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This invention relates to processes of es-

terifying cellulose with the lower fatty acids,

and particularly the treatment of cellulose,
which has been pre-treated with nitric acid,

° with fatty acids containing not more than
eight carbon atoms. : S

Cellulose acetate is generally manufac-

tured at the present time by the interaction

of cellulose with acetic anhydride acetic acid

19 and a catalyst. The most expensive ingredi-

ent of this reaction is the acetic anhydride

and it 1s therefore of advantage to the manu-

tacturer to cut down to the smallest amount

possible the
15 In the U. S. patent of Clarke and Malm
Number 1,668,945 there is disclosed a process
for esterifying cellulose by heating it in a
boiling solution of acetic acid. By this
treatment the cellulose is partially acetyl-
20 ated. In the subsequent esterification of
smaller amount of acetic anhydride is re-
quired than would be necessary if this chemi-
cal were used to impel all of the acetyl 1nto
?> the cellulose. In a co-pending application

of Staud and Webber Serial Number 384,349 -

there is described a process for pre-treating
cellulose with concentrated nitric acid prior
to boiling this pre-treated cellulose in a bath
of concentrated acetic acid. By this proc-
ess, which is an improvement over the Clarke
and Malm process, the initial acetylation of
the cellulose is carried out in a considerably
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| oy - .
32 gcetic acid.

"An object of the
provide a method of esterification which is
an 1mprovement over the above described

%0 1s to provide the pre-acetylation of cellulose
without the necessity of treating it in boiling

acetic acid. A further object of this inven. -

tion 1s to provide a process for the pre-treat-
‘ment of cellulose in such a manner that it
may be acetylated in the presence of a fatty
acld and a catalyst. Other objects will here-
1nafter appear. - - |
~_We have found that when cellulose is treat-
ed with concentrated nitric acid for a cer-

45

quantity of this material used.

acetyl will combine in a matter of 240 hours.
such a cellulose ester, fo the triacetate, a much

berature, the time of the treatment will be
“considerably shortened, while on the other

shorter time, but at the boiling point of the

present invention is to _
‘In condition after washing

‘processes. Another object of this invention _ | pate M
‘tions, this reaction is effected at the boiling

the neighborhood of 53°

tain period of time and subsequently par-

Application filed May 14, 1930. Serial No. 452,516.

tially esterified with a fatty acid in the pres-
ence of a catalyst, a fairly high Ppercentage
of the acyl radical will combine with the _
cellulose. For example, a certain amount
of acetyl will be combined with celluloge 55
upon the treatment of an unpretreated cel-
lulosic material such as cotton with glacial
acetic acid and a catalyst at a temperature

of approximately 50° centigrade; no more.
than 6% combined acetyl, however, will be 60
obtained even after treatment for a period
of as much as 240 hours under these condi-

tions.  If the cellulose, on the other hand,

be pre-treated with a strong nitric acid solu- .
tion prior to acetylation in the presence of

acetic acid and a catalyst, 6% of combined
acetyl will result in as short a time as 24
hours even under the same 1dentical condi-

“tions of acetylation while as much as 15-169%

70
Cellulose in the form of cotton linters,
paper, wood pulp, or similar cellulosic ma-
terials,—but we generally prefer to employ
cotton linters,—is preferably treated for a

period of from 2 to 8 hours at approximately 7o

room temperature with a concentrated nitric

acid solution say of 68%. If the temperature
of the treatment is much above room tem.
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hand if the pre-treatment with the nitric acid
1s conducted at temperatures much below
room temperature a considerably longer time
will be advisable in order to obtain the same
results. o o -
Cellulose pre-treated as described above is.
| _ and drying for
the esterifying step of the reaction. Accord-
ing to the above cited patents and applica-
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pomt of the fatty acid used. By our process,
however, the nitric acid pre-treated cellulose

1s placed in a mixture containing the fatty
~ acid together with an eilicient catalyst. This

solution is maintained at a temperature in 9°

C. and in accord
with the type of fatty acid employed the
maximum acyl content of the cellulose will
be reached generally in less than 240 hours
of such treatment. It isnot necessary to boil 100
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any suitable dehydrating process.
orams of this pre-treated material may then

2

the acetic acid. If boiling is resorted to,
however, an even greater percentage of acetyl
can be combined with the cellulose, but this
is accompanied by rapid degradation.

While acetic acid is the acid which would
be most generally used at the present time,

due to the fact that cellulose acetate has more

commercial uses than the other organic esters
of cellulose, nevertheless, our invention 1s
concerned not with cellulose acetate alone,
but with the esters of the fatty acids having

more than 1 and less than 8 carbon atoms,
such as acetic, propionic, butyric, valeric,

caproic, heptoic, ete. The rate of esterifica-
tion falls off rapidly with the higher mem-

bers of this series of acids.. Consequently

acetic acid, propionic acid, butyric acid, are

those which are generally preferred, because
of their relatively greater commercial avail--

ability and their greater speed of reaction.
After the esterification of the pre-treated
cellulose with the fatty acid and a catalyst, 1t
may be treated further in an ordinary ester:-
fying bath, for example, if cellulose 1s being
acetylated, by treating the pre-acetylated cel-
Iulose in an acetylating bath containing acetic
anhydride, acetic acid and a suitable cata-
lyst. The commercial advantage of our proc-

‘ess is herein realized in that a saving of from

95 to 409% of the amount of anhydride is re-
alized if a pre-acetylated cellulose 1s em-
ployed as starting material rather than an

untreated cellulose.

An example showing one method of con-

not be restricted except as this process 1s re-

‘stricted by the claims appended hereto will
show those skilled in the art the manner of

conducting this pre-acetylating process.

~ Cotton linters are treated for a period of
four hours at a temperature of 20 to 25° C.
with concentrated nitric acid of approxi-

~ mately 68%. After this preliminary treat-
‘ment of the cellulose it is washed until neu-

5 tral to brom-thymol-blue, then dried or de-
hydrated by the extraction of the water by
‘an organic liquid preferably of low boiling

point which is miscible with the water or by
Fifty

be placed in a mixture of 300 cc. of glacial

‘acetic acid containing 2 cc. of a mixed catalyst
‘which is composed of 25% concentrated sul-

phuric acid and 75% concentrated phosphor-

3¢ acid. After thoroughly mixing these 1n-

oredients they are held at a temperature of

50° C. until the desired acetyl content 1s at-
tained. rea
the product contains from 15 to 16% acetyl.

After 240 hours of such treatment

The nitrogen content of the cotton after

~the pre-treatment with nitric acid reaches a
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maximum of 3.5%. This nitrogen is largely

removed during the acetlyation with acetic
acid and the cafalyst, and the material after

this pre-acetylation treatment generally con-

fatty

‘sequent to such treatment,
ing the
taining as the sole acylating agent a fatty
~acid having more than 1 and less than 8 car-

1,807,869

tains in the neighborhood of 1% nitrogen.
By adding 110 cc. of acetic anhydride of 85%
concentration to the reaction mixture above-
described and allowing the acetylation to
continue at a temperature of 50° C. for a pe-
riod of 15 to 24 hours, a cellulose acetate will
be obtained. This ester may be hydrolyzed
it desired.

The treatment of cellulose with concen-
trated nitric acid and subsequent acetyla-
tion by our process to an acetyl content in
the neighborhood of 15 to 16% not only in-
creases the reactivity of the cellulose par-
tially acetylated to the regular acetylating
bath containing acetic anhydride, acetic acid
and a catalyst, but the cellulose acetate pro-
duced from such a solution is also very clear

and transparent due to the bleaching result-

ing from the action of the nitric acid.

From a consideration of the above deserip-:

tion, it will be realized that any process in
which cellulosic materials are treated with
a concentrated nitric acid solution and are
subsequently placed in a bath containing a

the scope of this invention as well as the

product obtained by completing the acyla-

tion of the cellulose by immersing the thus
pre-acylated cellulose 1n a bath containing

an anhydride of the organic acid, and the

organic acid, with or without more catalyst.
What we claim as our invention and desire

to be secured by Letters Patent of the United
_ States 1s:
ducting our process and by which we shall -

1. In the process of making a partially es-
terified cellulose, treating cellulose in the
presence of concentrated nitric acid, and sub-
partially acylat-
pre-treated cellulose in a bath con-

bon atoms, and a catalyst.
9. In the process of making a partially
acetylated and nitrated cellulose, treating cel-

Julose in the presence of concentrated nitric

acid, and subsequent to such treatment par-
tially acetylating the pre-treated cellulose
in a bath containing as the sole acetylating

“agent acetic acid, and a catalyst.

3. In the process of making a partially
acetylated and nitrated cellulose, treating
cellalose in the presence of concentrated
nitric acid, and subsequent to such treatment
partially acetylating the pre-treated cellu-

Jose in a bath containing as the sole acetylat-

ing agent acetic acid, and a mixed catalyst
containing sulphuric acid and phosphoric
acid. '

4. In the process' of making a partiaflly

esterified cellulose, treating cellulose in the

presence of concentrated nitric acid, and sub-
sequent to such treatment partially acylat-
ing the pre-treated cellulose in a bath con-
taining as the sole acylating agent a fatty
acid having more than 1 and less than 8 car-

acid and a catalyst, will come within
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bon atoms, and a catalyst at a temperature
of approXimately 50° centigrade.

0. In the process of making a partially
acetylated and nitrated cellulose, treating
cellulose in the presence of concentrated
nitric acid, and subsequent to such treatment
partially acetylating the pre-treated cellu-
lose in a bath containing as the sole acetylat-
Ing agent acetic acid, and a catalyst until
the cellulose contains approximately 169%
acetyl. -

6. In the process of making a cellulose
ester of a Tatty acid, treating cellulose in
the presence of concentrated nitric acid, and
subsequent to such treatment partially acyl-
ating the pre-treated cellulose in a bath con-
taining as the sole acylating agent a fatty
acid having more than 1 and less than 8 car-
bon atoms, and a catalyst, and subsequent to
this pre-acylating treatment, continuing the
esterification of the cellulose in a bath con-
talning an anhydride of the fatty acid em-
ployed. -

7. In the process of making a cellulose
acetate, treating cellulose in the presence of
concentrated nitric acid, and subsequent to
such treatment, partially acetylating the pre-
treated cellulose in a bath containing as the
sole acetylating agent acetic acid, and a cata-

Ayst, and further esterifying the pre-acetyl-

ated cellulose in a bath containing' acetic
anhydride until an acetone soluble cellulose
acetate 1s obtained. o

3. A process for bleaching and partially
esterifying cellulose which comprises treat-
ing cellulose in the presence of concentrated
mtric acid, and subsequently partially acyl-
ating the thus pre-treated cellulose in a bath
containing as the sole acylating agent a fat-
ty acid having more than 1 and less than 8
carbon atoms, and a catalyst. o

9. A process for bleaching and partially
acetylating and nitrating cellulose which
comprises treating cellulose in the presence
of concentrated nitric acid, and subsequent-
ly partially acetylating the thus pre-treated
cellulose 1n a bath containing as the sole
acetylating agent acetic acid, and a catalyst.

Signed at Rochester, New York, this Tth

CYRIL J. STAUD.
JAMES T. FUESS.

day of May, 1980.
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