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This invention relates to the wet method of 
forming filaments, ribbons and films from arti 
ficial plastic material dissolved in acid solutions. 
More particularly it relates to the wet spinning 
of cellulose acetate guns, i. e. acetic acid Solu 
tions of cellulose acetate, and to coagulating 
baths therefor. 
Wet Spinning of Organic derivatives of cellulose 

and the like, particularly of cellulose acetate, 
offers many obvious advantages over the evapora 
tive or dry method of Spinning, principally in the 
matter of economy of operation through elimina 
tion of process steps involved in the preparation 
of the derivative for dry spinning, and through 
elinuination of expensive solvent loss and the 
need for Solvent recovery steps. Advantages less 
obvious are, (l) production of many more fla 
ments per Spinning position than is now possible 
by the dry spinning process, and (2) the ease with 
which stretch spinning technique is combined 
with wet spinning, whereby to improve the physi 
cal properties of the product. With these ad 
vantages in mind, the art has for a number of 
years striven to perfect a commercially feasible 
method of wet spinning cellulose acetate, and like 
derivatives. However, efforts to wet spin such 
materials directly from the gum stage, i. e. from 
their solution in acid, have met with such little 
Success that the present trend is to isolate the 
filament-forming material, and to dissolve it in 
an organic solvent to form a spinning solution, 
as in the dry spinning process, and extrude the 
Solution. So formed into a coagulating bath. Ob 
viously many of the economies inherent in true 
gum spinning are thus lost. Of the disclosures 
which do relate to true gum Spinning, most are 
restricted to the extrusion of primary or. chloro 
form-soluble acetate, i. e. acetate containing 
59% to 62% of combined acetic acid. The co 
agulating baths involved in these disclosed meth 
ods do not permit of a satisfactory filament when 
secondary or acetone-soluble cellulose acetate is 
made the basis of the spinning solution, and the 
practical inoperativeness of the Secondary acetate 
is indicated. However, filaments made of pri 
mary cellulose acetate are inferior to those made 
of secondary acetate because: 
1. They are less stable to hydrolysis. 
2. They cannot be dyed Satisfactorily with exist 

ing dyes. 
3. They are inherently more brittle than yarn 

spun from a Secondary or acetone-Soluble 
cellulose acetate. 

Thus, known methods for wet spinning cellulose 
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acetate and like filament-forming materials, from 
their solution in acids, are of seriously limited 
application due primarily to the lack of a suit 
able coagulating bath. 

It is, therefore, an object of this invention to 
provide a new and improved coagulating bath 
for the wet spinning or casting of cellulose ace 
tate gun and other flament- or film-formingma 
terials in acid Solution. A further object of the 
invention is to provide an improved wet spin 
ning process for coagulable filament-forming ma 
terials in an acid Solution. Still a further object 
of this invention is to provide an improved 
stretching process which may be carried outsi 
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multaneously with the wet spinning process. 
Other objects will be apparent from the descrip 
tion that follows. 
These objects are realized by my invention 

which comprises coagulating extruded structures 
of water-insoluble materials coagulable from acid 
Solutions by extruding the same into an aqueous 
bath of a water-soluble amine having an ioniza 
tion constant higher than 1x10-6. Representa 
tive amines falling in this classification and well 
suited as coagulants in accordance with my in 
vention are triethanolamine, diethanolamine, 
monoethanolamine, benzylamine, butyl amine, 
ethylenediamine, propylene diamine, hexamethyl 
ene diamine, morpholine, hydrazine, tetraethyl 
ene pentamine, triethylene tetramine, diethylene 
trianine, and hydroxyethyl ethylene diamine. 
Coagulation of the coagulable filament-forming 

material by a suitable amine bath is, to a large 
extent, the result of a chemical reaction between 
the amine and the acid, resulting in the forma 
tion of a salt. For instance, the reaction be 
tween diethanolamine and acetic acid is as 
follows: 

By heating the spent coagulating bath contain 
ing the amine acid salt, usually in the presence 
of Water, the above reaction is reversed and the 
acetic acid, due to its higher vapor pressure, is 
distilled from the Solution and may thus be re 
Covered and the free amine base returned to the 
coagulating bath for reuse. 
The particular amine chosen as a coagulant 

may depend on Whether the amine acid salt is 
to be regenerated to recover the free acid and 
free base for reuse or whether the amine acid 
is to be discarded. In general, for ease in re 
covery of the anine, it should have, preferably, 
a boiling point greater than the temperature of 
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the regeneration. For instance, in the spinning 
of cellulose acetate from acetic acid solutions in 
triethanolamine coagulating bath, the regenera 
tion of the triethanolamine from triethanolamine 
acetate is preferably carried out at a tempera 
ture of about 160 C. to 180° C. which is substan 
tially below the boiling point of the triethanol 
amine (280 C.). Furthermore, if the amine is 
to be recovered for reuse, the tertiary amines 
are preferred to the primary or secondary amines 
because the latter amines tend to form amides during regeneration according to the following 
reaction: 

Heat 
(OHCH)NH-CHCOOH -- (OHCH)NCOCH-i-Ho 
The application of my invention to the Wet 

spinning of cellulose acetate gum is illustrated 
by the following general procedure. 

Cellulose acetate gum prepared by the esteri 
fication of cellulose and hydrolyzed to obtain 
the desired percentage of combined acetic acid 
is treated with a salt of acetic acid, for example, 
sodium acetate, to neutralize or render ineffec 
tive the sulfuric acid or other acid catalyst used 
to effect esterification and hydrolysis and thereby 
arrest further hydrolysis. The cellulose acetate 
gum is filtered to remove any undissolved mate 
rial and stored in suitable tanks for a sufficient 
length of time to allow the air entrained therein 
to cream out. The gum, now ready for spinning, 
is fed to the spinneret and extruded into the 
aqueous amine bath to form flaments of gel 
cellulose acetate. After several inches of bath 
travel, the group of flaments is passed around 
one or more suitable bath guides and finally 
withdrawn from the coagulating bath by means 
of one or more positively driven rolls. The gel 
yarn may be collected on a bobbin, in a centrifu 
gal spinning bucket, in a stationary or slowly 
revolving can, on a suitable conveyor belt, or the 
ge yarn may be cut at this point into staple 
lengths and further processed on a conveyor belt 
or on other suitable means. 

If it is desired to stretch the yarn after leaving 
the coagulating bath in Order to obtain a higher 
tenacity, the yarn may be led to a second set of 
rolls, the speed of which is regulated with respect 
to the first set of rolls in order to obtain the 
desired degree of stretch. The yarn may be 
stretched in air or, where a higher degree of 
stretch is desired, the yarn may be passed 
through a tank containing acetic acid and Water 
at a controlled temperature and then stretched. 
The yarn after spinning and/or stretching may 

be washed in the form collected or withdrawn 
from the takeup package and washed on-the-run 
in a counter-current Washing system. In either 
case, the acetic acid-amine acid salt wash Water 
efiulent may be sent to regeneration equipment. 
In regenerating amine, it is generally desirable 
to first evaporate the major portion of the Water 
of dilution under reduced pressure so as to ob 
tain a stronger acid distillate which is subse 
quently steam distilled at a suitable temperature. 
(Preferably 80% to 85% of the water of dilution 
is evaporated to give an acid distillate of about 
20% whereas if the water Solution is not at all 
reduced, the acid concentration of the acid dis 
tillate would be approximately 10% to 12%). At 
this point, splitting of the amine acid salt takes 
place and the amine and acid may be separated 
and recovered. 
The aqueous amine coagulating bath is cir 

culated through a heat exchanger to maintain 
the desired temperature and may be introduced 
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into the spinning trough so that the flow is either 
Concurrent or counter-current to the direction 
of travel of the yarn. The volume of flow is con 
trolled so that there is not an excessive increase 

5 in acid or amine acid salt near the face of the 
spinneret. The coagulating bath is bucked up 
from time to time with an aqueous solution of 
the desired amine and continuously, or inter 
mittently from time to time, a portion of the bath 
is removed for regeneration of the free base 
and free acid, 

In a preferred embodiment of this invention, 
a filtered deaerated cellulose acetate gum con 
taining 14% to 15% cellulose acetate (54.5% to 
57.7% combined acetic acid), 5% to 10% water, 
and a small percentage of sodium sulfate, the 
balance being acetic acid, is transferred by me 
chanical means to a metering pump and after a 
final filtration is spun through a suitable spin 
neret into a coagulating bath of 12% triethan 
olamine, 20% triethanolamine-acetate, in water 
at 9 C. The length of bath travel will depend 
On the denier of the yarn being spun and the 
Spinning speed. The bath travel should be made 
as short as possible consistent with good spin 
ning so as to reduce to a minimum the amount of 
amine acid salt formed in the coagulating bath. 
The gel yarn may be collected on any suitable 
collecting device or, if desired, the yarn may be 
subjected to a stretching treatment prior to col 
lection. 
My invention is further illustrated by the foll 

lowing examples, wherein percentages are per 
centages by weight. 

ECampe I 

Cellulose acetate gum containing 14% cellulose 
acetate (54.5% combined acetic acid), 4% water, 
82% acetic acid, was spun through a 200-hole 
Spinneret into the following coagulating baths 
of diethanolamine in water (containing substan 
tially no diethanolamine acetate or other salt) 
at 23° C. The yarn was stretched 25% in air, 
collected in the form of loose coils in a perforated 
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45 can, washed and dried free of tension. 

Conc. of ... Final Dry Dry 
Run E. wind-up denier tenacity elonga 

water speed G. P. D. tion 
50 

Per cent Infinin. Percent 
A------------- 45 2000 1367 8 SS, O 
------------- 30 2300 143 85 50.2 

C------------- 15 2780 1231 .91 28.2 
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Eacample II 

Cellulose acetate gum containing 14% cellulose 
acetate (54.5% combined acetic acid), 4% water, 
82% acetic acid, was spun into the following 
baths containing triethanolamine and triethan 
olamine-acetate. The yarn was collected on 
bobbins, washed, and dried. 

60 

Tri- Dry Tri- Coag. O 
Rita ethanol- A. Water bath denier en elia. 

anine acetate terrap. G.P.D. tion 

Per Per Per Per 
70 ce cent cer OC. cent 

ID------ 5 20 75 18 i80 .94 22.9 
E------ O 20 7 19, is 34 ... O 23.6 

10 30 60 20 01. .88 12.3 
5 30 65 2. 1130 .65 14.8 
5 20. 75 9 24 1.09 23,9 
5 30 65 1.5 1106 1.05 26.2 
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Eacample III 

Gum containing 15% cellulose acetate (54.5% 
combined acetic acid), 5% water, 80% acetic 
acid, was spun through a 40-hole spinneret, hole 
diameter 0.003 inch, into the following amine 
coagulating baths substantially free of the amine 
acetate or other salt. The yarn was collected on 
bobbins, washed, and dried. 

Amine 
Coag. Dry Dry 

water bath b Denier tenacity elonga 
temp. G.P.D. tion Run 

J. Benzylam 
ne---------- 

K. Ethylene 
diamine----- 

L. Bexameth 
ylene dia 
mine.------- 

M. Morpho 
line--------- 

1, 16 

1.15 

10 

0 

.00 

03 

Eacample IV 
Cellulose acetate gun containing 14.16% cel 

lulose acetate (54.5% combined acetic acid), 
2.94% water, 82.90% acetic acid, was spun 
through a 200-hole spinneret, hole diameter 
0.0025 inch, into a 50% diethanolamine bath in 
water at 28° C. and substantially free of diethan 
olamine-acetate. After coagulation, the yarn 
was run through a 30% acetic acid-water bath at 
24 C. and stretched the following amounts. The 
yarn was washed and dried free of tension. 

Dry 
tenacity 
G.P.D. 

Dry 
Stretch elongation Run 

Percent 
45.5 
17.0 
10 
64 

It is understood, of course, that the above ex 
amples are for purposes of illustration only and 
that the invention is not limited to the exact 
conditions therein recited but is susceptible 
rather to wide variations as indicated hereinafter. 
The temperature of the coagulating bath de 

pends to some extent upon the composition of 
the coagulating bath. For most rurposes, best 
results are obtained at temperatures below about 
30° C. and more specifically in a temperature 
range of from about 8 C. to about 11 C. 
The combined acetic acid content of the cellu 

lose acetate may vary quite widely as, for in 
stance, from 50% to 62%, although for satis 
factory dyeing and optimum physical properties 
a cellulose acetate having from 54.5% to 5.7% 
combined acetic acid is preferred. 
The concentration of the annine in Water may 

vary quite widely, but in general the best results 
are obtained when the concentration of the amine, 
both free and combined, is not over 50% of the 
total weight of the coagulating bath. 
Although I have described my invention pri 

marily in terms of wet spinning cellulose acetate 
dissolved in acetic acid, the invention is gener 
ally applicable to the spinning or casting of any 
filament or sheet-forming material in acid solu 
tion, which material is water-insoluble and co 
agulable in the amine water bath. Other cellu 
lose esters may be cast or spun, for instance, a 
solution of cellulose propionate in proponic acid, 
or a solution of a mixed ester such as cellulose 
acetate propionate or cellulose acetate butyrate 
in a suitable aliphatic carboxylic acid. Polyvinyl 
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acetate in acetic acid, and acetals such as poly 
vinyl butyral or polyvinyl formal in acetic acid, 
or other Suitable acid solvent, may be formed into 
products in accordance with this invention. 
Nylon when dissolved, for instance, in a formic 
acid solution, is also coagulable by the amine 
baths of this invention to produce fibers, fla 
ments, film, and the like 

claim: 
1. In the process of forming flaments, ribbons, 

and films of artificial plastic material wherein 
an acid solution of said material is extruded into 
a coagulating bath, the step which comprises ex 
truding said solution into a coagulating bath con 
prising essentially an aqueous solution of a water 
soluble amine having an ionization constant 
greater than 1X10. . 

2. A process according to claim 1 wherein the 
amine is a water-soluble tertiary amine. 

3. In the process of Spinning flaments of ar 
tificial flament-forming material wherein an acid 
solution of the material is spun in a coagulating 
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bath, the step which comprises spinning said solu 
tion in a bath Comprising essentially an aqueous 
solution of a Water-Soluble amine having an 
lonization constant greater than 1X10. 

4. A process according to claim 3 wherein the 
amine is a Water-soluble tertiary amine. 

5. In the process of spinning flaments of fila 
ment-forming organic derivatives of cellulose 
wherein an acid solution of said derivative is 
spun in a coagulating bath, the step which come 
prises Spinning said acid Solution in a coagulating 
bath comprising essentially an aqueous solution 
of an amine whose ionization constant is greater 
than X10-. - 

6. A process according to claim 5 wherein 
amine is a water-soluble tertiary amine. 

7. In the process of spinning flaments of cellu 
lose acetate wherein a solution of cellu 
lose acetate in acid is spun in a coagulating bath, 
the step which comprises spinning said solution 
in a coagulating bath comprising essentially an 
aqueous solution of an amine whose ionization 
Constant is greater than X 10. 

8. A process according to claim 7 wherein the 
amine is a water-soluble tertiary amine. 

9. In the process of spinning flaments of cel 
lulose acetate whercin a solution of cellulose ace 
tate in acetic acid is spun in a coagulating bath, 

- the step which comprises spinning said solution 
in a coagulating bath comprising essentially an 
aqueous solution of an amine whose ionization 
constant is greater than 1X10. 

10. A process according to claim 9 wherein the 
amine is a Water-soluble tertiary amine. 

11. The process which comprises spinning an 
acid solution of cellulose acetate, having from 
about 54.5% to about 57.7% by weight of com 
bined acetic acid, in a coagulating bath compris 
ing an aqueous solution of a Water-soluble amine 
having an ionization constant greater than 
1x10-6. 

12. The process which comprises spinning an 
acetic acid solution of cellulose acetate having 
from about 54.5% to about 57.7% by weight of 
combined acetic acid, in a coagulating bath com 
prising essentially an aqueous solution of an 
amine whose ionization constant is greater than 
1X10, while maintaining the temperature of 
said bath below about 30. C., and thereafter 
stretching and washing the formed filament. 

13. The process which comprises spinning an 
acetic acid solution of secondary or acetone-sol 
uble cellulose acetate in a spin bath consisting of 

  



4. 
an aqueous Solution containing not over 50% by 
weight, based on the total weight of the bath, of 
free and combined water-soluble amine having 
an ionization constant greater than 1X10-6, 
while maintaining the temperature of the bath 
below about 30° C., and thereafter stretching and 
washing the formed filament. . 

14. The process which comprises spinning an 
acetic acid solution of Secondary or acetone-solu 
be cellulose acetate in a Spin bath consisting of 
an aqueous Solution containing not Over 50% by 
weight, based on the total weight of the bath, of 
free and combined Water-soluble amine having 
an ionization constant greater than 1X19, 
while maintaining the temperature of the bath 
within the range of from about 8 C. to about 
il C., and thereafter stretching and washing 
the formed filament. 15. The process which comprises extruding a 
cellulose acetate gum containing from 14% to 
15% by weight of cellulose acetate having from 
54.5% to 57.7% by weight of combined acetic 
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acid, 5% to 10% by weight of water, a small 
amount of sodium sulfate, and the balance being 
acetic acid, through a spinneret into a coagulat 
ing or Spin bath consisting of an aqueous Solution 
containing about 12% by weight of triethanol 
amine and about 20% by weight of triethanol 
amine-acetate, while maintaining the tempera 
ture of said bath at about 9 C. 

16. A coagulating or spin bath especially suit 
able for the wet spinning of secondary cellulose 
acetate which comprises essentially not more 
than 50% by weight, based on the total weight 
of the bath, of free and combined water-soluble 
amine having an ionization constant greater than 
1x10-6, the remainder of the bath being water. 

17. A coagulating or spin bath especially suit 
able for the wet spinning of secondary cellulose 
acetate which consists of an aqueous solution 
containing about 12% by weight of triethanol 
amine, about 20% by weight of triethanolamine 
acetate, and about 68% by weight of water. 

FRANCIS PALES. 
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