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This invention relates to the manufactule of
water-soluble textile materials.

According to the invention textile materials
which are soluble in cold water are made by uni-
formly impregnating cellulose textile materials
with a concentrated caustic alkali solution, and
subjecting the impregnated materials to the ac-
tion of an etherifying agent under conditions
such that the cellulose is wholly converted into a
water-soluble cellulose ether without at any time
during the operation undergoing solution.

The process of the invention can be used to
give products of differing degrees of solubility in
water; thus by a suitable choice of etherifying

agent and reaction conditions it is possible to.

make products which are soluble in cold water
and insoluble in hot water (. e., water at a tem-
perature between about 50° C. and the boiling
point), or products which are soluble in both cold
and hot water.

As the textile starting materials there may be
used fibres, yarns, and fabrics of naturally oc-
curring forms of cellulose or of regenerated celli-
lose. The application of the new process to cot-
ton yarns and fabrics is specially valuable, but
- very useful products can also be obtained from
regenerated cellulose materials, especially mate-
rials comprising regenerated cellulose yarns made
by stretching and saponifying celluldse acetate
yarns or other yarns having @ basis of a cellulose
ester. For the sake of simplicity the invention
will be described in detail by reference to the
production of materials which are soluble in cold
water but not in hot by methylating cotton mate-
rials by means of methyl chloride.

"I have found that when cotton fabrics or yarns
which have been given only the usual conven-
tional treatments are treated by the process of
the invention, using for example methyl chloride
as the etherifying agent, it is very difficult to ob-
tain products which are wholly soluble in water.
Investigation has shown that the products are in

fact very incompletely methylated, and that the '

reason for this is that the caustic alkali solution
has not uniformly and completely impregnated
the materials. This in turn is due to the pres-
ence in the cotton materials of certain sub-
stances, apparently of an oily nature, which
effectively prevent the necessary uniform im-
pregnation. I have now found that this difficulty
may be overcome by treating the cotton materials
with an agent capable of removing these oily sub-
stances before bringing the materials into contact
with the alkali solution with which they are to
be impregnated. In one method of doing this
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the cotton materials are scoured with an aqueous
soap solution. For example the cotton materials
may be boiled for between about half an hour
and two hours with an agueous soap solution of
concentration less than 1%, for example 0.2 to
0.4%. In another method the cotton materials
are boiled under pressure with a dilute caustic
alkali solution. For instance, they may be boiled
at a temperature above about 150° C., e. g be-
tween 150° and 170° C., with a caustic soda solu-
tion of concentration betwcen about 1% and 3%.

After this preliminary treatment, the cotton
materials can be uniformly impregnated with the
concentrated caustic alkali solution simply by
immersion in the solution followed by removal of
excess solution. Preferably the concentration of
the caustic alkali solution exceeds 35%. 'Thus
cotton yarns, for example, may be passed through
a caustic soda solution of concentration of the
order of 40% at about 30° C., and then through
nip rollers or some other device whereby excess
alkali solution is removed. However, as this is a
somewhat laborious procedure, it is usually bet-
ter to impregnate cotton yarns in the form of
hanks or of loosely wound packages; thus a num-
ber of hanks may be immersed together iIn the
40% caustic soda solution, and excess solution
subsequently removed, for example by cenfri-
fuging. Cotton fabrics, which may with ad-
vantage be held on a frame, may be impregnated
in a similar manner. The amount of 35-40%
caustic alkali solution remaining on the cotton
materials is preferably such that the materials
weigh after impregnation approximately three to

-four times as much as before.

The impregnated cotton materials are prefer-
ably methylated as soon as practicable. For this
operation the materials may be’ introduced into
an air-tight reaction vessel, which is then evacu-

‘ated, after which methyl chloride vapour is fed

into the vessel under pressure. After the methyl
chloride has been introduced, the temperature in
the reaction vessel may be raised above 50° C

and preferably to 70 to 80° C., and the treatment
continued for two to five hours. The methyla-
tion may be rendered more uniform by employing
a rotating reaction vessel. At the end of the re-
action unreacted methy! chloride may he re-
moved, for example by distillation, and the
treated materials washed several times with hot
water, preferably at temperatures exceeding
70° C. The materials may be finally dried, still at
a high temperature, for example by means of a
current of air heated to about 100° C. Materials
so treated, and having a methoxy content of the
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order of 30%, are found to have when dry a ten-
acity not much less than that of the original cot-
ton, but to be soluble in cold water.

In place of methyl chloride there may be used
other etherifying agents capable of forming
water-soluble cellulose ethers, For example, by
treatment with ethylene oxide under conditions
similar to those described above, cotton or other
cellulose textile materials may be converted into
water-soluble hydroxy-ethyl cellulose materials,
while under the same conditions acrylonitrile
gives water-soluble carboxy-ethyl cellulose ma-
terials. By employing two or more etherifying

agents mixed ethers may be made. For example,

by allowing first acrylonitrile and then methyl
chloride to act on the impregnated cellulose ma-
terials a mixed carboxy-ethyl methyl ether of cel-
lulose which is soluble in both cold and hot water
can be produced. These various ethers may be
purified by the same general method as that de-
scribed for purifying methyl cellulose materials,
but the precise mode in which they are washed

must, of course, be varfed in accordance with their

solubilities. For example such carboxy-ethyl cel-
Tulose or carboxy-ethyl methyl cellulose materials
as are soluble in both cold and hot water may be
washed with hot concentrated agueous alcohol.

When the water-soluble cellulose ether mate-
rials are made from fibres, yarns, or fabrics hav-
ing a basis of regenerated cellulose, the initial
scour or alkali boil can be omitted.

When it is desired that textile materials made
by the process of the present invention should be
dissolved by water particularly rapidly, as for ex-
ample when the materials are used in mine-lay-
ing parachutes, it is advantageous to add to the
material a wetting agent. This may be'done for
example by treating the materials with g solution
of the wetting agent in an organic liquid which
is not a solvent for the water-soluble ether of
cellulose, and removing the organic liquid by
evaporation. An example of a suitable wetting
agent is pine oil, which may be applied to the
materials in sclution in benzene.

The new materials are valuable for various pur-
poses. As already indicated, they may be em-
ployed in making parachutes for mine-laying and
other purposes which are dissolved by ses or river
water. Another very useful application of the
new materials is in the production of cotton fab-
rics in which the cotton is practically without
twist. For example a cotton yarn having a very
low degree of twist may be doubled with a water-
soluble yarn having a similar but opposite twist;
the resulting yarn is woven into a fabric, and
the fabric washed with water to dissolve out the
water-soluble yarn. The resulting fabric is com-
posed of cotton yarns which are practically with-
out twist and is very strong; such fabrics are use-
ful, for example, for covering the lifting surfaces
of aircraft. Yet another use for the water-soluble
yarns is in the manufacture of wire-textile fab-
rics by the method described in U. S. application
S. No. 542,386 filed June 27, 1944, now Patent No.
2,412,562,

The following examples {llustrate the invention.
Examples 1 and 2 describe the production of
yarns which are soluble in cold water but in-
soluble in hot.

E’:cample 1

A singles 30 count low twist cotton yarn in
hank form is boiled for an hour in & 0.25% soap
solution, and is then immersed in a 38.5% solu-
tion of sodium hydroxide at 32° C. for 30 minutes,
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the alkall solution being gently stirred at infer-
vals. The cotton is then removed from the alkali
solution, drained and centrifuged for a few min-
utes.

The alkali-impregnated cotton is transferred to
a reaction vessel capable of being rotated about
a horizontal axis, and the vessel is evacuated.
Methyl chloride is fed into the vessel to a pressure
of about 220 1bs./square inch; the vessel is then
slowly rotated, and its temperature raised to 75°
C.

After three hours the rotation of the vessel is

-stopped, and unreacted methyl chloride removed

by distillation. The hanks are then removed
from the vessel and repeatedly washed with
water at 70° C~80° C. until free from alkali.
They are then centrifuged to remove the greater
part of the water, and are finally dried in & cur-
rent of air at 100° C

The product is & slightly brown yarn having a
dry tenacity not very much less than the original
cotton, but no tenacity at all when wet. The yarn
is completely soluble in cold water. Owing to its
substantial dry tenacity and other properties the
yarn may be worked up into fabrics by knitting
or weaving., If the slight colour is a disadvan-
tage, it may be removed by washing the yarn in
hot 0.5% sulphuric acid.

. Example 2

A singles 30 count low twist cotton yarn is kier-
boiled at 160° C. with a 1.6% solution of sodium
hydroxide for four hours, and is then impregnated
with alkali and methylated with methyl chloride
by the method described in Example 1. The final
product is similar to that obtained by the method
of Example 1, its dry tenacity being slightly high-
er, though still a little below the dry tenacity of
the original yarn, and its wet tenacity again be-
ing zero. The yarn is soluble in. cold water.

If the glkali impregnation and methylating
treatment described in these examples are not
preceded by an initial treatment with a soap solu-
tion or sn alkali solution, a product is obtained
which has a low methoxy content, usually about
5%, and is for the most part insoluble in cold
water.

Examples 3 and 4 describe the production of
fabrics which are soluble in both cold and hot

water.
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Ezample 3

A regenerated cellulose fabric, woven from yarn
made by stretching and saponifying cellulose
acetate yarn, is held on a metal frame and im-
pregnated with a 40% medium hydroxide solu-
tion.

The fabric, still held on the frame, is inserted
into a reaction vessel capable of being rotated
about & horizontal axis, and the reaction vessel
is evacuated. Acrylonitrile is then introduced in
amount about 4.5 times the original dry weight of
the fabrie, angq the vessel is slowly rotated. The
reaction is allowed to proceed at room tempera-
ture for 16 hours. Unzreacted acrylonitrile is then
removed by distillation under low pressure, and
the fabric which has become soluble in cold and
hot water, is washed with methylated spirits until
free from alkali,

It is is desired to treat a cotton fabric or yarn
by the process of this example, it should first be
given a scour with a soap solution, or be kier-
boilezd, for instance as described in Examples 1
and 2.
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Ezample 4

A regenerated cellulose fabric, or a scoured or '

.kler-boiled cotton fabric, is impregnated with a
. 40% sodium hydroxide solution and etherified
with acrylonitrile as described in Example 3. At
the end of the 16 hours’ treatment with the
acrylonitrile the reaction vessel is evacuated, and
methyl chloride introduced to a pressure of 50
Ibs./square inch. The temperature is raised to
70° C. for 45 minutes, and then allowed to fall
to room temperature. The reaction with the

 mmethyl chloride is allowed to continue for 19

‘hours in all. During the whole of the treatment
with the acrylonitrile and methyl chloride the re-
action vessel is slowly rotated. At the end of the
treatment unchanged methyl chloride is removed
by distillation and the fabric washed with meth-
ylated spirits. 1t is soluble in both hot and cold
water. -
Example §

A solution of pine oil in benzene is applieq to
2 methyl cellulose or other cellulose ether yarn
or fabric obtained by the method of any of the
preceding examples, and the benzene allowed to
evaporate at room temperature., After this treat-
ment the yarn 'is yet more quickly dissolved by
cold water.

Having described my invention, what I desire
to secure by Letters Patent is:

1. Process for the manufacture of textile fab-
rics having g relatively high tenacity when dry
but capable of being dissolved by water, which
comprises impregnating g cellulose fabrie with
a caustic alkali -solution of concentration at
least 35%, removing excess alkall solution until
the fabric retains 2 to 3 times its original weight
of the alkali solution and, without ellowing the
alkalized cellulose material to age, subjecting it
first to the action of acrylenitrile a} about room
temperature and then to the action of methyl
chloride at & temperature above 50° C,

2. Process for the manufacture of textile fab-
rics having a relatively high tenacity when dry
but capable of being dissolved by water, which
comprises scouring g cotton: fabric with & boil-
ing agqueous soap solution, impregnating the
scoured fabric with g coustic alkali solution of
concentration at least 35%, removing excess al-
kali solution until the fabric retains 2 to 3 times
its weight, after scouring, of the alkali solution
and, without allowing the alkalized cotton mate-
rial to age, subjecting it first to the action of
acrylonitrile at about room temperature angd then
to the action of methyl chleride at a temperature
above 50° C. }

3. Process for the manufacture of textile fab-
rics having a relatively high fenacity when dry
but capable of being dissolved by water, which
comprises boiling a cotton fabric under pressure
with a caustic alkali solution of concentration
less than 3%, impregnating the boiled fabric
with a caustic alkali solution of concentration at
least 35%, removing excess alkali solution until

the fabric retains 2 to 3 times its weight, after ¢

- boiling, of the alkali solution and, without allow-
. Ing the alkalized cotton material to age, subject-
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ing it first to the action of acrylonitrile at about

rcom temperature and then to the action of meth-
_yl1 chloride at & temperature above 50° C.

4. Process for the manufacture of textile fab-
rics having a relatively high tenacity when dry,
but capable of being dissolved by cold and hot
water, which comprises impregnating a cellulose
fabric with a caustic alkali solution of concen-
tration at least 35%, removing excess alkali so-
lution until the fabric retains 2 to 3 times its orig-
inal welght of the alkali solution and, without
allowing the alkalized cellulose material to age,
subjecting it first to the action of acrylonitrile
for a number of hours at about room temper-
ature and then te the action of methyl chloride
at a temperature above 50° C. for at least 45 min--
utes. ‘

5. Process according to claim 1, wherein g so-
lution of a wetting agent in an organic solvent
is applled to the treated fabric and the solvent
is removed by evaporation,

6. Process according to claim 2, wherein g 50~
lution of pine oil in benzene is applied to the
treated fabric and the benzene is removed by
evaporation.

7. Process according to claim 3, wherein a so-
lution of pine oll in benzene is applied to the
treated fabric and the benzene is removed by
evaporstion.

8. Process according to claim 4, wherein a 50-
lution. of & wetting agent in an organic solveni
is applied to the treated fabric and the solvens
removed by evaporation.

ROBERT PIERCE ROBERTS.
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