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TEXTILE FIBERS COMPRISING PERFLUORO 
ALKANOYL ESTERS OF CELLULOSE AND 
PROCESS OF MAKING THE SAME 

Leon Sega], Metairie, and Leopold Loeb, Kazuo H. Take 
mura, and Frederick J. Philips, New Orleans, La., as 
signors to the United States ‘of America as represented 
by the Secretary of Agriculture 

No Drawing. Filed June 15, 1955, Ser. No. 515,797 

9 Claims. (Cl. 8-120) 

(Granted under Title 35, US. Code (1952), see. 266) 

A non-exclusive, irrevocable, royalty-free license in the 
invention herein described, throughout the world for all 
purposes of the United States Government with the power 
to grant sublicenses for such purposes, is hereby granted 
to the Government of the United States of America. 

This invention relates to per?uoroalkanoyl esters of 
cellulose wherein the alkanoyl radical'contains from 2 
to 10 carbon atoms, and provides such esters in ?brous 
form and processes for their preparation. 
A primary object of the present invention is to provide 

such esters in the form of ?bers which are adapted for 
use in textiles. A further object is to provide an esteri 
?cation process that can be ‘employed to esterify cellulose 
textile ?bers with per?uoroalkanoic acids without destroy 
ing the properties of the ?bers. A further object is to 
provide a process of modifying the properties of cellulose 
textile ?bers to impart or enhance properties such as a 
resistance to wetting by liquids of all kinds, increased 
elasticity, and increased resistance to burning, and the 
like. 

In general, in accordance with the present invention, 
a cellulose textile ?ber is esteri?ed with an esterifying 
agent of a per?uoroalkanoic acid wherein the alkanoyl 
radical contains from 2 to 10 carbon atoms until per 
?uoroalkanoyl esters of cellulose in textile ?ber form are 
produced. In carrying out the process of the invention, 
the esteri?cation is accomplished by a reaction, at a tem-, 
perature of about from 50° C. to 90° C., between the 
free hydroxyl groups of the cellulose molecules and the 
per?uoroalkanoic acid esterifying agent, which may be 
the per?uoroalkanoic acid itself, the anhydride thereof, 
or the acyl halide thereof, in the presence of a quantity of 
a normally liquid heterocyclic tertiary aromatic amine, 
such as pyridine, suf?cient to dissolve the esterifying agent 
and to neutralize acidic reaction products to their respec 
tive amine salts, the esteri?cation reaction being carried 
out until per?uoroalkanoyl esters of cellulose are pro 
duced. 
The resulting per?uoroalkanoyl ester of cellulose re 

tains the textile ?brous structure of the starting cellulose 
textile ?ber, has a degree of substitution ranging from 
1 to 3 per?uoroalkanoyl groups per anhydroglucose unit 
of the cellulose, and is characterized in that it is resistant 
to wetting. ' . 

The ?brous cellulose esters of the invention are partic 
ularly useful in the production of protective fabrics and 
the like where a resistance to Wetting, and/or, elastic, 
thermoplastic, ?ame resistant, and the like properties, are 
desirable. The esters of the lower per?uoroalk-anoic acids 
containing a relatively high proportion of per‘?uoroalka 
noyl radicals tend to be soluble in organic solvents such 
as acetone, and are particularly useful in the production 
of surface coatings in which a resistance to wetting, and/ 
or, elastic, ?ame resistant, and the like properties, is de 
sired“ Yarns and fabrics consisting essentially of the 
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and pliable when heated and to retain any shape into 
which they are molded in their softened state. 
The cellulose ?bers, which may be in the form of free 

?bers, slivers, yarns, threads, fabrics, and natural ?bers, 
are preferred starting materials. The ?bers in the form 
of spun textiles, i.e., yarns, threads, or cloths, are par 
ticularly suitable starting materials. 
An esterifying agent of substantially any perfluoro 

' alkanoic acid wherein the alkanoyl radical contains from 
2 to 10 carbon atoms can be employed in the present 
process. Acids whose esterifying agents can be employed 
include per?uoroacetic, per?uorobutyric, per?uorooctano 
ic, per?uorodecanoic, per?uoroglutaric, and per?uorosuc 
cinic acid. . 
The esterifying agent can be one or more of the alcohol 

esterifying agents of acids, such as the free acid, the acid 
anhydride, or the acyl halide of the acid. The employ 
ment of the anhydrides of'straightxchain monocarboxylic 
per?uoroalkanoic acids of from about 2 to 8 carbon 
atoms is preferred. 

In reacting the cellulosic ?bers with the esterifying 
agent of a per?uoroalkanoic acid, substantially any of the 
procedures and apparatus usually employed in the esteri 
?cation of cellulose can be employed. 1 

Particularly where the process is used to chemically 
modify the cellulose ?bers, \the per?uoroalkanoic acid 
esterifying agent is preferably dissolved in a liquid tertiary 
organic amine. As they are dissolved in the amine, 
acidic esterifying agents and/or any ‘acidic products of 
the esteri?cation reaction are, of course, partially or 
wholly, converted to their respective amine salts. The 
esteri?cation reaction is preferably accomplished by con 
tacting the cellulose material with such a solution at a 
temperature above the freezing point of the solution and 
below a temperature at which an undesirable amount of 
cellulose degradation occurs. In general, the use of a 
heterocyclic tertiary aromatic amine, such as pyridine, or 
the like amines, of which pyridine is especially suitable, 
and a reaction temperature of from about 50 to 70° C., 
is preferred. The contacting of the ?bers with the solu 
tion can be accomplished by immersing the ?bers 
in the solution. The ?bers can be reacted with the 
solution with which they are in contact by maintaining 
the ?bers immersed in the solution at the reaction tem 
perature. 
Where the esteri?cati'on is conducted in the presence 

of an organic amine, the amount of amine present can 
be varied widely. The reaction can be conducted by 
wetting the ?bers with the amine and reacting the wet 
?bers with the esterifying agent. In general, it is pref 
erable to have present enough amine (a) to dissolve the 
esterifying agent, and (b) to neutralize any acid formed 
in the course of the esteri?cation reaction. Where the 
esterifying agent used is an anhydride or an acyl halide, 
the use of from about ‘1 to 10 parts of amine per part 
of anhydride is preferred. ‘ 
The extent of reaction, and thus the degree of substi 

tution, ie the number of the three reactive hydroxyls 
per anhydroglucose units which have been substituted, by 
replacing a hydrogen atom with an acyl radical, as indi 
eated by the proportion of acyl groups per unit weight 
of the cellulose ?bers, can be varied widely. 
The degree of substitution can be varied as desired, 

primarily by (a) varying the proportion of esterifying 
agent in contact with the cellulose ?bers during the esteri 

_ ?cation reaction, and (b) varying the time and tempera 

70 
?brous esters‘ are valuable as yarns and fabrics which, , 
due to their thermoplastic properties, tend to become soft 

ture of the esteri?cation reaction. 
‘* Where the esteri?cation reaction is conducted by main~ 
taining the cellulose ?bers immersed in a solution con 
taining the esterifying agent at the reaction tempera 
ture, the proportion of esterifying agent in contact with 

' the cellulosic material depends solely upon the ratio of 



3 
the amount of the esterifying agent to the amount of 
cellulose. For example, the esteri?cation of cellulose 
?bers by a reaction in which the cellulose ?bers are im 
mersed in, a liquid organic ‘amine vcontaining?dissolyedv 
per?uoroalkanoic acid anhydride, a proportionof :from' 
about 3 to 9 moles of anhydride per glucose unit is pre 
ferred. . ' ' ' 

, Where it is desired to esterify cellulose ?bers to a rather 
low degree with a minimum alteration of the properties 
which adapt them for use in textiles, the cellulose?bers 
are preferably immersed in a normally liquid tertiary 
organic amine containing an amount of dissolved Per?u_ 
oroalkanoic acid anhydride providing from / 
moles of anhydride per anhydroglucose .unit. _‘ 
The Vesteri?cation time and temperature can be con 

trolled to. react substantially all of the ‘available cellulose 
hydroxyl groups, or all of the per?uoroalkanoic acid 
esterifying agent present, whichever is smaller.‘ For ex 
ample, in esteri?cations in which cotton ?bers are reacted 
while’ they are immersed in an'excessof a liquid organic 
amine containing a per?uoroalkanoicacid anhydride and 
maintained at temperatures ranging from 50 to 90° C., 
the degree of substitution can be varied from I 'to' sub 
stantially 3, using reaction times varying from 1 to 5 
hours; and reaction times of at least as long as 96 hours 
can be employed without a material destruction of the 
form in which the ?bers are employed. 
The following examples are illustrative of certain de 

‘tails of the invention. 
In the following examples, where the anhydrides of the 

various per?uoroalkanoic acids were used, the anhydrides 
were prepared from the corresponding acids by re?uxing 
the acid under anhydrous conditions in the presence of 
slightly more than enough phosphorus pentoxide to react 
with the water eliminated in the conversion of the acid 
to it's anhydride. 
A series of samples of cotton ?bers, in the indicated 

forms, were esteri?ed by reacting the ?bers, while they 
were immersed in the indicated pyridine solutions con 
taining the anhydridcs of the indicated acids, for the in 
dicated reaction times and temperatures. The esteri?ed 
?bers, excepting the acetate, were washed free of the 
reactant solution with pyridine and acetone (hexane be 
ing used with the acetate) and dried at from about 26 to 
28° C. (room temperature) for several hours, conveni 
ently overnight. 

Example 1 

A 0.52 gm. skein of kier-boiled, loose twist, singles 
cotton yarn which had been presoaked in 10 mls. of py 
ridine was reacted with 39.4 gms. of per?uorobutyric 
anhydride in 40 mls. of pyridine at from 80 to 90° C. for 
about 96 hours. 
The washed and dried product was a skein of yarn con 

sisting essentially of per?uorobutyryl cellulose esters in 
the form of ?bers having a degree of substitution of from 
about 2 to 3 (as indicated by a weight increase of 3.81 
times the original weight). The product was elastic and 

V strongly resistant toward wetting by any chemically inert 
liquid. It was also ?ame resistant; it would not support 
combustion, and when it was held in a ?ame, it would 
melt but would not burn. . 7 

Example 2 

A 1.6 gm. swatch of 80 x 80 cotton print cloth which 
had been boiled and bleached was reacted with 20.0 gms. 
of per?uorobutyric anhydride in 30 mls. of pyridine at 
a temperature of from 60 to 70° C. for about 24 hours. 
The washed and dried reaction product was a cloth 

consisting essentially of per?uorobutyryl cellulose esters 
in the form of ?bers having. a degree of substitution of 

about 3 to 4.5v ' 
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Example 3 
A 1.72 gm. swatch of 8.5 oz. cotton sateen was re 

acted with 39.9 gms. of vper?uorobutyric anhydride in 
40 mls. of pyridine at from 60 to 70° C. for about 19 
hours. '~ ‘ ' 

The washed and dried product was a cloth consisting 
essentially of per?uorobutyryl cellulose esters in the form 
of ?bers having a degree of substitution of from about 
1 to 2 (as indicated by a weight increase of 2.92 times 
the original weight). The product exhibited the proper 
ties of the product described in Example 1, differing in 
that it displayed high shrinkage. 

Example 4 

A‘ 1.69 gm. swatch of 8.5 02. cotton sateen was re 
acted with 32.0 gms. of per?uorooctanoic anhydride in 
35.0 mls. of pyridine at from 60 to 70° C. for about 24 
hours. . " ' ‘ ' 

I The washed and dried. product was a cloth consisting 
essentially of per?uorooctanoyl cellulose esters in the 
form of ?bers having a degree of substitution of from 
about 1 to 2 (as indicated by a weight increase of 5.16 
times the original weight). The product exhibited the 
properties of the product described in Example 3. 

Example 5 

A 2.02 gm. skein of kier-boiled, loose twist, singles 
. cotton yarn and a 2.34 gm. swatch of 80 x 80 cotton 
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print cloth which had been boiled and bleached were re 
acted together with 17.4 gms. of per?uoroacetic anhy 
dride in 90 mls. of pyridine at about 50° C. for about 2 
hours. . 

' The washed and dried products were (a) a skein of 
yarn ,_ consisting essentially of per?uoroacetyl cellulose 
esters in the form of ?bers having a degree of substitu 
tion of lto 2 (as indicated by a weight increase of 1.79 
times the original weight) and (b) a cloth consisting 
essentially of per?uoroacetyl cellulose esters in the form 
of ?bers having a degree of substitution of about 1 (as 
indicated by a weight increase of 1.56 times the original 
weight). Both products exhibited the properties of the 
productdescribed in Example 1. 

Example 6 

A 2.35 gm. skein of kier-boiled, loose twist, singles 
cotton yarn and a 2.22 gm. swatch of 80 x 80 cotton print 
cloth which had been boiled and bleached were reacted 
together with 18.0 gms. of n-hepta?uorobutyryl chloride 
in 90 mls. of pyridine at room temperature for about 
12 hours. (While the reaction was conducted overnight 
for convenience it appeared that the reaction was com 
pleted within an hour.) I 
The washed and dried products were.(a) a skein of 

'- yarn consisting essentially of per?uorobutyryl cellulose 
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from about ‘1 to 2 (as indicated by a weight increase ‘of _ _ 
2.62.>times theoriginal weight). The product exhibited 
the properties ‘of the ‘product described in Example’ w i 

esters in the form of ?bers having a weight increase such 
as v‘to indicate complete esteri?cation of the cellulose and 
(b) a cloth consisting essentially of per?uorobutyryl cel 
lulose esters in the form of ?bers having a degree of sub— 
stitution of about'2 to 3 as indicated by the weight in 
crease. Both products exhibited the properties of the 
product describer in Example 1. 
We claim: 
1. A textile, ?ber comprising a per?uoroalkanoyl ester 

of cellulose wherein the alkanoyl radical contains from 
2 to 10 carbon atoms, said ?ber having a degree of sub 
stitution ranging from 1 to 3 per?uoroalkanoyl groups 
per anhydroglucose unit of the cellulose and being char 
acterized in that it is resistant to wetting. 

2. A textile ?ber comprising a per?uoroacetyl ester of 
cellulose, said ?ber having a degree of substitution 
ranging from 1 to 3 per?uoroacetyl groups per anhydro 
glucose unit of the cellulose-and, being characterized in 
that it‘ is resistantto wetting. ' ‘ 

c 3. _A textile ?ber comprising 'alP‘er?uOrobutyryl‘ester 
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ranging from 1 to 3 per?uorobutyryl groups per anhydro 
glucose unit of thevcellulose and being characterized in 
that it is resistant to wetting. 

4. A textile ?ber comprising a per?uorooctanoyl ester 
of cellulose, said ?ber having a degree of substitution 
ranging from 1 to 3 per?uorooctanoyl groups per anhy 
droglucose unit of the cellulose and being characterized 
in that it is resistant to wetting. 

5. A process of converting a cellulose textile ?ber to a 
cellulose textile ?ber containing per?uoroalkanoyl radi 
cals attached to the cellulose molecules, comprising re 
acting, at a temperature of about from 50° C. to 90° C., 
a cellulose textile ?ber with an esterifying agent of a 
per?uoroalkanoic acid wherein the alkanoyl radical 
contains from 2 to 10 carbon atoms and which agent 
is selected from the group consisting of the said acid, its 
anhydride, and its acyl halide, in the presence of a quan 
tity of a normally liquid heterocyclic tertiary aromatic 
amine su?icient to dissolve the esterifying agent and to 
neutralize acidic reaction products to their respective 
amine salts, said reaction 'being carried out until per 
?uoroalkanoyl esters of cellulose in the form of a textile 
?ber is produced, the thus-produced textile ?ber having 
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a degree of substitution ranging from 1 to 3 per?uoro 
alkanoyl groups per anhydroglucose unit of the cellulose 
and being characterized in that it is resistant to wetting. 

6. The process of claim 5 wherein the esterifying 
agent is per?uoroacetic anhydride. 

7. The process of claim 5 wherein the esteritying agent 
is per?uorobutyric anhydride. 

8. The process of claim 5 wherein the esterifying agent 
is per?uorooctanoic anhydride. 

9. The process of claim 5 wherein the amine is py 
ridine. 
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