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This invention relates to the production of cel-
lulose ester yarns suitable for conversion info
staple fibres.

In one method of making staple fibre from

cellulose esters, in particular cellulose acetate, a &5

tow or untwisted bundle of filaments is made
and cut up; the tow is made up from untwisted
yarns of high denier, e. g. about 590 to 5000 or
more, which in turn are preferably made from
filaments of denier about 1.5 to 3.0; the yarns
should be moderately strong and of good ex-
tensibility; for example they preferably have
a tenacity of about 2.0 to 2.5 grammes per denier
or more and a minimum extensibility of
about 15%.

A process to be suitable for making celluiose
ester material for conversion into staple fibre
by this method should therefore be capable of
producing yarns of high denier having the prop-
erties outlined above; furthermore it should be
capable of operaticn at fairly high spinning
speeds and should make use of solvents and other
agents that are easily made and recovered.

In our co-pending application S. No. 108,274
filed August 9, 1949 we have described a process
which satisfies these requirements, wherein fila-
ments are formed from a cellulose ester of an
aliphatic acid containing up to 4 carbon atoms,
especially cellulose acetate, by extruding an
acetone solution of the cellulose ester through
a. multi-hole spinning jet into an agueous solu-
tion of diethylene glycol diacetate of concentra-
tion below 38%, and especially 30-35%, as coag-
ulating bath, stretching the filaments during
their passage through the coagulating bath, and
then subjecting the filaments, until they are
substantially free from acetone, to the action of
a regulating bath comprising an aqueous solution
of* diethylene glycol diacetate of concentration
below 38%, and especially 30~-35%, while allow-
ing them to shrink freely. The filaments may
then be washed substantially free from diethyl-
ene glyeol diacetate, for instance by means of
cold:or - warm-water, and dried.

We have now found that in place of the di-
ethylene glycol diacetate in the coagulating or
regulating bath or both we may employ a mix-
ture of diethylene glycol diacetate and dieth-
ylene- glycol monoacetate, provided the total
amount of combined acetic acid corresponds to
that in an aqueous diethylene glycol diacetate
solution of concentration below 38%, and es-
pecially between 30% and 35%. Preferably the
mixture of diethylene glycol acetates consists of

88% or more of the diacetate and 129 or less.of-
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the monoacetate, but mixtures containing lower
proportions of the diacetate, for instance down
to 80 % or even lower, can be employed if desired.
It is very advantageous to subject the fila-
ments in the form of untwisted yarn to thé ac-
tion of the regulating bath while the yarn is
passing over advancing rollers or over a single
advancing reel, that is to say, a set or pair of
rollers or a single reel adapted to carry a num-
ber of convolutions of the yarn and in rotating
to cause the convolutions to travel successively
along the rollers or reel in an axial direction.
The rollers or reel shouid be so shaped or ad-
justed as to allow the yarn fo shrink freely.
Grenerally it is sufficient. to allow for a shrinkage
of about 2% to 4%, and this may for example be
done by using a pair of slightly tapered rollers,
one of which is fixed skew to the other so that
the yarn travels across the rollers in the direc-
tion of the taper. Preferably one of the roll-
ers dips into the regulating bath, but other meth-
ods of applying the bath to the yarn may be
employed. For example the regulating bath may
be sprayed onto or otherwise applied to the
varn during its passage through the atmosphere
over or between the rollers, or it may be applied
by means of hollow perforated rollers. (It will
be understood that. while, for convenience, the
term ‘“regulating bath” is employed to denote
the diethylene glycol acetate solution with which
the yarn is treated as deseribed above, the word
“bath” is not intended to denote any particular
method of applying the solution to the yarn.)
It is preferred to employ as the regulating

. bath a diethylene glycol acetate solution of the

same concentration of combined acetic acid as
that.used in the coagulating bath, but at a lower
temperature. Advantageously, a coagulating
bath having a combined acetic acid concentra-
tion equal to that of a diethylene glycol di-
acetate solution of concentration about 30% to
35% is kept at a temperature of about 30° to 35°
C. The temperature of the regulating bath is
preferably about 8° to 15° C. lower, i. e. between
about 15° and 27° C. according to-the tempera-
ture of the coagulating bath. If desired how-
ever, the temperature of the regulating bath
may be approximately the same as that of the
coagulating bath and its concentration in terms
of combined acetic acid may be lower.

The spinning jet and coagulating bath may be
arranged for either horizontal or vertical, pref-
erably upward, spinning. The best length of
the coagulating bath and length of travel of the
yarn in contaet with the regulating bath depend-
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6n & number of factors including filament denier,
the number of filaments in the yarn, the rate of
travel of the yarn and the rate at which spent
liguor in the regulating and coagulating baths
is repiaced by fresh. It is in any case very
desirable that the yarn should be substantially
free frcm acetone before it leaves the regulat-
ing bath. As a general rule it may be said that
the path of the yarn through the coagulating
kath may be between 50 and 90 cm. and the path
of the yarn in contact with the regulating bath
between about 3 and 10 m.

After its treatment with the regulating bath,
the yarn may be given a thorough wash with
water to remove substantially all the diethylene
glycol acetate which it contains; for example it
may be passed through one or more vessels con-
taining water or in countercurrent to a stream
flowing in a trough or the like. Preferably, how-
ever, at least part of the washing is effected by
soaking the yarn in water a number of times and
running off the water or removing the yarn from
the water, or by causing water to flow continu-
ously cver the yarn for some considerable time,
e. g. about 1 to 4 hours; advantageously, a wash
by one or more of these methods may be followed
by & wash in which the yarn is allowed to stand in
water for several hours. The ethylene glycol
acetates can be removed from the wash water, for
example by extraction with benzene, and used
again in a regulating or coagulating bath. If
desired, the wash water may be partly or wholly
replaced by an organic solvent for the diethylene
glycol acetates which is substantially without ac~
tion on the cellulose ester, e. g. petroleum ether.

A suitable form of device for carrying out the
invention is illustrated diagrammatically in the
drawing. -

The device comprises a spinning jet | contain-
ing, for example, 200—1,000 holes of diameter
0.08-0.12 mm., fed by a pipe 2 from a spinning
pump and filters (not shown) and situated below
the ligiid level in a horizontal trough 3 provided
with a liguid inlet 4 and overflow 5. The trough
is kept filled to the overflow level with a 30-35%
aqueous diethylene glycol acetate solution at a
temperature kept between 31° and 33° C., which
enters continuously through the inlet 4 and runs
off by the overflow 5. Towards the further end
of the trough and about at the level of the sur-
face of the liquid is a guide rod § adapted to lead
the filaments formed in the coagulating bath as
a single untwisted yarn to a godet 1.

_In line with the trough 3 is situated a second
horizontal trough 8 provided with a liquid inlet 8
and overflow {8 for the regulating bath, and posi-
tioned above it a pair of tapered advancing rollers
{1 and 12, one of which dips below the surface of
the liquid in the trough 8. The regulating bath
is a sclution of diethylene glycol acetates of the
same concentration as that of the coagulating
bath but kept at a temperature between 21° and
23° C. The rollers I and 2 both have a 1%
taper along their length and one of them is
mounted in adjustable bearings so that its axis
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4
to allow the yarn passing between the two godets
and round the advancing rollers to shrink freely,
e. g. at a peripheral speed 4% less than that of
the godet 7. . .

An important application of the discovery un-
derlying the present invention lies in the repeated

-use, as coagulating or regulating bath or both, of

a scluticn which may initially consist of water
and diethylene glycol diacetate only. It is our
experience that in course ¢f time part of the di-
ethylene glycol diacetate in such a solution is

~ hydreclysed to diethylene glycol monosacetate and
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can be adjusted to make any desired angle with .

the axis of the other and so cause the yarn to
travel down the rollers in the direction of the
taper. A second godet {3 is situated so as to re-
ceive the yarn leaving the advancing rollers. The
godet 7 is preferably driven at such a speed as to
impeart to the filaments in the coagulating bath as
high a degree or stretch as they will take without

breaking, and godet 13 at a suitably lower speed

70
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free acetic acid. The resulting change in compo-
sition of the sclution will, unless dealt with, cause
a change in the properties of the yarn obtained
and may also give rise to spinning difficulties.

As a result of our discovery, we are now able
to keep substantially constant the effect exerted
by the solution (whether used as a coagulating or
as a regulating bath) even though its composi-
tion alters, by .adding to the solution sufficient
fresh diethylene glycol diacetate, diethylene
glyeol monoacetate, or both, to keep its content
of combined acetic acid constant. Thus, for ex-
ample, if 2% of the diethylene glycol diacetate
originally present has undergone hydrolysis to
the monoacetate, the solution may be restored to
its original effectiveness by adding a further 1%
only of diethylene glycol diacetate, or so much
of a mixture of the diacetate and monoacetate
(such for instance as may be recovered from the
wash water as already described) as will have the
same content of combined acetic acid. -

Before re-using the solution, it is advisable to
ensure that its acetone content (derived from the
spinning solution) does not exceed 1%. Thus
acetone may ke removed from the solution by
evaporation, for example in an evaporator of the
climbing film type. It is also advisable to keep
the content of free acetic acid (derived from the
diethylene glycol diacetate by its hydrolysis) to
a maximum of 1% and preferably below about
0.5%. For example, when the acetic acid con-
centration has reached the desired upper limit,
the solution may be heated, preferably under re-
duced pressure, so as to remove acetic acid by
distillation in the form of an azeotropic mixture
with water. If desired both acetic acid and ace-
tone may be removed in a single operation. Be-
fore the solution from which the acetic acid has
been removed is used again, it may be necessary
to replace part or all of the water removed with
the acetic acid, so as to keep the concentration
of combined acetic acid constant.

It ig possible instead of removing acetic acid to
neutralise it, for example by means of an alkali
or ialkaline earth metal carbonate or hydroxide,
but this is usually less desirable since the neu-
tralisation products tend to accelerate further
hydrolysis of the diethylene glycol diacetate.

In a modification of the invention, the regulat-
ing bath may comprise water alone instead of
an aqueous diethylene glycol acetate solution,
and in this case also the temperature is preferably,
though not necessarily, below that of the coagu-
lating bath. When using water, the yarn does
not as a rule shrink to any substantial degree, and
it 'is therefore advisable to employ advancing
rollers or an advancing reel which does not allow
for shrinkage, e. g. a pair of cylindrical rather
than tapered rollers, so that sagging is avoided
without subjecting the yarn to any substantial
degree of tension. Usually a product of greater
tenacity and extensibility is obtained when the
regulating bath consists of an aqueous diethylene
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glycol acebate solution, but in particularly. hot
weather a-regulating bath of water alone may
sometimes be preferable to a solution of diethylene
glycol diacetate with or without a proportion of
the moneacetate.

Cellulose acetate and other cellulose ester yarns
produced in accordance with the invention not
only possess good extensibility and tenacity, but
also frequently have a degree of crimp making
théem exdeptionally suitable for conversion into
staple fibre. :

‘While the process of the invention is partic-
ularly suitable for making cellulose acetate yarn
for cutting up into staple fibres, it is also appli-
cable to the production of yarn from other cellu-
lose esters of aliphatic acids containing up to 4
carbon atoms, especially cellulose propionate and
acetate propionate.

Having described our invention, what we desire
to secure by Letters Pateniis:

1. Process for the manufacture of yarns having
a basis of a lower aliphatic ester of cellulose and
suitable for couversion into staple fibre, which
comprises forming filaments from the cellulose
ester by extruding an acetone solution of the
cellulose ester through a multi-hole spinning jet
into a coagulating bath, stretching the filaments
during their passage through the coagulating
bath, and then subjecting the filaments, until
they are substantially free from acetone and
while allowing them to shrink freely, to the action
of g regulating bath, the coagulating and regulat-
ing baths both being aqueous solutions selected
from the group which consists of aqueous solu-
tions of diethylene glycol diacetate and agueous
solutions of mixtures of diethylene glycol diace-
tate and monoacetate in which the amount of
diacetate by weight is at least 4 times that of
monoacetate, the concentration of the solutions
being such that their content of combined acetic
acid is equal to that of a diethylene glycol diace-
tate solution of concentration below 38%, at least
one of the baths containing both the diacetate
and the monoacetate, removing the coagulating
and regulating baths from their respective zones
of operation, removing from said baths by distilla-
tion substantially all of the acetone derived from
the spinning solutions, adding to the baths suf-
ficient diethylene glycol diacetate to restore their

initial concentration of combined acetie acid while !

maintaining the amount of diethylene ‘glycel di-
acetate in each hath at at least 88% of the total
weight of diethylene glycol diacetate and mono-
acetate in the bath, and returning the baths to
their respective zones of operation.

9. Process for the manufacture of yarns hav-
ing a basis of cellulose acetate and suitable for
conversion into staple fibre, which comprises
forming filaments from the cellulose acetate by
extruding an acetone solution of the cellulose ace-
tate threugh a multi-hole spinning jet into a
coagulating bath, stretching the filaments during
their passage through the doagulating bath, and
then subjecting the filaments, until they ate sub-
stantially free from acetone and while allowing
them to shrink freely, to the action of a regulating
bath, the regulating and coagulating baths both
heing agueous solutions of a mixture of diethylene
glycol diacetate and monoacetate in which the
amount of diacetate is at least 4 times that of the
monoacetate, the concentration of the solutions
being such that their content of combined acetic
acid is equal to that of a diethylene glycol di-
acetate solution of concentration below 38%, re-
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6
moving the coagulating and regulating baths from
their respective zones of operation, removing from
said baths by distillation substantially all of the
acetone derived from the spinning solution, add-~
ing to the baths sufficient diethylene glycol di-
acetate to restore their initial concentration- of
combined acetic acid while maintaining the
amount of diethylene glycol diacetate in- each
bath at. at least 88%. of the total weight of di=

ethylene glycol diacetate mand monoacetate in the

bath, and returning the baths to their respective
zones of operation. ;

3. Process for the manufacture of yarns having
a basis of g lower aliphatic ester of cellulose and
suitable for conversion into staple fibre, which
comprises forming filaments from the cellulose
ester by extruding an mcetone. solution of the
cellulose ester through a multi-hole spinning jet
into a coagulating bath, stretching the filaments
during their passage through the coagulating
bath, and then subjecting the filaments, until
they are substantially free from acetone and
while allowing them to shrink freely, to theaction
of a regulating bath, the coagulating and regulat-
ing baths beth being agueous solutiong selected
from the group which consists of agueous solu-
tions of diethylene glycol diacetate and agueous
solutions of mixtures of diethylene glycol diace-
tate and monoacetate in which the amount of di-
acetate by weight is atleast ¢ times that of mono-
acetate, the concentration of the solutiong being
such that their content of combined acetic acid is
equal to that of a diethylene glycol diacetate solu-
tion of concentration 30-35%, at least one of the
baths containing both the diacetate and the
monoacetaie, removing the coagulating and reg-
ulating baths from their respective zones of op-
eration, removing from said baths by distillation
substantially all of the acetone derived from the
spinning solution, adding to the baths sufficient
diethylene glycol diacetate to restore their initial
concentration of combined acetic acid while main-
taining the amount of diethylene glyccl diacetate
in each bath at at least 88% of the total weight
of diethylene glycol diacetaie and monoacetate
in the bath; and returning the baths to their re-
spective zones of operation. )

4. Process for the manufacture of yarns hav-
ing a basis of cellulose acetate and suitable for
conversion into staple fibre, which comprises
forming filaments from the cellulose acetate by
extruding an acetone solution of the cellulose
acetate through a multi-hole spinning jet into a
coagulating bath, stretching the filaments during
their passage through the coagulating bath, and
then subjecting the filaments, until they are sub-
stantially free from acetone and while allowing
them to shrink freely, to the action of a regulat-
ing bath, the regulating and coagulating baths
both being aqueous solutions of a mixture of di-
ethylene glycol diacetate and monoacetate in
which the amount of diacetate is at least 4 times
that of the monoacetate, the concentration of
the solutions being such that their content of
combined acetic acid is equal to that of g di-
ethylene glycol diacetate solution of concentra-
tion 30-35%, removing the coagulating and reg-
ulating baths from their respective zones of op-
eration, removing from said baths by distillation
substantially all of the acetone derived from the
spinning solution, adding to the baths sufficient
diethylene glycol diacetate to restore their initial
concentration of combined acetic acid while main-
taining the amount of diethylene glycol diacetate
in each bath at at least 88% of the total weight
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of diethyléne glycol diacetate and michioacétate in

the bath, and returning the baths to their respec-
tive zones of operation.

5. Process for the manufacture of yarns having
a basis of cellulose acetate and suitable for con-
version into staple fibre, which comprises form-
ing filaments from the cellulose acetate by ex-
truding an acetone solution of the cellulose ace-
tate through a multi-hole spinning jet into: a
coagulating bath at a temperature of 30-35° C,,
stretching the filaments. during their passage
through the coagulating bath, and then subject-
ing the filaments, until they are substantially free
from acetone and while aliowing them to shrink
freely, to the action of a regulating bath at a
temperature 8-15° C. below that of the coagulat-
ing bath, the coagulating and regulating baths
both being amqueous solutions of mixtures of di-
ethylene glycol diacetate and monosacetate in
which the amount of diacetate is at least 88%
of the total weight of diacetate and monoacetate
and the concentration of the baths being such
that their contents of combined acetic acid are
substantially the same and are equal to that of
a solution of diethylene glycol diacetate of con-
centration 30-35%, removing the coagulating and
regulating baths from their respective zones-of
operation, removing from said baths by distilla-
tion substantially all of the acetone derived from

the spinning solution, adding to the baths suf-~ ¢

ficient diethylene glycol diacetate to restore their
initial concentration of combined acetic acid while
maintaining the amount of diethylene glycol di-
acetate in each bath at at least 88% of the total
weight of diethylene glycol diacetate and mono-
acetate in the bath, and returning the baths to
their respective zones of operation.

6. Process according to claim 4, wherein the
filaments are collected into an untwisted yarn and
are stretched during their passage from the co-
agulating bath by means of tension -applied to
the yarn.

7. Process according to claim 4, wherein the
number and dimensions of the holes in the spin-
ning jet are so chosen that the yarn after it has
shrunk has a denier above 500 while the individual
filaments have a denier below 3.

8. Process for the manufacture of yarns hav-
ing a basis of cellulose acetate and suitable for
conversion into staple fibre, which comprises
forming filaments from the cellulose acetate by
extruding an acetone solution of the cellulose
acetate into a coagulating bath at g temperature
of 30°-35° C., collecting the filaments into an un-
twisted yarn and applying to the yarn a tension
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whereby the filaments during their passagé
through the coagulating bath afe strétehed t6
substantially the-highest degree possible with-
out breaking them, and then subjecting the yarn,
until it is substantially free from dcétone and
while allowing it to shrink freely, to the action
of a regulating bath at a temperature 8-15° C
below that of the coagulating bath, the coagulat-
ing and regulating baths both being aqueous solu-
tions of mixtures of diethylene glycol diacetate and
monoacetate in which the amount of diacetate is
at least 88% of the total weight of the diacetate
and monoacetate gnd the concentration of the
baths being such that their contents of combined
acetic 1acid are substantially the same and are
equal to that of a soclution of diethylene glycol
diacetate of concentration 30-35%, and the num-
ber and dimensions of the holes in the spinning
jet being so chosen that the yarn after it has
shrunk has a denier above 500 while the indi-
vidual filaments have a denier below 3, removing
the coagulating and regulating baths from their
respective zones of operation, removing from said
baths by distillation substantially all of the ace-
tone derived- from the spinning solution, adding
to the baths sufficient diethylene glycol diacetate
to restore their 1n1t1a,1 concentration of combined
acetic acid while ‘maintaining the amount of di-
ethylene glycol diacetate in each bath at at least
889 of the total weight of diethylene glycol di-
acetate and monoacetate in the bath, and return-
ing the baths to thelr respective zones of opera-
tion.

9. Process accordmg to claim 3 wherein the
filaments are subjected to the action of the reg-
ulating bath while on a thread-advaneing thread-
storage device.

10. Process according to claim 4, wherein the -
filaments are subjected to the action of the reg-
ulating bath while on a thread-advancing thread-
storage device.

11. Process according to claim 8, wherein the
varn is subjected-to the action of the regulating
bath while on g thread-advancmg thread-storage
device.

PERCY FREDERICK COMBE SOWTER.
FRANK BRENTNALL HILL.
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