wo 2011/044716 A1 IO 000 OO RO OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
21 April 2011 (21.04.2011)

(10) International Publication Number

WO 2011/044716 Al

(51

eay)

(22)

(25)
(26)
1

(72)
(73)

74

International Patent Classification:
C10M 107/34 (2006.01) C10M 145/26 (2006.01)

International Application Number:
PCT/CN20095/001149

International Filing Date:
16 October 2009 (16.10.2009)

English
English

Filing Language:
Publication Language:

Applicant (for all designated States except US): DOW
GLOBAL TECHNOLOGIES LLC [US/US]; 2040
Dow Center, Midland, MI 48674 (US).

Inventors; and

Inventors/Applicants (for US only): YU, Wanglin [CN/
US]; 1608 Settlers Passage, Midland, MI 48642 (US).
AGUILAR, Daniel A. [US/US]; 106 Sumac Street, Lake
Jackson, Texas 77566 (US). CUTHBERT, John B. [US/
US]J; 128 Helen Street, Midland, Michigan 48640 (US).
7ZHU, Yi-Ping [CN/CN]; No.288 Fei Hong Road, Shang-
hai, 200086 (CN).

Agent: CHINA SCIENCE PATENT & TRADEMARK
AGENT LTD; 25/F., Bldg. B, Tsinghua Tongfang Hi-

62y

84)

Tech Plaza, No.l, Wangzhuang Rd., Haidian District,
Beijing 100083 (CN).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,
TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FIL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: CUTTING FLUIDS WITH IMPROVED PERFORMANCE

Figure 1

(57) Abstract: The cutting of semi-
conducting crystals with a wire saw
is facilitated with a cutting fluid

SiC Sedimentation Rate in Diff. Acid Neutralized PEG 300

comprising a polyalkylene glycol
neutralized with an un-neutralized or
partially neutralized polymeric acid
that has a molecular weight of 500 to

0 4 6 8

Time (Hour)

14 1,000,000 and contains more than
— three acid groups per molecule.
£ 12
;‘ —e— AcOH
£ —m— Lactic Acid
10
% Gluconic Acid
> 36— Tartceric Acid
8
£
g —¥— Glutaric Acid
" 6 —e— Citric Acid
€ —+—PAA
g 4 —— PAMA
] ———PAA Na
Q@ 2
(/7]
0




WO 2011/044716 A1 |00 AT 00O 0 A O

Published:
—  with international search report (Art. 21(3))



WO 2011/044716 PCT/CN2009/001149

CUTTING FLUIDS WITH IMPROVED PERFORMANCE

FIELD OF THE INVENTION

[0001] This invention relates to cutting fluids. In one aspect the invention relates to
cutting fluids comprising polyalkylene glycol (PAG) while in another aspect, the invention
relates to cutting fluids comprising PAG neutralized with a polymeric acid. In yet another
aspect, the invention relates to a process for making PAG and in still another aspect, the

invention relates to a method of cutting a semiconducting crystal.

BACKGROUND OF THE INVENTION

[0002] Wire saw cutting is widely used in slicing semiconducting crystals, such as silicon
ingot, gallium arsenide (GaAs), gallium phosphide (GaP), and the like to produce wafers for
making electronic and photovoltaic devices. The wire saw slicing works through abrasive
grinding action provided by an abrasive slurry consisting of a cutting fluid and abrasive
particles, generally of silicon carbide (SiC), suspended in the fluid. The cutting fluid plays a
critical role in achieving efficient and precise slicing by (i) suspending and carrying abrasive
particles and swarf (i.e., semiconductor crystal chips produced the cutting of the crystal),
(ii) lubricating the workpiece, and (iii) removing the frictional heat generated at the cutting
site.

[0003] Polyalkylene glycols (PAG), in particular polyethylene glycols (PEG), are
commonly used as semiconductor crystal cutting fluids. The demand for semiconductor
wafers continues to grow, especially in the photovoltaic market, and with it a demand for a
more cost-effective production of silicon wafers. The cost and quality of silicon wafer
production can be improved by boosting cutting speed, increasing wafer yield, reducing total
thickness variation (TTV) of wafers, reducing saw marks and warp, decreasing wafer
thickness, and prolonging the lifetime of cutting wires. All these improvements require
higher performance cutting fluids that can more effectively disperse the abrasive, e.g., SiC
particles, and crystal, e.g., silicon, swarf particles.

[0004] One known solution is to add a dispersant, such as polyelectrolyte, to the PAG to

produce formulated PAG-based cutting fluids. However, this additional formulation step
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increases the complexity and cost of the cutting fluid production. The invention is to produce
PAG materials as cutting fluids with improved dispersing ability for SiC and Si particles but

does not need the additional step of adding dispersants.

BRIEF SUMMARY OF THE INVENTION

[0005] In one embodiment the invention is a polyalkylene glycol neutralized with a
polymeric acid.
[0006] In one embodiment the invention is a process of producing a neutralized

polyalkylene glycol, the process comprising the steps of :

A. Polymerizing an alkylene oxide using a base catalyst to form a basic PAG;
and
B. Neutralizing the basic PAG with a neutralizing amount of a polymeric acid.

The polymerization is initiated with one or more of water, an alkylene glycol, an oligomer of
an alkylene glycol, or an aliphatic or aromatic mono-, di-, tri- or multi-functional alcohol.
The base catalyst is typically sodium or potassium hydroxide.

[0007] In one embodiment the invention is a cutting fluid comprising a PAG neutralized
with a polymeric acid. The polymeric acid neutralized PAG of this invention can be used
alone or in combination with one or more other PAG that are either conventionally
neutralized or admixed with a recycled PAG material. If used in combination with one or
more other PAG that are either conventionally neutralized or admixed with a recycled PAG
material, then the polymeric acid neutralized PAG of this invention typically comprises at
least 30, preferably at least 50, volume percent of the combination.

[0008] In one embodiment the invention is a method of cutting a brittle material with a
wire saw, the method comprising the step of applying a cutting fluid comprising a PAG
neutralized with a polymeric acid to the material as the material is cut with the wire saw. In
one embodiment, the brittle material is a semiconductor crystal or ingot.

[0009] The polymeric acid is a polymer with a molecular weight from 500 to 1,000,000,
and it typically contains three or more acid groups per molecule. The polymeric acids used
in the practice of this invention are not neutralized or only partially neutralized so that they

can provide sufficient acidity to neutralize the residual base catalyst in the PAG.
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[0010] The polymeric acid neutralized PAG of this invention shows significant
improvement in dispersing abrasive SiC and silicon powders as compared to conventionally
produced PAG cutting fluids. The invention provides a cutting fluid of high performance

and a cost-effective process of making it.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Figure 1 is a graph reporting the silicon carbide sedimentation rates of
polyethylene glycol 300 neutralized with different acids.

[0012] Figure 2 is a chart reporting the top clear volume of sedimentation test samples
containing silicon particles and polyethylene glycol 300 neutralized with different acids.
[0013] Figure 3 is a photograph of silicon powder dispersions comparing the
sedimentation of a dispersion containing PEG 300 neutralized with partially neutralized (by
NaOH) polyacrylic acid and polyethylene glycol 300 neutralized with acetic acid.

[0014] Figure 4 is a chart reporting the viscosity of test samples comprising SiC particles
and polyethylene glycol 300 neutralized with different acids.

[0015] Figure 5 is a chart reporting the viscosity of test samples comprising SiC particles,
silicon powder (swarf) and polyethylene glycol 300 neutralized with different acids.

[0016] Figure 6 is a graph reporting the viscosity of test slurries comprising SiC particles
in polyethylene glycol 300 neutralized with different acids.

[0017] Figure 7 is a graph reporting the viscosity of test slurries comprising SiC particles,
silicon powder and polyethylene glycol 300 neutralized with different acids.

[0018] Figure 8 is a graph reporting the viscosity of test slurries comprising SiC particles
and polyethylene glycol 200 neutralized with different acids.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0019] Unless stated to the contrary, implicit from the context, or customary in the art, all
parts and percents are based on weight and all test methods are current as of the filing date of
this disclosure. For purposes of United States patent practice, the contents of any referenced
patent, patent application or publication are incorporated by reference in their entirety (or its

equivalent US version is so incorporated by reference) especially with respect to the
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disclosure of synthetic techniques, definitions (to the extent not inconsistent with any
definitions specifically provided in this disclosure), and general knowledge in the art.

[0020] The numerical ranges in this disclosure are approximate, and thus may include
values outside of the range unless otherwise indicated. Numerical ranges include all values
from and including the lower and the upper values, in increments of one unit, provided that
there is a separation of at least two units between any lower value and any higher value. As
an example, if a compositional, physical or other property, such as, for example, molecular
weight, viscosity, melt index, etc., is from 100 to 1,000, it is intended that all individual
values, such as 100, 101, 102, etc., and sub ranges, such as 100 to 144, 155 to 170, 197 to
200, etc., are expressly enumerated. For ranges containing values which are less than one or
containing fractional numbers greater than one (e.g., 1.1, 1.5, etc.), one unit is considered to
be 0.0001, 0.001, 0.01 or 0.1, as appropriate. For ranges containing single digit numbers less
than ten (e.g., 1 to 5), one unit is typically considered to be 0.1. These are only examples of
what is specifically intended, and all possible combinations of numerical values between the
lowest value and the highest value enumerated, are to be considered to be expressly stated in
this disclosure. Numerical ranges are provided within this disclosure for, among other things,
the component amounts of the cutting fluid and various process parameters.

Polyalkylene Glycol (PAG)

[0021] One embodiment of the invention is the production of a polyalkylene glycol by
the polymerization of an alkylene oxide monomer or a mixture of alkylene oxide monomers
initiated by one or more of water and a mono-, di- or polyhydric compound, and promoted by
a base catalyst under reactive conditions known in the art (see, for example, “Alkylene

Oxides and Their Polymers”, Surfactant Science Series, Vol. 35). Upon the completion of

the polymerization, the reaction mixture is vented and it is neutralized by the addition of one

or more polymeric acids. The neutralized polyalkylene glycol product has a pH value of 4.0

to 8.5 and is useful as wafer cutting fluid.

[0022] In one embodiment the initiator is ethylene or propylene glycol or an oligomer of

one of them. In one embodiment, the initiator is a compound of the formula
R'0-(CHR*CH,0),-R?

in which R' and R? are independently a C, to Cy aliphatic or aromatic group with linear or

branched structure and which may contain one or more unsaturated bonds, or hydrogen, with
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the proviso that at least one of R' and R? is hydrogen; each R? is independently hydrogen,
methyl, or ethyl; and m is an integer of 0 to 20. In one embodiment the starter compound is a
hydrocarbon compound containing 3 or more hydroxyl groups, such as glycerol or sorbitol.
[0023] The catalyst is a base, typically at least one of an alkali or alkaline earth metal
hydroxide or carbonate, aliphatic amine, aromatic amine, or a heterocyclic amine. In one
embodiment, sodium or potassium hydroxide is the base catalyst.
[0024] The alkylene oxide used as the monomer in the polymerization is a C, to Cg oxide,
such as ethylene oxide, propylene oxide, butylene oxide, hexene oxide, or octene oxide. In
one embodiment, the alkylene oxide is ethylene or propylene oxide.
[0025] In one embodiment of this invention the polyalkylene oxide is polyethylene oxide,
or a water soluble copolymer of ethylene oxide (EO) and propylene oxide (PO), or a mono
methyl, ethyl, propyl, or butyl ether of one of them, or a polyethylene oxide or a copolymer
of EO and PO initiated by glycerol. In one embodiment, the polyalkylene glycol has an
average molecular weight of 130-1,000, more typically of 200-600.

Polymeric Acid
[0026] The polymeric acid used in the practice of this invention typically has a molecular
weight of 500 to 1,000,000 and contains more than three acid groups per molecule. The acid
groups are typically one or more of carboxylic acid, maleic acid, sulfonic acid or phosphoric
acid that have either been incorporated into the polymer backbone or have been grafted to the
polymer backbone through a carbon-carbon (C-C), ester, ether, or other covalent chemical
bond. In one embodiment the polymeric acid is a copolymer containing alkylene oxide units
to promote the solubility of the acid or its neutralized salt in the cutting fluid product. The
polymeric acid used in the practice of this invention is in an un-neutralized or partially
neutralized (e.g., less than or equal to (<) 75%, typically <50%) acidic state so that it can
provide sufficient acidity to neutralize the base catalyst in the polyalkylene glycol.
[0027] In one embodiment the typical molecular weight of the polymeric acid is in the
range of 500 to 500,000, more typically in the range of 1000 and 10,000.
[0028] In one embodiment the polymeric acid is a homo- or copolymer of acrylic acid,
methacrylic acid, maleic acid, styrene sulfonic acid, or 2-acrylamido-2-methylpropy! sulfonic
acid and is grafted by polyalkylene oxide or mono-alkyl or aryl ether of polyalkylene oxide

through an ester or ether linkage. In one embodiment the polymeric acid is polyalkylene
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oxide radically grafted by one or more of acrylic acid, methacrylic acid, maleic acid, styrene
sulfonic acid, or 2-acrylamido-2-methylpropyl sulfonic acid. In one embodiment an acid
group or a polymeric acid chain is linked with alkylene oxide repeat units through a C-C or
ether bond that is hydrolytically stable.

Cutting Fluid
[0029] The cutting fluids of this invention comprise a base-catalyzed polyalkylene glycol
that is neutralized with a polymeric acid. The polymeric acid, or a mixture of polymeric
acids, can be added to the polyalkylene glycol neat or in a solution of water or a polar solvent,
such as one or more of an alcohol, glycol, glycol ether, amide, ester, ketone or sulfoxide.
Sufficient polymeric acid is added to the polyalkylene glycol such that the cutting fluid has a
pH in the range of 4.0 to 8.5, or 4.5 to 8.0, or 5.0 to 7.5. Typically the polymeric acid is
added to the base-catalyzed polyalkylene glycol at the end of the polymerization reaction as a
solution of polymeric acid in a polar solvent or water at a concentration of 1 to 99 weight
percent, (Wt%) and more typically at a concentration of 5 to 60 wt%.
[0030] The cutting fluid may contain other ingredients as well, such as polar solvents
(e.g., alcohols, amides, esters, ethers, ketones, glycol ethers or sulfoxides), thickeners
(e.g., xanthan gum, rhamsan gum or an alkyl-cellulose such as hydroxymethylcellulose,
carboxymethylcellulose), surfactants, biocides, anti-corrosion agents, dyes, fragrances and
the like. These other ingredients are used in known manners and in known amounts. The
cutting fluids of this invention comprise little, if any, water. If water is present, then it is
typically present in an amount of less than 15, more typically less than 5 and even more
typically less than 1, wt%.
[0031] In one embodiment the cutting fluid comprises a base-catalyzed polyalkylene
glycol represented by the formula

R'O-(CHR*CH,0),H,

in which R! is a C; to Cy aliphatic or aromatic group with a linear or branched structure and
may contain one or more unsaturated bonds, or hydrogen; R2 is hydrogen, methyl, or ethyl;
and n is an integer of 1 to 50, neutralized or partially neutralized with a polymeric acid to a
pH of 4.0 to 8.5. The amount of polyalkylene glycol in the cutting fluid is typically 80 to
99.5, more typically 90 to 99.5 and even more typically 95 to 99 wt%. The amount of
polymeric acid in the cutting fluid is typically 0.01 to 5, more typically 0.05 to 3 and even
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more typically 0.1 to 2 percent by weight (Wt%). The total amount of additives in the cutting
fluid is typically 0.01 to 10, more typically 0.05 to 5 and even more typically 0.1 to 3 percent
by weight (wt%).

Use of the Cutting Fluid
[0032] Ultimately the cutting fluid is mixed with an abrasive material to form a cutting
slurry. Abrasive material that can be used in the practice of this embodiment of the invention
include diamond, silica, tungsten carbide, silicon carbide, boron carbide, silicon nitride,
aluminum oxide or other hard grit powder or similar material. One of the most preferred
abrasive materials is silicon carbide. Generally, mean or average particle sizes range from
about 2-50 microns; preferably from 5-30 microns and even more preferably 5-15 microns,
depending on the international grade designations of the grit powder. The concentrations of
the abrasive material in the cutting slurry typically range from 20 to 70, more typically from
25 to 60 and even more typically from 35-60, wt%.
[0033] The cutting slurry is used in a known matter. Typically it is sprayed upon a
cutting wire as a work piece is brought into contact with the cutting wire. The cutting wire is
part of a cutting apparatus commonly known as a wiresaw or wire-web, and it usually
comprises a row of fine wires arranged parallel to each other and at a fixed pitch. A
workpiece is pressed against these fine wires (which typically have a diameter of
0.1-0.2 millimeters (mm) running in parallel with one another in the same direction, while a
cutting slurry is supplied between the workpiece and the wires, the workpiece sliced into
wafers 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 cutting slurry onto the web just before the wire-web impacts the workpiece. Thus, the
abrasive particles carried by the liquid are transferred by the coated wires to produce a
grinding or cutting effect. These wiresaws are described more fully in USP 3,478,732,
3,525,324, 5,269,275 and 5,270,271.
[0034] The following examples are illustrative of certain embodiments of the present

invention. All parts and percentages are based on weight except as otherwise indicated.



WO 2011/044716 PCT/CN2009/001149

SPECIFIC EMBODIMENTS

Example 1:  Polyethylene Glycol (PEG300) Materials Synthesis and Neutralization

[0035] A S-gallon pressure reactor is purged with nitrogen and charged with 5201 grams
(g) of diethylene glycol and 29.55 g of potassium hydroxide solution (45 wt% KOH). The
reactor is filled with nitrogen to 20 pounds per square inch (psia) and heated to 135°C.
Ethylene oxide (9850 g) is metered into the reactor between 130°C and 140°C at a pressure of
about 20-50 psia over a period of 24 hours (hr). After the ethylene oxide feed is complete,
the reactor is agitated at a reaction temperature of 135°C for an additional 2 hr to consume
unreacted oxide.

[0036] Upon the completion of the polymerization, about 1 liter of the reaction mixture is
transferred to a flask under nitrogen protection. In a nitrogen-filled dry box, an acid as listed
in Table 1 is added until the pH of the product is in the range of 5.0 to 7.5. The pH value is
measured on a 5% aqueous solution of the product at room temperature by a pH meter.
Acetic acid and other monocarboxylic acids, bicarboxylic acids, citric acid, polyacrylic acid
(PAA), partially neutralized polyacrylic acid sodium salt (PAA Na), and poly(acrylic
acid-co-maleic acid) are used to neutralized the crude product. The quantities of each of the

acids added and the basic properties of the finished products are listed in Table 1.
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Table 1
Cutting Fluids and Their Properties
Lactic | Gluconic | Tartaric | Glutaric | Citric PAA
Acid AcOH | Acid* Acid* Acid Acid Acid PAA Na* PAMA~*
Quantity
of Acid
(2) 0.9 2.93* 2.96* 1.15 1.00 0.98 1.04 | 4.58*% | 0.98*
Acid
(Wt)% 0.09 |030% 031% 0.12% | 0.10% | 0.10% | 0.11% | 0.47% | 0.10%
Water
Content
(%
Calc.)# 0.03 |0.10% | 0.35% 0.03% | 0.03% | 0.03% | 0.03% | 0.37% | 0.13%
pH 6.8 6.7 6.9 5.8 6.6 6.9 10 7.2 7.5
Color- | Color- Color- | Color- | Color- | Color- | Color- | Slightly
Color less less Yellow less less less less less | Yellow
Clarity Clear | Clear Clear | Cloudy | Clear | Clear | Cloudy | Clear | Clear
Viscosity
(cP@
25°C) 69 69.5 71.5 68.0 70.0 70.5 70.5 69.0 69.5
PAA
Note not sol.
*Aqueous solution. Quantity is corrected to pure acid.
#Water content is calculated from neutralization reaction of acid and the water from
acid if aqueous solution is used.
Example 2:  Sedimentation Test of SiC Particles (#1200) in Different Acid Neutralized
PEG Materials
[0037] Into a 200 milliliter (ml) wide-mouth glass bottle is weighed 13.3 £0.1 g of SiC

(#1200 from Omex of China) and then 120 +£1 g of PEG 300 fluid. The capped bottle is
shaken on a VWR DS-500 Orbital Shaker at 250 revolutions per minute (rpm) for 20 hr. The

mixed sample is immediately added to a 100 ml graduated cylinder (1 ml). The sediment

layer volume at the bottom is recorded at different times. Lower sediment volume indicates

better dispersion of the fluid to SiC particles. The results from the different acid neutralized

PEG materials are reported in Figure 1. Partially neutralized PAA and PAMA neutralized

PEG 300 have significantly better dispersion of SiC particles than mono-, di-, and tri-acid

neutralized PEG 300 materials. PAA is not soluble in PEG 300, so the product was not well

neutralized.
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Example 3:  Sedimentation Test of Si Particles in Different Acid Neutralized PEG
Materials

[0038] Into a 200.ml wide-mouth glass bottle is weighed 13.3 £0.1 g of Si powder
(99.0+ %, size < 10 micron, Atlantic Equipment Engineers) and then 120 =1 grams of PEG
300 fluid. The capped bottle is shaken on a VWR DS-500 Orbital Shaker at 250 rpm for
24 hr. The mixed sample is immediately added to a 100 ml graduated cylinder (1 ml). The
cylinder is stoppered and allowed to stand undisturbed at room temperature. After 28 hr the
volume of the top clear layer was recorded. The results from the different acid neutralized
PEG materials are reported in Figure 2. A lower clear layer volume means better dispersion
of Si powders. The results show that the PEG 300 materials neutralized by partially
neutralized PAA (Na PAA) and PAMA have significantly better dispersion of Si powders
than the PEG 300 materials neutralized by mono-, di-, and tri-acids.

[0039] Pictures of the Si powder disperstons in Na PAA and Acetic Acid neutralized
PEG 300 materials are taken after 6 days of standing undisturbed at room temperature and
are shown in Figure 3. The Si powders in the Na PAA neutralized sample are still well

dispersed, while the powders in acetic acid neutralized PEG are completely settled.
Example 4:  Viscosity of SiC-PEG Slurry in Different Acid Neutralized PEG Materials

[0040] SiC particles (#1200 from Omex) and a neutralized PEG 300 made as described
above are mixed at 1:1 (wt/wt) and stirred at 1000 rpm with a Lightnin mixer using a Cowles
blade for 10 minutes (min) to form a SiC-PEG slurry. Viscosity of the slurry is measured on
a Brookfield Rheometer at 25°C using a #31 spindle and small sample adaptor. The
viscosities of the slurries in different acid neutralized PEG 300 materials are reported in
Figure 4. The slurry made from Na PAA neutralized PEG 300 has a considerably lower
viscosity than those neutralized by other acids, indicating less agglomeration of particles in

Na PAA neutralized PEG material.
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Example 5:  Viscosity of SiC-PEG Slurry Containing Si Powder (Swarf) in Different Acid
Neutralized PEG Materials
[0041] SiC particles (#1200 from Omex) and a neutralized PEG 300 made as described
above are mixed at 1:1 (wt/wt) and then 5 wt% of Si powders (99.0+ %, size < 10 micron,
Atlantic Equipment Engineers) is added. The mixture is stirred at 1000 rpm for 10 min with
a Lightnin mixer using a Cowles blade to form a SiC-PEG slurry. Viscosity of the slurry is
measured on a Brookfield Rheometer at 25°C using a #31 spindle and small sample adaptor.
The viscosities of the slurries in different acid neutralized PEG 300 materials are compared
in Figure 5. The Si powder containing slurry made from Na PAA neutralized PEG 300 has
considerably lower viscosity than those neutralized by other acids, indicating less
agglomeration of particles in Na PAA neutralized PEG material.
Example 6:  Polyethylene Glycol (PEG300) Materials Synthesis and Neutralization by
Polymeric Acids '
[0042] Following the procedure of the preparation and neutralization of PEG 300 as
described in Example 1, PEG 300 materials are prepared and neutralized by different

polymeric acids as listed in Table 2.

11
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Table 2
Cutting Fluids and Their Properties
TMAH-
EPML- Acusol EPML TMAH-
Acid AcOH | 483" |EDTA| PSA® 102 483 PAA*
Quantity of
Acid (g) 1.10 12.71 2.00 21.80 56.00 49.10 22.70
Acid (wt%) 0.11 1.28 0.41 2.96 2.65 1.21
Water
Content (%o
Calc.)" 0.03 0.03 1.90 0.03 2.90 1.60
pH 5.6 7.0 Insol. 7.4 5.4 7.0 7.6
Light Light
Color Colorless | Yellow | Insol. | Colorless | yellow | Colorless | Colorless
Clarity Clear Clear Insol. Clear Clear Clear Clear
*EPML-483 is a copolymer of propylene oxide and ethylene oxide and radically
grafted by acrylic acid.
*Water content is calculated from neutralization reaction of acid and the water from
acid if aqueous solution is used.
*PSA=Poly(4-styrenesulfonic acid), 18% (Mw 81000) aqueous solution (Aldrich).
®50% solution in propanol. A polyglycol grafted polyacrylic acid product from Rohm
and Haas.
°50% EPML 483 solution in water and neutralized 50% by tetramethyl ammonium
hydroxide (TMAH).
YpAA=Polyacrylic acid. 60% aqueous soution (Mw 2000) and 50% neutralized by
TMAH.
Example 7. Sedimentation test of SiC particles (#1200) in different polymeric acid

neutralized PEG 300 materials

[0043] Into a 200 ml wide-mouth glass bottle is weighed 13.3 +0.1 g of SiC (#1200 from
Omex) and then 120 %1 g of PEG 300 fluid. The capped bottle is shaken on a VWR DS-500
Orbital Shaker at 250 rpm for 20 hr. The mixed sample is immediately added to a 100 ml

graduated cylinder (1 ml). The sediment layer volume at the bottom is recorded at different

times. Lower sediment volume indicates better dispersion of the fluid to SiC particles. The

results from different polymeric acid neutralized PEG materials are compared in Table 3.

12
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Table 3

Sediment Volumes over Time

Sediment Layer Volume (ml)
Time (hr) 4.5 6.5 9
PEG 300/AcOH 6.9 9.2 | 12.5
PEG 300/EPML-483 1 2 4
PEG 300/PSA 0 0.1] 0.2
Too much foam.
PEG300/ACUSOL 102 Did not test.
PEG 300/EPML-483
(50% neutralized w/TMAH) 0.5 1 2
PEG 300/PAA
50% neutralized w/TMAH 0.3 1 2

The results show that compared to the conventionally acetic acid-neutralized PEG 300, the

polymeric acid-neutralized PEG 300 materials better suspend SiC particles.

Example 8:  Viscosity of SiC Slurry in Polymeric Acid Neutralized PEG 300

[0044] SiC particles (#1200) and EPML-483 neutralized PEG 300 made in Example 6
are mixed at 0.8:1, 1:1 and 1.2:1 (wt/wt), respectively, and stirred at 1000 rpm with a
Lightnin mixer using a Cowles blade for 10 min to form a SiC-PEG slurry. Viscosity of the
slurry is measured on a Brookfield Rheometer at 25°C using a #31 spindle and small sample
adaptor. The viscosities of the slurries are compared with those of the slurries made from
conventionally acetic acid-neutralized PEG 300 in Figure 6. The viscosity increase with the
increase of SiC loading is slower in the EPML-483 neutralized PEG 300 than in the
conventionally acetic acid neutralized PEG 300.

[0045] SiC particles (#1200) and EPML-483 neutralized PEG 300 made-in Example 6
are mixed at 1:1 (wt/wt) and then 3, 5 and 7 wt% of Si powders (99.0+ %, size < 10 micron,
Atlantic Equipment Engineers) are added. The mixture is stirred at 1000 rpm for 10 min
with a Lightnin mixer using a Cowles blade to form a SiC-PEG slurry. Viscosity of the
slurry is measured on a Brookfield Rheometer at 25°C using a #31 spindle and small sample
adaptor. The viscosity of the Si-containing slurry is compared with the similar slurry made
from the conventionally acetic acid neutralized PEG 300 materials are reported in Figure 7.

The viscosity of the slurry made from EPML-483 neutralized PEG 300 has lower viscosity at

13



WO 2011/044716 PCT/CN2009/001149

different amount of Si powders added compare to those made from the conventionally acetic
acid neutralized PEG 300.
Example 9:  Polyethylene Glycol (PEG200) Materials Synthesis and Neutralization

[0046] Following a similar procedure as described in Example 1, PEG 200 materials
finished by acetic acid, EPML-483, poly(4-styrenesulfonic acid) (PSA), 50% TMAH-
neutralized EPML-483, and 30% TMAH-neutralized polyacrylic acid are prepared.

Example 10: Sedimentation Test of SiC Particles (#1200) in Different Polymeric Acid

Neutralized PEG 200 Materials

[0047] Into a 200 ml wide-mouth glass bottle is weighed 13.3 +£0.1 g of SiC (#1200 from
Omex) and then 120 +1 grams of a PEG 200 fluid made in Example 9. The capped bottle is
shaken on a VWR DS-500 Orbital Shaker at 250 rpm for 20 hr. The mixed sample is
immediately added to a 100 ml graduated cylinder (1 ml). The sediment layer volume at
the bottom is recorded at different times. Lower sediment volume indicates better dispersion
of the fluid to SiC particles. The results from different polymeric acid neutralized PEG

materials are reported in Table 4.

Table 4
Sediment Volume over Time
Sediment Layer Volume (ml)

Time (hr) 2.5 4 5 8
PEG 200/AcOH 5 8 9 15
PEG 200/PSA 0 0.2 0.3 2
PEG 200/50% TMAH-

neutralized EPML 483 1.5 2.5 3 5
PEG 200/EPML 483 0.5 1 1.5 3
PEG 200/30% TMAH-

neutralized PAA 1 2 2.5 4

The data shows that the PEG 200 materials finished by polymeric acids have better
suspension to SiC particles than the conventionally acetic acid neutralized PEG 200.

Example 11:  Viscosity of SiC Slurry in Polymeric Acid Neutralized PEG 200

[0048] SiC particles (#1200 from Omex) and EPML-483 neutralized PEG 200 made in
Example 10 are mixed at 0.8:1, 1:1, and 1.2:1 (wt/wt), respectively, and stirred at 1000 rpm

with a Lightnin mixer using a Cowles blade for 10 min to form a SiC-PEG slurry. Viscosity
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of the slurry is measured on a Brookfield Rheometer at 25°C using a #31 spindle and small
sample adaptor. The viscosities of the slurries are compared with those of the slurries made
from conventionally acetic acid-neutralized PEG 200 in Figure 8. The viscosity of the slurry
made from EPML-483 neutralized PEG 200 increases slower with the increase of SiC
particles loading than that made from the conventionally acetic acid neutralized PEG 200.
Example 12: Sedimentation Test of SiC Particles (#1200) in Mixture of Polymeric Acid
Neutralized PEG 200 Materials and Conventional Acetic Acid Neutralized
PEG200
[0049] Into a 200 ml wide-mouth glass bottle is weighed 13.3 £0.1 g of SiC (#1200 from
Omex) and then 120 £1 grams of a mixture of EPML-483 neutralized PEG 200 fluid made in
Example 9 and a conventional acetic acid neutralized PEG 200 at the weight ratio of 1:1.
The capped bottle is shaken on a VWR DS-500 Orbital Shaker at 250 rpm for 20 hours.
A similar SiC dispersion in the conventional acetic acid neutralized PEG 200 is made as a
comparison. The mixed sample is immediately added to a 100 ml graduated cylinder (+1 ml).
The sediment layer volume at the bottom is recorded. After 2 hours the sediment layer
volume in the sample made from conventional acetic acid neutralized PEG 200 is 4.5 ml, and
the sediment layer volume in the sample made from the mixture of EPML-483 neutralized
PEG 200 and conventional acetic acid neutralized PEG 200 is about 0.1 ml, indicating
significantly better dispersion in the mixed PEG 200 sample.
[0050] Although the invention has been described with certain detail through the
preceding specific embodiments, this detail is for the primary purpose of illustration. Many
variations and modifications can be made by one skilled in the art without departing from the

spirit and scope of the invention as described in the following claims.
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What is claimed is:

1. A polyalkylene glycol neutralized with an un-neutralized or partially
neutralized polymeric acid that has a molecular weight of 500 to 1,000,000 and contains

more than three acid groups per molecule.

2. The polyalkylene glycol of Claim 1 in which the polymeric acid is
polyalkylene oxide radically grafted by one or more of acrylic acid, methacrylic acid, maleic

acid, styrene sulfonic acid, or 2-acrylamido-2-methylpropy! sulfonic acid.

3. The polyalkylene glycol of Claim 1 in which the polymeric acid is a homo- or
copolymer of acrylic acid, methacrylic acid, maleic acid, styrene sulfonic acid, or
2-acrylamido-2-methylpropyl sulfonic acid and is grafted by a polyalkylene oxide or a mono-

alkyl or aryl ether of polyalkylene oxide.

4, The polyalkylene glycol of Claim 1 in which the polymeric acid is a homo-or
copolymer of acrylic acid, methacrylic acid, maleic acid, styrene sulfonic acid, or

2-acrylamido-2-methylpropyl sulfonic acid.

5. A process of producing a neutralized polyalkylene glycol, the process

comprising the steps of:

A. Polymerizing an alkylene oxide using a base catalyst to form a basic
PAG:; and
B. Neutralizing the basic PAG with a neutralizing amount of an

un-neutralized or partially neutralized polymeric acid that has a
molecular weight of 500 to 1,000,000 and contains more than three

acid groups per molecule.

6. The process of Claim 5 in which the polymeric acid is polyalkylene oxide
radically grafted by one or more of acrylic acid, methacrylic acid, maleic acid, styrene

sulfonic acid, or 2-acrylamido-2-methylpropyl sulfonic acid.

7. The process of Claim 5 in which the polymeric acid is a homo- or copolymer
of acrylic acid, methacrylic acid, maleic acid, styrene sulfonic acid, or 2-acrylamido-2-

methylpropyl sulfonic acid.
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8. The process of Claim 5 in which the polymeric acid is a homo- or copolymer
of acrylic acid, methacrylic acid, maleic acid, styrene sulfonic acid, or 2-acrylamido-2-
methylpropy! sulfonic acid and is grafted with a polyalkylene oxide or mono-alkyl or aryl

ether of polyalkylene oxide.

9. A cutting fluid comprising a PAG neutralized with an un-neutralized or
partially neutralized polymeric acid that has a molecular weight of 500 to 1,000,000 and

contains more than three acid groups per molecule.

10. The cutting fluid of Claim 9 in which the polymeric acid is a polyalkylene -
oxide that is radically grafted by one or more of acrylic acid, methacrylic acid, maleic acid,
styrene sulfonic acid, or 2-acrylamido-2-methylpropyl sulfonic acid; a homo- or copolymer
of acrylic acid, methacrylic acid, maleic acid, styrene sulfonic acid, or 2-acrylamido-2-
methylpropyl sulfonic acid; or such a homo- or copolymer that is grafted with a polyalkylene

oxide or a mono-alkyl or aryl ether of polyalkylene oxide.

11. A method of cutting a semiconducting crystal with a wire saw, the method
comprising the step of applying a cutting fluid comprising a PAG neutralized with an
un-neutralized or partially neutralized polymeric acid that has a molecular weight of 500 to
1,000,000 and contains more than three acid groups per molecule to the crystal as the crystal

is cut with the wire saw.

12.  The method of Claim 11 in which the polymeric acid is a polyalkylene oxide
that is radically grafted by one or more of acrylic acid, methacrylic acid, maleic acid, styrene
sulfonic acid, or 2-acrylamido-2-methylpropyl sulfonic acid; a homo- or copolymer of acrylic
acid, methacrylic acid, maleic acid, styrene sulfonic acid, or 2-acrylamido-2-methylpropyl
sulfonic acid; or such a homo- or copolymer that is grafted with a polyalkylene oxide or a

mono-alkyl or aryl ether of polyalkylene oxide.
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Figure 1
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Figure 3

Si (< 10 ym) Sedimentation
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Figure 5

Viscosity of SiC+Si in PEG 300 Neutr. with Diff. Acids
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Figure 7
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