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i
COMPOSITION FOR TMPROVING DRYNESS DURING WIRE SAWING
BACKGROUND OF THE INVENTION
0001} Waters used in electronic devices ave typically prepared from an ingot that is first
shced into thin wafers. Wire sawing 1s the most common method for manafacturing such
wafers. A wire saw comprises a web of fine wires arranged using a series of spools and
pulleys such that the wires are paralie! to each other at distances of 0.1 mm to L. mm. Asa
substrate s pressed against the web of wires, a composition is continuously sapplied to the
area. The composition generally contains an abrasive suspended in a hquid carvier which
facihitates the interaction between the wire of the wire saw and the substrate wherein the
substrate is abraded and shiced into wafers.
j0002] Current methods of shicing subsirates to prodace wafers often employ the use of non-
agueous ligud carmers in the composition containing the abrasive. Typical cariers include
the use of mineral oil, kerosene, polvethylene glyeol, and polyatkylene glycols. The viscous
aature of these carriers allows the abrasive particles 10 be suspended in the composition and
allows the composition 1o adhere to the wire of the wire saw and/or the substrate which
results in a more efficient mechanical abrasion of the substrate. Such compositions, however,
generally contain high concentrations of abrasive, and, due {0 thetr lack of colloidal stability,
the abrasive particles settle out of solution. Now-agueous compesttions are also relatively
sensitive to contammination by the materials abraded during the shicing process, which canses
the abrasive particles to lose shoing efficiency and to agglomerate. In addition, due to poor
thermal properties, pon-agqueocus compositions gencrally result in increased amounts of heat
level

beiny generated by the wire sawing process doe to friction, which in tum increases th

e

£

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 fost during slicing (te., the kerf). Compositions having a longer shelf
life which can increase sticing performance are desived.

[0603] During wire sawing operations, the wire moves gt a relatively high velocity, which
causes the composition {0 evaporate or dry during the slicing process, resulting in the
formation of hard deposits on the wire and increasing the level of wear on the wire. This i
especially 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.
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BRIEF SUMMARY OF THE INVENTION
[0004] The invention provides a composition for sheing a substrate using a wire saw

Y

comprising €1} a liquid cagrier comprising at least 30w water and 0.1 w2 to 20 w1% of a
wi.% to 10 wi.9% of a thickener.
[0865] The invention also provides a composition for slicing a substrate using a wire saw
comprising (1) a bquid carrier comprising at least 30 we.%% water and 0.1 wt.% (o 20 wt% of a
monatomic aleohol, (1) 30 wi.% 1o 60 wt.% of an abrasive suspended n the hquid camer,
and (i) a salt selected from the group consisting of calcium chloride, smmonium sulfate,
alununont nitrate, and combinations thereof.
ja006] The mvention further provides a method of slicing a substrate, which method
comprises {1} contacting the substrate with either of the compositions described above, (1)
with the composition i contact therewith, relative to the subsirate so as (0 abrade at least a
portion of the subsirate 1o shice the substrate.

DETAILED DESCRIPTION OF THE INVENTION
00071 The mvention 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 to be sliced can be any suitable subsuate. Suitable sabstrates can be, for
example, stlicon, sapphire, silicon carbide, germanium, pallium, or ceranuics, Preferably, the
substrate is sthcon.
{0669} The composition comprises a lqud camier and an abrasive suspended in the hquid
carrier.
[80101 A liquid carrier is used to facilitate the application of the abrasive and any optional
additives to the surface of a suitable subsirate {0 be sliced. The hquid carrier can be any
suitable solvent mcluding lower alcohols (e.g., C+Cy aleohols such as methanol, ethanol,
etc. ), ethers (e.g., dioxane, tetrahydrofuran, efe.), water, oil {e.g., nmneral oil), kerosene,
polvelyveol, polyethylene glyeol, polyvalkylene glycols (e.g., polypropylene plveol), and
suxtures thereof. Preferably, the Hqud carmier comprises, consists essentially of, or consists
of a mixture of water and alcohol. Without wishing to be bound by any particular theory, it is
likely that the use of a non-aqueous liquid carrier increases the viscosity of the composition

which increases the ability of the composition o adhere o the wire saw and/or substrate,
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resulting in a more efficient abraston of the substrate. The iomic properties of the non-

aqueous higuid carrier, however, also increase the collowdal instability of the composition.
The materials that are abraded during the shicing process agglomerate with the abrasive
particles suspended in the liquid carrier, which causes the abrasive particles to lose shicing
efficiency and settle out. In addition, the use of a non-aqueous hquid carrier having poor
thermal properties increases the amount of heat generated due to fiction durig the slicing of
the substrate. The liguid carrier can comprise at least 56 wt.% {based on the x&s'ei_ght of the
hiquid carrier) water {e.g., at least 60 wi. %o, af least 70 wi. %, at least RO wi, %, at least §5

wi. %, or at least 90 wi %% water). Alternatively, or in addition, the lquid camier can comprise
98 wi% or less water {e.g., 95 wit % or less, 90 wi % or tess, B0 wi.% or less, 70 wi.% or fess,
or 60 wi.% or less water). Thus, the liquid carrier can comprise an amount of water bounded
by any two of the above endpoints. For example, the hguid carvier can comprise 50 w9

SO W% to 85 wi.% water, 60 wi.% fo 95 wi. % water, or 71

-2k

water 1o 98 wi% water {e.¢
Wi % 1o 95 wiSo water).
{0611} The alcohol comprising the liquid carrier can be any suntable alcohol. Preferably, the
alcohol is o polvol or o monatomie alcohol. The polvol or monatomic alcohol can have
carbon chain of fowr or more carbons andfor a carbon atom to oxygen atont ratio of at least
2.5:1. For example, the polvol can be a glycol (7.e., a diol), glveers!, polvethvlene glveol
(PEG), polypropylene glveol (PPGY, 1 6-hexanediol, pentaeryvibinte, or combinations thereof.
The monatomic glcohol can be, for example, T-hexanol (hexyl alcohol), 1-octanol, 2-¢thyl
hexanol, or 2-butvi-1-octanol. The lipsd camier can comprise at feast 0.1 wi% (based on the
weight of the liguid mm} alcobhol (e.g., at least 1.2 wi %, at least 0.5 wi%, at least 1 9.9,
at feast 3 wit %, at feast 5 wi %%, at least 7 wt.%, at least 10 wi %%, at least 15 wt.%, or at east
20 wi % alcohol). Alternatively, or in addition, the ligquid carriar can comymise 25 wi% or
fess afcohol {e.g., 20 wt.% or fess, 17 wit% or less, 13 wi % or less, 12 wi% or less, 10 wi.%
or Joss, B wi 9% or less, 5wt % or less, 3 wi% or less, or 1wt % or less alcoboly. Thus, the
liquid carrier can comprise an amount of alcohol bounded by any two of the above endpoints,
For example, the liquid carrier can comprise 0.1 wit % alcohol 10 25 wit % alcohol {e.g., 1.1
wi%% 10 20 wi.% aleohol, 0.1 w9 to 10 wi.%6 alcobol, 1 wi % 1o 15 wit.% alcohol, or 1 wt.%
10 10 wit.% alcchol).
{00121 The abrasive typically is in particulate form {e.g., abrasive particles) and is suspended

in the liguid carrier. The abrasive can be any sustable abrasive. For example, the abrasive
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can be natoral or synthetic, and can comprise, consist essentially of, or consist of oxide,

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 compnises metal oxide particles. Preferably, the abrasive is selected from the group
consisting of silicon carbide, diamond, boron carbide, alumina, and combinations thereof
Preferably, the abrasive is silicon carbide.

[0613] The abrasive particles typically have an average patticle size (e.g., average particle
diameter) of 0.5 microns 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, ot least 1 micron, &t least S microns, at
least 10 microns, at least 20 microns, or at feast 30 microns}. Alternatively, or in addition,
the abrasive particles can bave an average particle size of SO0 microns or less {e.g., 300
microns or less, 100 pucrons or less, S8 mycrons or less, 30 nycrons or less, 20 microns oy
less, 1O microns of less, or & microns or fess). Thas, the abrasive can have a particle size
bounded by any two of the above endpoints. For example, the abrasive particles have an
average particle stre of 1 micron to 100 microns {e.g., 3 microns to 50 microns, 6 mucrons to
20 microns, 8 microns (o 20 microns, or 3 nucrons to 15 microns). Any suttable amowunt of
abrasive can be present i the compaosition.

[0 14} The composition can comprise 30 wit e or more {e.g., 40 wi % or more, or 30 wi'ts or
more) abrasive. Alternattvely, or in addition, the composition can comprise 90 w2 or less
of the abrasive {e.g., 75 wit.% or less, 60 wi.% or less, 50 wt.%% or less, or 40 wit % or less
abrasive). Thus, the composition can comprise an amount of abrasive 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 wi %, or 30 wi %% to 60 wi. %) gbrasive.

88151 The composition can further comprise a sali. For example, the salt can be calcium
chloride, ammontum sulfate, aleninam nitrate, or combinations thereof. The composition
can comprise 1w % or more {e.g., Swt.% or more, or 10wt % or move) of the salt.
Alternatively, ot in addition, the composition can comprise 20wt.% or less {e.g., 10wt.%, or
Fwi, % or less) of the salt. Thus, the composition can comprise an amowunt of the salt bounded
by any two of the above endpoints. For example, the composition can comprise 1 wt.% to
20wt {eg, T witd to 15 wr.%, or 3 wi.% to 20 wi.%) of the salt.

j016] The composition also may comprise an oxidizing agent, which can be any sultable

oxtdizing agent for one or more materials of the sebstrate 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
coutgining oxidizer. Typically, the oxidizing agent is selected from the group consisting of
hvdrogen perogide, percarbonate, bleach, chlorine, perbromate, ozone, and combinations
thereof. Preferably, the oxidizing agent is hydrogen peroxide. The oxidizing agent can be
present in the composition in any suitable amount. The composition can comprise (1.003
wi,% or more {e.g., 0.01 wi % or more, 0.05 wt% or niore, G 1 wi% or nwore, 8.5 wi% or
more, 1wt or more, of 3 wit.% or more) oxidizing agent. Alternatively, or in addition, the
compaosition can comprise 20 wi% or less {e.g.. 10 wL.% or less, § w2 or less, 3 wit% or
less, 1 wt% or less, or (0.5 wt% or less) oxadizing agent. Thus, the composition can
comprise an amount of oxidizing agent bounded by any two of the above endpoints. For
example, the composition can comprise G.005 wt% to 10 w9 (e.g., 0.01 wi %% 1o 1 wi.9,
(.01 wi% 1o 53 wi, 0.1 wi% to 3 wi%, or | wi.% to § wi%) 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 fowers the activation energy of the oxidation by the
oxidizing agent of one or more materials of the substrate o be sheed with the wire saw and
compasition. For example, the oxidation facilitalor can be a metal, an organic molecule, or a
radical. Typically, the oxidation faciiitator is selected from the group consisting of copper,
platinuny, nuthemtam, rhodiony, quinones, 2 2.6 6-tetramethyl-pipendin-1-oxyl, and
combinations thereof. The metals can be elemental or onic in fonm. The oxidation
facilitator can be present in the composition m any suitable amount. The composition cap

37 ¥

comprise .01 wi.% or more {e.g., 0.1 wi.% or more, (.5 wt.% or more, | wt.% or more, 3

wi.% or more, or § wi.% or more) oxidation facilitator. Alternatively, or in addition, the

composition can comprise 20 wit.% or less {(e.z., 10 wt.% or fess, § wi% or less, 3 wih o1

fess, or I wt.2% or less) oxtdation facilitator. Thas, the composition can comprise an amount

of oxidation faciitator bounded by any two of the above endpoints. For example, the
conmposition can comprise .03 wt.% to 20 wi.% (e.g., (.1 wit.% to 10 wi.b, (.1 wi% to

wi %, .1 wi% to 3 wi%, or G wit' to 1 wi™) oxidation facilitator.

{0818] 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.g., hydroxyethyleellulose), or poly(alkylene oxide) nwaterials (2.g., a poly(ethylene glycol),

an ethylene oxide-propylene oxide copolymer, and the like). Preferably, the thickening agent
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has a number average molecalar weight of greater than 20,000 Daltons (Da), more preferably

at least 30,000 Da (e.g.. 50000 1o 130,000 Da), since lower molecular weight materials tend
to be less efficient as thickeners. The thickener can be present in the composition in any

L1

suitable amount. The composition can comprise 0.05 wt.% or more {e.g., 0.1 wi.% or more,
0.5 wit.% or more, | wi% or more, or §1 wi.% or more) thickener, Alternatively, or in
addition, the composition can comprise 30 wit% or less {e.g., 20 wit % or less, 1 wi % or
less, S wit.% or less, or 1 wil% or less) thickener. Thas, the composition can comprise an
amoant of thickener bounded by any two of the above endpoints. For example, the
composition can comprise 0.05 w10 20 wi% (e.g., 0.5 wi% 1o 20 wi %, 0.2 wt% 1o 10
wi b, 0.5 wi % 10 5 wi%, or T wi % 1o § wi.%) thickener.

0019 The composition can farther comprise an anti drying agent, which can be any suitable
anti~drying agent. Without limutation, the anti~drying agent can be an alkynol amine orva
polvacrylate. Preferred antidrying agents are triethano! mmine and sodhwm polyacryviate. The
anti-drying agent can be present in the compositin i any suitable amount. The composition
can comprise .03 wt.% or more {e.g., (.1 wt.% or more, 0.5 wit.% or more, 1 wi.% or more,
or 20 wi.% or more) anti-drying agent. Aliernatively, or o addition, the composition can
comprise 30 wi% or less {e.g., 20 wi.% or less, 163 wi.% or fess, § wi% or less, or T wt.9% or
fess) anti-drving agent. Thas, the composition can comprise an amouont of anti-drving agent
bounded by any two of the above endpoints. For example, the composition can comprise
0.05 wi% 1o 20 wi% (2.2, 0.5 wit% to 20 wi %, 0.2 wi % 10 10 wi%, 0.5 wi.% to 5 wi%%,
or 1 wi% to § wt.%) anti-dryving agent. Preferably, the anti-drying agent is present in the
composition between .3 wt.% and 20 wi%

{00201 The composition can have any suitable viscosity. The wiscosity of the composition
can be at least 20 cp {e.2.. at least 40 ¢p. at least 60 ¢p, al feast B ¢p, at least 100 ¢p, at least
130 cp, or at feast 156 cp). Alternatively, or in addition, the viscosity of the composition can
be 500 ¢p or less (e.g., 400 op or less, 350 ¢p or less, 300 cp or less, 200 ¢p or less, 175 ¢p or
less, or 150 cp or tess). Thas, the composition can have a viscosity bounded by any two of
the above endpoints. For example, the viscosity of the composition can be 20 cp to 300 ¢p
{e.g., 60 cp o 400 ¢p, 100 cp 10 400 cp, 150 cpio 400 ¢p, 150 ¢p to 350 ¢cp, 170 ¢p to 320 ¢p,
or 200 ¢p to 300 cp).

j36821] The composition can have any suitable pH. The composition can have a pH of 10 or

fess (e.g., 8 orless). Alternatively, 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 endpoints. For example, the composition can have apH of 310 10 {e.g, 5 to 8).

00221 The abrasive desirably is suspended in the composition, more specifically in the hguid
carrier 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
particles in the hiquid carrier. Colloidal stability refers 1o the mainienance of that suspension
over time. In the context of this invention, an abrasive is considered colloidally stable if,
when a suspension of the abrasive in a hquid carrier is placed into a 100 mi gradoated
evlinder and allowed to stand unagitated for a ime of 2 hours, the difference between the
concentration of particles it the bottom 50 mi of the praduated cylinder {{B] in terms of g'mi)
and the concentration of particles i the top 50 ml of the graduated cvlinder {{T] in terms of
g/ml} divided by the imiual concentration of particles in the composition {{C] i terms of
o/mi} s less than or equal to 0.3 (e, {B] - {T]HCI 03} The value of { BTV
desirably is less than or equal {o 0.3, and preferably is less than or equal 1o 0.1

{0023} 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.
j0024] The composition can optionally further comprise one or more surfactants andior
rheological control agents, inchuding coagudants {e.g.. polymeric vheological control agents,
such as, for example, urethane polymers). Saitable surfactants can inchude, for example,
cationic surfactants, sionic surfactants, nontome surfactants, amphoteric surfactants,
mixtures thereof, and the like. Preferably, the composition comprises a nontonic surfactant.
One example of a suttable nonjonic surfactant 1s an ethylenediamine polvoxyethylene
surfactant. The amount of surfactant in the composition typically 18 0.0001 wi % to I wi%
{preferably 0.00] 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 acrylic subunits (e.g.. vinyl acrylates and
styrene gerylates), and polymers, copolymers, and oligomers thereof, and salts thereofl

[0626] The composition can comprise one of more aptifoanung agents. The antifoanung
agent can be any suitable anufoaming agent. Suitable antifoaming agents include, but are not
linited to, silicou-based and acetylenic diol-based antifoaming agents, The amount of anti-

foaming agent in the composition typicatly is [{ ppnt to 14¢ ppm.
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{0627} The composition can comprise one or more biocides. The biocide can be any suitable
hiocide, for example an isothiazolinone biocide. The amount of biccide in the composition
typically 1s 1 to 50 ppm, preferably 10 to 20 ppm.
[028] The composition can be prepared by any suitable techmique, many of which are
known to those skilled in the art. The composition can be prepared in a baich or continuous
process. Oenerally, the composition can be prepared by combining the components thergof
in any order. The term “component” as used herein includes individual ingredients (e.g.,
abrasive, oxidizing agent, thickener, biocide, ete.) as well as any combination of ingredients
{e.p., abrasive, oxidizing agemt, thickener, biocide, etc.).
30291 The composition can be supplied as a one-package svstem comprising, for example,
an abrasive, a bquid carvier, and optionally an oxidizing agent. Alternatively, for example,
the oxidizing agent can be sapplied in a first container, evther 1 dry form, or as a solution or
dispersion in the hquid carrier, and the abrasive, the liquid camier, and other additives can be
supplied in a second containgr. Sapplving the oxidizing agent separately from the other
components of the composition is preferable because it allows for the oxidiaing agent to be
added to the composition at any time during the slicing process. For example, the oxidizing
agent can be added to the composition before the slicing process begins, during the slicing
process, of after the slicing process is complete. The use of a stable oxidizang agent allows
the oxidizing agent (o be supplied in a container with other components of the composition,
since i is less likely to react with the other components. This approach 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 g third container, either in dry form, or as a solution in the hquoid
carrier. Motreover, i is suitable for the components in the first and second containers o have
different pH values, or alternatively to bave substantially similar, or even equal, pH values.
if an optional component is a solid, it may be supplied either 1o dry form or as a mixture in
the liquid carmier. The optional compouents can be supplied separately from the other
comporents 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 or less priov to use, or | minute or less
priot to use). Other two-container, or three- or more-container, combinations of the

components of the composition are within the knowledge of one of ordinary skill m 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 concentraie can comprise abrasive, Rguid carrier, and optionally oxidizing agent
andior thickener in amounts such that, spon dilution of the concentrate with an appropriate
amount of liquid carrier, each component will be present in the composition in an amount
within the appropriate range recited above for each component. For example, components
can each be present in the concentrate in an amonnt that i3 2 times {e.g., 3 times, 4 thmes, 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 carrter, 3 equal volumes of fiquid carrier, or 4 equal volumes of
fiquid carrier, respectively), each component will be present i the composition in an amount
within the ranges set forth above for each compovent. Furthemmore, 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 composttion in order to ensure that the abrasive and othey
suitable additives are at least partially or fully dissolved or suspended in the concentrate.
Moreover, the oxidizing agent can be left out of the concentrate to be later added 1 an
appropriate amount with Hquid carrier to form the composition such that each component is
present in an amount within the rapges sed forth above for each component.

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

80331 A substrate can be shiced using the mventive composition and method with any
suitable wire saw. The wire saw comprizses a web of fine wires arranged using a series of
spools and pollevs such that the wives ave parallel. The distance between the wires can be
any suitable distance, but typically s 0. mm to 1.5 num. The diameter of the wire can be any
suitable diameter, but the wire typically has a diameter of 0.08 to 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 ron alloys. A substrate is pressed against the web of wires while a
composition is continuousty supplied to the area. The wire saw is moved relative to the

substrate, and the abrasive suspended in the composition adheres to the wire saw and
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faciliates the interaction between the wire of the wire saw and the subsivate, so as to abrade

at least a portion of the substrate and slice it into walers,
008341 The following example finther illastrates the ivention but, of course, should not be
construed as in any way limiting its scope.

EXAMPLE
{0635} This exanple demonstrates the effects of various components on the moisture
retention, cleanabilitv, and settling properties of compositions.
[0836] A composition was prepared that contained 50 wt.% silicon carbude, 4 wit.%
hydroxyethy! cellulose, and 46 wit % water. The composition was divided into eighteen
different compositions {{ompositions A-R} to which varying types and amounts of alcohols
andfor salts were added as set forth in Table 1.
[037] Each of the compositions was evaluated using the setthng test {7 days), drop spatula
test {7 days), the scrateh test and the ultrasonic (40 sec.} test. The drop spatula and the
settling tests were performed in order to test the suspendability of the shurry and how easv it
will re~-disperse after settling. The scratch and the ultrasonic tests were performed mw order to
exanune the cleanability and the drving- abiiity of the slurry.
j00381 The drop spatula test was conducted by dropping a spatula into a graduated cvimder
that conttained the sturry being tested. The slurry had been allowed to setile in the cylinder for
7 days priov o testing. In tus test, the spatufa will drop down to the bottom of the cyhinder if
there is no hard settling. A visual analvsis was done to determine whether or not the spatula
touched the bottom of the cvlinder, and an estimate of where in the cylinder the spatida had
settled. A large layer of hard-settled abrasive 15 indicative of problems with re-dispersing
after settling.
80391 The settling test was conducted by visually observing the clear hiquid laysr in a shurry
that had been allowed to settle for 7 days in a gradaated cylinder. The higher the number the
more settled the sharry 1s. The scratch was conducted by placing an aliquot of the shuvy on a
glass shide and then drving. After 24 bours, a cotton swab was used to wipe away the dried
starry, The slurry deying is measured gualitatively by how easy it is o be wiped out. The
ultrasonic test was then measured on the same glass slide from the dried starry test. After 40
seconds of somication, the glass shde was examind for any remaining shary. Easy to clean
shary will be cleaned off the glass stide afler sonication. The results are summarized in Table
L
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Dirop Spatala, | Scratch | Ulirasonic,
Composition Alcohol/Salt 7 days test | 40 sec. Setthing Test

A (inventive) 1% glycerol 0o o Ves 7.3

B {inventive) | 3% PEG yes yes Ves 7.5

C {inventive) % glyeerol halfway yes ves 7.8

D (mventivey | 1% PPG 1o ves ves 72
1% hexyl

E {inventive) alcohol yes yes ves 7.8
5% hexyl

F {inventive) alcobol ves yes ves 6.7

G Gnventive) 1% PEG ves 1o yes 8

H {inventive) | 1o no | o 73

T{comparative) | Nome | o | no | no 8

J (inventive) PEG 360 yes ves Vs 6.5

K {inventive) 3% CaCly ves Hno 1o 7.4

L (ioventive) | 1% CaCl yes o | no 7.6
eyl

M (inventive} alcohol ves ves vis 7.7

Ninventivey | 7% PEG vos ves | yes 73
1% CaCl, 7%

O (inventive) PEG 34 down ves Ves 7.4
5% ammontum

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

Q (inventive) sulfaie 0o ves vas 7.1

R {comparative)} None no no no 8

00407 As is apparent from the results set forth in Table 1, Compositions containing polyol

such as glveerol, polyethylene glveol (PEG), polypropylene glyveol {(PPG) and monatomie
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alcohol such as [-hexanol (hexyl alcohol) as well as salts sach as calcium chlonde and

ammonium sulfate show better cleanability and less drying of the slurry.
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CLAIMS
1. A composition for slicing a substrate using a wive saw comprising:
{1} a hiquid carvier comprising at least 3G wi.% water and 0.1 w96 10 20 wit.% of

a polyel, based on the weight of the liquid carrier;

(1) 30 wit% 1o 60 wt % of an abrasive suspended n the liquid carrier; and

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

2. The composition of claim 1, wherein the polyol is selected from the group
consisting of glyeerol, polvethvlene glveol, 1.6-hexanediol, pentaerythrite, or combination
thereof.

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

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

oxidizing agent.

s, The composition of claim 1, wheremn the thickener 1s a non-ionic polymer.
b. The composition of claim 1, wherein the abrasive 15 selected from the group

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

calcim chlonide, ammontem sulfate, aluminuny mitrate, or combinations thereof

& A composition for slicing a substrate using a wire saw comprising:
{1 a liguid carrier comprising at least 50 wi.% water and at least one additive

selected from a monpatomic alcohol or a salt, wherein the monatomic alcohol s present in the
hquid carrter at 0.1 wi.% to 20 wi.%, and the salt is selected from the group consisting of
calciom chloride, anwnonium suifate, aluminum nitrate, and combinations thereofl and

{1} 30 wit.% to 60 wit.% of an abrasive suspended in the hiquud carrier;

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

10, The conwosition of claim 9, wherein the monatomic alcohol having a carbon
chain of four or more carbons is -hexanol, 1-octanol, 2-ethyl hexanol or 2-batyl-1-octanol

1. The composition of claim 8, wherein the monatomic alcohol has a carbon
atom to oxygen atom ratio of at least 2.5:1.

12, The composition of claim 8, wherein the composition further comprises an

oxtdizing agent.



WO 2010/071870 PCT/US2009/068909

14
13, The composition of claim 8, wherein the abrasive is selected from the group
cousisting of silicon carhide, silica, alumina, and combinations thereof.
14, The composition of claim 8§, wherein the composition further comprises a
thickener.
13, The conwosition of claim 14, wherein the thickener is a non-lonic polymer,
16, A method of slicing 3 substrate, which method comprisas:
{1} coptacting the substrate with a composition comprising:
{a) a bquid carrier comprising at least 30 wi % water and 0.1 wt.% 10 20
wi.% of a polyol. based on the weight of the liguid carvier;
(by 30 wi% to 60 wi.% of an abrasive suspended in the liquid carrier; and
{c} .2 wi % 10 10 wt.% of a thickener
{11}  contacting the substrate and the composition with a wire saw, and
{11} moving the wire saw, with the composiiion 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, wherein the polvol is glycerol, polyethylene glyeol,
1,6-hexanediol, pentaerythrife, or g combination thereof.
18 The method of clazm 16, wherein the polyol has a carbon chamn of four or
more carbons.
19, The method of claim 16, wherein the polvol has a carbon atom 1o oxygen atom
ratio of at feast 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 composiiion further comprises caleium

chioride, ammoniam sulfate, alominum nitrate, or combinations thereof
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