Patented Jan. 28, 1947

!

2415043

' UNITED STATES PATENT OFFICE

CARBODIIMIDE-CELLULOSE PRODUCTS
AND THE PROCESS OF MAKING SAME

John B. Rust, West Orange, N. J., assignor to

Montclair Research C

of New Jersey

orporation, a corporation

No Drawing. Application March 23, 1944,
Serial No. 527,832 . ~

12 Claims. (CL 260—211)

1

The present invention relates to cellulose de-
rivatives and to the process of making same.

It is an object of this invention o provide deriva-"

tives of cellulose which are soluble in dilute
alkalies. . .

1t is o further object of this invention to make
available cellulose derivatives which are useful
as textile sizing compositions.

It is an object of this invention to provide
wash- and laundering-fast cellulosic textile sizes.

Tt is a further object to provide cellulose de-
rivatives which may be dissolved in alkali solu-
tions and spun into fibers in a suitable precipi-
tating bath for the production of artificial silk
or precipitated in the form of ilm and foils,

Tt is an object of this invention to provide
paper sizes and modifying agents. '

Other objects and advantages will become ap-
parent from the more detailed description of the
invention set forth hereinafter. Such detailed
description should not be construed as limiting,
but only by way of explanation and illustration,
since numerous variations may be made by those
skilled in the art without departing from the scope
and spirit of the present invention.

The derivatives of the present invention may
be formed by the reaction of an alkall cellulose
derivative, as for instance, soda cellulose, quater-
nary ammonium cellulose, potash cellulose, lith-
ium cellulose and the like, with disubstituted car-
podiimides. The reaction may be effected in the
cold, in some instances, and in others by the ap-

y

plication of heat; that is, between ice temperature -

and boiling.

Instances of carbodiimides which may be used
in the process of the present jinvention are N.N’~-
dimethyl carbodiimide, N,N’-diethyl carbodi-
imide, N,N’-diphenyl carbodiimide, N,N’-dioctyl
carbodiimide, N-ethyl-N’-propyl carbodiimide,
N - ethyl - N’- methoxy - ethyl carbodiimide, N-
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aralkyl, olefinyl, alkynyl, alkenyl, carbocyclic, di-
cyclic, and the like.

In the reaction of the present invention it is
suggested that.the following reaction may occur.
Representing cellulose by Cell-—OH:

N-—R
. L |
Cell—-OH + R—N=C=N—R' —— Cell—O—(L-—NHR'

Thus isomers could be formed which in some
cases, at least, or under suitable conditions re-
arranged to the urea, thus: T

. i
Cell—O—JJ-—_-NHR" —— Cell-N—CONHE/

The above is given by way of possible explana-
tion only and should not be construed as limiting.
However, it is an object of this invention to pro-
vide a process of making isourea derivatives of
cellulose.

The cellulose derivatives of this invention are
soluble in dilute alkalies or in water according
to the kind and number of substituent groups.
Thus, I may make a derivative which is insolu-
ble in alkali.at ordinary temperatures, but which
is readily soluble by cooling the alkall suspen-
sion to about 0° C. Such solutions are valuable
as textile sizing agents. The solutions, usually
of about 1% to 10% strength, are applied to cot-

. ton, linen, etc. goods on a padder, squeezed, dried,

40

methyl-N’-carboxyethyl carbodiimide, N-methyl-

N’-phenyl carbodiimide, and the like, I may first
react cellulose with sodium hydroxide, for in-
stance, to form soda cellulose. After aging the
soda cellulose to a satisfactory viscosity, it is
mixed with cooling with the carbodiimide. Reac-
tion is effected either in the cold or the reaction
mikture is allowed to warm up and further heat-
ing applied up to 100° C. or less. i

Thus the carbodiimides of the present inven-
tion may be represented by ’

R—N=C=NR' ‘
. where R and R’ may be alkyl, aryl, alkaryl,
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and coagulated by using a solution of an acid,
acid salt, or a precipitating concentrated sait ~
solution. The treated textile is washed thor-
oughly after coagulating and then dried. A firm
hand is imparted to the fabric which is resistant

5 to laundering and the ordinary cleansing agents.

The finish may be applied at practically any con- -
venient stage of processing such as hefore kier
boiling, before dyeing and the like.

Since the derivatives of the present invention
contain amido and isourea groups, they may. be
caused to undergo further reaction, as for in-
stance with aldehydes, acids, halogens and the
like. Thus, when used as a textile sizing mate-
rial, the coagulated size may be treated with
formaldehyde, or other aldehyde, in order to effect
curing and fixation of the size. Furthermore,
textiles sized with the compositions of the present
invention are much more receptive to dyestuffs
by reason of the isourea groups. :

Cellulose in its various forms may be used in
the present invention. However, after forming

“‘the alkali or quaternary ammonium cellulose, I

. prefer to age it to secure some
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controlled degrada-
tion until the desired viscosity is obtained. The
viscosity may be varied both by using different
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forms and sources of cellulose, and by degrading
‘the cellulose to a greater or lesser degree.

In the reaction of the present invention, I
may use inert diluents if desired, such as eth-
vlene dichloride, carbon tetrachloride, benzene,
ethyl ether, dioxan, heptane, and the like. When
making the alkali cellulose, concentrations of
from 15% to 50% of alkali may be used, although
greater or lesser concentrations can be employed.
I usually prefer to employ concentrations of about
30% 10 40%. This is also true of the quaternary
ammonium hydroxides. When using these lat-

"ter materials, solution of the cellulose sometimes

oceurs. In such cases, the solutions may be di-
luted with alkali metal hydroxide solutions be-
- fore reaction. Such quaternary ammonium hy-
droxides may be trimethyl benzy] ammonium hy-
droxide, tetraethyl ammonium
dipropyl ammonium hydroxide, etyhl piperidin-

ium hydroxide, methyl pyridinium hydroxide

and the like." The amount of quaternary am-
monium or alkali hydroxide is from about 3 to 8
mgoles per CsH1005 group of cellulose., .

The proportions of reactants may be varied

within wide limits of, for instance, from 5% to
100% or more of the cellulose. For several rea-
sons it may be desirable to use an excess of car-
bodiimide. For instance, in some cases g large
€xcess of carbodiimide may be used and the re-
action terminated short of completion, if desired.

As well as utilizing the carbodiimide given
above, I may also use carbodiimides containing
other substituents such as halogen, cyano, car-
bexy, aldehyde, acyl, keto, nitro and the like.

It is ur object of this invention to make iso-
ureas of cellulose by the reaction of an alkali
cellulose with a carbodiimide. The cellulose iso-
ureas of this invention hgve s variety of uses
besides those described ahove. ' For instanpe, they
may be spun into fibers and used in textiles or
they may be coagulated in the form of foils and
films. In some cases, when a highly substituted
cellulose is used, it is expected that solution may
be effected with acids due to the basic character
of the isourea group. In some cases when the
substituent groups are correct in number and
kind the cellulose may be dissolved in organic sol-
vents and used as coating compositions and mold-
ings. The latter are especially usefu] since they
may be made thermosetting.

The following examples are given to llustrate
the products and processes of the present inven-
tion. All proportions are in parts by weight.

Example 1.—N,N’-diamy] carbodiimide was pre-
pared by heating 7.5 parts of symmetrical diamyl
thiourea in 40 Dbarts of dioxan with 30 parts of
yellow mercuric oxide and 10 parts of anhydrous
sodium sulfate at 70° C. for 30 minutes. The
mercuric sulfide and salts were filtered off and
the solution which was. obtained was mixed with
66.5 parts of soda cellulose containing 15 parts
of cellulose and 51.5 parts of 33% sodium hy-
droxide solution. The mixture was heated at
70°=75° C. for 2 hours, then acidified with acetic
acid, washed with water and acetone, and dried.
A white fibrous cellulose derivative was obtained
which was soluble in 10% sodium hydroxide solu-
tion. .

Erample 2.—5 parts of diamyl carbodiimide-
cellulose were mixed with 30 parts of 33% so-
dium hydroxide solution, 40 parts of water and
30 parts of crushed ice. This solution contained
5% of cellulose derivative and 10% sodium hy-
droxide. There was then added 7.5 parts of 33%
sodium hydroxide solution, 80 parts of water and

hydroxide, diethyl

62.5 parts of crushed ice. A clear solution was

obtained consisting of 2% cellulose derivative

and 5% sodium hydroxide. Broadcloth was

treated with this solution, squeezed, dried and
6 treated with 10% sulfuric acid sol.tion. After
coagulation, the cloth was washed thoroughly in
water and dried. A firm hand was imparted to
the cloth and better draping qualities,

‘Ezxample 3.—N,N’-diamyl carbodiimide was
prepared by heating 3.5 parts of symmetrical di-
amyl thiourea in 35 parts of dioxan with 10
parts of yellow mercuric oxide and 10 parts of
anhydrous sodium sulfate for 1 hour under re-
flux condenser. The black mercuric sulfide and
salts were removed by filtration and the solution
mixed with 66 parts of 50da cellulose containing
15 parts of cellulose and 51 parts of 33% sodium
hydroxide solution. The mixture was heated at
80° C. for 2 hours. It was then acidifieq with
acetic acid, washed with water and acefone, and
dried. A white fibrous material resulted which
was soluble in dilute sodium hydroxide solution
on cooling,

Ezample 4.—NN’-dioctyl carbodiimide wasg
prepared by refluxing for 1 hour 5 parts of sym-
metrical di-n-octyl thiourea with 10 parts of yel-
low mercuric oxide, 10 parts of anhydrous sodium
sulfate, 30 parts of dioxan and 14 parts of ben-

' zene. The black mercuric sulfide and salts were
30 removed by filtration and the solution mixed with
35 parts of soda cellulose, containing 10 parts of
cellulose and 25 parts of 33% sodium hydroxide
solution. The mixture was heated at 70° C. for
3 hours. It was acidified with acetic acid, washed
with water and acetone, and dried: A gray fri-
able powder was formed. Thig was soluble in di-
lute sodium hydroxide solutions. .

Example 5.—N,N’-diphenyl carbodiimide was
prepared by refluxing a mixture of 5 parts sym-
metrical diphenyl thiourea, 30 parts of dioxan,
10 parts of lead carbonate, and 10 parts of anhy-
drous sodium sulfate. The heating was carried on
for 1 hour. The lead sulfide and salts were fil-
tered off and the solution mixed with 35 parts of
soda cellulose containing 10 parts of cellulose
and 25 parts of 33% sodium hydroxide solution.
The mixture was heated at 70° C. for 2% hours,
then acidified with acetic acid. The cellulose
derivative was washed with walsr and acetone,
50 and dried. A fluffy white fibrous mass was ob-

tained which was soluble in dilute sodium hydrox-

ide solution on cooling.
Ezrample 6.—Ethylene carbodiimide was pre-

pared by heating 5 parts of ethylene thiourea, 30
55 parts of dioxan, 10 parts of yellow mercuric oxide

and 10 parts of anhydrous sodium sulfate to 90°

C. for 1 hour. The salts were filtered off and the

resulting clear, colorless solution mixed with 35

parts of soda cellulose, containing 10 parts of cel-
60 lulose and 25 parts of 33% sodium hydroxide so-
lution. The mixture was heated at '70° C. for 2%
‘hours. The product was acidified, washed with
water and acetone, and dried. A white, fluffy
fibrous material was secured which was soluble in
dilute sodium hydroxide solutions.

Ezxample 7.~N,N’-diethyl carbodiimide was
prepared by heating under reflux for 1 hour a
mixture of 7.5 parts of symmetrical diethyl thio-
urea, 10 parts of yellow mercuric oxide, 10 parts
70 of anhydrous sodium sulfate and 33.5 parts of

benzene. The salts were removed by filtration

and the resulting clear solution mixed with 66

parts of soda cellulose, containing 15 parts of cel-

lulose and 51 parts of 33% sodium hydroxide solu-
76 tion. The mixture was heated for 2 hours at
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65°-70° C. The reactlon product was acidified,

washed with water and acetone and: dried. A .-

white powder was obtained which was soluble in
dilute sodium hydroxide solutions. -

I claim:

1. The process of making a cellulose derlvative
which is soluble in dilute aqueous alkali solu-
tions which comprises reacting alkali cellulose
with a di-hydrocarbon radical-substituted car-
bodiimide wherein the substituting radicals each
-have less than 9 carbon atoms.

2. The process of making a cellulose derivative
which is soluble in dilute aqueous alkali solutions

[543
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. 6 :

'5:“The process of making a cellulose derivative
which is soluble in dilute aqueous alkali solu-
tions which comprises reacting alkali cellulose
with diamyl carbodiimide.

6. The process of making a cellulose derivative
which is soluble in dilute aqueous alkali solutions
which comprises reacting alkali cellulose with
dioctyl carbodiimide.

“ . The process of making a cellulose derivative
which is soluble in dilute aqueous alkali solutions

_ which comprisés reacting. alkali cellulose with

which comprises reacting soda cellulose in agueous -

medium with a di-hydrocarbon radical-substi-
tuted carbodiimide wherein the substituting rad-
icals each have less than 9 carbon atoms.

3. The process of making a cellulose derivative’

which is soluble in dilute aqueous alkali solutions

which comprises reacting, at between.ice temper-,
_‘ature and boiling, soda cellulose and a di-hydro--
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carbon radical-substituted carbodiimide where- °

in the substituting radicals each have less than 9
carbon atoms, in aqueous medium, the amount of
carbodiimide being from 5% to about 100% of the
cellulose and the soda cellulose being formed from
a sodium hydroxide solution of 30% to 40% con-
centration and with the amount of sodium hy-

dipheny! carbodiimide.

8. A cellulose compound soluble in dilute agque-
ous alkali solutions comprising the reaction prod-
uct of a di-hydrocarbon radical-substituted car-
bodiimide wherein the substituting radicals each
have less than 9 carbon atoms, and alkall cellu~
lose.

9. A cellulose compound soluble in dilute aque-
ous alkall solutions comprising the coagulated,
washed and dried reaction product of a di-hydro-
carbon radical substituted and soda cellulose,
the carbobiimide wherein the substituting radi-

" cals each have less than 9 carbon atoms, being
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droxide from 3 to about 5 moles per CsH100s group -

of cellulose; and thereafter coagulating the re-
action mixture and recovering the carbodiimide-

cellulose product by filtering, washlng and drying_

the same,

4. Process for the manufacture of new cellulose
derivatives which are soluble in dilute agueous al-
kali solutions which comprises acting upon alkali

- cellulose in the presence of-an alkall hydroxide
with a di-hydrocarbon radical-substituted carbo-
diimide wherein the substituting radicals each
have less than 9 carbon atoms.

30

reacted in the proportion of 5% to 100% of the
cellulose and the soda cellulose being formed from’
a 30% to 40% sodium hydroxide solution with
from 3 to 8 moles of NaOH per CeH100s group of
celiulose. ;

10. A cellulose compound soluble in dilute aque-
ous alkal solutions comprising the reaction prod-
uct of diamyl carbodiimide and alkall ceilulose.

11. A cellulose compound soluble in dilute aque-
ous alkall solutions comprising the reaction prod-

. uct of dioctyl carbodiimide and alkali cellulose.

12. A cellulose compound soluble in dilute ague-
ous alkali solutions comprising the reaction prod-
uct of diphenyl carbodiimide and alkali cellulose.

JOHN B. RUST.




