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This invention relates to a process of changing 
the solubility of the mixed organic esters of 
cellulose by treating them with a dilute acid 
bath at an elevated temperature for a pre 
determined period of time. 
The mixed esters of cellulose have been known 

for several years as shown for example by 
British Patent No. 219,926. In spite of this 
knowledge of the mixed esters, however, it has 
not been previously recognized to our knowledge 
that these esters may be changed in solubility 
or other properties in the manner herein de 
scribed so that the individual esters may be 
adapted to various purposes. 
One object of our invention is to provide a 

process in which the properties of mixed organic 
esters of cellulose may be altered in the degree 
desired to adapt the ester for the particular pur 
pose for which it is to be used. Previously, fully 
esterified mixed cellulose esters have been known 
and used but the properties of the particular 
ester made according to a certain process could 
Only be altered by substituting more of the 
radical which it is desired should influence the 
characteristics of the ester, than of the other 
radical or radicals which are joined to the cellu 
lose. For example, a cellulose acetate-stearate in 
which acetyl radicals predominate will more 
closely resemble cellulose acetate than the same 
mixed ester with a large steary content and 
vice versa. 
Another object of our invention is to provide 

a process in which any cellulose sulfo-acylate, 
which has been formed such as in the making 
of the mixed esters of cellulose in the presence 
of sulfuric acid, may be substantially eliminated. 
For example, in cellulose acetate-propionate, the 
presence of cellulose sulfo-acetate-propionate 
will render the ester unstable and should be re 
moved. By our process the undesirable sulfo 
Containing molecules are broken up to form the 
stable cellulose acetate-propionate, this feature 
being inherent in Our invention. Thus in the 
product of Our process, liability of decomposition 
is eliminated. 
Another object of our invention is to produce 

mixed organic esters which will be adapted for 
colloidizing, such as the forming of films or fila 
ments, by means of solvents in which the fully 
esterified mixed ester itself may be insoluble, 
For example, a fully esterified cellulose acetate 
propionate may be in Soluble in a Solvent com 
posed of methyl alcohol and acetone but upon 
hydrolysis of such ester it becomes Soluble in that. 
mixture after a time. 

(C. 260-102) 
Another object of our invention is to produce 

mixed organic esters of cellulose that will form 
colloidized sheets of much greater flexibility than 
those which can be formed from the correspond 
ing fully esterized mixed ester by means of the 
Same solvent. 
Another object of our invention is to provide 

a process which makes possible a wide variation 
in the properties of particular mixed organic 
esters of cellulose, by merely varying the time and 
conditions of treatment. Other objects will here 
inafter appear. 
We have found that products with very ex 

ceptional properties can be prepared from the 
commonly known mixed organic esters of cel 
lulose by replacing a portion of the acid radicals 
in the esters with hydroxyl groups. We have 
found that cellulose derivatives of predetermined 
characteristics may be produced by our process 
which admits of being easily controlled. 
Our process may be used either in the case 

of mixed organic esters of cellulose which may 
be in Solid form such as those produced by fibrous 
acetylation, or those which have been separated 
from their reaction mixtures such as by spray 
drying Or precipitation, or those which are still 
in Solution in their reaction mixtures. In the 
case of the employment of the esters in solid 
form, the process may be carried out with the 
ester in suspension in a hydrolyzing bath for 
example in an organic acid before the hydrolysis 
Occurs. In the case of Suspension hydrolysis the 
proportion of water or other hydrolyzing mate 
rial present may as a rule be greater than that 
employed when the mixed ester is hydrolyzed 
while in Solution, in an Organic acid for example. 
Although various known de-esterifying ma 

terials such, for example, as aqueous or alcoholic 
alkaline hydroxides, etc. may be employed, we 
prefer especially in the case of the mixed esters 
which are dissolved in their reaction mixture to 
employ water or alcohol with a mineral acid for 
the hydrolyzing of the esters as We have found 
that when those liquids are employed, the hydro 
lyzed mixed ester exhibits greater uniformity. 
To avoid precipitation of the ester from its re 
action mixture the water or alcohol is usually 
mixed with enough Organic acid such as acetic 
before adding to the reaction mixture so that pre 
cipitation will not occur upon Such addition. 
We have found that the mixed fatty acid esters 

of cellulose such as disclosed in U. S. Patent Nos. 
1704,282 and 1800,860 of Clarke and Malm, are 
especially suited to be benefited or changed in 
solubility by the present process although it is 
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2 
obvious to anyone skilled in the art that other 
mixed esters of cellulose may be changed in prop 
erties by the present process. The esters to which 
We have found our present process particularly 
applicable are cellulose acetate-propionate, ce 
lulose propionate-butyrate, and cellulose acetate 
butyrate as well as the mixed esters of cellulose 
containing the high fatty acid radicals such as 
cellulose acetate-stearate, cellulose acetate 
laurate, etc., namely, those prepared, for instance, 
in an esterification bath in which there is present 
available higher acid radicals in an amount at 
least equal to and preferably greater than the 
available lower acid radicals. In the case of the 
cellulose acetate-propionate, for instance, the 
proportion of propionyl to total acyl in the mixed 
ester is greater than 15%. As the percentage of 
the acy of more than two carbon atoms based on 
the total acyl content increases as the hydrolysis 
of a mixed fatty acid ester of cellulose progresses, 
the ratio of acyl of two carbon atoms to the total 
acyl of the mixed ester over the entire period of 
the hydrolysis will always be at least 15%. 
The mixed esters which are hydrolyzed by the 

present invention contain at least 15% of acyl 
of more than two carbon atoms based on the total 
acyl content of the cellulose. Unhydrolyzed 
mixed fatty acid esters of cellulose containing at 
least 15% of higher acyl based on the total acyl 
content are soluble in acetone. 
The hydrolysis may obviously be carried out in 

a short time such as about 12 hours under in 
tensive conditions such as elevated temperature, 
strong hydrolyzing agent, etc. We prefer, how 
ever, to hydrolyze the mixed esters over a long 
period of time which assures an easily controllable 
process and products which are suitable for co 
ioidized materials such as film, sheeting, artificial 
silk, molded products, etc. By our hydrolysis of 
the mixed esters the "precipitation value' of the 
ester is kept above 85% and as a rule above 90% 
making any of these esters ideal for colloidizing 
purposes. In our hydrolysis the process may be 
stopped at any predetermined point at which the 
desired precipitation value has been reached. In 
the present process there is not the uncertainty 
as to the characteristics of the product which 
may be obtained at any point, as once these are 
determined for any given hydrolysis series, the 
characteristics at any particular point in the hy 
drolysis will be known and consequently a product 
of the properties desired may be obtained by Se 
lecting the proper hydrolysis period. 
The precipitation value referred to is the per 

centage of cellulose ester which from an acetone 
solution thereof, will precipitate in a mixture of 
40% water and 60% acetone by volume. This 
value may be determined by the following method: 

5 gms. of the dry ester of cellulose is accurately 
weighed and placed in a wide mouth 12 oz. bottle. 
To this is added 100 cc. of acetone (99% or bet 
ter) and the mixture is stirred until homogeneous. 
(The bottle should be closed during the stirring 
with a rubber stopper fitted with a shaft for the 
stirrer). A solution of cellulose ester in acetone, 
is formed, to which is added slowly from a pipette 
and with thorough stirring, 150 cc. of a mixture 
consisting of 2 parts of distilled water and 1 part 
acetone by volume. 
the solvents and mixtures at 20° C. Wherever Wol 
unes are being measured. 
At the end of the acetone-water mixture, a 

mixture is obtained containing 40% water by 
Volume (neglecting contraction) in which is sus 

Care should be taken to keep 
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pended the ester which has been precipitated from 
its hydrolysis bath and dried. This is allowed to 
stand for 12 hours at 20 C. At the end of this 
time precipitation has reached equilibrium and 
proceeds no further, and during the same time 
setting of the precipitate occurs. 25 cc. of the 
clearest portion are removed with a pipette. This 
25 cc. is centrifuged in stoppered bottles at high 
speed until the liquid is perfectly clear. Exactly 
5 cc. of the clear liquid is then removed with a 
pipette and evaporated to dryness on a watch 
glass. If W is the weight of the residue in grams 
the precipitation value or the percentage of ester 
precipitated 

= 100-wx9xx100 
st 100 - OOOY 

Wherever precipitation value is referred to 
herein, it will be understood that the value ar 
rived at by the foregoing method is intended. 
As an illustration of Our invention applied to a 

cellulose acetate-propionate the following ex 
ample is given: 
A fully esterified cellulose acetate propionate 

whose acyl content is made up of about 40% 
propionyl and 60% acetyl groups prepared by 
esterifying cellulose with a mixture of acetic ana 
hydride, propionic acid and a catalyst, still in so 
lution, was made up to the following composition 
by the addition of aqueous acetic acid: 

Ponds 
Cellulose acetate-propionate------------- 40 
Propionic acid-------------------------- 120 
Acetic acid----------------------------- 40 
Water --------------------------------- 15 
Sulfuric acid--------------------------- A. 

The whole was thoroughly mixed together and 
kept at 100°F. The cellulose acetate-propionate 
initially was soluble in any one of the following: 
acetone, methyl acetate, ethyl acetate, ethylene 
chloride, ethylene chloride-ethyl alcohol (1:1), . 
propylene chloride-ethyl alcohol (4:1), B-B' 
dichloro-ethyl ether and B-B dichor-ethyl ether 
ethyl alcohol (4:1). Sheets coated from an 
ethylene chloride solution of cellulose acetate 
propionate before its hydrolysis were found to 
tolerate 6 folds in a modified Schopper fold-tester 
(a common method of determining relative flexi 
bilities of films). After 48 hours hydrolysis, film 
formed from an ethylene chloride solution of the 
resultant cellulose acetate-propionate tolerated 7 
folds on the Schopper fold-tester showing in 
creased flexibility. After 84 hours an ester results 
which is solublein butyl acetate. After 96 hours of 
hydrolysis, an ester results which is soluble in 
methyl alcohol-acetone (1:1) in addition to being 
soluble in butyl acetate and the solvents in which 
it was soluble before hydrolysis. A film coated 
from an ethylene chloride Solution of the ester 
formed at this stage tolerates 9 folds on a fold 
tester which was maximum flexibility for this se 
ries of Cellulose acetate-propionate films coated 
from an ethylene chloride Solution. The fold tol 
eration of this same 96 hr. ester coated as a film 
from an acetone solution was 0. After 108 hours 
hydrolysis the cellulose acetate-propionates re 
sulting are insoluble in butyl acetate. 
The hydrolysis of cellulose acetate propionate 

produced as above, was carried out for 360 hours 
and the solubility of the ester resulting at various 
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The results were as fol- lowing: acetone, ethylene chloride, B-B dichlor stages was determined. 

OWs: 

Solubility 
... Sowet range (hours of hydrolysis) 

Acetone--------------------------------------------- 0-360 Methyl-alcohol:acetone (1:1).-- 96-30 
(2:1).--- 144-360 
(3:1).--- 80-380 

Ethyl acetate----------------- 0-288 
Butyl acetate-------------------- 84-108 
Ethylene chloride.----------------- 0-168 Ethylene chloride-ethylalcohol (4:1 0-380 
Propylene chloride-ethyl alcohol (4:1). 0-360 
B-B dichlorethyl ether.------------- 0-144 
B-B dichorethyl ether-MeOH (: 0-30 
Benzene:ethyl alcohol (1:1).----- 144-360 

2:)--- 44-360 
Toluene:methyl alcohol (1%:1).---------------------- 92-216 

The flexibility of the cellulose acetate-pro 
pionate obtained in suitable stages, when col 
loidized, was tested on the Schopper fold-tester, 
referred to above, with the following results: 

Toleration (in folds) 
Time of hydrolysis 

(hours) MeO-acetoe Ethylene 
(1:1) chloride Acetone 

50 

70 

75 

Over the entire hydrolysis from 0-360 hours 
the precipitation value was found to decrease 
gradually from 98% to 90%. 
The hydrolysis described above reduces the 

total acyl content of the ester corresponding to 
the number of hours of hydrolysis. For instance 
the entire range of approximately 360 hours re 
duces the total acyl content of the ester to ap 
proximately 37%. The intermediate times given 
result in products having a total acyl content of 
more than 37% depending on the time employed. 
For instance, to obtain a total acyl content of 
44.5%-41% the time necessary will be approxi 
mately 96-216 hours. To obtain a partially hy 
drolyzed ester of more than 44.5% total acyl con 
tent the time of hydrolysis is kept below approxi 
mately 96 hours. 
A fully esterified cellulose acetate-butyrate hav 

ing an acyl content made up of about 30% butyryl 
and 70% acetyl groups was prepared by esterify 
ing cellulose with a mixture of acetic anhydride, 
butyric acid, a catalyst and a buffering agent 
such as sodium acetate. The resulting reaction 
mass was made up to the following composition 
by the addition of aqueous acetic acid: 

Pounds 
Cellulose acetate-butyrate----------------- 50 
Butyric acid------------------------------ 150 
Acetic acid------------------------------- 200 
Water----------------------------------- 35 
Sulfuric acid----------------------------- 0.5 
Sodium acetate--------------------------- 0. 
The whole was thoroughly mixed together and 

was kept at 100 F. The Cellulose acetate-bu 
tyrate initially was soluble in any one of the fol 

3 

ethyl ether and ethyl acetate. After 96 hours' 
treatment of the composition at 100°F, the ester 
is found to be soluble in a 1:1 mixture of methyl 
alcohol and acetone. 
The hydrolysis of the cellulose acetate-butyrate 

produced as described above was carried out for 
360 hours and the solubility of the ester resulting 
at various stages was determined. The results 

25. 

‘Were as follows: \ it): 

Solubility 
range 

Solvent (hours of hydrol 
at 100°F) is 

A99:---------------........................ 0-300 Methyl alcohol:acetone (1:1). 98-360 
2:1).---- 20-300 
: 20-380 

Ethylene chloride..... : so 
B-B dichlorethylether 0-288 
Ethyl acetate........ 0-288 
Benzene:methyl alcohol 20-30 

(2: 20-300 
Benzene:ethyl alcohol (11) 20-300 
Toluene:ethyl alcohol 8: * - rewr raw pow-wome. 32-360 

')-------------------------- 32-300 

It may be observed from the above data that 
by our process any desired mixed ester may be 
adapted to the particular solvent which it is de 
sired to employ in colloidizing or in dissolving 30 
the ester. For example, if it is desired to coat 
out cellulose acetate-propionate from its solution 
in ethylene chloride the product from the 96 hr. 
stage is highly desirable from the standpoint of 
maximum flexibility. If acetone is the solvent 35 
preferred, the product from the 156 hr. stage will 
give maximum flexibility and in the case of a 
mixture of methyl alcohol and acetone in equal 
proportions, the product from the 276-336 hr. 
period is highly desirable. Our process also 40 
makes possible the employment of solvents for 
these mixed esters which heretofore have been 
regarded as unsuitable due to the fact that they 
would not dissolve fully esterified esters which 
were to be coloidized 

It is obvious that other water-miscible organic 
acids than acetic acid may be employed to intro 
duce the water into the reaction mixture for 
hydrolyzing the ester. For example, in the hy 
drolysis of cellulose acetate-propionate, aqueous so 
propionic acid might have been employed instead 
of the aqueous acetic acid which was added in 

s 

the example given although for economic rea 
Sons acetic acid is preferred at present. 
Other catalysts instead of sulfuric acid may ob-, ss 

viously be employed if desired. Some of the 
catalysts which may be employed are a phos 
phoric-sulfuric acid mixture (preferably 3 phos 
phoric:1 sulfuric), thionyl chloride, benzene su 
fonic acid, toluene sulfo chloride and sodium bi- 0 
sulfite. The ratio of the catalytic activity of 
these catalysts to the mineral acids, known to the 
experts in the art, will give the correct propor 
tions to employ in the particular process where 
it is desired to substitute them for sulfuric acid. 05 
The mixed esters which have been hydrolyzed 

according to our process may then be precipi 
tated from the hydrolysis bath by the addition of 
water in excess, either as such or preferably in 
an organic acid such as acetic acid. It is pre 
ferred that the precipitation be carried out ac 
cording to Malm application No. 553,647 filed July 
28, 1931, in which is disclosed the precipitation 
of the higher esters of cellulose in an aqueous is 
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precipitating bath containing about 55% of an 
Organic acid. 

After the ester has been precipitated it is pref 
erably washed and stabilized by the method dis 
closed in the Clarke and Clarke application No. 
540,148, filed May 26, 1931 in which method the 
ester after washing free of acid is boiled in a 
purified water Such as distilled water. 
The hydrolysis of mixed esters of cellulose in 

accordance with the present invention does not 
reduce the total acyl Content of the ester below 
37%. This is an inherent property of our mixed 
esters when hydrolyzed for the periods herein de 
fined or when possessed of the solubilities herein 
described. 
Of these esters, those having an acyl content 

of 41-44.5% are useful for the preparation of 
sheeting, while those having an acyl content of 
more than 44.5% are of value as a lacquer base. 
As may be seen, for instance, from the chart on 
page 3, the esters having an acyl content of 
41-44.5% (approximately 96-216 hours at 100 
F.) exhibit good flexibility. 
As pointed out previously a variety of esters 

may be produced by our process which are Suit 
able for forming colloidized productS Such as 
film or sheeting, artificial silk, plastics or molded 
products, overcoatings, lacquers, lubricants etc. 
The mixed esters resulting from Our proceSS are 
compatible with the various commonly employed 
plasticizers such as triphenyl or tricresyl phos 
phate, etc. 
Our mixed esters may be mixed with each other 

or with other esters of cellulose either simple 
or mixed. The wide range of properties which 
are possible with mixed esters, treated according 
to our process, will suggest many and various com 
binations and uses of these esters to those skilled 
in the art. 
What we claim as our invention and desire 

to secure by Letters Patent of the United States 
is: 

1. A process of partially de-esterifying ace 
tone soluble cellulose acetate-propionate the acyl 
content of which comprises at least 15% pro 
pionyl which comprises treating it with a hydro 
lyzing agent and terminating the hydrolysis be 
fore the total acyl content of the acetate has 
been reduced to less than 37%. 

2. A process of partially de-esterifying ace 
tone soluble cellulose acetate-propionate the acyl 
content of which comprises at least 15% pro 
pionyl which comprises treating it with an or 
ganic acid diluted with a hydrolyzing agent and 
terminating the hydrolysis before the total acyl 
content of the acetate has been reduced to less 
than 37%. 

3. A process of partially de-esterifying ace 
tone soluble cellulose acetate-butyrate the acyl 
content of which comprises at least 15% butyryl 
which comprises treating it with a hydrolyzing 
agent and terminating the hydrolysis before the 
total acyl content of the acetate has been reduced 
to less than 37%. 

4. A process of partially de-esterifying ace 
tone soluble cellulose acetate-butyrate the acyl 
content of which comprises at least 15% butyryl 
which comprises treating it with an organic acid 
diluted with a hydrolyzing agent and terminat 
ing the hydrolysis before the total acyl content 
of the acetate has been reduced to less than 37%. 

5. Partially hydrolyzed cellulose acetate pro 
pionate butyrate the acyl content of which com 
prises at least 15% of propionyl and butyryl 
OS. 

2,026,583 
6. A process of partially de-esterifying an ace 

tone soluble mixed ester of cellulose, the acyl 
content of which comprises at least 15% of fatty 
acid radical containing more than two carbon 
atoms, which comprises treating it with a lower 5 
fatty acid diluted with a hydrolyzing agent and 
terminating the hydrolysis before the total acyl 
content of the acetate has been reduced to less 
than 37%. 

7. A process of partially de-esterifying acetone 10 
soluble cellulose acetate propionate, the acyl con 
tent of which comprises at least 15% propionyl, 
which comprises treating with a hydrolyzing bath 
containing water as the hydrolyzing agent and 
terminating the hydrolysis before the total acyl 15 
content of the acetate has been reduced to less 
than 37%. 

8. A process of partially de-esterifying an 
acetone soluble mixed ester of cellulose, the acyl 
content of which comprises at least 15% of higher 20 
fatty acid radical, which comprises treating it 
with a lower fatty acid diluted with water and 
terminating the hydrolysis before the total acyl 
content of the acetate has been reduced to less 
than 37%. 

9. A partially hydrolyzed mixed organic ester 
of cellulose containing 44.5%-41% of combined 
acyl which combined acyl comprises at least 15% 
Offatty acid radicals of 34 carbon atoms. 

10. Apartially hydrolyzed cellulose acetate pro- 30 
pionate containing 44.5%-41% of combined acyl 
which combined acyl comprises at least 15% of 
propionyl. 

11. A partially hydrolyzed cellulose acetate 
butyrate containing 44.5%-41% of combined acyl 35 
which combined acyl comprises at least 15% of 
butyryl, 

12. A partially hydrolyzed mixed organic ester 
of cellulose having a total acyl content of greater 
than 37%, of which at least 15% is fatty acid rad- 40 
ical containing more than two carbon atoms. 

13. Partially hydrolyzed cellulose acetate-pro 
pionate having a total acyl content greater than 
37% of which at least 15% is propionyl. 

14. A film or sheet containing a partially hy 
drolyzed mixed ester of cellulose having a total 
acyl content of greater than 37% of which at 
least 15% is fatty acid radical containing more 
than two carbon atoms. .. 

15. A filament containing a partially hydro 
lyzed mixed ester of cellulose having a total acyl 
content of greater than 3% of which at least 
15% is fatty acid radical containing more than 
two carbon atoms. 

16. Partially hydrolyzed cellulose acetate 
butyrate having a total acyl content of greater 
than 37% of which at least 15% is butyryl. 

17. The process of hydrolyzing an acetone sol 
uble mixed ester of cellulose, the acyl content of 
which comprises at least 15% of fatty acid radi 
cal containing more than two carbon atoms, 
which comprises treating it with a hydrolyzing 
agent and terminating the hydrolysis before the 
total acyl content of the ester has been reduced is 
to less than 3%. 

18. The process of hydrolyzing an acetone sol 
uble mixed ester of cellulose, the acyl content of 
which comprises at least 15% of fatty acid radi 
cal containing more than two carbon atoms, 70 
which comprises treating it with an aqueous hy 
drolyzing agent and terminating the hydrolysis 
before the total acyl content of the ester has been 
reduced to less than 37%. 

19. A partially hydrolyzed mixed organic acids 

25 

60 
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ester of cellulose having a total acyl content of 21. A partially hydrolyzed cellulose acetate 
more than 44.5% of which at least 15% is fatty butyrate having a total acyl content of more 
acid radical of 3-4 Carbon atoms, than 44.5% of combined acyl of which at least 

20. A partially hydrolyzed cellulose acetate- 15% is butyryl, 
propionate having a total acyl Content of more CAR. J. MALM. 
than 44.5% of which at least 15% is propionyl. CELARES I, FECBER. 


