
;jklme3eccp ,6bTy y , z o ~~N ~Z Specification Aqueous Cutting Liquid,
Aqueous Cutting Agent and Method for Cutting Hard and Brittle Materials
Using The Same [Technical Field] The present invention relates to an
aqueous cutting agent, which can use on precisely cutting/cutting work
material made of a hard and brittle material such as an ingot of silicon
single crystal or polycrystal, rock crystal, ceramic and glass, and aqueous
cutting liquid usable for the aqueous cutting agent, and a method for
cutting the hard and brittle materials by using the aqueous cutting agent.
More particularly, the present invention relates to,an aqueous cutting
agent, which is excellent in dispersion stability and viscosity stability
of an abrasive grain and particularly effective for a wire sawing device,
aqueous cutting liquid usable therefor, and a method for cutting/cutting
hard and brittle materials, which is excellent in cutting performance,
cleanability and the like of the work material. [Background Art]
Conventionally, in order to cut the hard and brittle materials such as
silicon single crystal, there has been used a cutting agent comprising an
abrasive grain such as silicon carbide (SiC) dispersed in cutting liquid,
and this cutting agent is supplied to a contact portion between a cutting
device and work material to thereby obtain metal sheets of - 1    2 0 J U N
2002 several tens to several thousands m by slicing the work material thin.
Also, in the case of precision cutting using, for example, a multi-wire
sawing device, the cutting is usually performed as follows: That is, in the
multi-wire saw cutting device, wire is wound many times around a
multi-grooved guide roller made of high molecular material, obtained by
cutting with high precision to be reciprocated by a driving motor. This
reciprocating wire is pressed against the work material while an adequate
cutting load is being applied thereto to perform cutting by a cutting
operation while the cutting agent is being supplied to the contact portion.
Since the reciprocating wire is gradually worn as the work material is cut,
the wire is wound up by a torque motor, and a new wire is supplied by a
geared motor. As the foregoing cutting agent, there have been used an oil
cutting agent prepared by adding additives or the like to mineral oil as
the base, a glycol cutting agent mainly composed of polyethylene glycolor
polypropylene glycol, and an aqueous cutting agent mainly composed of an
aqueous solution of a surface-active agent. However, the conventional oil
base cutting agents had the following problem: That is, the cutting agents
mainly composed of mineral oil have the advantages that it is excellent in
lubricating properties, and has good cut surface of the work material, and
good cutting performance, but is inferior in cooling performance.
Therefore, the - 2    2 0 J U N 2002 conventional oil base cutting agents
had the problem that the operating efficiency is decreased because the
temperature at a contact portion increases during an operation to generate
oil mist, an operative gets burned in a dismantling operation for the work
material after the termination of a cutting operation, or a fire can also
occur. Also, when the work material, the operative and equipment have been
contaminated by the cutting agents, an organic solvent cleaning fluid such
as trichloroethane, methylene chloride or the like is required to
remove-the pollution. Since, however, the organic solvent cleaning fluid
causes carcinogenesis or air pollution, there has also been the problem of
waste treatment that it cannot be scrapped unless some disposal is
performed for the cleaning discharge. 



Also, in order to solve such conventional, problems on the oil base cutting
agent, the aqueous cutting agent mainly composed of the foregoing glycol
cutting agent or aqueous solution of a surface-active agent has also been
studied, but the viscosity stability during cutting was not sufficient,
good cutting performance could not be obtained, and it was inferior in
dispersion stability of the abrasive grain, and it could not be
sufficiently satisfied. [Disclosure of Invention] It is an object of the
present invention to provide an aqueous cutting agent which is excellent in
dispersion stability (properties in which the abrasive grain settle down
and do not make any hard cake, but are easily re-dispersed - 3    2 0 J U N
200Z by simple agitation) of the abrasive grain, redispersibility after
settling, and viscosity stability during cutting/cutting operations,
aqueous cutting liquid usable for the aqueous cutting agent, and a
cutting/cutting method excellent in cutting performance, cooling
performance, cleanability and the like of the work material on
cutting/cutting hard and brittle material by using the cutting agent. After
earnestly studying to develop a cutting agent which solves the foregoing
problems, the present inventor et al found out that the object could be
achieved through an aqueous cutting agent comprising the abrasive grain
dispersed in specified aqueous solution of cationic water-soluble resin,
and completed the present invention on the basis of these findings. More
specifically, the present invention provides an aqueous cutting liquid
(first embodiment of the present invention) which comprises a cationic
water-soluble resin having an amine value of 20 to 200 mgKOH/g, and at
least one members of a rheology control agent selected from the group
consisting of an inorganic bentonite, an organic bentonite, and an aqueous
silica sol, wherein the content of a nonvolatile matter of the rheology
control agent is 0.1 to 30 percent by weight of the amount of the
nonvolatile matter of the cationic water-soluble resin. Also, the present
invention provides an aqueous cutting liquid (second embodiment of the
present invention) which comprises a cationic water-soluble resin having a
total amine - 4    2 0 J U N. 2002 value of 50 to 200 mgKOHlg, containing a
tertiary amino group and a quaternary ammonium salt-containing group, and
at least one members of a rheology control agent selected from the group
consisting of an inorganic bentonite, an organic bentonite and an aqueous
silica sol, wherein the content of the nonvolatile matter of the rheology
control agent is 0.1 to 30 percent by weight of the amount of the
nonvolatile matter of the cationic water-soluble resin. Also, the present
invention provides an aqueous cutting liquid (third embodiment of the
present invention) which comprises an aqueous silica sol with an average
particle diameter of 100 nm or less, and a cationic water-soluble resin
having a total amine value of 50 to 200 mgKOH/g, containing a tertiary
amino group and a quaternary ammonium saltcontaining group, wherein the
content of the nonvolatile matter of the aqueous silica sol is 0. 1 to 30
percent by weight of the amount of the nonvolatile matter of the cationic
water-soluble resin. Also, the present invention provides an aqueous
cutting liquid (fourth embodiment of the present invention) in which the
cationic water-soluble resin specified in the aqueous cutting liquid of the
foregoing third embodiment of the present invention contains 20 to 80
percent by weight of the structural unit represented by the formula (1):
0-C H-C H2 (1) R - 5  



Z 0 J U N 2002 wherein R represents a hydrogen atom, a methyl group or an
ethyl group. Also, the present invention provides an aqueous cutting agent
(fifth embodiment of the present invention) which comprises a cationic
water-soluble resin having an amine value of 20 to 200 mgKOH/g and an
abrasive grain, wherein the content of the abrasive grain is 100 to 1000
percent by weight of the amount of the nonvolatile matter of the cationic
water-soluble resin. Also, the present invention provides an aqueous
cutting agent (sixth embodiment of the present invention) which comprises
an aqueous cutting liquid specified in any one of the foregoing first to
fourth embodiments according to the present invention and an abrasive
grain, wherein the content of the abrasive grain is 100 to 1000 percent by
weight of the amount of the nonvolatile matter of the aqueous cutting
liquid. Further, the present invention provides a method for cutting
(seventh embodiment of the present invention) hard and brittle materials
which comprises cutting the hard and brittle material by a cutting device
by using the foregoing aqueous cutting agent. (Brief Description of the
Drawing] Figure 1 shows an example of multi-wire sawing device mechanism of
a cutting device. [Preferred Mode for Carrying out the Invention] - 6    2
0 J U N 2002 Hereinafter, the detailed description will be made of the
present invention. The amine value of the cationic water-soluble resin used
in the aqueous cutting liquid according to the first embodiment of the
present invention is within a range of 20 to 200 mgKOH/g, preferably 25 to
150 mgKOH/g. When the amine value of the cationic water-soluble resin is
less than 20 mgKOH/g, it becomes insufficient in water solubility, and the
dispersion stability of the abrasive grain decreases. Also, when the amine
value of the cationic water-soluble-resin is more than 200 mgKOH/g, the
viscosity of the aqueous solution becomes too high, and the liquidity of
the cutting agent becomes excessively basic. Also, as a functional group
contained in the foregoing cationic water-soluble resin, any form of the
primary amino group, the secondary amino group, the tertiary amino group or
the quaternary ammonium base can be used, and the form of the salt
neutralized by an acidic constituent can be used. Examples of the foregoing
cationic water-soluble resin include, for example, the following resin: (1)
Homopolymer or copolymer of a basic nitrogen atom-containing vinyl monomer,
its salt, or its quaternary 



ammonium salt. (2) Polycondensate of dicarboxylic acid and a polyethylene
polyamine or a dipolyoxyethylene alkyl amine, its salt or its quaternary
ammonium salt. (3) Polymer of a dihaloalkane and a polyalkylene polyamine.
L U J U N IUU ( 4 ) Polyaddition product of a diepoxide and a secondary
amine, its salt or quaternary ammonium salt. ( 5 ) Polyaddition product of
a diisocyanate and a diamine, its salt or its quaternary ammonium salt. As
the foregoing cationic water-soluble resin, resin prepared by synthesizing
by various techniques other than the foregoing or the articles on the
market can be a11 used. Examples of the basic nitrogen atom-containing
vinyl monomer in the resin( 1 ) include acrylic acid derivatives such as N,
N-dimethylaminoethyl acrylate, N, N-diethylaminoethyl acrylate; methacrylic
acid derivatives such as N, Ndimethylaminoethyl methacrylate, N,
N-diethylaminoethyl methacrylate; acrylamide derivatives such as N,
Ndimethylaminopropyl acrylamide and N, N-dimethylaminopropyl acrylamide;
methacrylamide derivatives such as N, Ndimethylaminopropyl methacrylamide
and N, Ndimethylaminopropyl methacrylamide; olefin derivatives such as
N,N-dimethylaminomethylethylene,N,N-diethylaminomethyl ethylene, N,
N-dimethylaminomethyl propene, N, Ndiethylaminomethyl propene; aminoalkyl
vinyl ether derivatives such as N, N-dimethylaminoethyl vinyl ether and N,
N-dimethylaminopropyl vinyl ether; vinyl pyridine derivatives such as
2-vinyl pyridine and 4-vinyl pyridine; vinyl imidazole derivatives such as
1-vinyl imidazole and 1-vinyl-2-methyl imidazole; vinylquinoline
derivativessuch as 2-vinyl quinoline; vinyl piperidine derivatives such as
N-methyl-3-binyl quinoline; N, N-dialkylaminoalkyl group _ g _   . i Z 0 J
U N 2002 substituted styrene or methylstyrene derivatives such as N,
N-dimethylaminoethyl styrene. Examples of the resin ( 2 ) include a
polycondensate of an aliphatic dicarboxylic acid and polyethylene
polyamine, and a polycondensate of an aliphatic dicarboxylic acid and
dipolyoxyethylenealkylamine. Examples of the resin ( 3 ) include a
quaternary ammonium salt of a polycondensate of a dihaloalkane such as 1, 2
dichloroethane, 1, 2-dibromoethane and 1, 3-dichloropropane, 



and a polyalkylene polyamine having two or more tertiary amino groups in
the molecule, having an average molecular weight of 1,000 to 10,000,000. An
example of the cationic water-soluble resin(4) can be prepared by the
following method. The objective cationic water-soluble resin can be
prepared by first using an excess amount of an epoxide to an amino group in
an addition reaction of a diepoxide compound and a secondary amine compound
to obtain a precursor polymer having an terminal epoxide, and then by
converting the terminal epoxide to a quaternary ammonium salt with a
tertiary amine and a monocarboxylic acid. The cationic water-soluble resin
contains preferably 20 to 80 percent by weight of a structural unit
represented by the formula (1) in the resin. -0-C Ii-C H.- W It _ g _   2 0
J U N 2002 wherein R represents a hydrogen atom, a methyl group or an ethyl
group. The numbers of the structural unit are preferably in the range of 1
to 20. The structural unit has both effects that water-solubility and
water-holding property of the resin increase. Examples of the diepoxide
used in the above-mentioned preparation method include, for example, a
bisphenol A type epoxy resin and a bisphenol F type epoxy resin. The
articles on the market include Epicoat #828, Epicoat #834 and Epicoat
#1001(a11 commercial names, produced by Yuka Shell Epoxy Co.). Examples of
the diepoxide having the structural unit represented by formula (1)
include, for example, a polyalkylene glycol diglycidyl ether prepared by
reacting an ethylene oxide adduct, a propylene oxide adduct or a butylene
oxide adduct of diol or diphenol with epichlorohydrin. The articles on the
market include, for example, Epototo PG207(commercial name, produced by
Tohto Kasei Co., Ltd.). Examples of the secondary amine compound used in
the addition reaction of the diepoxide include, for example, monomethyl
amine, monoethyl amine, monoethanol amine, 2 aminopropanol and diglycol
amine. Examples of the tertiary amine used for converting the terminal
epoxide of the precursor polymer prepared by the addition reaction of a
diepoxide compound and a secondary 



amine to a quaternary ammonium salt, include, for example, triethylamine,
dimethylethanolamine, monomethyldiethannol - 10    2 0 J U N 2002 amine and
triethanol amine. Examples of the monocarboxylic acid used in the
conversion include, for example, formic acid, acetic acid and lactic acid.
The tertiary amino group in the cationic water-soluble resin can be used by
neutralizing with the above-mentioned organic acid, as required. Examples
of the diisocyanate in the above-mentioned ( 5 ) include isocyanate
group-containing compounds such as pphenylene diisocyanate, biphenyl
diisocyanate, tolylene diisocyanate, 3,3'-dimethyl-4,4'-biphenylene
diisocyanate, 1,4-tetramethylene diisocyanate,hexamethylene diisocyanate,
2,2,4-trimethylehxane-1,6- diisocyanate, methylenebis(phenyl isocyanate),
lysinemethyl ester diisocyanate, bis(isocyanate ethyl)fumarate, isophorone
diisocyanate,methylcyclohexyl diisocyanate and 2-isocyanate
ethyl-2,6-diisocyanate hexanoate; and biuret derivatives and isocyanurate
derivatives of these diisocyanates; and adduct compounds of these
isocyanates and polyols; and also, blocked isocyanate group-containing
compounds which are blocked derivatives of these isocyanate
group-containing compounds with various blocking agents. Examples of the
diamine in the above-mentioned (5) inc lude diamines represented by NHz (
CH2 ) nNHZ ( wherein ri is 2 or more) such as ethylene diamine, propylene
diamine, tetramethylene diamine, pentamethylene diamine, hexamethylene
diamine,heptamethylene diamine,octamethylene diamine; aromatic diamines
such as m-xylene diamine, mtoluilene diamine, p-phenylene diamine and - 11
2 0 SUN ~~~ , ,; diaminophenylmethane; and diamines of cyclic ring
compounds, heterocyclic compounds or various oligomers. The structure of
the other portion of the diamine is not particularly limited. The articles
on the market of the cationic water-soluble resin used in the first
embodiment of the present invention include Disperbyk 184 (commercial
names, produced by BYK-Chemie Co . , Ltd. , nonvolatile matter: 52 percent
by weight, amine value of nonvolatile matter:27 mgKOH/g) and EFKA polymer
450 (commercial names, produced by EFKA Chemicals Co . , Ltd. , nonvolatile
matter: 50 percent by weight, amine value of nonvolatile matter:45
mgKOH/g). In this respect, examples of the salt in the resin of the
foregoing ( 1 ) to ( 5 ) include salts of various acid such as inorganic
acids and organic acids. The cationic water-soluble resin used in the first
embodiment of the present invention is diluted by water for agitating and
mixing, and is used in the form of aqueous solution. At this time, those
which are usually used as water can be all used, and include, for example,
city water, industrial water and pure water. The cationic water-soluble
resin having a total amine 



value of 50 to 200 mgKOH/g, containing a tertiary amino group and a
quaternary ammonium salt-containing group, which is used in the second and
third embodiments of the present invention, includes the same as the resin
explained as one example of the cationic water-soluble resin of the
foregoing (4). - 12    2 0 J U N 2002 In the present invention, the
concentration of the nonvolatile matter of the cationic water-soluble resin
in the aqueous solution of the foregoing cationic water-soluble resin is
determined in consideration of the viscosity of the cutting agent, which is
the end product, and the settling stability of the abrasive grain
component, and is usually 5 to 70 percent by weight, preferably 10 to 60
percent by weight, or particularly preferably 20 to 40 percent by weight of
the sum total of the foregoing cationic water-soluble resin and the water.
For the rheology control agent used in the first and second embodiments of
the present invention, at least one members are selected from an inorganic
bentonite, an organic ,bentonite and an aqueous silica sol. Examples of the
inorganic bentonite include sodium bentonite and calcium bentonite, and
examples of the organic bentonite include bentonite surface-treated with
cationic organic treating agent, for example, Benton 34 and Benton SD-2
(both produced by RHEOX INC.). As the bentonite, the inorganic bentonite is
preferable. The average particle diameter of the aqueous silica sol is
preferably 100 nm or less, or more preferably 10 to 50 nm. When the average
particle diameter of the aqueous silica sol is more than 100 nm, it is not
preferable because the thixotropy imparting effect is low. The aqueous
silica sol generally can be obtained by decomposing silica tetrahalide in
water or by hydrolyzing sodium silicate with acid. The articles on the
market can, - 13    Z 0 J U N 2002 for example, be Snowtex-C, Snowtex-N,
Snowtex-0 (a11 commercial names, produced by Nissan Chemical Industries Co.
, Ltd.) and the like. In the first and second embodiments of the present
invention, the content of the nonvolatile matter of the rheology control
agent is 0.1 to 30 percent by weight, preferably 0.2 to 20 percent by
weight of the amount of the nonvolatile matter of the cationic
water-soluble resin. When the content of the nonvolatile matter of the
rheology control agent is less than 0.1 percent by weight, the thixotropy
imparting effect is low, and when it is more than 30 percent by weight, it
is not preferable because it becomes excessively thixotropic and the
pumping properties are also impaired. The aqueous silica sol with an
average particle diameter of 100 nm or less which is used in the third
embodiment of the present invention can be any of the aqueous silica sol
specified in the rheology control agent used in the first and second
embodiments of the present invention. 



In the aqueous cutting liquid according to the third embodiment of the
present invention, the content of the nonvolatile matter of the aqueous
silica sol is 0.1 to 30 percent by weight of the amount of the nonvolatile
matter of the cationic water-soluble resin, preferably 0.2 to 20 percent by
weight . When the content of the nonvolatile matter of the aqueous silica
sol is less than 1 percent by weight, the thixotropy imparting effect is
low, and when 30 percent by weight is exceeded, it is not preferable
because it becomes - 14    2 0 J U N 2002 excessively thixotropic, and the
pumping properties are also impaired. The foregoing aqueous cutting liquid
can be obtained by mixing and agitating the foregoing two components with
water. As water for diluting, deionized water is preferably used. The
content of the water in the foregoing aqueous cutting liquid is not
particularly limited, but can be usually 30 to 80 percent by weight. Also,
the foregoing aqueous cutting liquid can be caused to contain the foregoing
various addition agents as required. The aqueous cutting agent according to
the fifth embodiment of the present invention contains cationic
water-soluble resin having an amine value within a range of 20 to 200
mgKOH/g, and abrasive grain of a predetermined content with respect to the
nonvolatile matter of the cationic water-soluble resin. The cationic
water-soluble resin having an amine value within a range of 20 to 200
mgKOH/g can be the same as the foregoing resins. As regards abrasive grain
used for the aqueous cutting agent according to the present invention,
there is no particular restraction, but various abrasive grain can be
utilized. Examples of the abrasive grain include silicon carbide ( SiC ) ,
aluminum oxide (A1203 ) , silicon dioxide ( Si02 ) , ces ium dioxide ( Ce02
) , boron nitride ( BN ) and diamond . The average grain size of the
abrasive grain is usually 40 m or less, preferably 1 to 30 E~m, or
particularly preferably 10 to 25 E~m. When the average grain size of the
abrasive grain - 15    2 0 J U N 2002 is more than 40 Vim, their settling
speed tends to become quicker. The content of~the foregoing abrasive grain
is 100 to 1000 percent by weight, preferably within a range of 200 to 800
percent by weight, or particularly preferably 300 to 700 percent by weight
of the amount of the nonvolatile matter of the cationic water-soluble
resin. When the content of the foregoing abrasive grain is less 



than 100 percent by weight, the amount of abrasive grain in the cutting
agent is too small, and it takes many hou-rs to cut. When the content is
more than 1000 percent by weight, the settling stability of the abrasive
grain is impaired. The aqueous cutting agent according to the sixth
embodiment of the present invention comprises an abrasive grain in any
cutting liquid of the foregoing first to fourth embodiments of the present
invention. As regards the abrasive grain, the same ones as the foregoing
are used. Also, the content of abrasive grain is the same as that of
abrasive grain in the fifth embodiment of the present invention. Also, the
aqueous cutting agent according to the present invention can be caused to
comprise, as required, various addition agents such as organic solvent such
as alcohols, ethers and esters, a macromolecular dispersion agent such as
polyalkylene glycol and a wetting agent, an antifoaming agent of mineral
oil system or silicone system, and a rust-proof ancillary agent such as
benzotriazole. - 16    2 0 J U N 2002 As regards work material in the
method for cutting hard and brittle material according to the present
invention, there is no particular restriction, but a11 hard and brittle
material are used as a target object. Preferred embodiments of hard and
brittle material include ingots of silicon single crystal and polycrystal,
rock crystal, ceramic, compound semiconductor and glass. The ingot is
particularly preferable. Also, as a cutting device used in the method for
cutting hard and brittle material according to the present invention, a11
normal cutting devices can be used. Examples of preferred cutting device
include a wire sawing device, a band saw, a multi-wire sawing device and a
multi-band saw which are obtained by multiplexing the wire sawing device
and the band , saw respectively, and a cutting device using outer
peripheral blades or inner peripheral blades. In the method for cutting
hard and brittle material according to the present invention, the cutting
is meant to include cutting and cutting. Next, the description will be made
of a concrete example of the method for cutting hard and brittle material
according to the present invention. A case where a multi-wire sawing device
is used as the cutting device, using an ingot of single crystal silicon,
which is hard and brittle material as work material, is exemplified and the
cutting method will be described. Figure 1 shows an embodiment of the
mechanism of a multi-wire sawing device. By pushing up an ingot fixed on -
17   



2 0 J U N 20U the table in the direction that pushes up the table, the
ingot is pressed against the wire. The wire diameter is not particularly
limited, but is usually 0.05 to 0.25 mm. The wire is wound around
multi-grooved guide roller many times, constant tension is applied to the
wire, and used by reciprocating by a driving motor. The wire is caused to
reciprocate by a constant length, and thereafter, is wound up at a constant
length whereby new wire is sequentially supplied, and the used wire worn by
the cutting is wound up. The wire is supported by the multi-grooved guide
roller, is caused to come into contact with the ingot while an adequate
cutting load is being imparted thereto, and a cutting agent having abrasive
grain dispersed therein is supplied between the wire and the ingot to
thereby shave and cut the ingot. [Examples] Hereinafter, the description
will be made of examples embodying the present invention. In this respect,
the present invention is not limited to the following concrete examples,
but is applicable to examples which are changed within the scope of the
present invention. Also, the cutting agent for the wire sawing device was
evaluated by the following method. Cleanability test: This test evaluates
the cleanability using water. (a) Place 300 ml of the cutting agent
prepared in the example in a 300 ml beaker, and adjust the temperature to 2
50 . 5 C . - 18    2 0 J U N 20Q1 (b) Dip a single crystal silicon wafer
square plate in the cutting agent for one minute. (c) Slowly pull up the
single crystal silicon wafer square plate, and keep it intact at room
temperature for 24 hours. ( d ) After a lapse of 24 hours, weigh the
cutting agent 



adhered to the single crystal silicon wafer square plate, and regard it as
the weight before washing. (e) Immerse it in 300 ml of hot water at 30C,
and wash for 15 seconds by shaking it with a ultrasonic generator. ( f )
After drying the test piece, weigh the cutting agent adhered to the single
crystal silicon wafer square plate, and regard it as the weight after
washing. (g) Determine the washing rate on the basis of the following:
(Weight before washing - weight after washing)/weight before washing x 100
The respective evaluations were conducted in accordance with the following
criteria: O: 95$ or more O: 80$ or more to less than 95~ D: 60~ or more to
less than 80$ x: Less than 60~ Dispersionstability test:Thistest
evaluatesthe dispersion stability of abrasive grain. ( a ) Adjust the
temperature of the cutting agent prepared in the example to 250.5C. (b)
Place slurry in a 100 ml graduated measuring cylinder correctly and keep it
intact at room temperature. - 19    2 0 JUN Q001 (c) Read the time when a11
has settled down. The respective evaluations were conducted in accordance
with the following criteria: O: 8 hours or more to less than 24 hours O: 6
hours or more to less than 8 hours D: 4 hours or more to less than 6 hours
x: Less than 4 hours Wafer cutting performance test : This test actually
performs cutting work using a wire sawing device, and evaluates the cutting
performance of the wafer cut.  



(a) Wire sawing device: Multi-wire saw E250E (wire diameter: 180 Vim)
manufactured by HCT Shaping Systems SA. (b) Table speed: 380 ~m/min (c)
Target wafer thickness: 820 dim (d) Ingot diameter: 8 inch (e) Ingot
length: 60 to 130 mm (f) Evaluation items: The warp was measured using a
machine Ultra Gage 9500 manufactured by Japan ADE Ltd. The measurement was
conducted for ten wafers at 5 points per wafer, and the average value was
regarded as the measured result. The respective evaluations for warp were
conducted in accordance with the following criteria: O: 0 E~m or more to
less than 10 dim O: 10 fpm or more to less than 20 ~,m D: 20 hum or more to
less than 30 ~m x : 3 0 hum and more Re-dispersibility test: This test
evaluates the re dispersibility of the abrasive grain. - 20    2 0 J U N
2002 ( a ) Adjust the temperature of the cutting agent prepared in the
example to 251C. (b) Place slurry in a 300 ml tall beaker to adjust to the
room temperature. (c) After a11 settled down, slowly agitate the upper
portion of the liquid with an agitating blade to read the time until the
deposit at the bottom disappears. The respective evaluations were conducted
in accordance with the following criteria: O: Less than 5 minutes  O: 5
minutes or more to less than 10 minutes D: 10 minutes or more to less than
15 minutes x: 15 minutes and more 



Viscosity stability test (1): This test evaluates the viscosity stability
using shearing force. ( a ) Adjust the temperature of the cutting agent
prepared in the example to 251C. (b) Place slurry in a 300 ml tall beaker
to adjust to the room temperature. ( c ) Using a homogenizes, agitate at
10, 000 rpm for two hours, adjust to 25C, and determine viscosity change
between before and after the agitation to see the influence due to the
shearing force. (d) Homogenizes: manufactured by Tokushu Kikakogyo Co.,
Ltd. Model MARKII2.5 The respective evaluations were conducted in
accordance with the following criteria: The numerical values show the
viscosity change rate. - 21    2 0 J U N 2002 O: Less than 10~ O: 10~ or
more to less than 20~ ^0: 20~ or more to less than 300 x: 30~ and more
Cooling performance test: This test measures, using a radiation temperature
indicator, the temperature of the wafer in the machined portion during
cutting in the foregoing wafer cutting performance test in order to
evaluate the cooling performance during the cutting. The respective
evaluations were conducted in accordance with the following criteria: O:
Less than 35C O: 35C or more to less than 40C D: 40C or more Viscosity
stability test ( 2 ) : This test measures the slurry viscosity before and
after cutting in the foregoing wafer cutting performance test in order to
evaluate the viscosity stability during cutting work. (a) Measure slurry
viscosity before and after cutting respectively. (b) Determine an amount of
viscosity change to investigate the influence due to change in water
content and 



high shearing force during cutting work. The respective evaluations were
conducted in accordance with the following criteria. The numerical values
show the amounts of viscosity change. O: Less than 100 cp D: 100 cp or more
to less than 300 cp - 22    2 0 ~ a N 2ooz x: 300 cp and more Machinability
test : This test measures the load factor of the equipment power during
cutting in the foregoing wafer cutting performance test in order to
evaluate the shearability during cutting work. The respective evaluations
were conducted in accordance with the following criteria . The numerical
values show the power load factor. O: Less than 25% O: 25% or more to less
than 30%  D: 30% or more Examples 1 to 6 In examples 1 to 6, so as to have
the composition ratio (weight unit) shown in Table 1, a mixture of
D~sperbig 184 and water, or a mixture of these goods and bentonite is used
as cutting liquid, and silicon carbide (produced by Fujimi Incorporated,
commercial name: GC#600, average grain size: 20 to 25 Vim) is used for the
abrasive grain, and an aqueous cutting agent was obtained by agitating and
mixing both. Using this aqueous cutting agent, and using an ingot of single
crystal silicon as the work material, the tests were conducted for each
evaluation item. The results are shown in Table 2. Comparative Examples 1
to 3 Using a non-aqueous cutting agent with mineral oil as the base oil in
comparative example 1, a glycol cutting agent in comparative example 2, and
a surface-active agent-series of cutting agent in comparative example 3
respectively, and using an ingot of single crystal silicon as the work
material, - 23    



2 0 J U N 20~~ the tests were conducted for each evaluation item. The
results are shown in Table 2. Table 1~ C i iExam leCom arative exam leompos
t on component13456123Disperbyk 184(Percent by weight
in30~070809070---~ttin li uiCuttingliquidWater(Peroentbyweight in
cutting70~030201029---li uidInor anic bentonite-----1---Content of
siliconcarbide(Percent by weight120120100100120100120120120with respect
toAb i~ttin 1i uiGve rasContent of silicongrainabide(Percent by weight
of769462275240256275---nonvolatile matter ofUcationic
water-solubleresinMineral oil------87--Non-aqueousMeth !
oleate------11--cutting agentPetroleum sulfonic------2--acid calciumGI
cols-------89-GlycolWater-------10-cutting
agentBentonite-------1-Surface-Surface-active a ents--------48active
agent-Water--------50systemgentonite--------2cuttin a ent Table 2~ Exam
leCom arative exam leEvaluation item123456123CleanabilitOOOOOOOOxOODis
ersion stabilitOOOOOOOOODDWafer cutting erformanceOOOO j IOOOOOODDRe-dis
ersibilitOOO ' 00OOODDViscosit stabilit 1OOO ~OOOOOOOOOCoolin
erformanceOOOI O0Ox4OViscosit stabilit 2OOO~ DDOOOxMachinabilitOOOj OOODDO
- 24    2 0 J U!~ ~go~ As can be seen from Table 2, according to the
aqueous cutting agent of the present invention, the cleanability could be
improved as compared with the conventional non aqueous or aqueous cutting
agent. Also, since the dispersion stability of the abrasive grain is also
high and the abrasive grain settle down slowly, the viscosity stability
during the cutting operation is also high. Therefore, the warp value
indicating the cutting performance also could be restricted to 20 ~,m or
less. Preparation Example 1 (Preparation of cationic water-soluble resin
A-1) Into a reaction vessel equipped with a thermometer, a stirrer, a
reflux condenser and a nitrogen gas introduction tube, 636.7 parts by
weight of Epicoat #828 (commercial name, produced by Yuka Shell Epoxy Co. )
and 142.9 parts by weight of diglycol amine were charged under nitrogen gas
stream and the mixture was heat for 1.5 hours to increase the temperature
to 120 C and reacted at the same temperature for further 1 hour. And then,
the reaction temperature was decreased to 80 C and the mixture obtained by
premixing 72.9 parts by weight of dimethyl ethanolamine and 147.5 parts by
weight of 50 percent by weight lactic acid aqueous solution was added into
the reaction product. The mixture was reacted for 2 hours to obtain
cationic water-soluble resin A-1 having a tertiary amine value of 82 . 5
mgKOH/g, a quaternary ammonium salt value of 49.7 mgKOH/g and a total amine
value of l32 mgKOH/g per the nonvolatile matter of the resin. The
nonvolatile matter - 25    a 2 0 J U iV 2i~u1 of the cationic water-soluble
resin was 92 . 6 percent by weight. 



The content of the structural unit represented by formula ( 1 ) in cationic
water-soluble resin A-1 was 11 percent by weight. Preparation Example 2
(Preparation of cationic water-soluble resin A-2) Into the same reaction
vessel as Preparation Example 1, 757.3 parts by weight of Epototo PG-207
(commercial name, produced by Tohto Kasei Co., Ltd.) and 97.5 parts by
weight of diglycol amine were charged under nitrogen gas stream and the
mixture was heat for 1. 5 hours to increase the temperature to 120 C and
reacted at the same temperature for further 1 hour. And then, the reaction
temperature was decreased to 80 C and the mixture obtained by premixing
48.1 parts by weight of dimethyl ethanolamine and 97.1 parts by weight of
50 percent by weight lactic acid aqueous solution was added into the
reaction product. The mixture was reacted for 2 hours to obtain cationic
water-soluble resin A-2 having a tertiary amine value of 54 . 8 mgKOH/g, a
quaternary ammonium salt value of 31.9 mgROH/g and a total amine value of
86.7 mgKOH/g per the nonvolatile matter of the resin. The nonvolatile
matter of the cationic water-soluble resin was 95.2 percent by weight. The
content of the structural unit represented by formula ( 1 ) in cationic
water-soluble resin A-2 was 57 percent by weight. Example 7 To 24.83 parts
by weight of the cationic water-soluble resin A-1 prepared in Preparation
Example 1, 62.57 parts by - 26    2 0 J UN ~~~ weight of deionized water
and 12.3 parts by weight of Snowtex-O (commercial name, produced by Nissan
Chemical Industries Co., Ltd.) were added slowly under stirring and then
0.3 parts by weight of a defoaming agent (SN-defoamer325, commercial name,
produced by San Nopco Co. ) was added to the mixture and the mixture was
stirred for 1 hour to obtain an aqueous cutting liquid. The weight ratio of
the nonvolatile matter of the aqueous silica sol and the solid matter of
the cationic water-soluble resin in the aqueous cutting liquid was 15 . 85.
Examples 8 to 10 The aqueous cutting liquids of Examples 8 to 10 were
obtained by using the cationic water-soluble resin A-2 prepared in
Preparation Example 2 and carrying out according to the formulation shown
in Table 3 and the procedure of Example 7. Table 3a Exam le78910Formulation
ratio (parts bywei htCationic water-soluble resin A-124.83---Cationic
water-soluble_27.3126.2623.63resin A-2Deionized
water62.5763.6457.5953.34Snowtex-O * 112.308.7515.8522.73Defoamin a ent
*20.300.300.300.30Su m100.00100.00100.00100.00Weight ratio of
nonvolatilematter of aqueous silica15/8510/9017/8325/75sol/cationic
water-solubleresin - 27   



2 0 ,f U I~ ~9A~ *1): commercial name, produced by Nissan Chemical Co.,
Ltd., aqueous silica sol having a nonvolatile matter of 33 percent by
weight. Average particle diameter;20nm *2 ) : SN-Defoamer 325, commercial
name, produced by San Nopco Co. Example 11 Into 100 parts by weight of the
aqueous cutting liquid prepared in Example 8, 100 parts by weight of an
abrasive grain (SiC abrasive grain GC#600, average grain size of the
abrasive grain:20 to 25 Vim) was mixed and dispersed to obtain cutting
slurry-11. Tests were carried out about each Evaluation items by using a
single crystal ingot as a worked material. The results were shown in Table
4. Examples 12 to 14 A abrasive grains were mixed into the aqueous cutting
liquids prepared in Examples 7, 9 and 10 according to the same method of
Example 11 to obtain Aqueous cutting agents 12 to 14. Tests were carried
out about each Evaluation items by using a single crystal ingot as a worked
material . The results were shown in Table 4. - 28    ~ 0 JU1~ ~. Table 4~
E l i iExampleva uat on tem11121314Cleanabilit ~OOOODis ersion
stabilitOOOOWafer cutting erformanceOOOOORe-dis ersibilitOOOOOViscosit
stabilit 1OOOOOCoolin erformanceOOOOOViscosit stabilit
2OOOODMachinabilityOOOO [Advantages of the Invention and Industrial
Applicability] The aqueous cutting agent according to the present invention
prevents the abrasive grain from settling down, is excellent in dispersion
of abrasive grain, and is capable of stably holding abrasive grain in the
aqueous cutting agent. Also, it does not agglomerate and solidify hard even
if the 



abrasive grain settle down, but the abrasive grain after the settling
easily re-disperse. Thus, the cutting agent according to the present
invention has high viscosity stability during a cutting/cutting operation,
stable abrasive grain density, and it uniformly adheres to a cutting tool
of the cutting device, for example, wire. Therefore, the cut/machined
surface has small swells, and the hard and brittle material can be
cut/machined with excellent cutting performance. Also, the aqueous cutting
liquid according to the present invention is capable of being employed for
the aqueous cutting agent according to the present invention. Also, when
work material is cut/machined using a specified cutting agent according to
the present invention, the cutting _ 29 _   v 2 0 J U N 2002 agent can be
simply removed by water washing even if no organic solvent is used on
cleaning the work material, the operative and the equipment after the use.
Further, on scrapping the cutting agent according to the present invention,
cleaning drainage, in which the abrasive grain have been removed after the
cutting agent is diluted to 5, 000 to 10, 000 times or more, has low
toxicity, and therefore it can be also scrapped as it is. By water washing
the cutting liquid adhering to the abrasive grain thus separated, the
cutting liquid can be simply removed, and it is also possible to re-use the
abrasive grain separated. - 30    2 0 J l~ ~I 2002 31 Claims 1. An aqueous
liquid for aqueous cutting agent which comprises a cationic water soluble
resin having an amine value of 20 to 200 mgKOH/g, and at least one members
of a theology control agent selected from the group consisting of an
inorganic bentonite, an 



organic bentonite and an aqueous silica sol, wherein the content of a
non-volatile matter of the theology control agent is 0.1 to 30 percent by
weight of the amount of the non-volatile hatter of the cationic
water-soluble resin. 2. An aqueous liquid for aqueous cutting agent which
comprises a cationic water soluble resin having a total amine value of 50
to 200 mgKOH/g, containing a tertiary amino group and a quaternary ammonium
salt-containing group, and at least one members of a theology control agent
selected from the group consisting of an inorganic bentonite, an organic
bentonite and an aqueous silica sol, wherein the content of a non-volatile
matter of the theology control agent is 0.1 to 30 percent by weight of the
amount of the non-volatile matter of the cationic water-soluble resin. An
aqueous llqllld for aqueotlS CuttlIlg agent wh1C11 COlnprlS2S a17 aqueOUS
SlIlCa SO1 with an average particle diameter of 100 nm or less. and a
cationic water-soluble resin having a total amine value of ~0 to 200
mgKOHig, containing a tertiary a1111110 group and a quaternary ammonium
salt-containing group, wherein the content of the non-volatile matter of
the aqueous silica sol is 0.1 to 30 percent by weight of the amount of the
non-volatile matter of the cationic water-soluble resin.   r I 2 0 ,~~N
2002 4 . The aqueous cutting liquid as claimed in Claim 3, wherein the
cationic water-soluble resin specified in Claim 3 contains 20 to 80 percent
by weight of a structural unit represented by the formula (1): 0-C H-C HZ
(1) R wherein R represents a hydrogen atom, a methyl group or an ethyl
group. 5. An aqueous cutting agent which comprises a cationic water-soluble
resin having an amine value of 20 to 200 mgKOH/g and an abrasive grain,
wherein the content of the abrasive grain is 100 to 1000 percent by weight
of the amount of the nonvolatile matter of the cationic water-soluble
resin. 6. An aqueous cutting agent which comprises the aqueous cutting
liquid specified in any one of Claims 1 to 4, and an abrasive grain,
wherein the content of the abrasive grain is 100 to 1000 percent by weight
of the amount of the nonvolatile matter of the aqueous cutting liquid. 7. A
method for cutting a hard and brittle material which comprises cutting the
hard and brittle material by a cutting device using the aqueous cutting
agent as claimed in Claim 5 or 6. - 32  .A`!.AHS.A.A3 .A2.A3[
.A.A.AFuY.AF.A@5.AF.A!.A.Al.A5.AF.AFF.A.A3@.AFF.A.Asa3.As .A.Al.A (3.A.A{.A
.Al .AY[mn04MN<ET $HIj
}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c(a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]cRa]cRa!j 
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