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This invention relatesto a method for the prep-

aration of thin filaments suitable for textile pur-.

poses and more particularly it relates to a meth-
od for the breparation of such filaments from
lower fatty acid esters of cellulose entirely with-
out the use of solvents or plasticizers.

Filaments have long
lulose acetate by forming solutions thereof in
volatile solvents, extruding the solutions, and
eliminating the volatile solvent, It has been
recognized that the use of solvents in this man-
her presents 8 number of disadvantages. A por-
tion of the solvent is always lost and in addition,
recovery of the major portion of the solvent is
expensive. Furthermore, volatile solvents pre-
sent fire, explosion, and toxicity hazards,

Celltlose acetate filaments prepared irom so-
lutions thereof have also had limitations in their
properties. For example, higher strength and a
higher softening temperature have been desired.
These limitations in cellulose acetate textile fila-
ments have, however, been inherent to some ox-
tent in the process by which they are prepared.

The use of solvents or plasticizers has always
been considered necessary for the preparation of
fine filaments from cellulose esters. So far as can
be ascertained, the use of heat and pressure alohe
has never yielded useful textile filaments, prob-
ably because of the fact that it has
common belief of the art that cellulose esters de-
compose when heated in unmodified form to their
softening points.

It is an object of this invention to provide fila-
ments of cellulose acetate and other lower fatty
acld-esters of cellulose which are stronger than
those heretofore obtainable. It is a further ob-
Jject to obtaln filaments of the character men-
tioned by a method in which solvents and plas-
ticizers are altogether eliminated. Other objects
will appear hereinafter,

Now it has been discovered that, contrary to
the established belief of the art, cellulose lower
fatty acid esters can be spun into fine filaments

‘suitable for textile purposes by extrusion thereof -

under the influence of heat and pressure only,
followed by stretching of the extruded material,
entirely without. the use of solvents or plasti-
cizers, Thus, in accordance with this invéntion,
the above mentioned objects are attained by
heating a lower fatty acid ester of cellulose to a
plastic state extruding the heated ester through
an orifice, stretching. and cooling the extruded
ester, limiting the time in which the ester is at
elevated temperatures to a period insufiicient to

cause substantial decomposition of the ester.:

been prepared from cel-

long been the -

The-heat required is applied to the cellulose ester
at & rate sufficient to bring it to a temperature at

. which it is in a plastic or semi-fluid state in a
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period of time which is shorter than that required
to bring about substantial decomposition of the
ester. In addition, the extrusion and cooling op-
erations are accomplished with sufficient prompt-
ness so that the cellulose ester remains through-

-out the total process at elevated temperatures

which would normally cause decomposition for a )
total period insufficient to cause substantial de-.
composition. The stretching operation is applied

before or during the cooling operation, or if de-

sired, after at least partial cooling. Preferably,

it is applied during the cooling of the extruded

cellulose ester.

By means of this invention substantially un-
modified, i. e. unsoftened, cellulose lower fatty
acld esters such as cellulose acetate may be spun
to form fine textile filaments without the use of
solvents or plasticizers, thereby obviating the ex=
bense and other disadvantages inherent in their
use. The danger of non-uyniformity and other
disadvantageous effects caused by residual sol-

" vent in the filaments in variable amount is elimi- -

nated. The filaments obtained are stronger than
those obtained by other processes. -Furthermore,
these advantages are obtained without substan-
tial heat decomposition of the cellulose esters
utilized, even though the esters are exposed for a
brief time to temperatures which would normally
cause decomposition. s .
The cellulose lower. fatty acid ester suitable
for the method of this invention may be such as,
for example, cellulose acetate, cellulose propion-
ate, cellulose acetate propionate, cellulose ace-
tate formate, cellulose acetate butyrate, and the

~ like.  The cellulose ester utilized will be of the

40

type which is soluble in the usual organic sol-
vents. The degree of substitution will vary some-
what according to the particular ester utilized.

. For example, in the case of cellulose acetate, the

. range from about 48.5%
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combined acetic acid content: may be within the
to that corresponding to
the normally obtainable tri-ester, the preferred
value being in the range from about 52 to about .
57% acetic acid. For other cellulose lower fatty
acid esters, a somewhat equivalent degree of sub-
stitution is suitable. The viscosity of the cel-
lulose lower fatty acid esters may be varied with-
in wide limits but, in general, the viscosity. of the
order of that at present used for the preparation
of artificial silk and the like is suitable, . In gen-
eral, the higher the viscosity of the ester, the
stronger will he the product. The physical form
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of the cellulose ester is preferably that of fine,
dense grains; desirably clean, uniform cellulose
esters ﬁf high stability, free of residual solvent
and other modifiers or impurities are utilized.
The period of time during which the cellulose
lower fatty acid ester may be held at an elevated
temperature depends upon the temperature. As
is well known, cellulose "esters decompose upon
being heated, following the course of depolymer-
ization, discoloration, loss of acid groups, and
caramelization. However, it has now been found
that the cellulose lower fatty acid esters, unlike
most chemical compounds, do not have a true de-
composition temperature. Instead, they have &
certain rate of decomposition at each tempera-
ture. It has been found that the cellulose lower
fatty acid ester can thus be spun into filaments

at unexpectedly high temperatures such as 425

to 550° F. at which decomposition is normally
caused to take place, with only slight depoly~

- all air from the cellulose:ester before heating by -
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merization if the steps of heating, shaping, and -

cooling are expeditiously carried out. Slight de-
polymerization is harmless, although extensive
depolymerization is detrimental to the strength
of the product. o . .
Depolymerization is easily measured by deter-

- mining the viscosity of the cellulose ester in solu-

tion, for example, by determining the specific

evacuation, or by flushing with an inert gas, or
both. - - : : '

The temperature to which the cellulose lower
fatty ester is heated in the method according to
this invention will be sufficient to render plastic
or semi-fluid the cellulose ester so'that it will
flow under pressure and be capable. of extrusion
to form tough, flexible filaments: However, the
temperature will be less than that causing sub-
stantial decomposition within a period of time;
for example, one minute, sufficient for carrying
out the method of the invention. The actual
temperature to be utilized varies with the par-
ticular ester which is being spun, and also with
the degree of substitution of the ester. It may
further vary somewhat with the equipment being
utilized. In geneéral, temperatures in the range
from about 425° F. to upwards of about 560° F.
have been found suitable -with.the equipment
of the type hereinafter described. :

The temperature to which the cellulose lower
fatty acid ester is heated and at which it is ex-

- truded may be exemplified more particularly by

viscosity of an 0.5% solution in dioxan with an -

Ostwald capillary viscometer as hereinafter de-
seribed. In general, a 10% loss of specific vis-
cosity is considered slight and harmless; a 25%
loss would not be excessive for some uses; but
more than a 50% loss would greatly reduce the
usefulness of the cellulose ester. Taking the
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properties of cellulose acetate as exemplary of -

the lower fatty acid esters, it has been found
that cellulose acetate having a ‘reasonably high
stability may be heated about 40 minutes at

_390° P, or for about 15 minutes at 445° F., or for

about 4 minutes at 500° F'., or for about 2 minutes
at 560° F.-in an inert atmosphere without caus-

40

ing more than about a 10% loss-in specific vis-_

-cosity.

It will be appreciated that since the rate of de-

- polymerization of cellulose lower fatty acid esters

varies with temperature, and since the fempera~
ture of the ester varies during its treatment in
accordance with this invention, no exact time
limits can be set for .the period during which
the cellulosé ester may safely remain in the heat-
ing state. Desirably, the tregtment of the cellu-
lose lower fatty acid ester in accordance with
this invention is so conducted that the combined

. effect of time and temperature for all steps will

be effective to. decrease the specific viscosity of
the ester by no more than about 10%. In no
case should the combined effect of time and tem-

. peraturé be a-decrease of the specific 'viscosity

by more than 50%. »
The rate of decomposition as measured by the
loss in specific viscosity is, it has been found,

_ affected by the environment or atmosphere in
" which the cellulose ester is heated. It is about

twice as rapid in air as in an inert atmosphere
such as, for example, an atmosphere of argon,
nitrogen, carbon dioxide, mixtures thereof, and
other gases or vapors non-reactive with cellu-
lose ester. A vacuum is also considered herein
to constitute an inert atmosphere or environ-
ment. Preferably, but not essentially, in carry-

-ing out my invention, the cellulose ester is main~-

tained in an inert atmosphere or environment
such. as -described while it is at elevated tem-
peratures. It is desirable to remove substantially
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reference to conditions utilized in spinning cellu-
lose acetate. TUtilizing the particular equip-
ment hereinafter described for spinning cellu-
lose acetate having a combined acetic acid con-
tent of 53 to 54%, a temperature in the range,
for example between 500° ¥. and about 540° F.
was found to be most suitable, although tempera-
tures somewhat higher and somewhat lower gave
a useful product. It has been found that for
cellulose acetate having a higher or a lower de-
gree of substitution than the 53 to 54% acetic
acid content mentioned, it is desirable to utilize
higher temperatures varying roughly in propor-
tion to the increase or decrease in substitution
from that mentioned. The temperatures suitable
for other cellulose lower fatty acid esters are
similar, except that as the quantity of acyl groups
having a higher number of carbon atoms than
the acetyl group is increased, the temperature
of operation may be decreased. It is in general
preferable to provide a maximum of mechanical

_force or pressure for the extrusion step, heating
-to ‘a temperature fairly low in the operative

range for the particular ester utilized. However,
it must be kept in mind that material extruded
at too low a temperature produces useless, worth-
less, brittle filaments unsuitable for textile pur-
poses, so that temperatures must in all cases be
sufficiently high to allow extrusion to useful, flex-
ible filaments. .

Cooling may be accomplished by merely per-
mitting the extruded filament to disperse its
heat to its surroundings, or cooling may be
hastened by providing a stream of cool air or

other cooling fluid to extract the heat more rap- -

idly from the extruded filament. If will be un-
derstood that where cooling is specified, it will
include either accelerated cooling or cooling by
normal dispersion of heat to the atmosphere into
which the cellulose ester is extruded.

After the cellulose lower fatty acid ester has
been heated and extruded, the extruded material
is stretched in order to obtain fine filaments
having the desirable properties obtained through
the use of the method in accordance with this
invention. Stretching is accomplished by reeling:
the extruded ester at a velocity which is greater
than that of the material while it is in the orifice

~through which it is extruded. Stretching is pref-

%

erably carried out while the extruded material
is coqling or is being cooled, although it may be- -
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carried out advantageously betore cooling or to
& limited extent after cooling. The tempera-
ture at which the stretching is carried out may
be that utilized in the extruding step, or as in
most cases, & somewhat lower average tempera-
ture will prevail. Thus, stretching temperatures
betweén about 200° F. and about 560° B, may be

utilized.. The degree of stretching will depend .

upon the diameter of the.orifice through which
the cellulose ester is extruded and upon the ulti-
mate properties desired in the fine Alament pre=
‘pared. In general, the . degree. of stretching
which is deflned as the ratio of the cross section
. of the material in the orifice to the eross section

of the final stretched filament, will be at least’

about three and may be 1000 or more at very
high temperatures. Particularly good results in
the formation of fine strong filaments are ob-
tained utilizing a degree of stretching from about
50 to about 300, . ' :
The orifice through which the cellulose lower
1atty acid ester is extruded may vary in diameter
according to the nature of the ester being spun
and the conditions of operation. Orifice diam-
eters between about 0.001 inch and about 0.020
Inch have been found suitable, diameters be-
tween about 0.005 inch and about 0.0012 inch

10

3

clated that Figure 1, as well as other figures of -
the drawings, are diagrammatic, and that for the -
sake of clarity many details such as driving

' equipment, supporting frames, electrical con-

trols and temperature-indicating equipment such
as thermocouples have been omitted. '
The apparatus of Pigure 2 is auxiliary equip-
ment which may be utilized with ‘extruding
equipment, for example that shown in Figure 1.
The element 8 represents an extrusion orifice
fitting which may be of the single orifice or of
the multi-orifice type. The apparatus of Figure
2 comprises elongated chambers i0 and (f pro-
vided with inlet and outlet fittings 12 adapted

- to provide a current of temperature-regulating

gas or other fluid, and provided with suitable
openings for g filament or yarn 13. - The reel |3
is adapted to be driven at controlled peripheral

' . Speeds to take up and stretch extruded filaments.

20

- -the extrusion barrel,

25

leading to 'expedient operation. For relatively

large orifices such as 0.010 inch, the orifice wall

may be straight or partially countersunk; for

small orifices hyperbolic entrances are desirable,

Having now Indicated the nature and purpose

'of this invention, there follows a  description

30

of exemplary apparatus suitable therefor with .

reference to the -accompanying drawings in

which: .
Pigure 11is a dlagrammatic sectional view show-
ing one form of an apparatus suitable for heat-
ing and extruding a single filament of a cellu-
lose ester being spun In accordance with the
method of this invention. ‘
Figure 2 is a diagrammatic sectional view of
an apparatus - suitable for the : cooling and
stretching steps. »
- Figure 3 is a simplified sectional view show-
" ing a second form of apparatus suitable for car-
rying out the heating and extruding steps of this
" invention in & m er whereby a multifilament
yarn may be produced. . .
Figure ¢4 is a top view of the apparatus shown

in Figure 3. .

35.

40,

_having a controlled
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Figure 5 is a cross-sectional view of the sp-

paratus shown in Figure 3. v :

"Figure 6 is an enlarged fragmentary view of
- the extrusion screw -utilized in the  apparatus
- shown by Figure 3. o i

55

" Figure 7 illustrates s spinneret which may be

used with the apparatus shown in Figure 3.
Figure 8 is a pictorial schematic view of ex-
. truding apparatus such as that shown in FPigure
3 in assembly with a heat-supplying device. . .
" Referring to Figure 1, element 1 is a hopper
provided with an annular chamber 2 which may
be fed by a gas through tube 3 and which com-
municates with the hopper through perforations
4. The hopper leads into the extrusion barrel
8. The element 6 is a screw fitted into the bar-
rel and actuated through the gear 1, which is
in turn driven by gearing not shown in the
drawings. The coil 8- carries electrical current
for heating the apparatus, aqd it may beé of the
induction or resistance-heating type. ‘The bar-
rel is provided with an orifice fitting 9 having

60
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“cooled by

‘In preparing fine filaments in accordance with
this invention utilizing for example the -appara-
tus of Figures 1 and 2, the cellulose ester is fed
down the relatively narrow and deep hopper into
Preferably, it is met dur-

ing its flow down ‘the hopper by a countercur-

- Trent stream of an inert gas, such as carbon di-

oxide or nitrogen which may be heated if desired,
say to 250-360° F. to pre-heat the ester. If de-
sired, the entire hopper system may be placed
under a vacuum. The ester is forced along the
barrel of the extruder by the screw, It is pro-
gressively heated to a plastic or semi-fluid state
by contact with the heated walls of the barrel,
The temperature of the barrel and the quantity
of heat provided by the heating means are regu-
lated with respect to the rate of feed of the cel-
luloseester, so that the material reaches the de-
sired  plastic state at the time it reaches the
orifice .or.slightly prior thereto. The material
progresses to the orifice and is extruded there-
through. Itis then taken up by a reel or bobbin
peripheral velocity which is
greater than the velocity of the cellulose ester
in the orifice, The extruded filament may be in
open” air between the orifice and . the take-up
reel, but preferably it passes through heat con-
trolled chambers such as are shown in Figure 2.
The heat controlled chambers may be- provided
with a current of carbon dioxide, nitrogen, or

~-other fluid at a controlled temperature. If de-

sired, the filaments

may be maintained at an ele-
vated temperature

e In the first chamber and
cooling fluid in the ‘second chamber.
The degree of stretchi imparted to the filament
is controlled by regulating the speed of the ex-
trusion screw and the peripheral velocity of the
take-up reel ‘so that the extruded material has
the desired higher velocity at the take-up reel as

- compared with its velocity in the orifice,

Figure 3 illustrates equipment designed for the
spinning of a multiple-filament yarn in accord-
ance with the method of this invention. In Fig-
ure 3 the element 14 is a hopper leading through
ports 16 into the interna] portion of the extrusion
barrel 16. The barrel is fitted with a screw (1
shown schematically, - The screw is provided with
sultable bearings 18 adapted to absorb thrust
forces while maintaining the screw in broper po-
sition in the barrel and ‘allowing it to rotate
therein. The screw is further provided with
means consisting of thread {9 and keyway 20
for attaching .driving - devices such as gears.
Rigidly attached to,thé screw are kickers 2l

in this case a single orifice. - It will be appre- 78 adapted by rotationﬁ{ith the screw to insure con-
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tinuous feed of the cellulose ester through the

lower portions of the hopper. The lower end of .

2,386,159

the extrusion barrel is provided with a spinneret-

or orifice plate 22 provided with & plurality of

orifices (not shown in Figure 3) through which .

the cellulose ester is extruded, A top view of
* the apparatus shown in Figure 3 is given by Fig-

trusion screw. The cellulose acetate Was heated
during its passage through the barrel to & tem- .
perature of approximately 510° F. in an elapsed

_time of three minutes and was extruded at about -

* ure 4 which omits the hopper but shows the ar- .

rangement of the kickers 21. ‘The construction of
the barrel at the entrance of the feeding ports
into the interior thereof is shown by the cross-
sectional view, Figure 5, which is taken along
line AA of Figure 3, the hopper\section being
omitted. Referring to Figure 5 (and also to Fig-
ure 8), the four grooves 28 in the barrel provide
a means for the escape of air or entrapped gases
from the cellulose ester being compacted and
fused into a plastic state. ) .

An enlarged fragment of the screw {7 is shown
‘by Figure 6, which shows in more detail the na-
ture of the square threads 24 utilized. It will be
noted that screw 17 is of the double-pitch type,
although it may be of single or multi-pitch con-
struction. The height of the threads of screw
11 is progressively decreased while maintaining
the outside diameter and clearance thereof with
respect to the interior of the barrel constant, as
one progresses down. the serew from the point of
entrance of the cellulose ester into the extrusion
barrel to the end of the screw nearest the orifice
fitting. In this manner allowance is made for
the increasing compactness of the cellulose ester

10
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the geid temperature in. less than one additional -
minute. The cellulose acetate attained a plas-
tic state suitable for extrusion during its passage
along the barrel, being compressed during this
time to eliminate entrained gas (principally afr),
and finelly was extruded through the spinneret

-at the end of the barrel, The spinneret utilized

was provided with 25 straight-walled holes, each
0.010 inch in diameter. From the outer face of

‘the- spinneret there issued 25 cellulose acetate

filaments. The. filaments were led to & bobbin

which was revolved with o surface velocity of
1524 meters per minute, which velocity was
thereby imparted to the filaments at the bobbin.
In this manner, the filaments were drawn or
stretched while still hot -and plastic, and during

. the cobling thereof to fine filaments of 5.4 denier -

each (0.00087 inch diameter), Thus the degree

" of stretching 'was 132. In this manner a thread

26
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as it is heated and rendered plastic during its .

traverse along the barrel ' : S

The spinneret or orifice fitting is further illus-
trated by the view thereof in Pigure 7, which
shows the plurality of orifices 2§.

Figure 8 provides a pictorial, schematic view of -
the extrusion equipment provided with a hesat-
supplying device. The extruder is held in the
metal block 26 by means of a key 21. The block
is provided with passages for the circulation of
a heating fluid following the schematically in~
dicated path 28 through the: block from the inlet
pipe 29 to the outlet pipe 30. The fluid-conduct-

- ing passages are made by boring from the sides
of the block and closing the openings as shown
by plugs 31 where necessary. It will be appre-
ciated that only a limited number of the plugs
has been shown for the sake of clarity.

The apparatus shown in Figures 3-8 may be
utilized in spinning fine filaments in accordance
with this invention in the same manner as herein~
above described for the apparatus of Figure 1.

. The extruded filaments may be led through the
open air to a take-up reel or preferably equip-
ment such as that illustrated by Figure 2, used
in conjunction with that shown by Figure 3. It
will be understood that the heating means shown
in Figure 8 may be replaced by heating jackets,
or by electrical heating coils of the character

- shown in Figure 1, or by other means.

&
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_of cellulose acetate containing 25 filaments, each’

filament 5.4 denier, was obtained. ' The filaments
were found to be uniform, round in cross sec-
tion, and free from gas pockets. - The tensile
strength of. the yarn so obtained was found to
be 2.1 grams per denier. In this example, the
cellulose acetate was spun in open air, and the
cooling operation consisted of merely allowing
the extruded filaments to ‘cool in the open air
as they passed from the spihneret to the bobbin.

Example II-

In this example cellulose -acetate such as that
utilized in Example I was spun with equipment
such as that used ih Example I, except that the
extruder and bobbin assembly was enclosed in
a cabinet in which an atmosphere of carbon
dioxide was maintained. The operation was car-
ried out in a manner similar to that of Example
I, except that the cellulose acetate traversed the
length of the barrel in two minutes and was
heated to approximately 536° F. The bobbin
utilized for taking up and stretching the cellu-
lose acetate fllaments revolved with a surface
velocity of 41 meters per minute. A yarn hav-
ing 25 filaments, 6.8 denier (0.00104 inch diam-
eter) each, was obtained, The tensile strength

- of the yarn was found to be 2.03 grams per
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The examples following are given in illustration, i

of specific operational procedures for the prep-
aration of fine filaments in accordance with this
invention. - '

Ezample I

Ground. flake cellulose acetate having a par-
ticle size which permitted it to pass through a 35

65
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mesh screen and having a combined acetic. acid -

content of 53.1% was fed into the apparatus
illustrated by Figures 3 to 8 inclusive. The cel-

"lulose acetate was fed through the hopper into

the barrel along which it was forced by the ex-

76

denier. ’
' Example 1II

Cellulose acetate propionate containing 333%
of combined propionic acid and 15.3% of com-~

" pined acetic acid and of a particle to pass through

a 35 mesh screen, was spun into fllaments in
the manner of Example I. The cellulose acetate .
prepionate was heated to 525° F., extruded and
drawn out in air to fllaments of 14.5 denier
0.00154 inch diameter) each. The yarn so ob-
tained had a tensile strength of 2.76 grams per
denier. ' B
. Example IV

In this example cellulose acetate was spun to

a colored yarn obtained directly without neces- . .

sity of the usual dyeing operation. One hun-
dred parts of cellulose acetate like that utilized
in Example I were mixed with one part of duPont
Oil Orange 95902 by tumbling overnight. The
mixture was then spun in the manner described
in Example I. Approximately two minutes were
required for the mixture to traverse the length
'of the screw and attain & temperature of 518°
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F. The surface velocity of the bobbin ‘utilized
to stretch the dyed filamients was 16.75 meters
per minute. Uniformly dyed filaments of 17
denier were obtained. o ’

Example V

In this example an insoluble pigment was in-
corporated in the filaments in order to produce
& material of reduced glassiness of luster and
having a unique metallic sheen, Four hundred
parts of cellulose acetate like that utilized in
Example I were tumbled with one part of alu-
minum dust (pigment grade) in.a rotating drum.
The mixture was spun into filaments in the man-
ner utilized in Example I, the material being

heated to 550° F. and traversing through the
The -

barrel' of the extruder in two minutes.
filaments were drawn from the spinneret at.s
bobbin speed of 28 meters per minute. In this
manner,” thread having 7.7 denier.(0.0011 inch
diameter) filaments with & unique, uniform gray
metallic luster was obtained. )

The method in accordance with this inven-

tion has the advantage of providing stronger fila- -

ments than those normslly obtained by solvent
spinning of the same materials. It provides a

" considerable economic saving through avoidance

of volatile solvents.- No residual solvent can be
present in the filaments to decrease their soften-
_Ing point and otherwise to adversely affect their
properties. - In addition, soluble and insoluble
dyes and pigments may be Incorporated directly
in the filaments to produce desirable color effects
or to-improve opacity or to adjust the luster of
the filaments to: any condition between a dull
and & glassy appearance, i
The term “specific viscosity” as used herein is
defined as follows. - The time required at 25° C
for an 0.5% solution of cellulose ester in dioxan
to flow from mark to mark in an Ostwald capil-
" lary viscometer is determined. A similar time

of‘flow is determined for dioxan alone in the
‘same viscometer. The viscometer chosen for the -

tests should have a capillary.of such size that the
time of flow for dioxan is between about 75 and
about 125 seconds, Specific viscosity is then de-
fined by the expression; i '

Time of flow of the 0.5%, solution
Time of flow of dioxan

This application is & continuation-in-part of
my copending application
- November 30, 1938.
- It will be understood that the details and ex-
amples hereinbefore set forth are illustrative

minus one

only, and that the invention as broadly described .

and claimed is in no'way limited therehy.,

-What I claim
Patent is:. o : Co
" 1.-A method for preparing thin filaments of .a
- cellulose lower fatty acid ester without the use
. of solvents or plasticizers which comprises the
steps of heating a cellulose lower fatty acid ester
to a temperature between about 425° F. and about
560° F. at which it is in a semi-fluid state, ex-
truding the cellulose ester: through an orifice,
stretching and cooling"the extruded material,
conducting the said operations within a period
in which the combined effect of time and tem-
peratures will be a decrease in specific viscosity
of the ester of less than 50%.

2. ‘A method for preparing thin filaments of.
cellulose :acetate without the use of solvents or
‘plasticizers which comprises the steps of heating

Serial No. 243,106, filed -

and desire to protect by Letters .

.. cellulose acetate to a temperature between sbhout
425° P, and about 560° F. at which it is in a
semi-fluid state, extruding the cellulose acetate
through an orifice, stretching and cooling the -

"8 -extruded material, conducting the said opera-
tions within a period in which the combined ef- .
fect of time and temperatures will be a decrease
In specific viscosity of the ester of less than 50%.

“~— 3. A method for preparing thin filaments of

10 cellulose acetate without the use of solvents or
plasticizers which comprises the steps ‘of heat-
Ing cellulose acetate having above 48.5% com-.
bined: acetic acid, to a temperature at which it
Is in a semi-fluid state, said temperature being

15 between about 425° F. and about b560° F., ex-

truding the cellulose acetate through an orifice, -

stretching and cooling the extruded material,
~-conducting the said operations within a period
in which the combined effect of time and tem- -

20 peratures will be a decrease in specific viscosity

of the ester of less than 50%.. o

- 4. A method for preparing thin filaments of .

cellulose acetate propionate without the use of
solvents or plasticizers which comprises the steps
25 of heating cellulose acetate propionate to a tem-
perature between about 425° F. and about 560° F.
at which it is in a semi-fluid state, extruding the
cellulose ester through an orifice, stretching and
cooling the extruded material, conducting the
80 said operations within s period in which the com-
‘bined effect. of time and temperatures will be a
decrease in specific viscosity of the ester of less
than 509, -
5. A method for preparing thin filaments of
85 cellulose. acetate butyrate without the use of
solvents or plasticizers which comprises the steps
of heating cellulose acetate butyrate to a tem-
- perature between about 425° F. and ahout 560° F'.
at which it is in a semi-fluid-state, extruding the
cellulose ester through an orifice, stretching and
cooling the extruded material, conducting the
'said operations within a period in which the
combined effect of time and temperatures will be
a decrease in specific viscosity of the ester of less
than 50%. . = S o,
6. A method for preparing thin filaments of a
cellulose lower fatty acid ester without the use
of solvents or plasticizers which comprises heat-
ing a cellulose lower fatty acid ester to a tem- -
perature between about 425° F, and about 560° ¥,
at which 1t is in a semi-fluid state, extruding the
- cellulose ester through an orifice and stretching
the extruded material to a degree of at least
three, conducting the said operations within s
period in which the combined effect of time and
temperatures will be & .decrease in ' specific
viscosity of the ester of less than 50%.. .
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7. A method for preparing ‘thin flamehts of -

cellulose acetate without the use of solvents or
plasticizers which comprises the steps of heating
cellulose acetate to a temperature between about. -
425° F. and about 560° F. at-which it is in'a semi-

fluid state, extruding the  cellulose ‘acetate
through an orifice and stretching the extruded

material to a degree of at least three, conducting

the said operations within a period in which the

combined effect of time and temperatures will
be a decrease in specific viscosity of the ester

of less than 50%. ' '

8. A method for preparing thin filaments of
cellulose acetate without the use of solvents or
blasticizers which comprises the steps of heating
cellulose acetate having above 48.5% combined
acetic acid to a temperature at which it is in &
15, semi-fluid state, said temperature being between
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about 425° F. and ‘about 560° F., extruding the
_cellulose- acetate through an orifice and stretch-
ing the extruded material to a degree of at least
three; conducting the sald operations within a
" period in which the combined effect of tims-and
temperatures will be a decrease in specific vis-
- cosity of the ester of less than 50%. .
. 9, A method for preparing thin filaments of
cellulose acetate without the use of solvents or
‘plasticizers which comprises the steps of heat-
ing -cellulose acetate having from about 52%
to about 57% combined acetic acid to a tem-
perature at which it is.in a semi-fluid state, said
temperature ‘being .between about §00° F. and
about 540° F., extruding the cellulose acetate
‘through an orifice: and stretching the extruded
material to a degree of at least three, conduct-
- ing the said operations within a period in which
the combined effect of time and temperatures

‘will be a decrease in specific viscosity of the

- ester-of less than 50%. - p _
10. A method for preparing thin filaments of
cellulose acetate proplonate without the use of
solvents or plasticizers which comprises the steps
" of heating cellulose acetate propionate to a tem-
- perature between about 425° F. and about 560° P,
"at which it is-in a semi-fluid state, extruding
the  cellulose acetate propionate through an
orifice and stretching the extruded material to
a degree of at least three, conducting the said
operations within a period in which the combined

- 2,386,159 ': } . v
" - solvents-or plasticizers which comprises the steps

of heating cellulose -acetate butyrate to a tem-

. perature between about 425° F'. and-about 560° F',

at which it 1s in a semi-fluid state, extruding
the cellulose ester through an orifice, stretching
and -cooling .the extruded material, conducting

" the said operations within a period in which the

10

‘15

‘combirled effect of time and temperatures will be

/

g decrease in- specific viscosity of the ester of
less than 50%, and protecting the cellulose ace-

tate butyrate from access of air during at least

a part of the time during which it is at an
elevated temperature. S : '

15. A method for preparing thin filaments of
cellulose acetate without the use of solvents or:
plasticizers which comprises the steps of heating

*‘cellulose acetate having an acetic acid content

20

above about 48.5%, to a temperature at which

it is in a semi-fluid state, said temperature being -

between about 425° F, and about 560° ., extrud-
ing the cellulose acetate through an orifice and
stretching the extruded material to a degree of

" . at least three, conducting the said . operations
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effect of time and temperatures will be a decrease -

in specific viscosity of the ester of less than 50%.
~ 11. A method for preparing thin filaments of
cellulose acetate butyrate without the use of
solvents or plasticizers which comprises the steps

of heating cellulose acetate butyrate to a tem-:

perature between about 425° F. and about 560° P
at which it is in a semi-fluid state, extruding
the cellulose acetate butyrate through an orifice
and stretching the extruded material to a de-
gree of at least three, conducting the sald opera-
tions within a period in which the combined ef-
fect of time and temperatures will be a decrease
in specifle viscosity of the ester of less than 509,.
12, A method for preparing thin filaments of
cellulose acetate without the use of solvents or
" plasticizers which comprises the steps of heating
cellulose acetate to alXemperature between about
425° F. and about 5607 P. at which it is in a semi-
fluid state, extruding the cellulose ester through

35

40

45

within a period in which the combined effect of

time and temperatures will be a deerease in

specific viscosity of the ester of less than 50%,
and protecting the cellulose acetate from access

‘of air during at least a part of the time during

which it is at an elevated temperature. .
16. A method for preparing thin filaments of
cellulose lower fatty acid esters without the use
of solvents or plasticizers which comprises heat-
ing a cellulose lower fatty acid ester to a tem-
perature between about 425° F. and about 560° F.
at which it is in a semi-fluid state, extruding
the cellulose ester through an orifice and stretch-
ing the extruded material to a degree between
about 50 and about 300, conducting the said
operstions within a period in which the com-
bined effect of time and temperatures will be a
decrease in specific viscosity of the ester of less
than 50%. )

~ 17. A method for preparing thin filaments of
cellulose acetate without the use of solvents or
plasticizers which comprises the steps of heating
cellulose acetate having above about 48.5% com-
bined acetic acid to a temperature between about

. 425° F. and about 560° P. at which it is in a

6V

an orifice, stretching and cooling the extruded .

. material, conducting the said operations within
" @ period in which the combined effect of time

and temperatures will be a decrease in specific .

viscosity of the ester of less than 50%, and pro-
tecting the cellulose acetate from access of air
during at least a part of the time during which
it is at an elevated temperature.-

13. A method for preparing thin fillaments of
a cellulose lower fatty acid ester without the use

of solvents or plasticizers which comprises the

. steps of heating cellulose acetate propionate to

8 temperature between about 425° F. and about
560° . at which it is in a semi-fluid state, ex-
truding the cellulose ester through an orifice,
stretching and cooling the extruded madterial,
- conducting the said operations within a period
. in which the combined effect of time and tem-
peratures will be a decrease in specific viscosity
of the ester of less than 50%, and protecting the

cellulose acetate propionate from. access of air’

during at least a part of the time during which
it is at an elevated temperature. - =
14. A method for preparing thin filaments of

" a cellulose acetate butyrate without the use of

6v

semi-fluid state, extruding the cellulose acetate
through an orifice. and stretching the extruded
material to a degree between about 50 and about
300, conducting the sald operations within a
period in which the combined effect of time and
temperatures will be a decrease in specific vis-
cosity of the ester of less than 50%.

18. A method for preparing thin filaments of
cellulose acetate without the use of solvents or
plasticizers which comprises the steps of heating
cellulose acetate having from about 52% to about
57% combined acetic acid to a temperature be- -
tween about 500° F. and 540° F, at which it is in
a semi-fluid state, extrading the cellulose acetate

_through an orifice and stretching the extruded

material to a degree between about 50 and ahout
300; conducting the said operations within a

" period in which the combined effect of time and

70

temperatures will be a decrease in specific vis-
cosity of the ester of less than 50%.

19.- A method for preparing thin filaments of
cellulose lower fatty acid ester without the use
of solvents or plasticizers which comprises heat-
ing a cellulose lower fatty acid: ester to a tem-
perature between about 425° F. and about 560° F,

. at which it is in a semi-fluid state, extruding the

%

cellulose ester through an orifice having a diam-
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eter between about 0.001 and about 0.020-inch

and stretching the extruded material to a degree
of at least 3, conducting the said operations
within a period in which the combined effect of
‘time and temperatures will be a decrease in spe-
cific viscosity of the ester of less than 50%.

20. ‘A method for preparing thin filaments of

& cellulose lower fatty acid ester without the use
of solvents or plasticizers which comprises heat-
Ing & cellulose lower fatty acid ester to a tem-
perature between about 425° F. and sbout 560° F.
at which it is in & semi-fluid state, extruding the
cellulose acetate through an orifice having a
diameter between about 0.001 and about 0.020
inch and stretching the extruded material to &
degree between about 50 and about 300, conduct-
ing the said operations within a period in which
the combined effect of time and temperatures
will be a decrease in specific viscosity of the ester
of less than 509%. o

21. A method for preparing thin filaments of
cellulose acetate without the use of solvents or
plasticizers which comprises the steps of heating
cellulose acetate having above about 48.5% com-
bined acetic acid to a temperature between about
425° P, and about 560° F. at which it is in a semi-
fluld state, extruding the -cellulose acetate
through an orifice having a diameter between
about 0.001 and about 0.020 inch and stretching
the extruded materfal to a degree of at least 3,
conducting the said operations within a period
in which the combined effect of time and tem-
peratures will .be a decrease in specific viscosity
of the ester of less than 50%, !

22, A method for preparing thin filaments of
cellulose acetate without the use of solvents or
plasticizers which comprises the steps of heating
cellulose acetate having from about 52% to about

57% combined acetic acid to a temperature be-.

tween about 500° F. and about 540° F. at which
it 1s In a semi-fluid state, extruding the cellulose
acetate through an orifice having a diameter be-
tween about 0.001 and about 0.020 inch and
stretching the extruded material to a degree be-
tween about 50 and about 300, conducting the
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sald operations within a perfod in which the com-
bined effect of time and temperatures will be a
decrease in specific viscosity of the ester of less -
than 50%. .

23. A method for preparing thin filaments of -
a cellulose lower fatty acld ester of modified
luster without the use of solvents or plasticizers
which comprises heating s mixture of particles
of & cellulose lower fatty acid ester and a small
amount of finely divided solid inert pigmentary
material to a temperature between about 425° B,
and about 560° F, at which the mixture assumes
f semi-fluid state, extruding the material through
an orifice and stretching the extruded material
to a degree of at least 3, conducting the said oper-
ations within a period in which the combined
effect of time and temperatures will be a decrease
in specific viscosity of the ester of less than 50%,

24. A method for preparing thin filaments of
cellulose acetate of modifled luster without the
use of solvents or plasticizers which comprises
the steps of heating a mixture of cellulose acetate
particles with a small amount of finely divided _
solid inert pigmentary material to a temperature
between about 425° F, and about 560° F, whereby
the mixture assumes a semi-fluid state, extruding
the material through an orifice and ,stretching
the extruded material to a degree of at least 3,
conducting the sald operations within a period
in which the combined effect of time and temper-
atures will be & decrease in specific viscosity of
the ester of less than 509%.- )

25. A method for preparing thin filaments of
a cellulose lower fatty acid ester without the use
of solvents or plasticizers which comprises the
steps of heating cellulose acetate to a tempera-
ture between about 425° F. and about 560° F. at
which: it is In a semi-fluid state, extruding the
cellulose ester through an orifice, stretching and
cooling the extruded material in an atmosphere
of Inert gas, conducting the said operations
within a period in' which the combined effect of
time and temperatures will be a decrease in
specific viscosity of the ester of less than 50%.
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