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This invention relates to a
carbide articles of intricate shape and to ‘a'casting com-
position therefor. More specifically this:invention. relates
to a process for casting hard metal carbide-powdered ma-
terials into suitably shaped inexpensive. molds and .there-
after expelling the casting.vehicle. and finally-sintering the
article to produce cemented- carbide articles ‘having: com-
plicated shapes.

In the manufacture of cemented .carbide articles 'such
as cutting tool tips, wear parts, dies’ and form cutting
tools, the customary procedures comprise. the methods of
cold pressing, hot pressing and. extrusion.. Cold:pressing
comprises compacting the hard: metal carb
materials under a pressure of approximatel
per square inch,
with cutting tools
desired shape.
metal carbide
simultaneous application of hea ¢
a fully sintered carbide body-as-disclosed in -Hoyt U. 8.
Patent 1,843,768 and Gilson U:S. Patent 1,756,857: The
process of forming carbide articles by’ extrusion js dis-
closed in' Taylor U. S. Patent 2,271,960. -~ These three
methods provide a large variety- of simple and-semi-com-
plicated shapes, but all of these methods are -generally
limited to planar variations from rectangular;-triangular
or cylindrical base shapes.

v-2°t0°30 tons
presintering and mechanically working
or grinding wheels to produce the final
Hot pressing ‘comprises compacting hard

process for forming cemented 1:

ide powdered *

powdered ‘materials in-a’mold-with the .
t and' pressure ‘toproduce
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that such removal is necessary to enable the: cast-article
to perform its-expected function.

-Hard metal carbide powdered materials as used herein
are -intended to include all the refractory hard -metal
carbide powders which are used as ingredients in manu-

facturing commercial - carbide products, having added

.- hard metal carbide
" .lo permit the pouri
-by polymerization t

- - cast article handled or ev

_ample,

thereto as a binder an iron group metal, such as, for ex-

‘tungsten carbide, tantalum carbide, titanium car-

bide, vanadium  carbide, chromium carbide, zirconium

carbide and mixtures thereof together with a-binder of

the iron group, preferably cobalt.

The purpose of the casting vehicle is ‘to give the dry
powdered materials sufficient fluidity
ng-thereof without heating, and also
o bond the powdered materials into a
hardened body so that the mold may be removed and the
en mechanically worked -where

" this is-desirable.
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It is one of the objects of the present invention to pro- -

vide a process for forming cemented carbide- articles of

extremely complicated shapes which are not-limited to . :

planar variations from re
cal base shapes.
provide a process for forming cemented- carbide articles
of complicated shape which eliminates the necessity for

ctangular; triangular or cylindri-

mechanical forming in the partially sintered state. - It isa .-
further object to provide a casting composition for cast-
A still further object is to
emented carbide articles of .

ing such complicated shapes.
provide a process for casting ¢
complicated shape which is simple, ‘efficient and inex-
pensive,

The manufacture of -cemented carbid
process contemplates the steps of mixin
bide powdered materials with an. organ
casting this mixture into a wax, glue or
preshaped mold at room temperature
cation of pressure, polymerizing the casting vehicle to
harden the cast article, expelling the casting vehicle from
the. formed article and. finally. sintering the. formed- article
to produce a hard sound.cemeénted-carbide. article.. The
proceéss differs fundam
blastic or thermosetting. materials,,
casting or binding vehicle .is not p
tered cemented carbide article.
of the polymerized.casting vehic
a closely packed pulverulent h
without destroying the shape of:
affecting its, propertigs.is difficul

g hard metal car-

‘other-inexpensive
‘without the: appli-

n the respect; that the
resent. in the, finally sin- -

the article. or detrimentally |
;. but it will. be, understood

e articles by my |,

entally from the castingiof:thermo-
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Anothér object of my-invention-is to _

- strength. - Organic
-immiscible or to ‘¢

3 -vacid type, and preferably an-alk
ic casting vehicle, .-
- .-from:maleic anhydride,
... furfuryl alcohol, a ter
- taining compound, fo
“styrene, vinyl acetate etc.
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. ing vehicle for -har
~fesults'when an_ unsaturated
-mixed with -a vinyl derivati

i-erine,: propylene
. general.

: . ethylene. glycol such as di
" ~acetate, -ethylene glycol-

n the ““tures-'of ‘diethylene glyco
The.convenient:removal . -
le from the inferstices of . -

C } tices ‘uistance;: benzoyl. pero
ard . metal. formed article .

The unsaturated polyesters of the maleic type for exam-
ple; reaction products of a polyhydric alcohof and maleic
acid or anhydride mixed: with a vinyl derivative such as
styrene form an excellent material for cold cast plastics,
but when they are used alone they are not satisfactory as
casting vehicles for my process as they -cannot be conven-
iently removed from the cast cemented-carbide article. I
have found, however, that a conveniently  removable cast-
d metal carbide powdered maferials
polyester of the maleic:type
ve such as styrene'is diluted
‘with a miscible and nonpolymerizable organic liquid. The
uld - preferably -be ‘relatively

low-150° C. -Moreover, the combination of nonpolymer-
izable and polymerizable ingredients must be such that a
gel forms upon polymerization. - When such a_combina-
tion is employed the cast article: will have - sufficient
strength even though the major fraction of the vehicle
olymerizable liguid, The ‘major fraction
consisting of nonpolymerizable liquid, can
ed from the cast article by evaporation
rendering the cast article sufficiently porous
so that the-polymerizable fraction can be rapidly decom-
posed and expelled at higher temperatures without crack-
ing the article. .

If the. nonpolymerizable liquid. is not initially -fiscible
with the polyester or if separation occurs upon polymeri-
zation, the resulting casting will not have the required
liquids which have ‘been found to be
ause separation upon polymerization
-ethylene glycol, diethylene glycol; glyc-
glycol and polyhydroxy -compoeunds in
'The use of organic liquids containing. chlorine,
bromine or fluorine should also be avoided.

Casting .vehicles which 1 have found to.be satisfactory
are comprised -of an .unsaturated-polyester.of the:maleic
yd resin more particularly
gens Patent 2,319,575 prepared
-dipropylene.glycol and tetrahydro-
minally unsaturated CHy=(C'< con-
r example, a vinyl derivative such as
> initially miscible nonpolymer-
sters of ethylene glycol or di-
ethylene glycol monoethyl ether
monoethyl ether acetate,  glycol
monomethyl ether-acetaté, mix-
1 with one of the above named
-polymerization: catalyst, as for in-
xide,: ditertiary butyl. diperphthalate,
etc.. These compositions are.convertible by the application
of ‘heat without the evolution-of water vapor into an in-
fusible gel, and the organic liquid:may: be removed.below

then be expell
below 150° C.

are,.for example,

disclosed and claimed in. A,

izable. liquid ethers or e

diacetate, ethylene glycol

acetates, etc., and .a
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150° C. in air without decomposing the polymer. The
injtially miscible, nonpolymerizable organic liquid should
amount to about 65% to about 83% of the volume of
the casting vehicle. If the vehicle contains less than
about 65% of organic liquid the drying time is increased
and it becomes very difficult to expel the vehicle without
cracking the cast article. On the other hand, if the organic
liquid is present in amounts greater than about 83%, the
polymerizable ingredients will not impart sufficient green
strength to the cast article to allow mechanical working
or handling.

It will of course be apparent to those skilled in the art
that polymerizable compositions other than those dis-
closed above may also be used without departing from
the scope of the invention. Additional examples of
maleic polyesters, terminally unsaturated compounds co-

polymerizable therewith, and polymerization catalysts may
be found in U. S. 2,450,682 issued October 5, 1948, and
in U. S. 2,443,735 issued June 22, 1948.

I have also found that the above compositions are par-
ticularly suitable as a casting vehicle for my process in
that they form a thixotropic gel when mixed with the
powdered hard metal carbide or carbides. The vehicle-
carbide mixture is capable of undergoing isothermal, re-
versible sol-gel transformations, a fluid sol existing as long
as the mixiure is agitated, the sol reverting into a gel
within a short time after agitation has ceased. This prop-
erty is important because it permits the use of a mixture
which is fluid enough to pour while agitated, stirred or

vibrated, but which prevents appreciable settling of the g

" heavy carbide constituents before hardening occurs. Up-
on heating the thixotropic mixture after casting, the ve-

- hicle polymerizes into an infusible product which is no
‘longer capable of reversion into the fluid sol state. The

" prevention of settling greatly reduces the unequal distri-
-bution of the carbide powders in the casting and thereby
keeps distortion on sintering to a minimum.

The above compositions have the following properties:
during agitation they are fluid enough to be cast at room
temperature without the use of pressure; they are suf-
ficiently thixotropic to prevent excess settling of the
heavy constituents of the carbide powdered materials

- before permanent setting or solidification by polymeriza-
tion occurs; they will coid set at room temperature or
" barden with the application of heat; they impart suf-
ficient green strength to the casting to allow handling
and even mechanical working; they are conveniently re-
movable by heating without cracking the article or de-
stroying its shape; and they leave no detrimental residue

to affect the physical properties of the finally sintered

article. .

In accordance with my invention, casting mixtures fall-
ing within the following approximate volume percentages
have been used advantageously:

Percent
Hard metal carbide powdered materials ——____ 38-41.5
Polymerizable ingredients . 1020
Nonpolymerizable liquid -- —— 48-41.5
Polymerization catalyst 0.1-0.75

By volume percentage in relation to the powdered
hard metal carbide or carbides I refer to a calculated
volume which is determined by dividing the weight of
the powdered carbides by the final sintered density of the
carbide material, which density is a well known quantity
for any particular carbide composition to those who
are skilled in the grt.

The above limits have been found applicable to the
casting of powdered ingredients used in the manu-
facture of cemented carbides, such as tungsten carbide-
cobalt mixtures in which the cobalt varied from 6 to 20%
by weight; to tungsten carbide-tantalum carbide-cobalt
mixtures in which the tantalum carbide varied to a maxi-
mum of 27% by weight; to fungsten carbide-titanium
carbide-tantalum  carbide-cobalt mixtures, and. to

tungsten carbide-titanium carbide-cobalt mixtures in -

which the titanium carbide varied to a maxium of 32%
by weight.

Particle size of the cemented carbide powdered ma-
terials has a slight effect upon the amount of casting ve-
hicle which is required, with more casting vehicle being
needed as the particle size decreases. The above limits
relate to carbide powdered materials of normal com-
mercial particle size.
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Typical compositions which have been cast are as
follows: ’

Vol. Per- | Measured Quan-
cent tities
Hard metal carbide powdered material,

949 WC-+6% Coooe L 39.6 | 1 Kilogram.
Styrene_._.._._ e mman - 8.1 | 13.7 cc.
Unsaturated maleic polyester. _.__________ 6.3 | 10.6 ce.
Diethylene glycol monethyl ether acetate.. 45.8 | 77 ce.

Benzoyl peroxide .2 | .3ce.
Hard metal carbide powdered material,

B0% WOH20% COo oo 38.6 | 1 Kilogram.
Styrene. oo -- 7.8 | 14.9ce.
Unsaturated maleic polyester__._______ 8.0 | 11,5 ce.
Diethylene glycol monoethyl ether acetate. 47.5 | 91 ce.

Benzoyl PeroXide.n oo om oo oo 0.1 .2cc.
Hard metal carbide powdered material,

849 WCH16% CO- oo oo 37.8 | 1 Kilogram.
Styrene._.._. . 7.8 | 14.9 ce,
Unsaturated maleic polyester.. ., .. _._..__ 6.0 | 115 ce.
Diethylene glycol monoethyl ether acetate. 48.3 | 92 ce.

Benzoyl peroxide .11 02¢cc,
- Hard metal carbide powdered material,

87% WCH13% Conn . 39.0 | 2.3 Kilograms.
Vinyl acetate (distilied)...____ 7.2 | 30 ce.
Unsaturated maleic polyester..____.__.__ 5.8 | 24.2 ce,
Ethylene glycol monoethyl ether acetate__ 47.8 | 198 ce.
Benzoyl peroxide. .....___.___________.. . .2 | .75¢cc.

Hard metal carbide powdered material,

57% WC+27% TaC+16% Co-. 37.8 | 2.2 Kilograms.
Styreua..-_..-.-.: ............ 7.7 | 33 ce.
Unsaturated maleic polyester.. 6.0 | 25.7 ce,
Diethylene glycol monoethyl et N 48.4 | 207 ce.
Benzoyl peroxide e .1] 3ece.

Hard metal carbide powdered material,

61% WCH-32% TiC+7% COn v 40.2 | 1,53 Kilograms.
Styrene. . oo S, - 7.6 | 3l.8 cc.
Unsaturated meleic polyester.....___._____ 5.9 | 24.8 ce.
Diethylene glycol monoethyl ether acetate. 46.2 | 193 ce.
Ditertiary butyl diperphthalate... .. ... __ .1 .3ece.

Hard metal carbide powdered material,

76% WC-4% TaC+12% TiC+8% Co._. 38.8 | 1.19 Kilograms.

FLCIC e o e e et 7.6 | 3L8ce.
Unsatuarated maleic polyester. .. ...___. - 5.9 | 24.8 ce.
Ethylene glycol monoethyl ether acetate_. 47.6 | 198 ce.
Ditertiary butyl diperphthalate.._._.___. .11 3ece.
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I have also found that the time required for evaporating
the nonpolymerizable organic liquid from the solidified
casting can be considerably reduced by adding a liquid
which spontaneously exudes from the casting after poly-
merization. Thus, by employing ethyl butanol as a
substitute for diethylene glycol monoethyl acetate a gel
exhltgltmg syneresis is formed upon polymerization and
the time required for removal of the organic liquid may
be reduced by as much as 50%, using the same pro-
cedures.

When ethyl butanol is used, however, the surface tends
to become crusty or irregular. A more satisfactory and
controllable composition can be made from a mixture
of diethylene glycol and ethylene glycol monoethyl
ether acetate. The degree of syneresis can then be in-
creased and evaporating time decreased by increasing
the proportion of diethylene glycol in the mixture.

A formulation which has been found to give good re-
sults comprises: '

Vol. Per-| Measured
cent Quantities
Hard metal carbide powdered material, 87%

WOCH18% COe e e 38.6 { 1 Xilogram.
Styrene. .....__.. p eeam 7.8 | 14.3 cc.
Unsaturated maleic polyester comprising a

tetrahydrofurfuryl aleohol modified dipropy-

lene glycol maleate .- 6.1 | 11,1 ce.
Diethylene glycol. 11.5 | 21 co.
Ethylene glycol mao: 35.9 | 63 ce.
Benzoyl peroxide .1 3ce.

The accompanying drawings illustrate certain features
employed in the practice of my invention. More par-

~ ticularly,

Fig. 1 is a perspective view of the mixing apparatus
which may be used in carrying out my process.

Fig. 2 is a sectional view along line 2—2 of Fig. 1.

Fig. 3 is a side view section of a typical mold that
may be employed in my process.

In making an article of the type which would result
from casting my molding composition in the mold of
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Fig. 3, I first ‘select the:hard. metal carbide .powdered
ingredients which experience has taught-will: possess the
desired :.characteristics- for the application :in:which the
article;:is-to. be used. The desired: measured quantity.
of hard metal carbide .powdered. ingredients which are
in a.finely ground. condition. in- accordance with com-
mercial. practice, .i$ placed in hopper. 1. sealed .with. an
air tight rubber seal 2 and. having a butterfly valve 3’
actuated by crank 3 for controlling the release.of car-
bide. powdered ingredients. 4 into. mixing chamber: 5.
Mixing chamber 5 is attached. to: the plate: 6: by. means
of screws 7 forming an air tight seal therewith. Stop-
cock valve. 8 on mixing chamber. 5 and rubber.seal 2 are
closed and hopper.1_and mixing chamber 5.are evacuated
through lines-9 ‘and 10 which are ‘connected to a com-
mercial -vacuum pump. After evacuation, valve 11.on
line 9 and valve 12 in line 10-are closed so that hopper
1 and.mixing chamber 5 remain evacuated. Equal
weights of styrene or vinyl acetate and unsaturated maleic
polyester are mixed together to form a standard stock
casting vehicle. A measured ‘quantity of this mixture
is then.admixed with the desired.amount of the non:
polymerizable. organic liquid and if desired, diethylene
glycol and, immediately prior to. the actual mixing with
the cemented carbide powdered materials, the catalyst
is added and admixed. My liquid casting vehicle 13 is
then placed into fluid: inlet 14 and allowed to-enter: into
mixing chamber 5 through valve 15.- Motor 16 which
is attached to cross member 17 by strap 18:is:started and
drives stirrer 19 at approximately 10,000 R. P. M. through
housing 20 and air tight bushing 21; with stirrer 19
rotating the carbide powdered ingredients are admitted
ingo mixing chamber 5 through valve 3 and therein mixed
with the casting vehicle 13 for approximately 1 to 1%
minutes. It may be seen in Fig. 2 that the inside sur-
fac_e of mixing chamber § is not cylindrical, but rather
is irregular as shown to facilitate thorough mixing.
After mixing, the vacuum is released on mixing cham-
per S and my casting composition is ready for casting
into a typical mold such as that shown in Fig. 3. This is
accomplished by opening valve 8 and allowing the mixed
casting composition to fill the mold. The mold may be
under vacuum if desired, or it mav be open to atmos-
pheric pressure. I have found that casting in an evac-
uated container is beneficial when the surface configura-
tions are of fine detail involving minute cavities in the
mold in order to obviate the tendency to bridge over
these cavities, but otherwise casting in air is perfectly
satisfactory. ' I have also found that tapping on the side

of mixing chamber 5 aids the continuous flow of the rn

thixotropic casting composition, and it will be appre-
ciated that this may be accomplished by vibrations sup-
plied from vibration apparatus if desired.

Mold materials which I have used successfully include
wax, glue, Wood’s metal, aluminum, steel, etc., but I pre-
fer wax or glue due to their cheapness, availability and
case of manufacture into the shape desired. Specifically,
I have successfully used paraffin, casting waxes and mi-
cro-crystalline waxes and special glue mold materials
which are commercially available.

After the mold is filled, the casting composition is al-
lowed to stand therein until it hardens; the time required
for polymerization or hardening will depend upon the
actual casting composition used and the temperature, as
well as the size of the article. In general, higher amounts
of catalyst and higher temperatures speed up the hard-
ening. Hardening will occur at room temperature but
higher temperatures cause hardening in shorter periods
of time. I have found that sufficient hardening occurs
at approximately 80° C. in approximately four hours.

After removing the hardened articles from the mold,
the next steps in my process comprise removing the sol-
vent and polymer from the cast article. The first step is
accomplished by placing the article in a drying furnace
at 45° C. to 150° C. for 2 to 5 days depending upon the
size and shape of the article with the larger articles re-
quiring proportionately more time. After this initial
heating period which expels the solvent, the second step
is to expel the polymer by heating in a hydrogen or
other inert atmosphere at 450° C. to 800° C. for ap-
proximately one hour.

Thereafter the article is sintered in a hydrogen atmos-
phere furnace at approximately 1350° C-1500° C. for 1
to 2 hours and the resultant product is a fully formed,
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hard, sound cemented carbide body having.all.the prop:-
erties of a cemented carbide body of simpler:shape. .’
- The selection  of: the: specific. casting. vehicle-:for: the.
manufacture of any specific article within :the:limits here-
inbefore - set forth will depend somewhat upon:the.size:
and shape of the article to be manufactured. - For- ex-
ample, small articles or articles having. thin wall sections:
which are easily dried but not-easily handled: without
being damaged should be cast using the:higher .percent-:
age of polymerizable ingredients-to increase their:green
strength, while large-articles should be cast using a higher.
percentage of nonpolymerizable solvent to.-improve:their:
drying properties.

My process provides a method for manufacturing -ar-
ticles of cemented carbides not-heretofore possible:or-ecc-
nomically feasible such for example- as -heading: dies:
with surface markings for cold heading: bolts; stamping
dies for stamping metal parts with. the manufacturers’
identifying symbols, costume jewelry dies, etc.- It also.
provides a method which is useful in - manufacturing: semi-:
complicated shapes that are presently manufactured by
known forming methods. - My process has the:advantages
of reducing labor operations involving the-use: of form-
ing machinery and the elimination of carbide ingredient.
losses in the mechanical forming operations, as well -as
allowing casting in inexpensive molds-at room-temper-
ature.

What I claim as new-and desire to. secure by Letters.
Patent of the United States is:

1. The process for making-hard metal carbide. articles:
of complicated shape which comprises the following
steps: (1) preparing a thixotropic casting composition
comprising a mixture of finely pulverized refractory hard
metal carbides and an iron group metal, a casting vehicle
consisting of styrene and the reaction product of a poly-
hydric alcohol and maleic acid and a nonpolymerizable
organic liquid having an appreciable vapor pressure be-
low 150° C, selected from the group consisting of dieth-
ylene glycol moncethyl ether dcetate, ethylene glycol
monoethyl ether acetate, glycol diacetate and ethylene
glycol monomethyl ether acetate and a polymerization
catalyst, (2) casting the mixture into a mold, (3) heat-
ing to effect hardening of the cast article, (4) heating
the cast article to drive off the nonpolymerizable or-
ganic liquid, (5) heating the cast article to drive off the
polymerized ingredients, and (6) finally sintering the
cast article into a dense hard metal carbide body.

2. A casting mixture comprising a thixotropic mix-
ture of about 38% to about 41.5% by volume of hard
metal carbide powdered materials, 10% to about 20%
of a mixture of the reaction product of a polyhydric al-
cohol and a butenedioic acid and a terminally unsatu-
rated CHs=C< containing compound and about 41.5%
to about 48% of a nonpolymerizable organic solvent ca-
pable of dissolving the said copolymerizing mixture prior
to polymerization selected from the group consisting of
diethylene glycol monoethyl ether acetate, ethylene glycol
monoethyl ether acetate, glycol diacetate and ethylene
glycol monomethyl ether acetate, and a small amount
of a polymerization catalyst.

3. A casting mixture comprising a thixotropic mixture
of about 38% to about 41.5% by volume of hard metal
carbide powdered materials, a copolymerizable mixture
of vinyl acetate and the reaction product of a polyhydric
alcohol and maleic acid in amounts of about 10% to
about 20% and about 41.5% to about 48% of an organic
solvent capable of dissolving the said copolymerizing
mixture prior to polymerization selected from the group
consisting of diethylene glycol monoethyl ether acetate,
ethylene glycol monoethyl ether acetate, glycol diacetate,
and ethylene glycol monomethyl ether acetate, and a
small amount of a polymerization catalyst.

4. A thixotropic casting composition comprising about
39% of tungsten carbide and cobalt by volume, said co-
balt falling within a range of 6% to 20% by weight of
the tungsten carbide, about 7.8% styrene, about 6.1%
of a tetrahydrofurfuryl alcohol modified dipropylene
glycol maleate, about 11.5% diethylene glycol, about
359% diethylene glycol monoethyl ether acetate and
about .15% benzoyl peroxide.

5. A process for casting hard metal cemented carbide
articles comprising the steps of forming a thixotropic
mixture by mixing (a) a powdered hard metal carbide
composition, (b) an organic liquid casting vehicle com-
prising essentially a copolymerizable mixture of the re-
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action product of a polyhydric alcohol and a butenedioic
acid and a terminally unsaturated CH2=C< containing
compound, (c) an initially miscible and non-polymeriz-
able solvent which has an appreciable vapor pressure
below 150° C. selected from the group consisting of di-
ethylene glycol monoethyl ether acetate, ethylene glycol
monoethyl ether acetate, glycol diacetate and ethylene
glycol monomethyl ether acetate and (d) a small amount
of a polymerization catalyst; casting the thixotropic mix-
ture; heating the cast article to drive off the non-poly-
merizable solvent; subsequently heating the cast article
to drive off the copolymer and sintering the cast article
into a dense hard metal carbide object. .

6. The process for making hard metal carbide articles
of complicated shape which comprises the following
steps: (1) preparing a thixotropic casting composition
comprising 2 mixture of finely pulverized refractory hard
metal carbides and an iron group metal, a casting vehicle
consisting of vinyl acetate and the reaction product of
a polyhydric alcohol and maleic acid and a non-poly-
merizable organic liquid having an appreciable vapor
pressure below 150° C. selected from the group consist-
ing of diethylene glycol monoethyl ether acetate, ethylene
glycol monoethyl ether acetate, glycol diacetate and eth-
ylene glycol monomethyl ether acetate and a small
amount of a polymerization catalyst, (2) casting the mix-
ture, (3) heating the cast article to drive off the non-
polymerizable organic liquid, (4) heating the cast article
to drive off the polymerized ingredients, and (5) sinter-
ing the cast article into a dense hard metal carbide body.
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7. A casting mixture comprising a thixotropic- mix-
ture of hard metal carbide powdered materials, the re-
action product of a polyhydric alcohol and a butenedioic
acid and a terminally unsaturated CH2=C< containing
compound, a non-polymerizable organic solvent capable
of dissolving the said copolymerizing mixture prior to
polymerization selected from the group consisting of di-
ethylene glycol monoethyl ether acetate, ethylene glycol
monoethyl ether acetate, glycol diacetate and ethylene
glycol monomethyl ether acetate and a small amount
of a polymerization catalyst.
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