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This invention relates to a process for produc-
ing shaped articles such as fibers, ribbons, films,
ete. by wet spinning ethylene carbonate spinning
solutions of acrylonitrile polymers and copoly~
mers. More particularly, this invention is con-
cerned with a continuous wet-spinning process
capable of being operated efficiently for prolonged
periods of time without sacrificing uniformity,
color or other desirable physical properties of the
spun articles. More specifically, it is concerned
with conducting a continuous wet-spinning proec-
ess in which the ethylene carbonate solvent is
continuously and efficiently recovered and re-
used and the coagulating bath continuously re-
generated with a minimum loss of solvent and
coagulant materials.

In the wet spinning of ethylene carbonate
spinning solutions of acrylonitrile polymers, there
is a continuous accumulation of ethylene car-
‘bonate dissolved in the coagulating bath which,
if excessive, will adversely affect not only the
continuity of the spinning process but also will
affect the character of the spun articles, herein-
after referred to sometimes as fibers. It is found
necessary, therefore, either to continuously dis-
card portions of the bath while continuously re-
plenishing fresh coagulant, or, preferably, to re-
move and recover for re-use the excess quantities
of ethylene carbonate from the used bath liquid
and return the reclaimed coagulant to the coagu-
lating bath.

With regard to the latter method of spin-bath
regeneration, it has been found that fractional
distillation of spin bath liquid containing ethylene
carbonate cannot be accomplished compietely
satisfactorily in most cases even under vacuum
because of one or more of the following reasons:

- (@) excessive decomposition of the ethylene car-
bonate by alcoholysis, resinification, etc. takes
place during prolonged fractional distillation
which substantially decreases the yield of the
recovered ethylene carbonate, () the decom-
position products which are carried over into
the operating bath promote the discoloration of
freshly coagulated products, particularly fila-
mentary material, (¢) such decomposition prod-
ucts in the bath promote further decomposition
of the ethylene carbonate by alcoholysis, ete. dur-
ing extrusion and coagulation in the bath.

Thus, for example, if a used spinning bath
liquid containing about 15% by weight ethylene
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carbonate and about 85% by weight glycerol is °

distilled in vacuum at 5-10 m. m. of mercury to.

fractionate out the ethylene carbonate, very little
of the ethylene carbonate distills over. Instead,

56

an -almost complete alcoholysis and breakdown
takes place leading to the formation of ethylene
glycol and glycidol. Losses of a similar nature
but to lesser extent are experienced when frac-
tionating ethylene carbonate from baths consist-
ing of alkylene glycols or polyalkylene glyeols
such as, for example, 2-methyl-pentanediol-2,4
diethylene glycol, triethylene glycol, tetracthylene
glycol, tripropylene glycol, ete.

By the process of the present invention, not’
only are the above difficulties in the wet spinning
of ethylene carbonate solutions of acrylonitrile
polymers substantially eliminated, but an effi-
cient, continuous spinning process is provided by
which fibers having desirable properties and ap-
pearance are produced with facility and efficiency.

The accompanying drawing is a schematic rep-
resentation of the process conducted in accord-
ance with the invention.

In accordance with the present invention, a
polymeric spinning solution comprising an acryl-
lonitrile polymer containing in the polymer mole-
cule at least 80% by weight of acrylonitrile and
ethylene carbonate as the solvent for such poly-
mer is wet-spun by the following process: The -
ethylene carbonate spinning solution is extruded
into a liquid coagulating bath medium compris-
ing ethylene carbonate and a water-soluble poly-
alkylene glycol having the formula

HO—A—(0—A)»—OH

wherein A is an alkylene group having not less
than two nor more than three carbon atoms and
7 is an integer greater than one, or mixtures of
such ether glycols. At least a portion of the
used bath liquid is removed and subjected to
a partial, relatively rapid distillation at a sub-
atmospheric pressure without substantially any
refluxing thereof thereby increasing the con-
centration of ethylene carbonate in the distillate.
At least a portion of the distillate is cooled to
precipitate the ethylene carbonate therefrom and
the precipitated ethylene carbonate thereafter
separated from the cooled liquid. The resulting
treated liquid from which ethylene carbonate has
been removed, together with the undistilled por-
tion remaining after the partial distillation, is
recycled in ¢ontrolled quantities to the operating
coagulating bath to regenerate the same as de-
sired and the wet-Spinning cycle repeated. Ad-
vantageously, the removed precipitate is also re-
cycled for re-use in preparing additional poly-
meric spinning solutions. In general, a sufficient
quantity of used bath liquid is removed for partial
distillation and treatment, and a sufficient quan-
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tity of the resulting treated liquid is returned to
the bath so as to maintain the operating bath at
the desired ethylene carbonate concentration.
Advantageously, the concentration of ethylene
carbonate in the coagulating bath is maintained
between about 10% and 30% by weight. . ]

The liquid coagulating medium employed in
accordance with the present invention as indi-
cated above comprises ethylene carbonate and a
water-soluble polyalkylene glycol having the for-
mauls,

- HO—A—(0—A)a—OH

wherein A is an alkylene group having not less
‘than two nor more than three carbon atoms and
7 is an integer greater than one, or mixtures of
such ether glycols. Particular advantages are,
however, derived with the tri- and tetra-alkylene
glycols. Of the above polyalkylene glycols, par-
ticularly suitable and especially advantageous are
triethylene glycol, tripropylene glycol,
ethylene glycol, and tetrapropylene glycol.
Advantageously, the coagulating medium em-
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ployed should contain, exclusive of the ethylene

carbonate therein, a major proportion by weight
of the polyalkylene glycol compounds. Thus, the
coagulating medium may contain minor quanti-
ties of other materials or impurities dissolved or
suspended therein such as, for example, minor
amounts of water, e, g., water due to the hygro-
scopicity of the polyalkylene:glycols or materials
present in technical grades of the coagulants de-
sired. In general, the less the amount of such
other materials in the coagulating medium, the
more beneficial and advantageous are the results.
Thus, particularly advantageous results are de-
rived when the coagulating medium, exclusive of
the ethylene carbonate therein, contains at least
about 70% by weight of the polyalkylene glycol
compound, and preferably when it consists essen-
tially of the polyalkylene glycol compound. In
general, dissolved liquid materials in the bath,
other than the ethylene carbonate and the poly-
alkylene glycol compounds, may be tolerated in
amounts up to about 20% and 25% by weight of
the polyalkylene glycol coagulant without undue
adverse effect upon the spinning process. In this
respect, it is noteworthy that the amount of such
extraneous materials in an operating coagulat-
ing bath usually will diminish after several cycles
of recovery and purification of the coagulant as
hereinafter described with the result that the
coagulating bath liquid will usually improve in
efficiency with use.

As previously stated, the portion of the used
bath liquid removed for treatment is subjected
to a partial, relatively rapid distillation at a sub-
atmospheric pressure without substantially any

refluxing thereof, i. e. without the use of any

plates, packing, etc. for treating the vapors
formed. By this st an increase in the concen-
tration of ethylene carbonate in the distillate is
achieved while minimizing alcoholysis losses and
the formation of deleterious impurities. By a
distillation of this type only part of the originally
charged liquid is vaporized and condensed. The
liquid is heated quickly to its boiling point and
maintained at such temperature for only a brief
period of time sufficient to vaporize only a por-
tion thereof in the order of about 15% to 50%.
The vapors thus formed are condensed quickly
to produce, without substantially any refluxing, a
single distillate which has a higher concentra-
tion of the lower boiling components, e, g. eth-
¥lene carbonate, than that of the undistilled
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portion. This type of distillation may be accom-
plished by what is generally referred to as flash
distillation or stripping. Specifically, it usually
involves piping a continuous fiow of liquid past a
“reducing” valve into & chamber maintained at a
subatmospheric pressure, the liquid being heated
to the desired temperature just prior to the “re-
ducing” valve. The sudden drop in pressure
causes a sudden. “fiash” distillation accompanied
by a sudden drop in temperature of the undis-
tilled liquid portion. The amount of vapor
formed and condensed depends, among other
things, upon the amount of heat present in the
vaporizing chamber, i. e., the temperature of the
liquid introduced and any heat independently
supplied to the chamber. In this type of distil-
lation, any relatively high volatile liquids, e. g.
water, etc., present in the liquid undergoing dis-
tillation would pass on through the system and
advantageously, would not be condensed and col-
lected at the condensation temperatures nor-
mally employed. For example, a used bath liquid
containing 20% ethylene carbonate having a
boiling point of 238° C. and 80% of the appli-
cants’ polyalkylene glycols having high boiling
points, when flash distilled would produce a dis-
tillate containing an increased ethylene car-
bonate concentration such as, for example, about
40% or 50% ethylene carbonate and above, and
an undistilled portion containing an increased
polyalkylene glycol concentration such as, for ex-
ample, about 90% or above depending upon the

particular spin bath empiloyed. The latter un-

distilled portion, low in ethylene carbonate, is
ieturned to the operating bath directly or, if
desired, returned after further purification as
The flash distillation
should be carried out at a subatmospheric pres-
sure, for example, pressures between about
5 m. m. and 30 m. m,, and at relatively low tem-
peratures, for example, between about 100° and
140° C.

The distillate obtained in this manner is then
cooled to precipitate ethylene carbonate there-
from. This precipitation is accomplished by
cooling to a temperature below that at which the
ethylene carbonate precipitates therefrom but
above the congealing point of the polyalkylene
glycol therein. Advantageously, the liquid por-
tion may be cooled to a temperature between
about 10° C. and —20° C. Since the polyalkylene
glycols of this invention are very easily super
cooled below their congealing temperatures, un-
usually low crystallization or precipitation tem-
peratures may be employed if desired. In gen-
eral, greater economies and efficiencies: are ef-
fected when the upper range of precipitation
temperatures, e. g., beiween about 5° C. and —5°
C., are employed providing, of course, that satis-
factory yields of precipitate are obtained,
Where, however, higher yields of ethylene car-
bonate precipitate are desired, the lower range
of cooling femperatures may be employed pro-
viding, however, that the polyalkylene glycol is
not too viscous or does not congeal under the
particular conditions at such lower temperatures.

The ethylene carbonate which is precipitated
from the liquid portion is removed from its asso-
ciated liquid by any convenient method such as,
for example, by filtering or, as has been discov-
ered, with greater advantage by centrifuging the
resulting slurry to extract most of the liquid from
the ethylene carbonate solids. Advantageously,
the extraction of the solids may be carried out so
that the solids contain less than about 15% by
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welght of the adherent liquid bath, particular
-advantages being derived, however, at less than
about 10% and especially at less than about 5%.
This may be accomplished with advantage by
centrifuging the slurry sharply under a centrifu-
gal force of more than about 200X G with a cake
thickness on the wall of the centrifuge between
about one-fourth inch and four inches. By the
expression 200X G is meant 200 times the force
of gravity or 200 times the force required to ac-
celerate a body about 980 cm./sec./sec. Especial
advantages, however, are derived when the cen-
trifuging is carried out under a centrifugal force
between about 500X G and 2000x G with a cake

thickness between about one-half inch and three .

inches. The centrifuging time under these con-
ditions may range between about 30 seconds and
20 minutes depending upon the size of the eth-
Ylene carbonate crystals and upon the type of
filter screen employed in the centrifuge.

The separated and extracted ethylene carbon-
ate precipitate may be reused directly to prepare
additional quantities of the polymer spinning
solution, or if desired, the precipitate may be ad-
ditionally purified such as, for example, by one or
more of the following steps: (a) washing with
cold carbon tetrachloride or more advantageously
with ice water, (b) recrystallization from ice
water, (¢) distillation under reduced pressure, or
(d) treatment with decolorizing carbon. Thus,
particular advantages are derived, for example,
when the precipitate obtained by centrifuging the
slurry is rinsed briefly with a small amount of ice
water at between about 0° and 5° C. and the resid-
ual water in the precipitate flash distilled off.
Even greater advantages are derived in the way of
purity and color when the precipitate is distilled
under vacuum prior to recycling the same for
re-use in the preparation of additional polymeric
spinning solution.

As previously stated, both the treated liquid
above which remains behind after the removal of
the ethylene carbonate precipitate from the
slurry and also the undistilled liquid remaining
from the flash distillation, are recycled to the
operating coagulating bath in controlled quanti-
ties sufficient to maintain the operating bath at
the desired concentration, e. g. an ethylene car-
bonate concentration between about 10% and
30% by weight. If desired, such reclaimed liquids
to be recycled may, with advantage, be filtered
prior to their reintroduction into the operating
bath. Since a bath which is recycled and re-used
repeatedly in accordance with the present process
tends to discolor eventually and since impurities
tend to form and accumulate therein during spin-
ning, it is found advantageous to further treat
part or all of such reclaimed liquids at intervals
to remove such impurities. Thus, for example, a
portion of each of such liquids may be by-passed
and heated occasionally in the presence of small
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quantities of decolorizing carbon for about 5 to 30 .

minutes at 60° to 100° C. and the resulting de-
colorized liquids then returned to the operating

. bath. 1In addition, or in the alternative, such re-
claimed liquids may occasionally be distilled
under vacuum to remove solid impurities and
both low and high boiling impurities accumulated
therein after repeated use.

This invention will be more fully described by
the following examples, although it is undere
stood that the invention is not intended to be
limited by these examples. In these examples
“parts” and “percent” of materials is intended to
-mean parts and percent by weight.

70

Erample 1

20 parts of polyacrylonitrile (average molecular
weight about 42,000) is dissolved in 80 parts
ethylene carbonate. This solution after filtering
and deaerating under vacuum, is heated to 120° C.
and extruded through a spinneret having 40 holes
(.003 inch diameter) into a coagulating bath con-
sisting of 80 parts triethylene glycol and 20 parts
ethylene carbonate. The bath temperature is
maintained at 130° C. while the coagulated fila-
ments are drawn through the bath for 30 inches
of bath travel and then collected on bobbins ro-

* tating at a peripheral speed of about 44 meters per

minute. The yarn is then washed, stretched and
relaxed to produce a final product which is very
light colored and of uniform quality having a soft,
sllky feel, a denier of about 94, and a breaking
tenacity of about 4.4 grams per denier and a
breaking elongation of about 18%. »

500 grams of bath liquid is removed from the
operating bath and is subjected to a flash dis-
tillation under a pressure of about 13 m. m. while
maintaining a vapor temperature between about
115° and 130° C. so as to collect a distillate com-
prising about 20% of the original charge. 'The
collected distillate contains about 54% ethylene
carbonate and the undistilled liquid remaining
behind contains about 11% ethylene carbonate.
The distilled portion is then cooled to and main-
tained for about two hours at 0° C. to assure suf-
ficient precipitation (erystallization) of the ethyl-
ene carbonate. The resulting slurry is then cen-
trifuged for 15 minutes in a perforated cylindrical
basket about 5 inches in diameter and about 2%
inches in height. The interior of the perforated
basket is lined with a metal cloth having a 55X 60
mesh twill weave. The basket is spun at about
3000 R. P. M. (640X G) [CF=0.0000142(dia)
(R.P. M) 3, where the diameter is the diameter of
the basket in inches and CP is the centrifugal
forece in G’s; CF=0.0000142(5 X 3000)3}. The
thickness of the caked precipitate is about 34
inch. The yield of the recovered ethylenhe car-
bonate is approximately 60% and has a purity of
about 80%. The recovered ethylene carbonate is
used to dissolve additional quantities of the
polymer to form more spinning solution. The
above filtrate, together with the undistilled liquid

~ from the flash distillation, is returned to the bath

in controlled quantities o maintain the operating
bath at the above operating concentration, and
the cycle is. then repeated.

Example II.

The procedure of this example is the same as
Example I except for the following: The operat- '
ing coagulating bath consists of 78 parts triethyl-
ene glycol and 22 parts ethylene carbonate. The
distillate collected from the flash distillation com-
prising about 20% of the original charge and
containing about 60% ethylene carbonate is
cooled to and maintained at 9° C. ‘The resulting
slurry is centrifuged for 15 minutes with the
perforated basket spinning at about 3600 R. P. M.
(920X G) while employing a cake thickness of

-about one inch. The yield of the recovered ethyl-

ene carbonate is about 50% and has a purity of
about 91%.
Example IIT

The procedure of this example is the same as Ex-
ample I except for the following: The operating
coagulating bath consists of 82 parts triethylene
glycol and 18 parts ethylene carbonate. The

75 distillate collected from the flash distillation
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comprising about 15% of of the original charge

and containing about 50% ethylene carbonate is

cooled to —5° C. The resulting slurry is centri-
fuged for 10 minutes with the basket spinning
at about 3600 R. P. M. (920X G) while employ-
ing a cake thickness of about 3 inch. The yield
of the recovered ethylene carbonate is about 60%
and has a purity of about 92%.

Example IV

" The purity of the recovered ethylene carbonate '

-of Examples I, IT and IIT is improved by rinsing
the resulting cake in the rotating basket with
water at between about 0° and 5° C. After cen-
trifuging for an additional period to allow for the
removal of most of the water, the cake is removed
from the centrifuge and the residual water re-
moved from the cake by a flash distillation oper-
ation at about 60 m. m. pressure and at apout
45° C. The purity of the resulting carbonate is
about 95%.

Example V

The recovered ethylene carbonate from Ex-
amples I, IT and III after the purification of Ex-
ample IV is decolorized by heating to about 80° C.,
adding to the resulting solution about 0.5% ot
decolorizing carbon (activated charcoal) and stir-
ring for about 15 minutes. The charcoal is then
filtéred from the heated solution and the de-
colorized solutlon is returned for use in prepar-
ing the spinning solution. Both the filtrates and
the undistilled liquids remaining from the flash
distillations of Examples I, II and III are also

- decolorized by adding about 1% by weight de-
colorizing carbon to the liguid maintained at
about 90° C. and stirring for aboui 5 minutes.
The resulting carbon slurry is filtered and the
filtrate is returned to the operating coagulating
bhath.
" Example VI

The procedure of this example is the same as
Example I except for the following: The por-
tion of the operating bath removed for the re-
covery treatment is decolorized prior to the flash
distillation step by adding to the hot liquid about
1% decolorizing carbon and stirring for about
10 minutes. The carbon is removed by filtering
and the bath portion is then cooled to permit
precipitation of the ethylene carbonate there-
from,

Example VII

The procedure of this example is the same as
Example I except for the following: About 45
pounds of the operating bath liquid is removed,

- flash distilled and the collected distillate weigh-
ing about 9 pounds and containing about 55%
ethylene carbonate is then cooled to 0° C. The
resulting slurry is then transferred to a cen-
trifuge similar to but larger than that of Example
I and having a basket about 12 inches in di-

“ameter and about 5 inches in height. The trans-
fer of the slurry is performed in about 2 minutes
while. the basket is rotated at about 1300 R. P. M.
forming a cake in the basket having a thickness
of about 1Y inches.
is then increased to about 2750 R. P. M. (1200 X G)
and maintained at this speed for about one
minute. The resulting filtrate is set aside for
purification prior to recycling the same to the
spin bath. Thereafter, the rotating cake is rinsed
with about one pound of water at between 0° and
5° C., the rinsing step being performed in about
one minute. The increased speed is then con-

The speed of the basket

- product and has a purity of about 97%.
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tinued for another 4 minutes. The centrifige
cake is then removed and residual water flash
distilled therefrom at a temperature of 45° C. at
60 m. m. pressure. Thereafter, the ethylene car~
bonate is distilled at 10 m. m. pressure and col-
lected at between 110° and 125° C. The result-
ing distilled ethylene carbonate is a colorless
This
material is then used to dissolve additional quan-
tities of polyacrylonitrile polymer to form the
polymeric spinning solution employed. 'The fll-
trate obtained from the centrifuging of the cooled
slurry, together with the undistilled bath liquid
remaining after the flash distillation step, is
heated to and maintained at 80° C. for about
156 minutes while stirring and admixing about
0.5% by weight of decolorizing carbon. The re-
sulting mixture is then filtered to remove the
carbon and the filtered liquid returned in con-
trolled quantities to the operating bath.

Example VIIT

The procedure of this example is the same as
Example I except for the following: The co-
agulating bath consists of 77 parts tetraethylene
glycol and 23 parts ethylene carbonate. A 200
gram portion of the operating bath is flash dis-
tilled at 13 m. m. pressure while maintaining a
vapor temperature between about 115° and 130°
C. and the distillate collected containing about
65% ethylene carbonate is then cooled to and
maintained at —10° C. for about one hour. The
resulting slurry is then centrifuged for 15 min-
utes. The yield of the recovered ethylene car-
bonate is approximately 656% and has a purity
of about 90%.

E:cample I1X

The procedure of this example is the same as
Example I except for the following: The coagu-
lating bath consists of 80 parts tripropylene gly-
col and 20 parts ethylene carbonate. A 200 gram
portion of the operating bath is flash distilled at
13 m. m. pressure while maintaining a vapor tem-
perature between about 115° and 130° C. and the

. distillate collected containing about 65% &thylene
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carbonate is then cooled to and maintained:at
—10° C. for about onie hour. The resulating slurry
is then centrifuged for 15 minutes. The yield of
the recovered ethylene carbonate is about 70%
and has a purity of about 91%. -

Example X

The procedure of this example is the same as
Example I except for the following: The coagu-
lating bath consists of 85 parts of a technical
grade of triethylene glycol and 15 parts ethylene
carbonate. The bath portion is flash distilled at
10 m. m. pressure while maintaining a vapor fem-
perature between about 110° and 125° C. and the
distillate collected containing about 45% ethylene
carbonate is cooled. The yield of the recovered
ethylene carbonate is about 50%-and has a purity
of about 91%. The coagulant component in the
operating bath, exclusive of the ethylene carbon-~
ate, consists of approximately 94% {iriethylene
glycol, 3% tripropylene glycol, 1% tetraethylene
glycol and 2% ethylene glycol.

Example X1

The procedure of this example is the same as
Example I except for the following: The coagu-
lating bath consists of 78 parts of a mixture of
polyalkylene glycols and 22 parts ethylene car-
bonate. The mixture of polyalkylene glycols con-
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tains approximately 75% triethylene glycol, 109,
tetraethylene glycol and 15% tripropylene glycol.
The bath portion is flash distilled at 10 m. m.
pressure while maintaining a vapor temperature
between about 110° and 125° C. and the distillate
collected containing about 40% ethylene car-
bonate is then cooled. The yield of the re-
covered ethylene carbonate is about 6U% and has
& purity of about 90%.

Example XII

The procedure of this example is the same as
Example I except that the polymer contains 95%
acrylonitrile and 5% 2-vinylpyridine.

Under certain operating conditions it may be
desirable and advantageous to modify or treat the
used bath liquid in various ways prior to the
cooling and crystallization step of the present
process.
the purity and color of both the recovered ethyl-

.ene carbonate and the reclaimed bath liquid, the
used bath liquid removed from the operating spin
bath may be either decolorized or filtered or both
as in Example VI prior to the crystallization step.

Among the polymers and copolymers contain-
ing at least 80% acrylonitrile which may be em-
ployed in accordance with the process of this
invention may be mentioned polyaerylonitrile
and copolymers of acrylonitrile with the follow-
ing monomeric compounds: vinyl esters (vinyl
acetate, vinyl formate, vinyl benzoate), vinyl
ethers, and vinyl ketones; acrylic acid and its
esters and amides; methacrylic acid and its
esters, amides, and nitrile; maleic, itaconie, fu-
marie, crotonic acids and their esters, amides
and nitriles; allyl alcohol and its esters; styrene
and nuclear substituted styrenes, e. g. chloro~
and dichloro styrene; halogenated mononethyl-
enic compounds such as vinyl chioride, vinyl

fluoride, and vinylidene chloride; N-vinyl com-

pounds such as N-vinyl pyrrolidone, N-vinyl suc-
cinimide, N-vinyl carbazole, 2- and 4-vinylpyri-
dine; and the like.

For various purposes it may be desirable to
chemically and physically modify the polymeric
compositions of this invention by the presence of
other materials such as, for example, pigments,
dyes, plasticizers, color stabilizers, spinning
agents, ete. )

The acrylonitrile polymers and copolymers
may be prepared by any suitable polymerization
method such as, for example, the ammonium
rersulfate catalyzed pclymerization of monomer

or monomers dissolved or dispersed in water. -

Molecular weights of these polymers and copoly-
mers are preferably within the range of 10,000
and 250,000, or even higher, although polymers
having molecular weights between 30,000 and
150,000 may be used with particular advantage
in the production of fibers.

In general, the spinning solutions may be pre-
pared by heatinz a mixture of the finely divided

acrylonitrile polymer or copolymer with the.

ethylene carbonate solvent until the polymer is
_dissolved. Advantageously, the spinning solution
may be maintained, prior to extrusion, at tem-
peratures between about 60° and 150° C., and
preferably between about 80° and 120° C. 'These
spinning solutions, preferably, should have a
solids content between about 159 and 309% solids
depending upon the molecular weight of the
polymer, and preferably between about 189%
and 25%. .

- In general, in the preparation of spinning
solutions with recovered and recycled ethylene

Thus, for example, in order to enhance
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carbonate according to the present process, it
is advantageous to employ the ethylene carbon-
ates of higher purity with the more difficultly
soluble polymers and copolymers. Thus, when
employing polyacrylonitrile or copolymers con-
taining more than 95% acrylonitrile, it is pref-
erable that the recycled ethylene carbonate con-
tain less than about 10% by weight of the co-
agulating liquid and with especial advantage less
than about 5%. On the other hand, with co-
polymers containing between about 80% and
90% acrylonitrile, the lower purity carbonates,
for example, those containing between about
10% and 15% of the coagulating liquid, can be
used with similar success.

The freshly coagulated materials withdrawn
from the coagulating bath of the present process
may be washed with an aqueous media such as
water, and then stretched up to 600-1000 per-
cent or more. The stretching may be accom-

" plished in secondary baths containing materials
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similar to those suitable for use in the coagulat-
ing baths of this invention, or if desired, in
other heated media such as, for example, inert
liquids, vapors or gases, e. g. steam. 'The
stretched products may be heat treated while in
a relaxed condition at temperatures between
about 100° and 180° C. to improve their physical
properties.

We claim:

1. In the process of producing shaped articles
from a polymeric spinning solution comprising
an acrylonitrile polymer containing in the poly-
mer molecule at least 809 by weight of acryloni-
trile and ethylene carbonhte as a solvent for
said polymer, the steps comprising, extruding
said spinning solution into a liquid coagulating
medium comprising ethylene carbonate and s
water-soluble - polyalkylene glycol having the
formula

HO—A—(O—A) »—OH

wherein A is an alkylene group having not less
than two nor more than three carbon atoms and
n is an integer greater than one, and mixtures
thereof; removing at least a portion of said Hquid -
coagulating medium; subjecting said removed
portion to a partial, relatively rapid distillation
at a subatmospheric pressure without substan-
tially any refluxing thereof; cooling at least a
portion of the resulting distillate to a tempera-
ture below that at which the ethylene carbonate
precipitates therefrom but above the congealing

-point of the polyalkylene glycol compound: pre-

cipitating at least a portion of the ethylene car-
bonate present in said cooled liquid; separating
the precipitated ethylene carbonate from the
cooled liquid; returning to said coagulating
medium at least a portion of the liquid resulting
from said separation and at least a portion of
the undistilled liquid remaining from said partial
distillation; and repeating the cycle. .

2. In the process of producing shaped articles
from a polymerie spinning solution comprising
an acrylonitrile polymer containing in the poly-
mer molecule at least 80% by weight of acryloni-
trile and ethylene carbonate as a solvent for said
polymer, the steps comprising, extruding said
spinning solution into a liquid coagulating
medium which, exclusive of the ethylene carbo-
nate therein, contains a major proportion by
weight of a water-soluble polyalkylene glycol
having the formula

HO—A—(0—A)»—OH
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wherein A is an alkylene group having not less
than two nor more than three carbon atoms and
n is an integer greater than one, and mixtures
thereof: removing at least a portion of said liquid
coagulating medium; subjecting said removed
portion to a partial, relatively rapid distillation
at a subatmospheric pressure without substan-
tially any refluxing thereof; cooling at least a
portion of the resulting distillate to a tempera-
ture below that at which the ethylene carbonate
precipitates therefrom but above the congealing
point of the polyalkylene glycol compound; pre-
cipitating at least a portion of the ethylene car-
bonate present in said cooled liquid; separating
the precipitated ethylene carbonate from the
cooled liquid; returning to said coagulating
medium at least a portion of the liquid result-
ing from said separation and at least a portion
of the undistilled liquid remaining from said par-
tial distillation; dissolving additional quantities
.of said polymeric material with said separated
ethylene carbonate to form said spinning solu-
tion; and repeating the cycle.

3. In the process of producing shaped articles
from a polymeriec spinning solution comprising
an acrylonitrile polymer containing in the poly-
mer molecule at least 80% by weight of acryloni-
trile and ethylene carbonate as a solvent for said
polymer, the steps comprising, extruding said
spinning solution into a liquid <coagulating
medium which, exclusive of the ethylene carbon-

ate therein, contains at least about 70% by weight.

of a water-soluble polyalkylene glycol having th
formula

HO—A——(O—A)~—OH

wherein A is an alkylene group having not less
than two nor more than three carbon atoms and
n Is an integer greater than one, and mixtures
thereof, said coagulating medium containing be-
tween about 10% and 30% by weight of ethylene
carhonate; removing at least a portion of said liq~
uid coagulating medium; subjecting sald removed
portion to a partial, relatively rapid distillation
at a subatmospheric pressure without substan-
tially any refluxing thereof; cooling at least a
portion of the resulting distillate to a tempera-
ture below that at which the ethylene carbonate
precipitates therefrom but above the congealing
point of the polyalkylene glycol compound; pre-
cipitating at least a.portion of the ethylene car-
bonate present in said cooled liquid; separating
the precipitated ethvlene carbonate from the
cooled Hauid; returning to said coagulating
medium at least a portion of the licuid resulting
from said separation and at Jeast a portion of the
undistilled lauid remalning from said vartial dis-
tillation; dissolving additional auantities of said
polymeric material with sald separated ethylene
carhonate to form said spinning solution; and
repeating the cycle.

4. In the process of producing shaped articles
from: a polvmeric spinning solution comprising
an acrylonitrile polymer containing in the poly-
mer molecule at least 80% by weight of acryloni-
trile and ethylene carbonate as a solvent for said
polymer, the steps.comprising, extruding said
spinning solution into a lquid coagulating medi-
um which, exclusive of the ethylene carbonate
therein, consists essentially of a water-soluble
polyalkylene glycol having the formula

HO—A—(0O—A)»—OH

wherein A is an alkylene group having not less
than two nor more than three carbon atoms and
# is an integer greater than one, and mlxtures
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thereof, said coagulating medium containing be-
tween about 10% and 30% by weight of ethylene
carbonate; removing at least a portion of sald
liquid coagulating medium; subjecting said re-

moved portion to a partial, relatively rapid dis- '

tillation at a subatmospheric pressure without
substantially any refluxing thereof; cooling at
least a portion of the resulting distillate to a
temperature below that at which the ethylene
carbonate precipitates therefrom but above the
congealing point of the polyhydric compound;
precipitating at least a portion of the ethylene
carbonate present in said cooled liquid; extract-
ing the cooled liquid from said precipitated
ethylene carbonate until less than about 15% by
weight of said liquid remains in said precipitate;
returning to said coagulating medium at least &
portion of the liquid resulting from said separa-
tion and at least a portion of the undistilled
liquid remaining from said partial distillation;
dissolving additional quantities of said polymerie
material with said separated ethylene carbonate

_ .. to form said spinning solution; and repeating the

cycle.

5. In the process of producing shaped.articles
from a polymeric spinning solution comprising
an acrylonitrile polymer containing in the poly-
mer molecule at least 80% by weight of acryloni-
trilé and ethylene carbonate as a solvent for said
polymer, the steps comprising, extruding said
spinning solution into a liquid coagulating me-
dium which, exclusive of the ethylene carbonate,
consists essentially of a water-soluble polyalkyl-
ene glycol having the formulsa

HO—A—(0O—A)»—OH

wherein A is an alkylene.group having not less
than two nor more than three carbon atoms and
n is an integer greater than one, and mixtures
thereof, said coagulating medium containing be-
tween about 10% and 30% by weight of ethylene
carbonate; removing at least a portion of said
liquid coagulating medium; subjecting said re-
moved portion to a partial, relatively rapid dis-
tillation at a subatmospheric pressure without
substantially any refluxing thereof; cooling at
least a portion of the resulting distillate to a
temperature between.about 10° C. and —20° C.;
precipitating at least a portion of the ethylene
carbonate present in said cooled liquid; separat-
ing the precipitated ethylene carbonate from the
cooled liquid; returning to said coagulating me-
dium at least a portion of the Hquid resulting
from said separation and at least a portion of the
undistilled liquid remaining from said partial dis-
tillation; dissolving additional quantities of said
polymeric material with said separated ethylene
carbonate to form said spinning solution; and
repeating the cycle.

6. In the process of producing shaped articles
from a polymeric spinning solution comprising
an acrylonitrile polymer containing in the poly-
mer molecule at least 80% by weight of acryloni-
trile and ethylene carbonate as a solvent for said
polymer, the steps comprising, extruding said
spinning solution into a liquid coagulating me-
dium which, exclusive of the ethylene carbonate,
consists essentially of a water-soluble polyalkyl-
ene glycol having the formula

HO—A—(0O—A)»—OH

wherein A is an alkylene group having not less
than two nor more than three carbon atoms and
n is an integer greater than one, and mixtures
thereof, said coagulating medium containing be-
tween about 109% and 30% by weight of ethylene
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carbonate: removing at least a portion of sald

Hquid coagulating medium; subjecting sald re-
moved. portion to a partial, relatively rapid dis-
tillation at a subatmospheric pressure without
substantially any refluxing thereof; cooling at
least a portion of the resulting distillate to a tem-
perature between about 10° C. and —20° C.;
precipitating at least a portion of .the ethylene
carbonate present in said cooled liquid; extract-
ing the coagulating liquid from said separated
precipitated ethylene carbonate until less than
about 10% by weight of said coagulating liquid
remains in said precipitate; returning to said
coagulating medium at léast a portion of the lig-
uid resulting from said separation and at least
a portion of the undistilled liquid remaining from
said partial distillation;  dissnlving additional
quantities of said polymeric material with said
separated ethylene carbonate to form said spin-
ning solution; and repeating the cycle.

7. A process according to claim 6 in which the
polyalkylene glycol is a mixture of said polyal-
kylene glycols, triethylene glycol being present
in a major proportion of said mixture.

. 8. A process according to claim 6 in which the
polyalkylene glycol is a mixture of said polyal-
kylene glycols, tetraethylene glycol being present
in a major proportion of said mixture.

" 9. In the process of producing shaped articies.

from a polymeric spinning solution comprising
an acrylonitrile polymer containing in the poly-
mer molecule at least 80% by weight of acryloni-
trile and ethylene carbonate as a solvent for said
polymer, the steps comprising, extruding said
spinning solution into a liquid coagulating me-
dium whieh, exclusive of the ethylene carbonate,
contains at least about 709 by weight of trieth-
ylene glycol, said coagulating medium containing
between about 10% and 30% by weight of eth-
ylene carbonate; removing at least a portion of
said liquid coagulating medium; subjecting said
removed portion to a partial, relatively rapid dis-
tillation at a subatmospheric pressure without
substantially any refluxing thereof; cooling at
least a portion of the resulting distillate to a
temperature between about 10° C. and —20° C.;
precipitating at least a portion of the ethylene
carbonate present in said cooled liquid; extracting
the coagulating liquid from said separated pre-
cipitated ethylene carbonate until less than about
10% by weight of said coagulating liquid remains
in said precipitate; returning to said coagulating
medium at least a portion of the liquid resulting
from said separation and at least a portion of
the undistilled liquid remaining from said partial
distillation; dissolving additional quantities of
said polymeric material with said separated eth-
ylene carbonate to form said spinning solution;
and repeating the cycle. :

10. In the process of producing shaped articles
from a polymeric spinning solution comprising an
acrylonitrile polymer containing in the polymer
molectle at least 80% by weight of acrylonitrile
and ethylene carbonate as a solvent for said
polymer, the steps comprising, extruding said
spinning selution into a liquid coagulating me-
dium which, exclusive of the ethylene carbonate,
contains at least about 70% by weight of tetra-
ethylene glycol, said coagulating medium con-
taining between about 10% and 50% by weight
of ethylene carbonate; removing at least a por-
tion of said liquid coagulating medium; subject-
ing said removed portion to a partial, relatively
rapid distillation at a subatmospheric pressure
without substantially any reflixing thereof; cool-
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' ing at least a portion of the resulting distillate to -

a temperature between about 10° C. and —-20° C.;
precipitating at least a portion-of the ethylene
carbonate present in said cooled liquid; extract-
ing the coagulating liquid from said:separated-
precipitated ethylene carbonate until less than-
about 109, by weight of said coagulating liquid-
remains in said precipitate; returning to said co-
agulating medium at least 2 portion of the liquid
résulting from said separation and at least'a por-

“tion of the undistilled liquid remaining from said

partial distillation; dissolving additional quanti-
ties of said polymeric material with said separated
ethylene carbonate to form said spinning solu-
tion; and repeating the cycle.

11, In the process of producing shaped articles
from a polymeric spinning solution comprising an
acrylonitrile polymer containing in the polymer
molecule at least 80% by weight of acrylonitrile
and ethylene carbonate as a solvent for said poly-
mer; the steps comprising, extruding said spin-
ning solution into a liquid coagulating medium
which, exclusive of the ethylene carbonate, con-
tains at least about 70% by weight of tripropylene
glyeol, said coagulating medium containing be-~
tween about 10% and 309% by weight of ethylene
carbonate; removing at least a portion of said
liquid coagulatil.g medium; subjecting said re-
moved portion to a partial, relaitvely rapid dis-
tillation at a subatmospheric pressure without
substantially any refluxing thereof; cooling at
least a portion of the resulting distillate to a tem-
perature between about 10° C. and —20° C.; pre-
cipitating at least a portion of the ethylene car-
bonate present in said cooled liquid; extracting
the coagulating liquid from said separated pre-
cipitated ethylene carbonate until less than about
10% by weight of said coagulating liquid remains

. in said precipitate; returning to said coagulating

40
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medium at least a portion of the liquid resulting
from said separation and at least a portion of the
undistilled liquid remaining from said partial dis-
tillation; dissolving additional quantities of said
polymeric material with said separated ethylene
carbonate to form said spinning solution; and
repeating the cycle.

12. In the process of producing shaped articles
from a polymeric spinning solution comprising

. an acrylonitrile polymer containing in the poly-
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mer molecule at least 80% by weight of acryloni-
trile and ethylene carbonate as a solvent for said
polymer, the sieps comprising, extruding said
spinning solution into- a liquid coagulating me-
dium which, exclusive of the ethylene carbonate,
contains at least about 70% by weight of tetra-
propylene glycol, said coagulating medium con-
taining between about 109 and 30% by weight
of ethylene carbonate; removing at least a por-
tion of said liquid coagulating medium; subject~
ing said removed portion to a partial, relatively
rapid distiliation at a subatmospheric pressure
without substantially any refluxing thereof; cool-
ing at least a portion of the resulting distillate to
a temperature between about 10° C.and —20° C.;
precipitating at least a portion of the ethylene
carbonate present in said cooled liquid; extract-
ing the coagulating liguid from said separated
precipitated ethylene carbonate until less than
about 10% by weight of said coagulating liquid
remains in said precipitate; returning to said co~
agulating medium at least a portion of the liquid
resulting from said separation and at least a por-
tion of the undistilied liquid remaining from said
partial distillation; dissolving additional quanti-
ties of said-polymeric material with said separated
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~ ethylene carbonate to form said spinning solu-
tion; and repeating the cycle.

13. In the process of producing shaped articles
from a polymeric spinning solution comprising
an acrylonitrile polymer containing in the poly-
mer molecule at least 80% by weight of acryloni-
trile and ethylene carbonate as a solvent for said
polymer, the steps comprising, extruding said
spinning solution into a liquid coagulating medi-
um which, exclusive of the ethylene carbonate,
consists essentially of triethylene glycol, said co-
agulating medium containing between about 10%
and 30% by weight of ethylene carbonate; re-
moving at least a portion of said liquid coagu-
lating medium; subjecting said removed portion
to a partial, relatively rapid distillation at a sub-
atmospheric pressure without substantially any
refluxing thereof; cooling at least a portion of the
resulting distillate to a temperature between
about 10° C. and —20° C.; precipitating at least
a portion of the ethylene carbonate present in
said cooled liquid; extracting the coagulating lig-~
uid from said separated precipitated ethylene
carbonate until less than about 10% by weight of
said coagulating liquid remains in said precipi-
tate; returning to said coagulating medium at
least a portion of the liquid resulting from said
separation and at least a portion of the undis-
tilled liquid remaining from said partial distilla-
tion; dissolving additional quantities of said poly-
meric material with said separated ethylene car-
bonate to form said spinning solution; and re-
peating the cycle. i

14, In the process of producing shaped articles
from a polymeric spinning solution comprising
an acrylonitrile polymer containing in the poly-
mer molecule at least 80% by weight of acryloni-
trile and ethylene carbonate as g solvent for said
polymer, the steps comprising, extruding said
spinning solution into a liquid coagulating medi-
um which, exclusive of the ethylene carbonate,
consists essentially of a water-soluble polyalkyl-
ene glycol having the formula

HO—A—(0—A)»—OH

wherein A is an alkylene group having not less
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than two nor more than three carbon atoms and .

n is an integer greater than one, and mixtures
thereof, said coagulating medium containing be-
tween about 10% and 30% by weight of ethylene
carbonate; removing at least a portion of said
liquid coagulating medium; subjecting said re-
moved portion to a partial, relatively rapid distil-
lation at a subatmospheric pressure without sub-
stantially any refluxing thereof; cooling at least
a portion of the resulting distillate to a tempera-
ture between about 10° C. and —20° C.; precipi-
tating at least a portion of the ethylene carbon-
ate present in said cooled liquid; extracting the
coagulating liquid from said separated precipi-
tated ethylene carbonate until less than about
5% by weight of said coagulating liquid remsins
in said precipitate; returning to said coagulat-
ing medium at least a portion of the liquid re-
sulting from said separation and at least a por-
tion of the undistilled liquid remaining from said
partial distillation; dissolving additional quan-
tities of said polymeric material with said sepa-
rated ethylene carbonate to form said spinning
" solution; and repeating the cycle.

15. In the process of producing shaped articles
from a polymeric spinning solution comprising
an acrylonitrile polymer containing in the poly-
mer molecule at least 80% by weight of acrylo-
nitrile and ethylene carbonate as a solvent for
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sald polymer, the steps comprising, extruding
said spinning solution into a liquid coagulating
medium which, exclusive of the ethylene car-
bonate, consists essentially of a water-soluble
polyalkylene glycol having the formuia

HO—A—(0O—A)»—OH

wherein A is an alkylene group having not less
than two nor more than three carbon atoms and
n is an integer greater than one, and mixtures
thereof, said coagulating medium containing be-
tween about 10% and 30% by weight of ethylene
carbonate; removing at least a portion of said
liquid coagulating medium; subjecting said re-
moved portion to a partial, relatively rapid dis-
tillation at a subatmospheric pressure without
substantially any refluxing thereof; cooling at
least a portion of said distilled liquid to a tem-
perature between about 10° C. and —20° C.:
precipitating at least a portion of the ethylene
carbonate present in said cooled liquid; centri-
fuging the resulting mixture until the precipitate
contains less than about 10% by weight of said
cooled liquid; returning to said coagulating me-
dium at least a portion of the liquid resulting
from said separation and at least a portion of
the undistilled liquid remaining from said rapid
distillation; dissolving additional quantities of
said ‘polymeric material with said separated
ethylene carbonate to form said spinning solu-
tion; and repeating the cycle.

16. In the process of producing shaped articles
from a polymeric spinning solution comprising
an acrylonitrile polymer containing in the poly-
mer molecule at least 80% by weight of acrylo-
nitrile and ethylene carbonate as a solvent for
said polymer, the steps comprising, extruding
said spinning solution into a liquid coagulating
medium which, exclusive of the ethylene car-
bonate, consists essentially of a water-soluble
polyalkylene glycol having the formula

HO—A—(0—A)n—OH

wherein A is an alkylene group having not less
than two nor more than three carbon atoms and
n is an integer greater than one, and mixtures
thereof, said coagulating medium containing be-
tween about 10% and 30% by weight of ethylene
carbonate; removing at least a portion of said
liquid coagulating medium; subjecting said re-
moved. portion to a partial, relatively rapid dis-
tillation at a subatmospheric pressure without
substantially any refluxing thereof; cooling at
least a portion of the resulting distillate to a
temperature between about 10° C. and —20° C.;
precipitating at least a portion of the ethylene
carbonate present in said cooled liquid; centri-
fuging the resulting mixture under a centrifugal
force above about 200X G; maintaining the pre-
cipitate in said centrifuge at a thickness between
about one-fourth inch and four inches; return-
ing to said coagulating medium at least a portion
of the liquid resulting from said separation and
at least a portion of the undistilled liquid re-
maining from said rapid distillation; said liquids
being returned in a quantity sufficient to main-
tain the concentration of ethylene carbonate

“therein between about 10% and 30% by weight;

dissolving additional quantities of said polymeric
material with said separated ethylene carbonate
to form said spinning solution; and repeating the
cycle.

17. In the process of producing shaped articles
from a polymeric spinning solution comprising an
acrylonitrile polymer containing in the polymer
molecule at least 80% by weight of acrylonitrile

-
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and ethylene carbonate as a solvent for said poly-
mer, the steps comprising, extruding said spin-
ning solution into a liquid coagulating medium
which, exclusive of the ethylene carbonate, con-
sists essentially of triethylene glycol, said coagu-
lating medium containing between about 10%
and 30% by weight of ethylene carbonate; re-
moving at least a portion of said liquid coagulat-
ing medium; subjecting said removed portion to
a partial, relatively rapid distillation at a sub-
atmospheric pressure without substantially any
refluxing thereof; cooling at least a portion of
the resulting distillate to a temperature between
about 10° C. and —20° C.; precipitating at least a
portion of the ethylene carbonate present in said
cooled liquids; centrifuging the resulting mixture
under a centrifugal force above about 200X G:
maintaining the precipitate in said centrifuge
at a thickness between about one-fourth inch
and four inches; returning to said coagulating
medium at least a portion of the liquid resulting
from said separation and at least a portion of the
undistilled liquid remaining from said rapid dis-
tillation, said liquids being returned in & quan-
tity sufficient to maintain the concentration of
ethylene carbonate therein between about 10%
and 30% by weight; dissolving additional quan-
tities of said polymeric material with said sep-
arated ethylene carbonate to form said spinning
solution; and repeating the cycle.

18. A process according to claim 16 in which
the polyalkylene glycol is a mixture of said poly-
alkylene glycols, triethylene glycol being present
in a major proportion of said mixture.

19. In the process of producing shaped articles
from a polymeric spinning solution comprising
an acrylonitrile polymer containing in the poly-
mer molecule at least 80% by weight of acryloni-
trile and ethylene carbonate as a solvent for said
polymer, the steps comprising, extruding said
spinning solution into a liquid coagulating me-
dium which, exclusive of the ethylene carbonate,
consists essentially of a water-soluble poly-
alkylene glycol having the formula

HO—A—(0—A) »—0OH

wherein A is an alkylene group having not less
than two nor more than three earbon atoms and
7 is an integer greater than one, and mixtures
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thereof, said coagulating medium containing be-
tween about 10% and 30% by weight of ethylene
carbonate; removing at least a portion of said
liquid coagulating medium; subjecting said re-
moved portion to a partial, relatively rapid dis-
tillation at a subatmospheric pressure without
substantially any refluxing thereof; cooling at
least a portion of the resulting distillate to a
temperature between about 10° C. and —20° C.:
precipitating at least a portion of the ethylene
carbonate present in said cooled liquid; centri-
fuging the resulting mixture under a centrifugal
force between about 500X G and 2000 X G; main-
taining the precipitate in said centrifuge at a
thickness between about one-half inch and three
inches; returning to sald coagulating medium at
least a portion of the liquid resulting from said
separation and at least a portion of the undis-
tilled liquid remaining from said rapid distilla-
tion, said liquids being returned in a quantity
sufficient to maintain the concentration of eth-
¥lene carbonate therein between about 10% and
30% by weight; rinsing said precipitate with
water below about 10° C. while said precipitate
is being centrifuged; dissolving additional guan-
tities of said polymeric material with said sepa-
rated ethylene carbonate to form said spinning
solution; and repeating the cycle. .

20. A process according to claim 19 in which
the polyalkylene glycol is & mixture of said poly-
alkylene glycol, triethylene glycol being present
in & ‘major proportion of said mixture; and said
water-rinsed ethylene carbonate precipitate be-
ing 'distilled under vacuum prior to dissolving
additional quantities of the polymer therewith.

21. A procesg according to claim 20 in which
said filtrate, prior its return to the coagulating
medium, is treated with activated carbon.

GILMAN S. HOOPER.
GERALD A. MCFARREN.
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