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This invention relates to the removal of Small 
concentrations of volatile acids after the pre 
liminary spray or countercurrent washing of cel 
iuliose esters and to the stabilizing of cellulose 
esters by treating the esters with a dilute solu 
tion of a weakly alkaline neutralizing agent, de 
watering the mass and then heating to its vapor 

- temperature, followed by the condensing of steam 
thereon and heating to further drive off any 
weak volatile acid which may be present. 
The commonest cause of instability in the low 

er fatty acid esters of cellulose is combined sul 

O 

furic acid remaining from an esterification re 
action in which sulfuric acid is employed as the 
catalyst. Various methods of stabilizing those 
cellulose esters have been suggested such as boil 
ing in Water or weak acid followed by Washing 
or by neutralizing or both, or washing, using as 
the last wash water, an aqueous Solution of an 
alkaline carbonate of low concentration. These 
nethods have been fairly Satisfactory with the 

cellulose esters which are hydrophilic. 
Recently, however, interest has increased in 

the lower fatty acid esters of cellulose in which 
propionyl or butyryl rather than acetyl predomi 
nates. With increased ratios of the higher acyl 
to acety, the products obtained tend to become 
Enore impervious and more hydrophobic as cellu 
Eose esters of this nature offer considerable re 
sistance to the washing out of the free organic 
acids or neutralizing of the combined sulfuric 
acid which remains therein. Therefore, the sta 
bilizing of the hydrophobic cellulose esters has 
created a problem which was not met with in the 
case of cellulose acetate. 
The procedure which is generally used for 

processing a cellulose ester after completion of 
the initial esterification reaction is as follows: 

- ydrolysis, in "dope' solution. 
2. Precipitation, separating the ester from the 

solvent in which it is dissolved. 
3. Spray-washing or counter-current Washing 

of the ester to recover economically the bulk of 
the organic acids retained in the wet precipitated 
ester, such washing usually reducing the acidity 
to approximately 0.1% acid. 

4. Washing with successive soakings and drain 
ings in fresh water until the ester is acid-free, 
usually 10-30 times. 

5. Boiling before, during, or after step #4 to 
stabilize the ester, such boiling being carried out 
for 1-24 hours, in some cases with changes of 
water one or more times during the boiling opera 
to: m 

6. Dying. 
An object of this invention is to provide a 

method of eliminating the extensive Washing 
step and at the same time stabilizing Organic 
acci esters of cellulose the acyl of which is pre 
cioaraately fatty acid groups of 2-4 carbon atoms, 
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particularly when those esters have a propionyl 
or butyryl content of at least 25%. Another ob 
ject of this invention is to provide a method of 
refining and stabilizing those esters when they 
are in a physical form which is unfavorable to 
Satisfactory stabilizing treatment. A further ob 
ject of this invention is to provide a more eco 
nomical means of processing, after the usual 
counter-current wash, to remove free organic 
acids. When the cost of wash water is high, such 
as when using specially processed, color-free wa 
ter to obtain a low color cellulose ester product, 
Our process becomes applicable with consider 
able Savings in processing costs and time. Other 
objects of this invention will appear herein. 
We have found that lower fatty acid esters of 

cellulose are readily stabilized by soaking the 
esters in dilute aqueous solutions of weakly al 
kaline neutralizing agents such as the alkali 
salts of the weak volatile acids followed by the 
rapid removal of the free volatile acids formed 
thereby. This removal is accomplished readily 
and quickly by controlled heating of the cellu 
lose ester to or slightly above the boiling point 
of the Weak acid which is formed. In this man 
ner a product is obtained which is free of or 
ganic acids and of unstable sulfo-esters or con 
bined sulfuric acid in any form. We have found 
that by steam treating cellulose esters in accord 
ance with this invention, the time required for 
the final processing and drying of the cellulose 
ester is considerably reduced and the resulting 
product is more uniform than it is possible to 
obtain in using other treatment methods, par 
ticularly with cellulose esters having a physical 
form which resists refining and Stabilizing. 
We have found that Such a treatment can he 

carried out successfully on partially washed cel 
lulose esters, our process being applied immedi 
ately after the precipitated ester has been Spray 
Washed or counter-current Washed to remove 
the bulk of the acid (when such washing is neces 
sary for reasons of economy). In this manner, 
we accomplish both a stabilization and a reduc 
tion in processing costs and operation since by 
our process the customary extensive Washing usu 
ally performed after spray-washing is eliminated. 
However, it is to be emphasized that our process; 
is not limited in its application to cellulose esters 
at this particular stage of the customary process 
ing but may be applied even after the usual ex 
tensive Washing process has been applied to re 
move all the free acid from the product. We 
have found, however, that with the combination 
of refining steps, as described herein, the usual 
extensive washing process can be dispensed with 
in favor of a more simple washing treatment. 
This invention, in its broadest aspects, con 

prises the steps of, 
1. Treating the cellulose ester with a water 

  



solution of a suitable neutralizing agent, such as 
hereill described, the solution having a concen 
tration usually between 0.01 and 0.5%, this con 
centration depending roughly on the combined 
sulfuric acid in the cellulose ester. 

2. Removal from the ester of a considerable 
amount of the liquid, preferably as much as pos 
sible, such as by draining and centrifuging O. 
Screw pressing. " ... . . . . 

3. Heating the cellulose ester mass to the vapor 
temperature of the liquid components of the 
mass but well below that at which decomposition 
of the cellulose ester is likely to occur. 

4. Condensing steam onto the cellulose ester 
and, 

5. Then heating the mass again to the vapor. 
temperature of the mass followed by washing, 
if necessary, and drying. 

5 

In carrying Out our invention, it is preferred 
that the cellulose ester be treated with a neu 
tralizing agent to neutralize free sulfuric acid in 
the reaction mixture before it is precipitated so 
that the only sulfuric material with which the 
applicants will have to deal is that which is pres 
ent in combined form. After the catalyst has 
been neutralized, the cellulose ester should then 
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be precipitated and counter-current washed to 
approximately 0.1% free acid. It is to the cellu 
lose esters obtained after a washing treatment 
removing all except a low concentration (0.1% 
approximately) of free organic acids but leaving 
the combined sulfuric acid that this invention is 
applicable. The thoroughly washed cellulose 
ester is first soaked with an aqueous solution of 
a salt, such as aqueous sodium acetate; followed by removal of all of the liquid possible by a de 
watering operation. The applicants have found 
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that draining and centrifuging works satisfac 
torily for this purpose. The cellulose ester mass, 
should be agitated in the next treatment and a 
satisfactory method of agitating has been a slow 
tumbling action. For instance, the material may 
be put through a horizontal heating tube having 
some kind of agitating equipment, such as a 
spiral agitator. The temperature is brought to, 
or slightly above, the boiling point of the weak 
volatile acid to drive off such residual acid as may 

40 

be present. In this step it is also desirable to . 
pass steam over or through the mass which acts 
as a flushing agent for removing the acid vapors: 
from the system. . . . . . . . . 

After this treatment, the ester is treated with 
steam, the mass being held at a temperature be-. 
low 100° C. so as to cause the condensation of 
the steam on the cellulose ester. This condensa 
tion treatment is for the purpose of driving the 
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Salts, which may be present, into the cellulose." 
ester so that thorough penetration is obtained. This brings the neutralizing agent into intimate 
contact uniformly throughout the individual 
particles with sulfuric acid which has been split 
off during the initial heating and steaming treat 
ment-as well as with any sulfo-ester groups which 
are not yet hydrolyzed off. (The concentration 
of salt in the original treatment is designed to 
give a slight excess of this agent.) After this 
penetration has been accomplished, the mass is 
again heated to a point at which weak volatile 
acid, formed by reaction of the salt with the 
hydrolyzed sulfuric acid, is driven off without 
damage to the cellulose ester. 
cellulose ester is then dried first by subjecting it 
to a current of air in the same equipment. If, 
however, the amount of salts present in the ester 
is large, it will be necessary to include a washing 
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‘ester being treated, this in turn being a function 

2,360,239 
step- after the steaming operation, but before 
drying. By this invention low color cellulose 
esters are obtained in addition to being excep 
tionally stable. 
Although the stabilizing treatment of this in 

vention is adapted for stabilizing lower fatty 
acid esters of cellulose generally, this process has 
been found to give stable products with the hy 

‘. . drophobic esters which ordinarily are difficult or 
10 Sometimes heretofore have been impossible to 

stabilize. 
The alkaline salts of weak acids, which acids 

have a sufficiently low boiling point that when 
formed they may be readily driven off, are used 
in this invention. As the carbonates and ace 
tates are the most common and most representa 
tive compounds of this nature, it is salts of this 
type which will be employed to the greatest ex 
tent. Some salts, suitable in this connection, are 
Sodium, magnesium and calcium acetates and 
Sodium, magnesium and calcium carbonates and 
Sodium bicarbonate. We have also found that 
Weak bases, such as calcium or magnesium hy 
droxide, may be employed in this connection to 
give a satisfactory stabilized product. . . . 
After the cellulose ester from an esterification 

process, while still present in the reaction mix 
ture, is subjected to neutralization of the free 
catalyst present and is precipitated and washed, 

: the latter being preferably a counter-current 
Washing, it is soaked with an aqueous solution 
of the weak alkali or the alkaline salt of a weak 
volatile acid. The concentration of this alkaline 
solution is ordinarily between .01 and 0.5% and 
is roughly governed by the amount of combined 
Sulfuric acid which is present in the cellulose 

of the sulfuric acid concentration during hydrol 
ysis, or, if unhydrolyzed, during the reaction. 
Some of the neutralizing salts mentioned are of 
limited solubility in water and, therefore, may 
either be in the form of a suspension or if only 
a Small proportion is used may be a solution or 
will be used auxiliary to other more soluble neu 
tralizing agents. For instance, the normal cal 
cium carbonate is only soluble to a limited extent 
in water and if a greater percentage is necessary 
than is soluble in water, it preferably should be 
employed in the form of the acid carbonate or 
Some other neutralizing agent should also be 
employed therewith. ... , 
The percentage of the neutralizing salt em 

ployed in the soaking treatment is roughly gov 
erned by the combined sulfuric acid in the cellu 
lose ester. This in turn is governed by the con 
centration of the sulfuric acid in the hydrolysis 
of the cellulose ester. If the cellulose ester, after 
precipitation and counter-current washing, is 
'centrifuged, the ester will ordinarily retain ap 
proximately 60% moisture; that being the case, 
the following table shows the percentage of neu 
tralizing agent to employ, depending upon the 
percentage of sulfuric acid in the hydrolysis: 

Percent sulfuric Percent sodium acid in hydrol- acetate in treat 
ysis bath ing solution 

0.15 ... 0-0.05 
0.30 0.0-0.5 
0.60 0.30-0.50 

The soaking is carried on for a sufficient time to 
thoroughly saturate the cellulose ester with the 
aqueous alkaline solution. Dewatering is then 
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applied so as to remove any excess liquid on the 
cellulose ester. 
The cellulose ester is then placed in a vessel, 

wherein it will be agitated, if not already present 
in such a vessel. The use of a slow tumbling ac 
tion, such as obtained by a spiral agitator in a 
horizontal tube, is satisfactory in this connec 
tion. The tube is provided with aheating means, 
such as a jacket, and in this treatment the mass 
is heated up to a temperature between 100 and 
155° C., preferably between 120 and 130 C, and 
the treatment lasts normally for 3-5 hours. The 
tine is governed by that necessary to bring the 
cellulose ester uniformly to the desired tempera 
ture and depends upon the amount of heating 
surface, the agitation and the various other fac 
tors of design. There is no advantage in con 
tinuing the treatment at the prescribed tem 
perature for longer than 4 or 5 hours and a 
longer time might cause some hydrolysis or low 
ering of viscosity which, in some cases. might 
be undesirable or cause lack of uniformity in 
the product. During this period of treatment, 
it is desirable to pass steam through the cellu 
lose ester mass, which steam acts as a flushing 
agent to aid in removing volatile acid. 
The next step in the stabilizing process is the 

condensing of steam on the cellulose ester mass 
to drive the neutralizing material into the cellu 
lose ester and thus thoroughly penetrate it. This 
step may be accomplished in the same appa 
ratus as used in the preceding step with the heat 
reduced below 100 C, preferably with a jacket 
temperature of 70-95. C. Also, this treatment 
is more effective if wet steam rather than dry 
steam is passed into the mass, although dry 
steam may be employed if a temperature in the 
lower part of the range, specified is used. The 
temperature employed in this step depends upon 
the size of the charge, and of the cooling sur 
face, as it is desirable to bring the charge uni 
formly below 100° C. in a reasonable time and 
avoid overcooling any part of it to obtain the 
most economical conditions of Operation. The 
following table gives approximately the time of 
the cooling period at the prescribed jacket tem 
perature: 

Jacket temperature, C 

The steam is fed into the unit uniformly over 
the cooling period and it is preferable to use 
between 0.2 and 1.5 pounds of wet steam per 
pound of cellulose ester. The rate of entry of 
the steam can be widely varied without affecting 
the results. 
After the condensation period, the temperature 

is again elevated to obtain a vapor pressure of 
the volatile acid equal to atmospheric. If an 
hydroxide was employed as the neutralizing 
agent, obviously this step may be omitted. When 
this vapor temperature is attained, the flow of 
steam ray then be cut of or the treatment may 
be continued for the time desired by the indi 
vidual operator. 

If a large armount of neutralizing salt was used, 
it is preferable to subject the cellulose ester to 
a Washing operation at this stage of the process. 
Ordinarily, however, this is unnecessary, as the 
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amount of salt present is so small that its pres 
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ence in the cellulose ester is not objectionable. 
The cellulose ester may then be dried, such as 
by subjecting it to a current of air. 
Although the above steps are best performed 

at atmospheric pressure, the use of other pres 
Sures is permissible. For instance, if a lower 
vapor temperature is desired, a reduced pressure 
can be employed and vice versa. With the less 
stable esters which tend to color at higher tem 
peratures, a lower temperature treatment for a 
longer time is recommended to avoid any possi 
bility of discoloration while removing the sulfur 
from the cellulose ester. - 
The following examples illustrate this inven 

tion. These examples deal with the stabilizing 
of a high butyryl cellulose acetate butyrate 
which was precipitated in powder form, this ma 
terial being most difficult to stabilize ordinarily. 

Eacample I 
A sample of powder precipitated cellulose ace 

tate butyrate, having a butyryl content of 35 
38%, was counter-currently washed in a system in 
which in the last wash 0.2% sodium acetate was 
added and the cellulose ester was soaked in that 
solution for one hour. The cellulose ester pow 
der (containing 0.1% free organic acid) was 
then centrifuged and placed in a jacketed tube 
where it was subjected to a slow tumbling ac 
tion. The temperature of the material was 
brought up to 208 F. by jacket heating the tube 
for 40 minutes while passing a current of steam 
through the tube Over the ester. At the end of 
40 minutes, the liquids were completely vaporized, 
as shown by the increasing temperature of the 
ester which rose quickly. The jacket tempera 
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ture was then controlled so that the cellulose 
ester temperature was approximately 230 F. for 
45 minutes. The flow of steam was stopped and 
a current of air was passed over the ester until 
dry. The product showed fair stability, freedom 
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from acidity and good clarity. 
Eacample II 

A Sample of a powder precipitated cellulose 
acetate butyrate, having a butyryl content of 
35-38%, was treated for 24 hours in an aqueous 
Sodium acetate solution of .5% concentration. 
The mass was then centrifuged and placed in a 
jacketed tube, as described in the preceding ex 
ample. The temperature was brought up as be 
fore and after two hours, the vapor temperature 
was reached. The jacket heat was then reduced 
at the same time continuing the steam flow and 
the temperature of the mass dropped back to 
slightly below the boiling point for A hour. The 
heating was then resumed until the vapor tem 
perature was again attained. The flow of steam 
through the cylinder was then shut of and the 
product was dried in a current of air. Analysis 
of the product, compared with a regular product 
of like type, was as follows: 

Regular plant 
processed 
Sample 

Steam treated sample 

-35.sec. 
13.1%. 

E. s 7% utyry--- - a 700 
Acidity------------- Neutral. 
60° C. heat test----- Melted spots. 
Color (4:l acetone).-- 0. 
haze (4:1 acetone).--- 135. 
Melting point.------- 205 C. 
Charting point.------ 2970 C. 

  

  



illu r ' . . . . 33 powdered form due 
the following example is given to illustrate the 

r" types of precipitate: A ; : preparation of a powde 
impleted esterification mass having the follow 

was pumped to a vessel equipped with a suitable 
...-agitator. 6000 lbs. of glacial acetic acid was 
added and stirred in well. The first precipitat 
sing liquor consisting of approximately 7000 lbs. 

... of 40% acid figured as acetic acid, from a pre 
vious precipitation, was added over a period of 
1545 minutes with good agitation. This re 
duces the concentration of acid in the precipi 

... tator to approximately. 60-64% and at this stage 
the ester has separated as a granular gel. The 
precipitation is completed by the addition of 
Saficient acid (10.15% weak acetic acid), to re 

...duce the acid concentration in the precipitator 
. . to 40%. The precipitate can now be separated 
as a fine granular material by decantation or by 

I draining on a screen. After separation, the pre 
cipitate may be spray washed to recover the 
larger part of the retained acid, after which it 
is treated with dilute salt solution and steamed 
as described herein. . . 

. ... We claim: . . . . . . . . 
::1. A method of stabilizing a powder-precipi 

;tated cellulose acetate butyrate of 35-38% bu 
. . tyryl which comprises treating a thoroughly 
'...washed powder-precipitated cellulose ester of 
this type with an aqueous solution of the alkali 
metal salt of a weak volatile acid stable to mod 
erate heat having a concentration of 0.01-0.5%, 

... then removing liquid therefrom, agitating the 
cellulose ester While heating the Wet mass to 
the vapor temperature of the liquid components 
of the mass, followed by lowering the tempera 
ture of the mass to 70-95°C., passing steam 
therethrough and condensing it on the cellulose 
ester. . . . . . . . . . . 

2. A method of stabilizing a powder-precipi 
tated cellulose acetate butyrate of 35-38% bu 
tyryl which comprises treating a thoroughly 
'washed powder-precipitated cellulose ester of 
this type with an aqueous solution of a weakly 

i alkaline salt of acetic acid having a concentra 
*tion of 0.01-0.5%, then removing liquid there 
from, agitating the cellulose ester while heating 
the wet mass in the liquid container to the 

i: ; vapor temperature of the liquid components of 
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the mass, followed by lowering the temperature 
... of the mass to 70-95. C., passing steam there 
2. throughs and condensing it on the cellulose ester. 

: ; 3. A method of stabilizing a powder-precipi 
: tated cellulose acetate butyrate of 35-38% bu 
3 tyryl which comprises treating a thoroughly 

... washed powder-precipitated cellulose ester of 
: this type, with an aqueous: Solution of an alka 
0 line metal salt of acetic acid having a concen 

tration of 0.01-0.5%, then removing liquid there 
3. from, agitating the cellulose ester while heating 
... the wet mass in the liquid container to the vapor 
...temperature? of: the liquid components of the 

5. mass, followed by lowering the temperature of 
the mass to 70-95. C., passing steam there 
through and condensing it on the cellulose ester, 
...4. A method of stabilizing a powderprecipi 
tated cellulose acetate, butyrate of 35-38% bu 

20 
... Washed powder-precipitated cellulose ester of 

tyryl which comprises treating a thoroughly 

... this type with an aqueous solution of sodium 
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acetate having a concentration of . 0.01-0.5%, 
then removing liquid therefrom, agitating the 
cellulose ester while heating, the wet mass in 
the liquid container to the vapor temperature 
of the liquid components of the mass, followed 
by lowering the temperature of the mass to 
70-95°C., passing steam therethrough and con 
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densing it on the cellulose ester. . 
5. A method of stabilizing a powder-precipi 

tated cellulose acetate butyrate of 35-38% bu 
tyryl- which comprises treating a thoroughly 
washed powder-precipitated cellulose ester of 
this type with an aqueous solution of alkaline 
metal carbonate, having a cencentration of 
0.01-0.5%, then removing liquid therefrom, agi 
tating the cellulose ester while heating the wet 

a mass in the liquid container to the vapor tem 
40 perature of the liquid components of the mass, 

followed by lowering the temperature of the mass 
to 70-95 C., passing steam therethrough and 
condensing it on the cellulose ester. 

6. A method of stabilizing a powder-precipi 
tated cellulose acetate butyrate of 35-38%, bu 
tyryl which comprises treating a thoroughly 
Washed cellulose ester of this type with an aque 
ous Solution of sodium acetate having a concen 
tration of 0.2%, then removing the liquid there 
from, agitating the cellulose ester while heating 
the wet mass to the vapor temperature of the 
liquid components of the mass, followed by low 
ering the temperature of the mass to 70-95°C., 
passing steam therethrough and condensing it on 
the cellulose ester. 

GUY A. KIRTON. 
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