucrons or less). Thas, the abrasive can have a particle size
bounded by any two of the above endpotnts. For example, the abrastve particles have an
average particle sire of 1 micron to 100 microns {e.g., 3 muicrons to 50 microns, 6 microns to
20 microns, 8 microns (0 20 microns, or 5 microns o 15 microns). Aoy suitable amownt of
abrasive can be present in the composition.

[0 14} The composition can comprise 30 wt e or more {e.g., 40 wi % or more, or 30 wi'ts or
more) abrasive. Alternatively, or in addition, the composition can comprise 90 wi %% or less
of the abrasive {e.g., 75 wit.% or less, 60 wi.% or less, SO wt.%% or less, or 40 wit % or less
abrasive). Thus, the composition can comprise an amount of abrastve bounded by any two of
the above endpoints. For example, the composition can comprise 30 we % 1o 90 wt. % {e.g.,
35 wi % 10 S0 W%, or 30 wi.% to 60 wi %) abragive.

80151 The composition can further comprise a salt. For example, the salt can be caloim
chloride, ammontum sulfate, alepinam nitrate, or combinations thereof. The composition
can comprise 1w % or more (e.g., Swt.% or more, or 10 wt.%% or more) of the salt.
Alternatively, or in addition, the compaosition can comprise 20w1.9% or less {e.g., 10wt.%, or
Swi% or less) of the salt, Thus, the composition can comprise an amowt of the salt bounded
by any two of the above endpoints. For example, the composition can copprise | wi% 1o
20wt {eg, T witd to 15 w9, or 3 wi.% to 20 wi.9%) of the salt.

0016} The composition also may comprise an oxidizing agent, which can be any suitable

oxidizing agent for one or more materials of the sabstrate to be sliced with the wire saw and
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composition. For example, the oxidizing agent can be a per-oxy compound or a halogen
contgining oxidizer. Typically, the oxidizing agent is selected from the group consisting of
hvdrogen peroxide, percarbonate, bleach, chlorine, perbromate, ozone, and combinations
thereof. Preferably, the oxidining agent 1s hydrogen peroxide. The oxidizing agent can be
present in the composition in any suitable gmouni. The composition can comprise (1,003
wi % or more {e.g., 0.01 wi % or more, 0.05 wi % or morve, 1 wi% or more, 0.5 wibo or
more, 1wt or more, of 3 wt% or more) oxidizing agent. Alternatively, or in addition, the
compaosition can comprise 20 wi % or less {e.g., 10 wi.% or fess, 5 w.% or less, 3 wt S or
less, 1 wt.% or less, or 0.5 wi% or less) oxadizing sgent. Thus, the composition can
comprise an amount of oxidizing agent bounded by any two of the above endpomis. For
example, the composition can comprise G.003 a9 to 1 w9 (e.g., .01 9% 10 10 wi.%%,
(.01 wi% to 5 wi, 0.1 wi% to 3 wit%, or | wi% to 5 wif) oxidizing agent.

[6617] The composition also may comprise an oxidation facilitator, which can be any
suitable compound that increases the effectiveness of the oxidizer. For example, the
oxidation facilitator can be a catalyst that lowers the activation energy of the oxidation by the
oxidizing agent of one or more materials of the substrate to be shieed with the wire saw and
compasition, For example, the oxidation facilitalor can be a metal, an organic molecule, or a
radical. Typically, the oxidation facilitator is selected from the group consisting of copper,
platinony, ruthemtom, vhodiam, quinones, 2.2 6 S-tetramethyl-pipenda-F-oxyvi, and
combinations thereof. The metals can be elemental or 1onic i form. The oxidation
facilitator can be present in the composttion m any suitable amount. The composition can

3 ¥

comprise .01 wi.% or more {e.g., 0.1 wi.% or more, 0.5 wt.% or more, | wt.% or more, 3
wi.% or more, or § wi.% or more) oxidation facthtator. Alternatively, or in addition, the
composition can comprise 20 wi.% or less (e.g.. 10 wi.% or less, 5 wi% or less, 3 wi% ot
fess, or 1 wt.2% or less) oxtdation faciiitator. Thas, the composition can comprise an amount
of oxidation facititator bounded by any two of the above endpoints. For example, the
composition can comprise .03 wt.% (o 20 wt.% (e.g., 0.1 wi% to 10 w9, 0] wilsio 8
wi, %, 0.1 wi% to 3 wi%, or 0.1 wt% to 1 wi%) oxidation facilitator,
{0618} The composition can further comprise a thickener, which can be any suntable
thickener. Preferably, the thickener is a non-ionic polymer such as cellulose compounds
(e.2., hydroxyethyleellulose), or poly(alkylene oxide) niatenials (e.g., a poly(ethylene glycol,

an ethylene oxide-propylene oxide copolymer, and the ike). Preferably, the thickening agent
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has a number average molecular weight of greater than 20,000 Daltons (Da), more preferably
at least 30,000 Da (e.g., 50,000 1o 130,000 Da), since lower molecular weight materials tend
to be less efficient as thickenars. The thickener can be present in the compaosition in any

3

spitable amount. The composition can comprise 8.05 wi % or move {e.g

i

0.1 wi%% or more,
0.5 wt.% or more, | wi.%% or move, or 51 wi.% or more) tickener. Aliernatively, or n
addition, the composition can comprise 30 wt.% or less (e.g., 20 wi% or less, 1 wi % or
less, S w9 or less, or 1 wi% or less} thickener. Thas, the composition can comprise an
amount of thickener bounded by any two of the above endpoints. For example, the
compaosition can comprise 0.05 wi% to 20 wi% (e.g., 0.5 wt % 10 20 wi, 0.2 wi ¥ 10 10
wib, 0.5 wi% to 5 wit%, or I wit %10 § wi %) thickener.

{0019 The composition can farther comprise an anti drying agent, which can be any suitable
anti~drying agent. Withowt limutation, the anti~drying agent can be an alkynol anune ov a
polvacrylate. Preferred antidryving agents are triethano! amine and sodiwm polyacryviate. The
anti-drying agent can be present in the compositin i any sultable amount. The composition
can comprise .03 wt.% or more {e.g., (L1 wt.% or more, 0.5 wt.% or more, 1 wi.% or more,
or 20 wi.% or more) anti-drying agent. Alternatively, or in addition, the composition can
comprise 3 wi.% or less (e.g., 20 wi.% or less, 10 wi.% or fess, 5 wi% or less, or I w9 or
fess) anti-drving agent. Thas, the composition can comprise an amount of anti-drying agent
bounded by any two of the above endpomts. For example, the composition can comprise
0.05 wi% 10 20 wi % (2., 0.5 wit.% to 20 wi %, 0.2 wi % to 10 wi%, (0.5 wi% to § wib%,
or 1 wi% to § wt.%) anti-drving agent. Preferably, the anti-drying agent is present in the
composition between .5 wt.% and 20 wi %

{06201 The composition can have any suitable viscosity. The viscosity of the composition
can be at least 20 cp {e.2., at least 40 ¢p. at least 60 ¢p, al east 80 ¢p, at least 100 cp, at least
130 cp, or at feast 150 cp). Alternatively, or in addition, the viscosity of the composition can
be S0 cp or less (e.g., 400 ¢cp or less, 350 ¢cp or less, 300 cp or less, 200 cp ov Jess, 175 ¢cpor
less, or 150 cp or less). Thas, the composition can have a viscosity bounded by anv two of
the above endpoints. For example, the viscosity of the composition can be 20 cp to S ¢p
{e.g., 60 cp 1o 400 ¢cp, 100 cp 1o 400 ¢p, 150 cp o 400 cp, 150 cp to 350 ¢p, 170 ¢p to 320 ¢p,
or 200 ¢p to 300 cp).

{00211 The composition can have any suitable pH. The composition can have a pH of 10 or

fess {e.g., 8 orless). Alernatively, or in addition, the composition can have a pH of 3 or
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more {e.g., 3 or more). Thus, the composition can have a pH bounded by any two of the
above endpoiats. For example, the composition can have apH of 310 10 {e.g., 5 to &),

{00221 The abrasive desirably is suspended in the composition, more specifically in the hguid
carner of the composition. When the abrasive is suspended in the composition, the abrasive
preferably is colloidally stable. The term colloid refers to the suspension of the abrasive
particies in the hiquid carrier. Colloidal stability refers 1o the maintenance of that suspension
over time. In the context of this invention, an abrasive is considered colloidally stable if,
when a suspension of the abrasive 1n 4 hquid carrier is placed into a 100 mi gradoated
evlinder and allowed to stand unagitated for a tme of 2 hours, the difference between the
concentration of particles 1 the bottom 50 mi of the graduated cylinder {{B in terms of g/ml)
and the concentration of particles in the top 30 ml of the graduated cvlinder ({ T in terms of
g/ml} divided by the imiual concentration of particles in the composition {{C1 i terms of
o/mil} s less than or equal to 0.3 (e, {B] - T]HICI 03} The value of { BTV
desirably is less than or equal {0 0.3, and preferably is less than or egual 1o .1,

{0623} The composition can comprise, consist essentially of, or consist of the foregoing
components, alone or in combination with one or more of the following optional components.
j6024] The composition can optionally further comprise one or more surfactants andior
rheological control agents, inchuding coagudants {e.g., polymeric rheological control agents,
such as, for example, urethane polymers). Saitable surfactants can inchude, for example,
cationic surfactants, aionic surfactants, nontomc surfactants, amphoteric surfactants,
mixtures thereof, and the like. Preferably, the composition comprises a nontonic surfactant.
One example of a sutable nontonic surfactant 1s an ethylenediamine polvoxyethylene
surfactant. The amount of surfactant in the composition typically 18 0.0001 wi % to I wi%
{preferably 0.0 wi % to 0.1 wt % and more preferably 0.005 wi % t0 0.05 wi%).

{00251 The composition optionally further comprises one or more other additives. Such
additives include acrylates comprising one or more acrvlic subumits (e.g., vinyl acrylates and
styrene gcrylates), and polymers, copolymers, and oligomers theregof, and salts thereofl

[6626] The composition can comprise one of more antifoanying agents. The antifoanung
agent can be any suitable anufoaming agent. Suitable antifomming agents mclude, but are not
linited to, silicon-based and acetylenic diol-based antifoaming agents. The amouat of anti-

foaming agent in the composition typically is 1 ppni to 140 ppm.
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{0627} The composition can comprise one of more biocides. The biocide can be any suitable
hiocide, for example an isothiazolinone biocide. The amount of biccide in the composition
fvpicaily 1s 1 to 30 ppm, preferably 10 1o 20 ppm.
028} The composition can be prepared by any suttable techmique, many of which are
known 1o those skilled in the art. The compossion can be prepared in a batch or continuous
process. (enerally, the composition can be prepared by combining the components thereo!
in any order. The term “component” as ased herein includes individual ingredients (e.g.,
abrasive, oxidizing agent, thickener, biocide, ete.} as well as any combination of ingredients
{e.p., abrasive, oxidizing agent, thickener, biocide, etc.).
{00291 The composition can be supplied as a one-package system comprising, for example,
an abrasive, a biquid carvier, and optionally an oxidizing agent. Alternatively, for example,
the oxidizing agent can be sapplied in a first contamer, either in dry form, or as a solution or
dispersion 1 the haguid carrier, and the abrasive, the lguid camier, and other additives can be
supplied in a second confaingr. Supplving the oxidizing agent separately from the other
components of the composition is preferable because it allows for the oxidiang agent to be
added to the composition at any thme during the slicing process. For example, the oxidizing
agent can be added to the composition before the slicing process begins, duning the slicing
process, of after the shicing process is complete. The use of a stable oxidizing agent allows
the oxidizing agent (o be supplied in a container with other components of the composition,
sice i is less likely to resct with the other components. This spproach can substantially
reduce the cost of preparing and using the composition.
{0630 Optional components, such as one or more biecides, can be placed in the first andior
second contaners or in a third container, either in dry form, or as a solution in the hquid
carrier. Moreover, i is suitable for the components in the fivst and second containers o have
different pH values, or alternatively to have substantially similar, or even equal, pH values.
if an optional component is a solid, it may be supplied etther 1o dry form or as a mixture n
the liguid carmier. The optional components can be supplied separately from the other
components of the composttion and can be combined, e.g., by the end-user, with the other
components of the composition shortly before use {e.g., 1 week or less prior to use, 1 day or
less prior to use, 1 hour or less prior to use, 10 minutes ot less prior to use, or | minute or fess
prior to use). Other fwo-container, or three- or more-container, combinations of the

components of the composition are within the knowledge of one of ordinary skill 1 the art.
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{0631} The composition also can be provided as a concentrate which 1s intended to be diluted

with an appropriate amount of liquid carrier prior to use. In such an embodiment, the
composition concentrate can comprise abrasive, Hguid carrier, and opitonally oxidizing agent
and/or thickener i amounts such that, apon dilution of the concentrate with an appropriate
amount of hquid carrier, each component will be present in the composition i an amount
within the appropriate range recited above for each component. For example, components
can each be present i the concentrate in an amount that 1s 2 times {e.g., 3 times, 4 times, or 3
times) greater than the concentration recited above for each component in the composition so
that, when the concentrate is diluted with an appropriate volume of hguid carrier {e.g., 2
equal volumes of liquid carrier, 3 equal volumes of hiquud carrier, or 4 equal volumes of
fiquid carrier, respectively), each component will be present in the composition 1n an amount
within the ranges set forth above for each compovent. Furthermore, as will be understood by
those of ordinary skill in the art, the concenirate can contain an appropriate fraction of the
Liguid carrier present in the final composition in order to ensuve that the abrasive and other
suitable additives are at least partially or fully dissolved or suspended in the concenirate.
Moreover, the oxidizing agent can be left out of the concentrate (o be later added n an
appropriate amount with Hquid carrier to {orm the composition such that each component is
present in an amount within the ranges sed forth above for each component.

[6832] The iventon further provides a method of slicing a substrate. The method comprises
(1) contactng the substrate with a composition 8s described herewn, (11} contacting the
subsirate and the composition with a wive saw, and (1i1) moving the wire saw, with the
composition in contact therewith, relative to the substrate so as to abrade at least a portion of
the substrate to slice the subsirate.

80331 A substrate can be sliced using the mventive composition and method with any
suitable wire saw. The wire saw comprises a web of fine wires arranged using a serigs of
spools and pollevs such that the wives are parallel. The distance between the wires can be
any suitable distance, but typically 1s 0. mm to 1.5 nun. The diameter of the wire can be any
suitable diameter, but the wire typically has a diameter of .08 10 0.2 mm. The wire portion
of the wire saw can be any suttable material, but preferably comprises, consists essentially of,
or consists of iron and won alloys. A substrate is pressed against the web of wires while a
composition is continuously supphied to the area. The wire saw is moved relative to the

sabstrate, and the abrasive suspended in the composition adheres to the wire saw and
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faciliates the interaciion between the wire of the wire saw and the subsivate, so as to abrade
at least a portion of the subsirate and slice it fnto walers,
{08341 The following example finther illostrates the tnvention but, of cousse, should not be
constroed as in any way limiting 1is scope.

EXAMPLE
[6635] This example demonstrates the effects of various components on the moisture
retention, cleanabilitv, and settling properties of compositions.
08361 A composition was prepared that contained 50 wt.% silcon carbide, 4 wit.%
hydroxyethy! cellulose, and 46 wit % water. The composition was divided into eighteen
different compositions {{ompositions A-R} to which varying types and amoants of slcohols
andfor salts were added as set forth in Table 1.
[037] Each of the composiions was evaluated using the setthng test {7 days), drop spatula
test {7 days), the scratch test and the ulirasonic (40 sec.} test. The drop spatula and the
settlng tests were performed in order to test the suspendability of the shurry and how easy it
will re~-disperse after settling. The scratch and the oltrasonic tests were performed 1 order to
exanune the cleanability and the deving- ability of the slumry.
00381 The drop spatula test was conducted by dropping a spatula into a graduated cyhinder
that contained the shurry being tested. The slarry had been allowed to settle in the cylinder for
7 days priov to testing. In this test, the spatuda will drop down to the bottom of the cyhinder if
theve is no hard settling. A visual analysis was done to detenmine whether or not the spatula
touched the bottom of the cylinder, and an estimate of where in the cylinder the spatula had
settled. A large layer of hard-settled abrasive 1s indicative of problems with re-dispersing
after settling.
80391 The settling test was conducted by visually observing the clear hiquid laysr in a slurry
that had been allowed to settle for 7 davs i a gradueated cylinder. The higher the nomber the
more settled the shury 1s. The scrateh was conducted by placing an aliquot of the slury on g
glass shde and then drving. After 24 hours, a cotton swab was used to wipe sway the dried
starry. The sharry drying is measured quakitatively by how easy i 1s 10 be wiped out. The
ultrasonic test was then measured on the same glass slide from the dried sturry test. After 40
seconds of somcation, the glass shde was examind for any remaining shurry. Easy to clean
shary will be cleaned off the plass shide afler sonication. The results are sumniarized in Table
I
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Dirop Spatala, | Scratch | Ulirasonic,
Composition Alcohol/Salt 7 davs test | 40 sec. Setthing Test

A (inventive) | 1% glveerol 0O 110 vas 7.3

B {inventive) 3% PEG yes yes ves 7.3

C {inventive) 5% glyceral halfway ves ves 7.8

D {inventive} 1% PPG 1o ves yes 7.2
1% hexyl

E (inventive) alcohol yes ves ves 7.8
5% hexyt

F {imventive) alcohol ves yes yes 6.7

G Gnventive) 1% PEG yes 1o yes 8

H {inventive) S% PPG 1o no | o 73

1{comparative) | Nome | wo | no | Y §

J (inventive) PEG 304 yes Vs Vs 6.5

K {inventive} 3% CaCly ves no 1o 7.4

L (oventive) | 1% CaCls yes o | no 7.6
1% hexyl |

M (inventive} alcohol Ves ves ves 7.7

Ninventivey | 7% PEG ves ves | yes )
1% Call, 7%

O (inventive} | PEG 344 down ves | yes 74
5% ammonium

P (inventive) sulfate no yes no 7.2
1% ammonium |

) (inventive) sulfaie 1o ves Ves 7.1

R {comparative} None Y no no &

00401 As is apparent from the results set forth in Table 1, Compositions containing polvol

such as glycerol, polyvethylene glveol (PEG), polvpropylene glyveol {(PPG) and monatomic
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alcohol such as 1-hexanol (hexyl alcohol) as well as salts sach as calcium chlonde and

ammomum sulfite show better cleanability and less drying of the slurry.



WO 2010/071870 PCT/US2009/068909

i3
CLAIMS
1. A composition for slicing o substrate using a wire saw comprising:
{1} a hiquid carvier comprising at least 30 w.% water and 0.1 w30 0 20 wt.% of

a polyol, based on the weight of the hquid carrier;

{1} 30 wit% 1o 60 wt. % of an abrasive suspended n the hquid carner; and

(1) 0.2 wt.% to 10 wi.% of a thickener.

2. The composition of claim 1, wherein the polvol is selected from the group
consisting of glycerol, polvethvlene glveol, 16-hexanediol, pentaervthrite, or combination
thereof.

3. The composition of claim 1, wherein the polvol has a carbon atom 1o oxygen
atom ratio of at least 2.5:1.

4. The composttion of claim 1, wherein the composition further comprises an

oxidizing agent.

s, The composition of claim 1, wherein the thickener 1s a non-ionic polymer.
b, The composition of claim 1, wherein the abrasive is selected from the group

consisting of silicon carbide, silica, alumina, and combinations thereof.
7. The composition of claim 1, wherein the composition further comprises

calcim chlonde, ammoniuem sulfate, aluminum milrate, or combinations thereof

& A composition for slicing a sebstrate using 8 wire saw comprising:
{1 a liguid carrier comprising at least 50 wit % water and at least one additive

selected from a monatonyic alcohol or a salt, wherein the monatomic alcohol is present in the
hquid carrter at 3.1 wi.% to 20 wi%, and the salt is selected from the group consisting of
caleinm chloride, ammonivm sulfate, aluminum anitrate, and combinations thereol and

{1} 30 wi.% © 60 wt.% of an abrasive suspended in the hiqud carrier;

9, The composition of claim 8, wherein the monatomic alcobol has a carbon
chain of four or more carbons.

10, The conwposition of claim 9, wherein the monatomic alcobol baving a carbon
cham of four or more carbons is 1-hexanol, -octanol, 2-ethy! hexanol or 2-butyl-1-octanol.

11, The composition of clazm 8, wherein the monatomme alcohol has a carbon
atom to oxygen gtom ratio of at least 2.5:1.

12, The composition of claim §, wherein the composition Hurther comprises an

oxidizing agent.
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13, The composition of claim &, wherein the abrasive 1s selected from the group

consisting of silicon carbide, sthica, alumina, and combinations thereoll
14, The composition of claim 8, wherein the composition funther comprises 8
thickener.
15, The composition of claima 14, wherein the thickener is a non-1onic polymet,
16, A method of slicing a substrate, which method comprises:
{1} coptacting the substrate with a compuosition comprising:
{a} a hquid carrier comprising at least 50 wit.% water and 0.1 wt.% 10 20
wi.% of a polvol, based on the weight of the ligud camvier;
(by 30wt % to 60 wi.% of an abrastve suspended in the Hqud carrrer; and
{c} (.2 wi% 10 10 wi% of a thickener
{1}  contacting the substrate and the composition with a wire saw, and
{11}  moving the wire saw, with the composition in contact therewith, relative to the
substrate so as to abrade at least a portion of the substrate to shice the substraie.
17.  The method of claim 16, wheremn the polvol is glyearol, polyvethvlene glyeol,
1,6-hexanediol, pentaerythrite, or a combination thereof.
18 The method of claim 16, wherein the polyol has a carbon chain of four or
more carbons.
19 The method of claim 16, wherein the polvol has 8 carbon atom to oxygen atom
ratio of at east 2.5:1.
20, Themethod of claim 16, wherein the composition further comprises an
oxidizing agent.
21, The method of claim 16, wherein the thickener is a non-tonic polymer.

22 The method of claim 16, wherein the compostiion {urther comprises caloians

s it

chioride, ammontam sulfate, aluminan nitrate, or combinations thereof



