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This invention relates to improvements in the 
mainufacture of artificial products, and more 
particularly to the manufacture of artificial fila 
ments, threads, ribbons and the like from Solutions 
of cellulose derivatives by the dry spinning or 
evaporative method. 
As customarily practised the manufacture of 

artificial filaments from cellulose acetate by the 
dry spinning rethod consists in dissolving the 
cellulose acetate having a viscosity characteristic 
of about 6 to 20 or 25 (determined by measuring 
the rate of flow of a 6% solution of the cellulose 
acetate in acetone against the rate of flow of 
glycerine taken as 100) to a concentration of 
about 15-30% strength, and spinning into an 
evaporative medium maintained at an appropriate 
tenperature for the evaporation of the Solvent 
within a reasonably short length of travel of the 
filaments or like products. In these circum 
stances the products are in general substantially 
Solidified at a distance of 4-6 inches from the jet. 
Usually the spinning temperature is in the 
neighbourhood of 65-70° C., the solvent being 
acetone, though higher temperatures may be used 
When hollow filaments are to be produced. The 
spinning Solution is itself heated up by the evapo 
rative medium and may without the application of 
extraneous heating means approach the tem 
perature of the evaporative medium itself. 
In U. S. Patent No. 1,708,787 I describe the 

manufacture of cellulose esters which have high 
viscosity characteristics, for example a viscosity 
of 50-100 or even up to 200 or more measured by 
the above scale. These cellulose esters and simi 
lar celluolse esters made by other methods or cel 
lulose ethers having similar characteristics are 
highly valuable for the manufacture of artificial 
filaments, threads, and like products by reason of 
the intrinsic strength of the cellulose ester with 
consequent high tensile strength in the products. 
However it is found that the spinning of such 
cellulose derivatives by normal spinning methods 
is difficult to achieve by reason of the very high 
viscosity of the Spinning Solution. The draw 
down of the filaments may be poor and there may 
be frequent breakages. 
The present invention is concerned With the 

manufacture of artificial filaments and like prod 
lucts from such cellulose derivatives having high 
viscoSity characteristics, i. e. at least 40. The 
viscosity of a cellulose derivative is in general a 
measure of its degree of degradation, and is con 
sequently connected with the viscosity of solutions 
of the cellulose regenerated from such derivative. 

5. A convenient manner of comparing the viscosities 

(Cl. 18-54) 
of such derivatives consists in comparing the vis 
cosities of the cuprammonium solutions of the cel 
lulose regenerated from such derivatives. In 
order that this may be carried out the regenera 
tion of the cellulose should be effected under con 
ditions such that further degradation of the cel 
lulose does not occur. Thus cellulose esters, may 
be saponified with aniline approximately at its 
boiling point and the regenerated cellulose may 
then be dissolved in cuprammonium solution, and 
the viscosities of the solutions obtained compared. 
Solutions of the regenerated cellulose obtained 
from the cellulose derivatives (other than cel 
lulose acetate), ein ployed according to the present 
invention yield Cuprammonium solutions having a 
Viscosity at least that of a cuprammonium solu 
tion of equal concentration of the cellulose re 
generated from a cellulose acetate having the 
Saine content of Substituent groups and having 
a Viscosity of at least 40, measured in acetone 
Solution against glycerine as described above. 
According to the present invention the spinning 

of Solutions of Such cellulose derivatives is facili 
tated by increasing the fluidity of the artificial 
in laterials during the early stages of spinning, e.g. 
by increasing the fluidity of the spinning solution 
itself, or by maintaining the fluidity of the solution 
after extrusion for a longer period than obtains 
in normal Spinning processes. If, for example, 
the evaporation is retarded during the early stages 
of Spinning, it is found that spinning is facilitated 
and the draw-down obtainable is much better 
than when evaporation proceeds according to nor 
mal processes. 
Such retardation of the evaporation may be ef 

fected by restricting the amount of evaporative 
medium contacting with the filaments or other 
products in the early stages of the spinning or 
drying Operation Or by reducing the temperature 
of the evaporative medium in the vicinity of the 
spinning nozzles. 
I find, however, that superior results are pro 

duced by incorporating in the spinning solution 
a liquid of lower volatility than the main solvent 
of the Spinning solution or by making up the 
Spinning Solution. With Solvents, mixtures of sol 
vents or solvent mixtures of lower volatility than 
the usual solvents employed in dry spinning oper 
ations. By this means not only may the fluidity 
of the Spinning solution be maintained for a 
longer period during the drying of the filaments, 
but in addition it is possible to raise the tem 
perature to which the spinning solution may con 
Veniently be heated so that the spinning solu 
tion possesses increased fluidity before as well as 
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2 
after extrusion from the spinning nozzle. I find 
that it is especially advantageous to heat the 
Spinning solution to comparatively high temper 
atures in order to facilitate the spinning of these 
high viscosity cellulose derivatives. 

Suitable additions to the spinning solution 
comprise solvents or partial solvents for the cellu 
lose derivative of higher boiling point than the 
main bulk of the solvent in the Spinning Solution 
or of higher boiling point than the normal Sol 
Wents used in the Spinning solution. As already 
indicated the normal boiling point of the solvent 
or Solvent mixture is of the order of 55-65° C. I 
find that it is advantageous to employ in the Spin 
ning solution a solvent or partial Solvent or other 
liquid having a boiling point above 70, and pref 
erably above 85° C. Thus, for instance, I may 
use for a high viscosity acetone-soluble cellulose 
acetate a Solvent mixture comprising acetone 
and Substantial proportions of ethyl alcohol or 
Containing acetone and the cyclic ether obtain 
able from ethylene glycol and formaldehyde hav 
ing a boiling point of about 75° C. It is, however, 
still more advantageous to employ in the spinning 
Solution higher boiling liquids, Such as dioxane, 
and other ethers of the glycols and Substitution 
products of such bodies, for example mono-, di 
and tri-methyl dioxanes, dioxy dioxane, (though 
this is rather too high boiling in general), or the 
di-ethers of dioxy dioxanes, and the homologues 
of the above bodies, for example the ethyl de 
rivatives of dioxane and of dioxy dioxane. Fur 
ther examples of high boiling bodies are di 
acetone alcohol, methyl ethyl ketone, butyrone 
and ethyl lactate. It is preferable that the high 
er boiling liquid should have at least Some sol 
vent power for the cellulose derivative, partic 
ularly when its boiling point differs substantial 
ly from the boiling point of the main bulk of 
highly volatile Solvent, if Such be employed. 
Thus it is less advantageous to use benzene and 
other hydrocarbons which are strongly acting 
precipitants for acetone-soluble cellulose acetate 
and certain other cellulose derivatives, and there 
fore tend to yield opaque or precipitated fila 
ments. Instead of employing the higher boiling 
body in admixture With acetone or like volatile 
Solvent the Solvent may consist of one or more 
higher boiling bodies. Thus, for example, it is 
advantageous to Spin a high viscosity acetone 
Soluble cellulose acetate in Solution in dioxane 
alone or in other bodies referred to above which 
are Solvents for the cellulose derivative. I pre 
fer in any case that the higher boiling liquids 
Should constitute a substantial proportion of the 
total liquid present in the Spinning Solution, for 
example a proportion of over 40% and better 
still over 50 or 60%. 
The temperature of the Spinning Solution prior 

to extrusion is preferably higher than that ob 
taining in normal practice, though it will be ap 
preciated that the presence of the higher boil 
ing bodies in the Spinning Solution tends to 
maintain the fluidity of the Solution after extru 
Sion, so that advantages accrue quite apart from 
increased temperatures of the Spinning Solution. 
However, it is advantageous to heat the spinning 
Solution and to heat it to a higher temperature 
than that obtaining in the evaporative atmos 
phere into Which the Solution is spun. I find 
that substantially improved results are obtained 
in general With the high Viscosity cellulose de 
rivatives used in accordance with the present in 
Vention by maintaining the spinning solution 
prior to extrusion at a temperature above 75° C., 

2,094,781 
and preferably above 85° C., for example at 
90-125° C. The spinning solution may be main 
tained at this temperature by any suitable means. 
For example the pumps or the filter candle or 
other means for leading the spinning Solution to 
the Spinning nozzle may be immersed in a suit 
able attemperating means, or alternatively a 
heating jacket may be placed around the candle 
or other supply meains, or heating elementS may 
even be immersed in the Spinning Solution. In 
this connection reference is made broadly to U.S. 
Patent No. 2,045,326, which describes means for 
attemperating the Spinning Solution before ex 
trusion. In order to maintain a difference in 
temperature between the spinning solution and 
the evaporative medium in which the solution is 
Spun, it is preferable to insulate the spinning so 
lution coinpietely from the evaporative medium, 

- e. g. as described in U. S. application S. No. 
375,151 filed July 1st, 1929. By this means any 
desired difference in temperature between the 
Spinning solution and the evaporative medium 
may be maintained. The spinning Solution may 
in fact be heated up to a temperature below but 
near to the boiling point of the Spinning solution 
under the preSSure obtaining in the spinning 
nozzle. 

If desired the rate of evaporation of the solvent 
from the spinning solution after extrusion from 
the spinning nozzles may be reduced by injecting 
cold or relatively cold air into the region of the 
nozzles as described in U. S. Patent No. 1,934,618. 
Such injection may take place either from the 
inside of the Spinning nozzle or from the outside, 
A further means of maintaining a difference in 
temperature between the evaporative medium 
and the Spinning Solution consists in leading a 
portion of the evaporative medium heated to a 
higher temperature than the evaporative medium 
in the vicinity of the nozzle into contact. With 
the filter candle or other means for leading the 
Spinning Solution to the nozzles. Methods of 
effecting this are described in U. S. application 
S. No. 658,711 filed February 27, 1933, corre 
Sponding to British application No. 7420/32 filed 
12th March, 1932, and British application No. 
9596/32 filed 4th April, 1932. Again, additional 
evaporative medium may be introduced into the 
Spinning Zone from a Source external to the cell, 
as is described in U. S. Patent No. 2,027,450, and 
Such medium imay assist in maintaining the tem 
perature in this region below that of the spin 
ning solution itself. 
When it is desired to obtain hollow filaments 

in accordance With the present invention even 5 
while maintaining a relatively low temperature 
of the air in the vicinity of the spinning nozzles, 
it is sufficient to bring the filaments some time 
after extrusion from the spinning nozzle to the 
requisite high temperature for the formation of 
the spaces inside the filaments. Thus, for ex 
aple, a suitable bank of Steam pipes or other 
heating means may be disposed at some distance 
fron the spinning nozzle, for example 12 inches, 
While ensuring that the hot air from the said 
heating means is not allowed to enter the vicin 
ity of the Spinning nozzles or at least is coole 
Somewhat prior to such entry. 
The artificial materials obtained according to 

the present invention may be subjected to any 
desired after-treatment in order to improve or 
modify their properties, for example they may 
be treated So as to incorporate therein finely 
divided inorganic or Organic Substances for 
Weighting, mordanting or delustring purposes. 
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2,094,781 
Again, they may be subjected to a stretching op 
eration in order to increase their tenacity as de 
scribed, for example, in U.S. Patent No. 1,709,470 
and U. S. applications S. Nos. 378,684 filed July 
16th, 1929, 573,424 filed November 6th, 1931 and 
602,844 filed April 2nd, 1932, or the materials, 
whether or not they have previously been 
stretched, may be treated in the form of fila 
ments, threads, yarns, fabrics or other products 
with shrinking agents in order to improve their 
extension or for the production of shrinkage 
effects, e.g., as described in U. S. applications S. 
Nos. 607,667 filed April 26th, 1932, and 611,240 
filed May 13, 1932, and U. S. Patent No. 2,020,303. 

Suitable forms of apparatus for increasing the 
temperature of the spinning solution before ex 
trusion or reducing the rate of evaporation im 
mediately after extrusion are illustrated in the 
accompanying drawing, but it is to be clearly 
understood that they are given merely by way of 
example and that the invention is by no means 
linited thereto. Such apparatus may be em 
ployed in conjunction with normal spinning solu 
tions or with the Special Spinning solutions con 
taining liquids of relatively low volatility which 
for n an important feature of the present inven 
tion. 

Figure 1 illustrates an apparatus in which the 
rate of evaporation after extrusion is reduced by 
the introduction of an evaporative medium which 
is at a lower temperature than that of the main 
evaporative medium in the cell. The apparatus 
Comprises a spinning cell 3 containing a filter 
Candle 6 and a jet from which a bundle of 
filaments 8 is extruded. The filament bundle 
passes round a guide 9 at the bottom of the cell, 
and through a Small aperture to a draw roller 
9 from which it passes through a guide to a 

cap-Spinning apparatus . Heating coils 2 and 
f3 are provided and in the neighbourhood of the 
coils 3 there is fitted a conduit 4, the upper 
Open end of which is directed towards the bun 
dle of filaments 3 while the bottom end commu 
nicates through a valve 5 with the external at 
mosphere. On account of the heating effect of 
the coils 3 a convection current is induced in 
the conduit & so that a current of air drawn 
from the external atmosphere is directed upon 
the filaments in the neighbourhood of the jet. 
The main evaporative medium is introduced 
through the inlet at the bottom of the cell, which 
is provided with a valve 2. The evaporative 
medium introduced through the conduit 4 is 
Withdrawn through a pipe and valve 6 while 
the remaining evaporative medium is withdrawn 
through a pipe and valve 8, both of these pipes 
communicating With a header 20. A baffle 9 is 
provided to direct the main evaporative atmos 
phere into the vicinity of the filter candle 6 in 
Order to assist in heating the dope. Control of 
the quantity and proportions of evaporative me 
dium introduced may be effected by means of 
the valves 5, , S, and 8. 

Figure 2 shows a form of apparatus in which 
the dope may be heated in the candle to any 
desired extent prior to extrusion. The appara 
tus comprises a Spinning cell 5 containing a filter 
candle 6 communicating With a jet from which 
the bundle of filaments 8 is extruded. The candle 
6 is fitted With a casing 2 into which a heating 
fluid, for example steam or hot water, is intro 
duced through a pipe 22 which extends towards 

The 
heating fluid is Withdrawn through a pipe 24, 
and by means of a partition in the casing which 

is positioned between the inlet pipe 23 and the 
outlet pipe 24 the heating fluid is forced to pass 
through the whole of the casing before it is with 
drawn through the pipe 24. The evaporative 
medium is withdrawn through a pipe 25 com 
municating with a header 26. 
Figure 3 shows a form of apparatus in which 

the rate of evaporation immediately after ex 
trusion is reduced by the introduction of addi 
tional evaporative medium at a lower tempera 
ture than that of the main evaporative medium 
in the cell. The apparatus comprises a spinning 
cell 5 containing a filter candle 6 cornmunicat 
ing with a jet from which a bundle of fila 
ments 8 is extruded. Additional evaporative ne 
dium is introduced through a pipe 2 communi 
cating with a perforated ring 28 which directs 
the additional evaporative medium onto the fila 
ments. The evaporative medium is Withdrawn 
from the cell through a pipe 25. 
While the invention has been described above 

more particularly in relation to acetone-Soluble 
cellulose acetate of high viscosity characteristics 
and particularly a viscosity of over 40, for exam 
ple 50-100 or more, it may be applied to the 
manufacture of filaments or like products from 
other cellulose derivatives having similar visCOS 
ity characteristics, for instance cellulose formate, 
propionate, butyrate, nitro-acetate or other es 
ters or mixed esters of cellulose, or ethyl or 
benzyl cellulose or other ethers or mixed ethers 
of cellulose and also mixed ether-esters of cellul 
lose, e. g. ethyl cellulose acetate and oxy-ethyl 
cellulose acetate. 
The following examples are given in . Order to 

illustrate the invention but it is to be clearly 
understood that they do not limit it in any 
Way Eacample 1 
A 23% solution of a cellulose acetate having a 

viscosity of about 40 to 50 dissolved in a solvent 
mixture consisting of 50 parts acetone and 50 
parts dioxane, is extruded through orifices hav 
ing a diameter of .08 mms. into an evaporative 
atmosphere. The temperature of the dope prior 
to extrusion is about 65 to 70° C. While the evap 
orative medium in the vicinity of the jets is at 
a temperature of from 60 to 65° C. The fila 
ments obtained may be wound or twisted and 
wound in any suitable manner, for example by 
means of a cap Spinning apparatus. 

Eacample 2 
A 20% solution of a cellulose acetate having a 

viscosity of about 60 dissolved in a solvent mix 
ture consisting of 80% methyl-ethyl-ketone and 
20% ethyl lactate is spun into an evaporative 
medium as in Example 1, but in this case the 
temperature of the dope is about 90° C. and the 
temperature of the evaporative medium from 70 
to 75° C. Eacample 3 
A 21-22% solution of a cellulose acetate hav 

ing a viscosity of from 65 to 75 dissolved in a Sol 
Went mixture consisting of 60% ethylene methyl 
ene dioxide and 40% dimethyl dioxane is spun 
as in the preceding examples, the dope tempera 
ture being about 80° C. and the temperature of 
the evaporative medium being from 65 to 70° C. 
What I claim and desire to secure by Letters 

Patent is:- 
1. Process for the manufacture of artificial 

filaments, threads, yarns and the like, which 
Comprises Spinning by the evaporative method a 
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4. 
solution which contains an organic ester of cellu 
lose of viscosity at least 40 as defined, an Organic 
solvent therefor having a boiling point of at 
least 55° C. and at least 40% of an organic liquid 
of lower volatility which has a boiling point 
above 70° C. and which has a Solvent action on 
the organic ester of cellulose even at Ordinary 
temperatures and heating the spinning Solution 
to a temperature above 75° C. before extrusion. 

2. Process for the manufacture of artificial fila 
ments, threads, yarns and the like, which con 
prises spinning by the evaporative method a 
solution which contains an organic ester of cellu 
lose of viscosity at least 40 as defined, an Organic 
solvent therefor having a boiling point of at least 
55° C. and at least 40% of an organic liquid of 
lower volatility which has a boiling point above 
70° C. and which has a solvent action on the Or 
ganic ester of cellulose even at ordinary tempera 
tures and controlling the evaporative atmosphere 
so as to reduce the rate of evaporation in the 
vicinity of the Spinning jet. 

3. Process for the manufacture of artificial 
filaments, threads, yarns and the like, which com 
prises spinning by the evaporative method a Solu 
tion which contains cellulose acetate of Viscosity 
at least 40 as defined, an organic solvent therefor 
having a boiling point of at least 55° C. and at 
least 40% of an organic liquid of lower Wolatility 
which has a boiling point above 70° C. and Which 
has a solvent action on the cellulose a?cetate even 
at ordinary temperatures and controlling the 
evaporative atmosphere so as to reduce the rate 
of evaporation in the vicinity of the Spinning jet. 

4. Process for the manufacture of artificial 
filaments, threads, yarns and the like, which com 
prises spinning by the evaporative method a Solu 
tion which contains an organic ester of cellulose 
of viscosity at least 40 as defined and 
a liquid medium which is a Solvent even at Or 
dinary temperatures for the cellulose ester, said 
medium comprising at least 40% of an Organic 
solvent for the cellulose ester having a boiling 
point of at least 85° C. and an Organic solvent 
for the cellulose ester having a boiling point be 
tween 55 and 85 C. 

5. Process for the manufacture of artificial 
filaments, threads, yarns and the like, which con 
prises spinning by the evaporating method a solu 

2,094,781 
tion which contains cellulose acetate of viscosity 
at least 40 as defined and a liquid medium which 
is a solvent even at ordinary temperatures for the 
cellulose acetate, said medium comprising at least 
40% of an organic Solvent for the cellulose de 
rivative having a boiling point of at least 85 C. 
and an Organic Solvent for the cellulose derivative 
having a boiling point between 55 and 85 C. 

6. Process for the manufacture of artificial fila 
ments, threads, yarns and the like, which com 
prises spinning by the evaporative method a Solu 
tion which contains cellulose acetate of Wiscosity 
at least 40 as defined and a liquid medium which 
is a solvent even at ordinary temperatures for 
the cellulose acetate, said medium comprising at 
least 60% of an organic Solvent for the cellulose 
derivative having a boiling point of at least 85° C. 
and an organic solvent for the cellulose deriva 
tive having a boiling point between 55 and 85 C. 

7. Process for the manufacture of artificial fila 
ments, threads, yarns and the like, which com 
prises Spinning by the evaporative method a Solu 
tion which contains cellulose acetate of Wiscosity 
at least 40 as defined and a liquid medium Which 
is a solvent even at Ordinary temperatures for 
the cellulose acetate, said medium comprising at 
least 40% of an Organic solvent for the cellulose 
derivative having a boiling point of at least 85°C. 
and an organic solvent for the cellulose deriva 
tive having a boiling point between 55 and 85° C. 
and heating the spinning solution prior to ex 
trusion to a temperature only slightly below its 
boiling point under the pressure obtaining in the 
Spinning nozzle. - 

8. Process for the manufacture of artificial fila 
ments, threads, yarns and the like, which com 
prises Spinning by the evaporative method a solu 
tion which contains cellulose acetate of Wiscosity 
at least 40 as defined and a liquid medium which 
is a Solvent even at ordinary temperatures for the 
cellulose acetate, said medium comprising at 
least 40% of an Organic solvent for the cellulose 
derivative having a boiling point of at least 85° C. 
and an Organic Solvent for the cellulose derivative 
having a boiling point between 55 and 85° C., 
and controlling the temperature of the evapora 
tive medium so as to reduce the rate of evapora 
tion in the vicinity of the spinning jet. 

HENRY DREYFUS. 
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