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This invention relates to & process for the

vapor-phase catalytic hydroxyalkylation of cel-'

lulose and celiulose derivatives; and, more par-
ticularly, it concerns such a process involving the
use of a vapor-phase catalyst, in conjunction with
the use of an alkylene oxide or mixture of such
oxides in amounts ranging from 1% to 30% of the
cellulose being hydroxyalkylated, and the employ-
ment of mild hydroxyalkylation conditions. ‘The
invention has especial utility for the production of
cellulose derivatives eminently adapted for par-

tial or complete esterification, and of derivatives :

readily peptizable in dilute caustic soda solutions
for the preparation of
shaped objects, as well as.for the hydroxysalkyla-

tion of paper stock prior to the formation of the.

web and calendered sheet to increase its absorb-
ency. It also is applicable to the-hydroxyalkyla-
tion of flax, hemp, ramie, and cotton yarns to
alter their chemical properties, such as susceptl-
bllity to dyeing agents, wetting-out agents, etc.,
without altering
other than to increase its softness.

In the practice of the invention, air-dry ce‘l-.
lulose,—i. e., cel'ulose containing from 2% to 10%

of moisture,—Iis reacted with the vapor of an al-
kylene oxide, such as ethylene oxide and propyl-
ene oxide, in the presence of a tertiary amine that
is also in the vapor-phase—the reactions being
conducted preferably at atmospheric pressure or
subatmospheric pressure.

The reaction is so conducted that not substan-~
tially more than 30% of the alkylene oxide is
combined with the cellulose. Temperatures are
employed ranging from atmospheric temperature
to around 60° C.; and particularly suitab’e are
those within the range from 45° to 60° C.

The tertiary amine is employed in amounts
ranging from around %% to 10% of the air-dry
cellulose, and preferably in amounts of not more
than 1%. Among tertiary amines suitable as
catalysts in the process may be mentioned pyri-
dine, 1-methyl pyrrol, tripropyl amine, triethyl
amine, and trimethyl amine.

The vaporized tertlary amine may be intro-
duced and contacted with the cellulose in several
ways. For example, the autoclave containing the
cellulose may be evacuated and the required
amount of amine vapor allowed to flow in imme-
diately prior to introduction of the alkylene ox-
ide vapor; or the amine vapor may be contacted
with the cellulose after contacting the latter with
a small portion of the alkylene oxide vapor; or
the two vaporous materials may be concurrently
added s'owly and proportionately to the cellulose,

fiims, Alaments and other

the physical form-of the yarn

The first-named method is preferred. The amine
vapor also may be passed through the cellulose
and absorbed by the fibers up to the desired con-
centration prior to introduction of the alkylene
oxide, although if the amine is absorbed by the
cellulose to very large extent—upon subsequent
addition of the alkylene oxide, & portion of the
latter is converted to aldehyde, which resinifies.
This is particularly true when employing tri-
methyl amine.

The cellulose employed may be any of th usual
commercial types. It is also possible to employ in
the process neutral cellulose that has been pre-
viously depolymerized by treatment with mineral
acld or the equivalent; and cellulose derivatives
such as partially etherified or esterified celluloses
which have some free hydroxyl groups.

In the preferred practice of the invention the
cellulose material, such as cotton linters, which
material preferably is in a highly fluffed state, is
agitated or tumbled in a rotating jacketed auto-
clave which has been evacuated to remove the air.
The alkylene oxide vapor is fed continuously into
the rotating autoclave—the fiow thereof being
adjusted to. reguiate the rate of the reaction and
control the fluid presure within the autocave,
The catalysts may be introduced into the celluiose
material either before or during flow of the alkyl-
ene oxide. The absence of appreciable dilution
of the alkylehe oxide vapor with air in the auto-
clave facilitates the hydroxyalkylation of the cel-
lu'ose and prevents appreciable formation of oxy-
cellulose in the presence of the catalyst. The
rate of addition of the alkylene oxide vapor tou
the cellulosic material is regulated by a valve to
approximately the rate at which it reacts with
the celiulose material,—and 50 that the pressure
within the auteclave never substantiaily exceeds
that of the atrhosphere. - As & result of this slow
addition of the alkylene oxide, it has been found
that, when ethylene oxide is used as the hydroxy-
alkylating agent, the maximum amount of ethy!-
ene oxide vapor present at any time in the auto-
clave under atmospheric pressure at 50° C. is
around 3% of the weight of the alr-dry celluiose.
In operations at lower pressures, this proportion
desirably is increased somewhat. The reaction is
completed when all of the oxide vapor introduced
has reacted with the cellulose, so that the sub-
atmospheric pressure secured by the original
evacuation of the autoclave is approximately
reached again. The resultant mass of etherified
cellulose then is removed, and may be stored in
that condition, or may be readily purified by ex-
traction with warm water, centrifuged and dried.
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When a8 celiulose ihat hag been suitably de-
polymerized by suy of the usual methods is om-
ployed as starting materisi, the final product of
the process, elther with or without the sbove-
mentioned purification, may be peptized with g
dilute aqueous solution of caustic soeda (such as g
5% to 10% solution thereof). Otherwise the
products are not peptizable, since neither the
etherification process nor the purification step
permits substantial depolymerization of the cel-
lulose.

The following eXxamples serve to illustrate the
invention:

Ezxample 1

100 grams of fluffy alpha wood pulp containing
approximately 6<% of molsture were introduced

into an autoclave having an inside volume of 11.1 -

liters. After evacuating the autoclave to an abso-
lute pressure of 4 mm. of mercury, 24 grams of
cthylene oxide vapor and 0312 gram of trimetny!
amine vapor were simullaneously introduced over
& period of 10 to 12 hours while tumbling the
autoelave and heating at 80° until a pressurc
of approximately 2284 mm. of mercury absolute
was obtained. The resultant etherified cellulose
was removed and, after purification by extraction
with warm water, yvielded 1147 grams of a uni-
formly etherifieq hy roxyethy! cellulose which
was practically Insoluble in caustic soda even
upon freezing, but was acetylated by the dope
method very much more readily than the origingj
cellulose material used as starting material.

Example 2

100 grams of loosely-fluffed cotton linters were
introduced into the autoclave described in Exam-
ple L. After evacuation of the autoclave, 2 grams
of pyridine vapor were introduced during agita-
tion. Thereafter, 30 grams of propylene oxide
vapor were slowly introduced into the autociave
over a period of 15 hours, during agitation there-
of, while maintaining the contents at around 60°
C. The heating and agitation were continued
until a pressure of approximately 500 mm. of
mercury absolute was secured in the autoclave,
The resultant product, after extraction with
warm watler, yielded 1084 grams of hydroxy-
propyl cellulose containing 849, of combined
propylene oxide, and having properties similar to
the product of Examvple 1 as to insolubility in
dilute caustic alkali solutions ang reactivity with
acetylating agents.

Example 3

420 grams of loosely-fluffed, alr-dry, low-vis-
cosity alpha wood pulp, previously depolymerized
with dilute sulfuric acld, were placed in g 5-
gallon tumbling autoclave, the latter evacuated
to a pressure of about 500 mm. of mercury abso-
lute, and a smal portion (about 10%) of g total
charge of 109 grams of ethylene oxide vapor was
introduced therein. Thereafter, 5.68 grams of
trimethy! amine vapor were introduced, following
which the balance of the ethylene oxide vapor
was slowly added over g period of 5 hours. After
11 hours of tumbling and heating at 50° C., the
original pressure of 500 mm. of mercury absolute
obtained by the evacuation was again attained,
and the reaction discontinued. The resultant
etherification product was slightly pink in color,
and showed a gain of 26.99% based upon the
weight of the original alpha pulp.

It was substantially completely soluble in a
dilute aqueous solution of caustic alkali ylelding a
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solution weil adapted for the prepuration of ims
and filaments. This product alse may be esteri-
fled, cr may be ethylated, methylated or other-
wise etherifled to yield preducts well adapted for
use in coating and impregnating compositions and
in plastic compositions,

Example 4

Following the procedure described in Example
2, 1 gram of triethy! amine was introduced into a
tumbling autoclave and mixed with 100 grams of
alpha wood pulp. After securitig in the autoclave
a vacuum of 711.2 mm. of mercury absolute at
30° C.,, 20 grams of cthylene oxide vapors then
were introduced over g period of 24 hours, during
sgitation of the mixiure and while maintaining
the same at around §0° C. At the end of 20 hours
the autoclave pressure had fallen: to 330.2 mm., of
mercury absolute at the latter temperature. The
resultant reaciion product, hydroxyethyl cellulose,
contained 4.3 grams of combined ethylene oxide
based upon the origina! welght of the alpha pulp.
It was substantially inscluble in dilute caustic
alkali solutions, but ig acetviated more readily
than the alpha pulp starting material.

Exrample §

To 55.3 grams of fihrous hydroxyethyl eellulose
acetate, containine 23.6% of combined acetic acid
and around 0.5 ig 1% of moistiire, was added
water in amount sufficlent to liring the moisture
content of the mixture to approximately 8o,
{The said hydroxyethyl celiuicze acctate was pre-
bared by reacting cotton linters with 15 % of its
welght of ethylene oxide fslivwed by acetylation
of the resultant hydroxyethyl ceililose ether at
20° to 25° C., with an excess of acetic anhydride
in the presence or sulfuric acid, using isopropyl
acetate as a diluent. . The aforesaid fibrous hy-
droxyethyl cellulose was removed from the ace-
tylating mixture at the end of 4 hours burposely
50 as to obtain only 3 partially acetylated
product.)

The diluted ester was placed in a 5-gallon con-
tainer which was then €vacuated. Thereupon 3.5
grams of pyridine were vaporized and conducted
into the container ang mixed with the diluted
ester. 13.5 grams of ethylene oxide vapor were
then slowly flowed into the container and the
contents of the latter weore agitated at 30° C. for
24 hours. 'The resultant product wag thoroughly
extracted with water to remave the pyridine and
€xcess ethylene oxide. The washed product after
drying at 70° C. for 24 hours weighed 59.9 grams
and had a combined acetic acid content of 13.7¢,.

The practice of the present invention offers
important, advantages in instances where it is
impracticable or undesirable to hydroxyalkylate
cellulose in the presence of some carrier for the
hydroxyalkylating agent or catalyst, such as
water or a liquid organic diluent. The absence of
diluents permits a more rapid and uniform re-
action between the alkylene oxide and cellulose,
and minimizes the amount of catalyst necessary
to permit completion of the reaction under the
mild hydroxyalkylating conditions. This ob-
viates, too, the necessity for recovery of a liquid
carrier. Purification of the final product is not
necessary in most instances, as the amount of
catalyst present is extremely small: and the mild-
ness of the treatment prevents or minimizes the
formation of any substantial amounts of unde-
sirable cellulose depolymerization products. The
readiness with which the etherified celluloses of
the present invention may be purified is note-

10

]

20

G
&

306

40

45

1]

60

85

70

76



10

156

2,173,470

worthy. Because of the low alkylene oxide con-
tent of the products, made possible by the use of
small amounts of alkylene oxide, uniform prod-
ucts are readily obtainable which are less water-
absorbent than products of the usual high al-
kylene oxide content, and which yield films hav-
ing higher wet strengths than the latter. The
use of low reaction temperatures within the tem-
perature range named inhibits or prevents poly-
merization losses of the alkylene oxide and Im-
proves the eficiency of the process.

The term “a cellulose” is employed In the
claims to deslgnate not only more or less puré
celluloses such as alpha wood pulp, sulfite wood
pulp (rayon grades), cotton linters and the like,
but also cellulose derivatives such 8as partially
etherified or esterified celluloses having therein
one or more free hydroxyl groups.

The invention is susceptible of modification
within the scope of the appended claims.

I claim:

1. Process for the hydroxyalkylation of a cel-
lulose, which comprises contacting a stream of
vapors of an alkylene oxide with a cellulose, in
the presence of a tertiary amine catalyst in the
vapor-phase within a zoné under subatmospheric
pressure, and regulating the rate of {ntroduction
of the alkylene oxide to the said cellulose in ac-
cordance with the rate of reaction between sald
cellulose and said alkylene oxide, to prevent the
pressure in the sald gone from rising substantially
above atmospheric pressure.

2, Process for the hydroxyalkylation of & cel-
julose which comprises siowly introducing &

CERTIFICATE OF

patent No. 2,173,470,

ond column, line 11, for ntnt pesd the;

sure; reand decreased;
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stream of vapors of an alkylene oxide into & cel-
Julose within a zone under subatmospheric pres-
sure maintained at & temperature within the
range from around atmospheric to around 60° C.,
{n the presence of vapors of a tertiary amine
catalyst, regulating the rate of introduction of
the alkylene oxide to prevent the pressure in the
said zone from rising substantially above around
atmospheric pressure, the total amount of al-
kylene oxide introduced Into the said zone being
between 1% and 30% of the weight of the cel-
lulose.

3. Process for the hydroxya.lkylation of a cel-
lulose, which comprises subjecting an agitated
body of cellulose to a subatmospheric pressure,
contacting the resultant cellulose with successive
small portions of an alkylene oxide in the pres-
ence of vapors of a tertiary amine catalyst while
maintaining the resultant mixture at a temper-
ature between atmospheric and 60° C., the rate
of introduction of the alkylene oxide into the
cellulose being no higher then that at which 1t
combines with the cellulose, and the total amount
of alkylene oxide thus contacted being less than
30% of the weight of the cellulose,
ing the hydroxyalkylated cellulose thus produced.

4. Process as defined in claim 3 wherein the al-

kylene oxide employed Is ethylene oxide, and

wherein the maximum amount of uncombined
ethylene oxide
any time constitutes a few percent of
of the latter.

AUBREY ERNEST BRODERICK.

the welght

CORRECTION.
September 19, 1939.
BRODERICK.

It is hereby certified that error appears  in the printed specification
of the above numbered patent requiring correction as follows: Pagel, sec-

iine L7, for nincreased"

14ine 26, for tpresure” read pres-
and that the sald Letters

Patent shouldbe read with this correction therein that the same may con-
form to the record of the case in the

Signed and sealed this 17th

(Seml) ©

patent Offlce.

day of October, A. D- 19%9.

.Henry Van Aradale, .
Acting Commissioner of Ifatents.
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