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Thle invention relates to the stablhzmg of
mixed fatty acid esters of cellulose of the tr1ester
t:vpe in which d11nte acetic acid conta.mmg an
all...a,hne salt in an ‘amount Whmh will not com-
pletely neutrahze the catalyst is edded to the
esterification mass oft.....r the preparatlon of the
ester and the mass is ‘maintained at a tempera-

ture of at least 110° F. for a short time e,fter the

enhydnde pr esent has all been converted to acid.

Formelly in the stabilizing of cellulose esters
the use of a high temperature was thought to be
neeessary such as by heat1ng the ester with wetel
in an ‘autoclave. A_lso it was thought that com-

plete neutralization of the catalyst in the cellulose

estenﬁoatmn Yath was desirable to diminish the
percentage of comblned mlnerel ELCId 1n the cellu—

l-ose ester.
'One object of our 1nvent1on is to provide &

method for stabilizing mixed fatty acid esters

of cellulose of the triester type in Whmh a9 mod-
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erate temperature only is necessary and in which -
no lowermg of V1soos1ty and substantia,ll,v no

hydrolysis of the cellulose ester cccurs. Othe1
objects of our invention will appear herein. ™
In the mahnufacture of cellulose organic acid
esters the cellulose ester is hydrolyzed usually im-
mediately after its preparation, which action not

only removes fatty acid groups from the cellulose '

ester but, also, any oombmed sulphuric’ aeid is
removed from the product. However, inn the
preparatlon of substantlally fully esterified esters
ordinarily termed tmester no hydrolysis ocours
and, oonsequently, eome other means must be
found th remove the combined mineral acid. In
the case of the cellulose esters in which substan-
tially all of the acyl is ‘acetyl the removal of the
oom‘omed minersl acid has been performed simply
and eoslly “Howevei, with the mixed esters of
oellulose oontammg 2 subeta,ntlel prOportlon of
'propmnyl or bu.tyryl the combined mineral acid
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‘seems to be held more ‘tenaciously and, hence,

more. dlfﬂeulty 13 enoountered m sta,b1hz1ng esters
of that type.

 YWe have found that a mixed fatty acid ester
of cellulose such as cellulose acetate proplonate
or cellulose eoetate butyrate which has been pre-
'pared by mea ns of a fatty acid anhydride and a
'sulphurlo B.Cld oatalyst may be readily stabilized
and st111 remain of the tr1este1 type if at the end
of the ester 1ﬁoat1on g dilute fatty acid, partic-
ularly acetic’ acid, is added thereto, which acid
also should contain an amonnt of an olkahne salt
"111su..101ent to neutralize the free sulphuric acid
oatalyst Wthh is present go that the reSIdual a1 -
'hydrlde in the batoh is converted to acid a por-
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tion of the sulphuric acid is neutr&hzed ahd the
mass is then maintained at a temperature of at
Jesst 110° P. for a short period stich as 20 or 40
minutes. By proceeding in ‘this manner esters
which have heretofore been very difficult to sta-
bilize may be stabilized without any substantial
change in the composition of the ester from sub-
stantially a triester. This method of St&blllZng
has been found to be particularly eﬁeotwe for sta-
bilizing cellulose acetate butyrate of the tr1este1

or substantially fully esterified type, which -esters

contain an amount of butyryl between 156% and
199,. We have found that by our method of
stabilizing, substantmlly all of the combined sul-
phur -oontamm groups present m the eoter may .
be removed o
A convement method of oonvertlnn' the acetm
anhydride is to add to the oellulose esterification

jmlxture, extel oompletlon of . the estemﬂcetlon
hot dilute acetic acid slowly to the mass

This
dilute acetlo acid should oonta,ln also 2, small

amount of an alkaline salt ‘which will not com-
pletely neutrahze the sulphurlo acid present in

the. mass.

The prlmary purpose for adding the
dilute acetic acid is to convert the residual an-

“hydude which may be present to the correspond-

ing acid. However, by adding ‘the dilute acid

_Whlle hot the temperature of the batch will be

raised to & point greater than 110° F. due both to
the heat’ of the dilute acid and to the heat of
reectmn when the 1es1duel anhydrlde pref-ent |

combines with the Water in the dilute acid. 'When

the hydrous point is réached the mass is held at a
temperature of at least 110° F. and preferably
between 110° I, and 120° F. for about 20 to 40

minutes. 1f, however, the hot dilute acid does

not raise the temperature to at least 110° F. it is
desirable to apply external heotmg such as by

means of a we.,ter Ja.oket so that at least a tem-
perature of 110° F. may be reached, at which the
mass is maintained for a short;. tlme ‘The ester

is then precipitated, suoh as in a precipitating

amount of dilute acid or in water, and 1s then

washed to form a very stable product.

‘The amount of dilute fatty acid which is. added

‘to the mass should only be such than an amount

of water is added wlnch will k111 the anhydrlde

'_'bnt without causing any pre01p1tat10n therein.
‘Obviously plain water could be added if extreme

care were exercised, but the dlfﬁculty in a;rt:ldl.n:ﬂr
wete1 rather than dllute acid is too great to Ol‘dl-

‘narily justify the use of that method.

"The dilute acid whwh is added to kill anhjdl ide
should also oontaln an dlkoh metel salt in an
amount Wthh w:dl only neutrdhze some of the
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catalyst which is present so that some of the
catalyst is still present, either as acid or as an
acid salt. Our theory as to the operation of the
stabilizing method is that the hot mass which
contains a very slight amount of water and some
mineral acid or acid salt of some mineral acid se-
lectively hydrolyzes off the combined mineral acid
without any appreciable hydrolysis of the fatty
acid groups which are present. Therefore, the
ester which remains is of substantially the tri-
ester type, but yet the combined sulphuric acid
1s completely eliminated. As 20 to 40 minutes is
usually sufficient and in any case no more than
one hour is ordinarily necessary, the treatment
should be limited to a time of not over one hour
and preferably between 20 and 40 minutes.
treatment of the cellulose ester, in accordance
with our invention, causes little, if any, lowering
of the viscosity of the cellulose ester formed, or
breaking of linkages in the cellulose structure of
the ester. The amount of hydroxyl which is pres-
ent in the ester stabilized in accordance with
our invention is on the order of 0.1 hydroxyl group
per glucose unit ordinarily, but this depends to
some extent upon the percentage of combined
sulphuric acid in the ester which is stabilized,
and the conditions of hydrousity of the dope and
the heating interval required to effect stabiliza-
tion. |

In some cases it may be desirable to stabilize
the cellulose ester by adding dilute fatty acid to
the mass, in which dilute acid there is sufficient
neutralizing agent to neutralize all of the cata-
lyst. However, by adopting the procedure of
compietely killing the anhydride when only a
portion of the dilute acid is added and then
slowly adding the remainder of the dilute acid,
a condition is present in which the anhydride is
completely destroyed but yet the catalyst present
1s'only partially neutralized. Another procedure
which may be employed is to add rapidly only
enough of the dilute acid to destroy the anhydride
and then heat the batch for about 30 minutes to
one hour over a temperature range of 100° to 120°,
which is followed by the addition of the re-
mainder of the final. Various other methods of
procedure in which the cellulose ester is neu-
tralized in accordance with my invention will be-
come apparent to those who are skilled in the
cellulose ester art. The following examples illus-
trate processes of preparing cellulose esters in
which stabilization is accomplished in accord-
ance with our invention.

Ezample I

30 pounds of refined cotton linters were pre-
soaked with 60 pounds of acetic acid for 4 hours
at a temperature of approximately 105° F. 160
pounds of butyric acid were added thereto and
the mass was cooled to a temperature of approxi-
mately 80° F. 42 pounds of acetic anhydride
which had heen cooled to 40° F. were added, fol-
lowed by the addition of a mixture of 134 cc. of
sulphuric acid and 435 cc. of acetic acid. After
about 32 hour 33 pounds of acetic anhydride,
which had been cooled to 42° F. were added, fol-
lowed by the addition of a mixture of 342 cc. of
sulphuric acid and 870 cc. of acetic acid. The
reaction was allowed to proceed to a maximum
temperature of approximately 95° F. 31, hours
after the last addition of sulphuric acid 3 pounds
of acetic anhydride were added. The reaction
was continued until the cellulose was complete-
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of water, 20 pounds of acetic acid, and 360 grams
of sodium carbonate at a temperature of 120° F.
was added slowly and the mass was heated to a
temperature of approximately 120° P., which tem-
perature was maintained for 20 or 30 minutes.
The batch was then cooled and the ester was sep-
arated therefrom by precipitating and washing
in the customary manner. A nicely stable celiu-
lose acetate butyrate having a butyryl content of
approximately 16 % was obtained.

FExample IT

30 pounds of refined cotton linters were pre-
soaked with 46 pounds of acetic acid for 4 hours
at a temperature of approximately 105° . 176
pounds of butyric acid were added thereto and
the mass was cooled to approximately 50° F. at
which point 39 pounds of acetic anhydride having
a temperature of 40° P, were added, followed by
the addition of a mixture of 134 cc. of sulphuric
acid and 435 cc. of acetic acid. About % hour
later 36 pounds of acetic anhydride, having a
temperature of approximately 40° F., were added,
followed immediately by the addition of a mix-
ture of 343 cc. of sulphuric acid and 870 cc. of
acetic acid. The reaction was allowed to pro-
ceed until it reached a maximum of 95° F. 514
hours after the last addition of sulphuric acid 3
pounds of acefic anhydride were added. The
mass was maintained at the maximum reached

until complete esterification had resulted. A

mixture was prepared of 18 pounds of water, 20
pounds of acetic acid, and 350 grams of sodium
carbonate. 6 pounds of this mixture with a tem-
perature of 120° F. were slowly added and the
mass was heated until it reached a temperature
of 120° . at which it was maintained for about
15 hour. The remainder of the mixture was then
slowly added and the mass was cooled and pre-
cipitated in the customary manner. A cellulose
acetate butyrate was obtained having a butyry!
content of approximately 189%. This example
illustrates the manner in which the anhydride is
destroyed but yet the acid catalyst is not com-

o pletely neutralized at that time and complete

neutralization occurs with the addition of g sub-
sequent portion of aqueous acid containing an
alkaline salt.

- The alkaline galts which may be emploved for
the partial neutralization of the mineral acid
catalyst are those in which a base is joined to a
relatively weak negative ion such as sodium car-
bonate, sodium acetate, or the like. Although our
stabilization process may be performed gt tem-
peratures generally of at least 110° F., ordinarily
the temperatures between 110° F. and 120° F.
are sufficient for all practical purposes. There-

fore, operation within this range is preferred.

The only criterion of the maximum temperature
which may be employed for stabilizing in gc-
cordance withour invention is that the tempera-
ture of treatment is not so high as to cause chemi-
cal degradation of the cellulose ester which is
being stabilized, |

Ordinarily an acetic acid dilution with water
of approximately 50% will destroy the anhydride
present without teo greatly diluting the mass.
It 1s to be understood, however, that the con-
centration of acetic acid employed is not criti-
cal. This concentration might be as much as
80% or 90%, but use of a concentrated acetic
acid would ordinarily be wasteful as the acetic
acid content of the bath would be too greatly
Increased merely to supply sufficient water to

ly dissolved, whereupon a mixture of 20 pounds 75 kill the anhydride present. On the other hand
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& very- dilute acetic- acid requires: considerable
care: in . its addition: to zwmcl the. formation of
How-

ever; very- dilute: acetic acid, or even water, can

leca;hzed prempltatmg areas in the mass.

be: empleyed if:sufficient care-is exercised to avoid

precipitation action therefrom. As.the acetic
acid: merely- acts to facilitate the addition -of the.

water it is apparent that other lower fatty acids,

such-as propicnic or even butyric acid, might be

employed- for this purpose instead of acetic acid.

1t is preferred, however, to employ acetic acid .
both for reasons of economy and for its value-
in facilitating- the precipitation of the cellulose

ester-from the reaction mixture.
Our invention depends primarily on the com-

- cellulose: ester for approximately: 20 minutes to
+ 1 _hour- so .as. to; remove. the: cembmed nnnel al

| 3lh
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mineral: acid: ce;taslyet Pr e;sent and. mamtammgf; '

the:mass.at a:temperature:of- at: least-110* F. but-
maumment to. cause: chemical degradation of the-

acid from the cellulose esten..
4 A method of stabilizing: a- mmed fatty acld::,

ester: of: cellulose of the-triester type the acyl of
which essentially: consists of fatty acid radicals. of-

| 2-4 carbon-atoms while in-selution in the reaction

mixture in which-it:-was prepared, which mixture .

- contains sulfuric acid catalyst, which comprises:
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plete cenversion of the- acid anhydride present

into the-corresponding acid with water, together

with the addition of a small amount of further
water to render the mass slightly hydrous, for
example, 2-6% of water together with only a
partial neutxahzatmn of the mineral acid cata-
lyst which is present., By applying the elevated

temperature for a short time under slightly hy-

drous conditions and but a small proportion of
mineral acid, stabilization of the cellulose ester
prepared 1S effected without any appremable
change in its acyl content.
 What we claim and desire to be secured by
Letters Patent of the United States is:

1. A method of stabilizing a mixed fatty acid
ester of cellulose of the triester type the acyl of

which essentially consists of fatty acid radicals of i

9-4 carbon atoms while in solution in the reaction
mixture in which it was prepared, which mixture
contains sulfuric acid catalyst, which comprises

adding to the mass sufficient aqueous lower fatty

acid to destroy the anhydride present without
throwing the ester out of solution, which acid
contains an alkaline alkali metal salt in an
amount sufficient to only partially neutralize the
mineral acid catalyst present, and maintaining
the mass at a temperature of at least 110° F. but
insufficient to cause chemical degradation of the
cellulose ester for approximately 20 minutes to 1
hour so as to remove the combmed mmeral acid
from the cellulose ester.

2. A method of stabilizing a mixed fetty acid

ester of cellulose of the triester type the acyl
of which essentially consists of fatty acid radicals
of 2-4 carbon atoms while in solution in the re-
action mixture in which it was prepared, which
mixture contains sulfuric acid catalyst, which
comprises adding to the mass sufficient aqueous

acetic acid to destroy the anhydride present with-
out throwing the ester out of solution, which

acid contains an alkaline alkali metal salt in
an amount sufficient to only partially neutralize
the mineral acid catalyst present, and maintain-
ing the mass at a temperature of at least 110° F.

hut insufficient to cause chemical degradation of

the cellulose ester for approximately 20 minutes

to 1 hour so as to remove the cembmed mineral

acid from the cellulose ester.

adding to. the mass sufficient agueous: acetic: acid:

of 509 strength to.destroy the anhydride pres- '

enj: without:. throwing: the- ester::out of solution,
which acid contains an alkaline alkali- metal salt

in.an amount sufficient to: only: partially neu-

tralize- the: mineval acid catalyst present; and

maintaining the mass at a temperature of at

least 110° P. but insufficient to cause chemical
degradation of the cellulose ester for approxi-
mately 20 minutes to 1 hour so as to remove the

. combined minera} acid from the cellulose ester.

ro

5. A method of stabilizing a mixed fatty acid
eater of cellulose of the triester type the acyl of
which essentially consists of fatty acid radicals of
2-4 carbon atoms while in solution in the reac-

tion mixture in which it was prepared, which

ail

mixture contains sulfuric acid catalyst, which

comprises adding to the mass sufficient aqueous | |

acetic acid to destroy the anhydride present with-
cut-throwing the ester out of solution, which acid
contains an alkaline alkali metal salt in an
amount sufficient to only partmlly neutralize the

-mlneral acid catalyst present, and maintaining

“the mass at a temperature of at least 110° F. but

44}
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insufficient to cause chemica)] degradation of the
cellulose ester for approximately 20 minutes to
1 hour so as to remove the combined mineral amd
from the cellulose ester,

- §. A methed of stabilizing a m1xed fatty amd
ester of cellulose of the triester type the acyl

of which essentially consists of fatty acid radi-

cals of 2-4 carbon atoms while in solution in

% the reaction mixture in which it was prepared,

which mixture contains sulfuric acid catalyst,
which comprises adding to the mass sufficient
agqueous acetic acid to destloy the anhydride
present without throwing the ester out of solu-
tion. which acid contains sodium carbonate in
an amount sufficient to only partially neutralize -
the mineral acid catalyst present, and maintain-
ing the mass at a temperature of at least 110° ¥\
but insufficient to cause chemical degradation of -
the cellulose ester for approximately 20 minutes

" to 1 hour so as to remove the cembmed mineral

(34

3. A method of stabilizing a cellulose acetate :

butyrate of the triester type the acyl of which
essentially consists of fatty acid radicals of 2-4
carbon atoms which contains a butyryl content
of 159%-199% while in sclution in the reaction
mixture in which it was prepared, which mix-

ture contains sulfuric acid catalyst, which com-

{:

acid from the cellulose ester.
7. A method of stabilizing a mlxed fetty acid
ester of cellulose of the triester type the acyl

of which essentially consists of fatty acid radi- |

cals of 2—-4 carbon atoms while in solution in
the reaction mixture in which it was prepared,
which mixture contains sulfuric acid catalyst,

which comprises adding to the mass sufficient hot

aqueous acetic acid to destroy the anhydride pres-
ent without throwing the ester out of solution,

which acid contains an alkaline alkali metal salt

" in an amount sufficient to only partially neu-

70

prises adding to the mass sufficient agqueous low-
er fatty acid to destroy the anhydride present -

without throwing the ester out of solution, which

neid containsg an alkaline alkali metal salt in an

amount sufficient to only partially neutralize the

13

tralize the mineral acid catalyst present, and

mem‘oammg the mass at a temperature of at

least 110° . but insufficient to cause chemical

degradation of the cellulose ester for approxi-
‘mately 20 minutes to 1 hour so as to remove the

combined mineral acid from the cellulose ester.
8. A method of stabilizing a mixed fatty acid
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ester of cellulose of the triester type the acyl
of which essentially consists of fatty acid radi-
cals of 24 carbon atoms while in solution in

the reaction mixture in which it was prepared,

which mixture contains sulfuric acid catalyst,
which comprises adding to the mass sufficient hot
aquecus acetic acid of 50% strength to destroy
the anhydride present without throwing the ester

out of solution, which acid contains an alkaline

salt in an amount sufficient to only partially neu-
tralize the mineral acid catalyst present, and
maintaining the mass at a temperature of at least

110° F. but insufficient to cause chemical degra-

dation of the cellulose ester for approximately 20
minutes to 1 hour so as to remove the combined
mineral acid from the cellulose ester. -

9. A method of stabilizing a cellulose acetate
butyrate of the triester type, which ester con-
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tains 15%-19% butyryl, while in solution in the.
reaction mixture in which it was prepared, which
mixture contains sulfuric acid catalyst, which
comprises adding to the mass sufficient hot aque-
ous acetic acid of 50% strength to destroy the.
anhydride present without throwing the ester
out of solution, which acid contains an alkaline .
alkdali metal salt in an amount sufficient to only-
partially neutralize the mineral acid catalyst
present, and maintaining the mass at a tempera-~
ture of at least 110° F. but insufficient to cause

~chemical degradation of fhe cellulose ester for

approximately 20 minutes to 1 hour so as to re-
move the combined mineral acid from the cellu-
lose ester. | |
- WILLIAM B. HINCKE.
JOHN WATERMAN.
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