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

A non-exclusive, irrevocable, royalty-free license in the 
invention herein described, for- all governmental purposes, 
throughout the world, 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 a process of chemically modi 
fying cellulose ?bers. More particularly the invention 
provides ?bers composed essentially of cellulose beta 
propiolactone reaction products. 

Although cellulose textile ?bers have been chemically 
modi?ed in numerous ways, only a few methods of chem 
ically modifying them to produce textile ?bers having 
greater effective diameters are known‘. ‘Some cellulose 
textile ?bers such as cotton ?bers become swollen in 
solutions such as aqueous lyes, ethylamine or other ali 
phatic amines. However, when ‘the surrounding liquid 
is removed and the ?bers are dried, the swollen ?bers 
generally collapse and have effective diameters substan 
tially equal to those of the original ‘diameters. Mer 
cerizations, or treatments such as a partial carboxy 
methylation involving concurrent mercerizations, are 
known to permanently increase the effective diameters 
of cellulose textile ?bers. However, the ?bers so pro 
duced are characterized by a relatively great a?inity for 
water and other polar liquids. 
The ?bers produced by the present invention have 

markedly increased effective diameters, decreased a?inity 
for water and polar compounds, without a materially de 
creased tensile'strength. They have a dyerresistance,‘ heat 
resistance, acid induced degradation resistance, wrinkle 
resistance, and wool-like properties markedly greater than 
the ?bers from which they are produced. They contain 
an appreciable proportion of ole?nic unsaturated groups. 

In general, according to the invention, cellulose ?bers 
are reacted with beta-propiolactone at ‘from about 50° 
to 155° C. until ?bers are produced containing from 
about 0.5 to 26%, based? on the weight of the original 
?bers, of beta-propiolactone‘ reaction products combined 
with the cellulose, i. e. containing from about 0.5 to 26% 
beta-'propiolactone ‘substituents. The increased weight is 
essentially due to the inclusion‘of beta-propiolactone reac‘ 
tion products within the walls of the ?bers. This is true 
whether the ?bers are reacted with‘ vapors of beta-pro 

_ piolact‘one or with beta-propiolactone' in the liquid phase, 
in the presence or absence of a solvent or a catalyst, or 

- in the presence of an acidic or a basic catalyst. 
Suitable cellulose ?bers include cotton ?bers and re 

generated cellulose ?bers such as viscose‘ rayon ?bers 
before or after bleaching, mercerization and‘ the like treat 
ments. Bleached, mercerized' cotton ?bers are preferred. 
The cellulose ?bers can ‘be swollen. in a swelling agent 
such as a lye solution and converted to swollen ?bers 
immersed in a non-aqueous solvent by the conventional 
procedures of solvent exchange prior to reacting ‘them 
with- beta-propiolactone. With most reactants the reac 

' tion of the swollen cellulose ‘?bers is- faster ‘and. more 
complete than .that’of the'normal?bers. . .U'nob'viously, 
the reactivity of the normal ?bers in the process of this ' 
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2 
invention is sometimes equal to or in some cases greater 
than that of the swollen ?bers. 
The cellulose ?bers can be reacted in the form of free 

?bers, sliver, yarn, or fabric. The use of yarns, threads 
or fabric is preferred. 
The cellulose ?bers are preferably reacted by immers 

ing them in a boiling solution of beta-propiolactone. 
Suitable solvents for such solutions comprise organic 
liquids which are unreactive solvents for beta-propiolac 
tone (i. e., are 'unreactive toward beta-propiolactone or 
cellulose and are capable of dissolving at least about 
0.5 part of beta-propiolactone per part of solvent). 
(Throughout the speci?cation and claims the term “parts” 
refers to parts by weight.) Examples of suitable solvents 
include hydrocarbons such as benzene, Xylene, and the 
normal, branch-chain, or cyclic hexanes, halohydrocar 
bons such as carbon tetrachloride, chloroform, tetra 
chloroethane, and chlorobenzene, and ketones such as 
acetone, methyl iso-butyl ketone, and methyl iso-propyl 
ketone, and ethers such as dioxane and the like organic 
solvents. The use of water immiscible unreactive sol 
vents for beta-propiolactone having a relatively high boil 
ing point, such as Xylene, tetrachloroethane, and the like, 
is preferred. The use of solutions of beta-propiolactone 
containing from about 5 to 20 parts of solvent per part 
of beta-propiolactone and the use of amounts of such 
solutions providing from about 1 to 4 parts of beta-pro 
piolactone per part of cellulose is preferred. 

Beta-propiolactone is known to etherify hydroxy com 
pounds to form carboxyethyl ethers, to esterify hydroxy 
compounds to form 3-hydroxypropionic acid esters and 
also to polymerize. Presumably all‘ of the three types 
of reactions occur in the beta-propiolactone reaction 
involved in the process of the present invention. While 
in general the etheri?cation reaction is favored by acid 
catalysts or no catalysts and the esteri?cation reaction 
is favored by basic catalysts with the polymerization re 
action accompanying either of the above types of reac 
tion, in the reaction involved in the process of the pres 
ent invention, neither the acid or basic catalysts or the 
absence of a catalyst markedly in?uence the type of reac 
tion which predominates. 

In the reaction between cellulose and the vapors of 
beta-propiolactone the etheri?cation reaction predomi 
nates. In reactions in which the beta-propiolactone is 
dissolved in a water immiscible solvent for beta-pro 
piolactone (the preferred process of practicing the inven 
tion) the esteri?cation reaction predominates. 
The beta-propiolactone reacted ?bers are preferably 

washed free of uncombined reactants with an organic 
solvent capable of dissolving polymers of beta-pro 
piolactc-ne, for example, with solvents such- as acetone, 
alcohol, or dioxane. The washing substantially com 
pletely removes adhering uncombined beta-propiolactone 
polymeric products which are not deposited within the 
?ber walls and leaves the ?bers with a soft, wool-like 
hand and feel. 
The beta-propiolactone reacted ?bers are useful for 

substantially any of the wide variety of uses known for 
cellulose ?bers. They are particularly useful wherever 
wool-like properties and properties such as a dye resist 
ance, a heat resistance, an acid induced degradation 
resistance and a wrinkle resistance markedly greater than 

_ those of cellulose textile ?bers is important. In addi 
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tion, the beta-propiolactone reacted ?bers can readily be 
produced in the form of unsaturated compositions which 
undergo the reactions typical of organic compounds con 
taining ole?nic groups. These unsaturated ?bers con 
stitute valuable intermediates from which to prepare 
numerous different derivatives of cellulose in the form 
of textile ?bers. 

Beta-propiolactone reacted cellulose ?bers are pro 
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duced in the form of appreciably unsaturated ?bers by 
dehydration at moderately elevated temperatures. A 
preferred process of producing them comprises immers 
ing such ?bers in a water immiscible inert organic liquid, 
re?uxing the liquid, and isolating water from the liquid 
returning from the condenser. The water immiscible 
solvents for beta-propiolactone are preferred liquids for 
such employment. The dehydration is preferably con 
ducted at from about 50° C. to about 150° C. The 
dehydration can be conducted by a wide variety of con 
ventional procedures for dehydrating solid compositions 
at moderately elevated temperatures and can be con 
ducted during the reaction of a cellulose textile ?ber with 
beta-propiolactone so that the beta-propiolactone reacted 
cellulose textile ?bers are subjected to dehydration as 
they are formed. Such unsaturated ?bers are composed 
of materials of the group consisting of the components 
of cotton, the products of a cellulose-beta-propiolactone 
reaction and containing appreciable amounts of the dehy 
dration products of cellulose-beta-propiolactone reaction 
products and beta-propiolactone polymers. 
The following examples illustrate the invention in detail 

relative to the reaction of cellulose ?bers with beta 
propiolactone dissolved in unreactive solvents. 

EXAMPLE I 

E?ect of temperature and type of solvent 
Weighed skeins of mercerized 7/2 cotton thread were 

immersed for 4 hours in re?uxing solutions consisting 
of 30 parts of the indicated solvent and 2 parts of beta 
propiolactone per part of cellulose. The beta~pr0piolac 
tone reacted textile ?bers so produced were washed free 
of uncombined reactants and adhering polymers with 
acetone, then dried, weighed and analyzed. 
The results of the analysis are recorded in Table I. 

The term “percent carboxyethyl” refers to the percent 
by weight of carboxyethyl as determined by addition of 
excess standard base and back titration with standard 
acid. The term “percent BPL substituents” refers to the 
percentage of the beta-propiolactone reaction products 
bound into modi?ed cotton. The proportion of this in 
crease in weight not accounted for by the percent car 
boxyethyl represents non-titratable combined beta-pro 
piolactone reaction products. 

TABLE 1 

Percent Percent 
Solvent B. P.° BPIf Carboxy 

Snbstit- h 12 
uents 1 8‘; y 

Acetone __________ __ _ 56. 5 0. 5 0.05 
_ 61. 3 3. 8 0.55 
_ 64 7. 3 1. 85 
_ 80 7. 3 2. 38 
_ 76 7. 7 2. 32 
_ 94 26. 9 8.52 
_ 101. 5 8. 4 ________ __ 

Toluene _________________ __ _ 110. 8 26. 4 4. 75 
Methyl iso-Butyl Ketone _ 118 25. 6 5. 05 
Tetrachloroethaue. __ . _ 130 44. 0 14. 42 
Xylene _____________ __ 139 42. 7 10. 84 

1 It may be noted that the water miscible solvents, acetone and dioxane 
gave relatively low results compared to the results obtained with water 
immiscible solvents. 

7 Corrected for 0.65% carboxyethyl content of the blank. 

EXAMPLE II 

E?ect of time 

Skeins of unbleached 12/5 cotton sewing thread after 
de-waxing with acetone were immersed in re?uxing solu 
tions consisting of 20 parts of xylene and 2 parts of beta 
propiolactone per part of cellulose. The ?bers produced 
were isolated and puri?ed as described in Example I. 
The results of an analysis of the ?bers produced are 

recorded in Table H. 
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TABLE II 

Percent Percent Lbs. 
Time of Reaction BP Oarboxy- Tensile 

Substitnents ethyl Strength 

__________________________ __ 7.8 

13. 6 4. 5 8. 4 
25. 7 10. 2 7. 8 
46. 9 19. 3 4. 9 
56. 0 19. 2 3. 5 

It may be seen that when the ?bers produced ar com 
bined with more than about 26% beta-propiolactone reac 
tion products their tensile strength decreases markedly. 

EXAMPLE III 

Regenerated cellulose 
Three skeins of 1100/2 high tenacity viscose rayon tire 

cord were immersed for 5, 10, and 15 minutes respec 
tively in re?uxing solutions consisting of 20 parts of 
xylene and 2 parts of beta-propiolactone per part of ce1~ 
lulose. The respective weight gains were 1.10, 1.83, and 
3.24%. The respective carboxyethyl contents were 0.71, 
1.62, and 2.39 percents. 

EXAMPLE IV 

Catalysis 
Three skeins of 12/5 cotton thread were soaked in 2% 

solutions of monoammonium phosphate, diammonium 
phosphate and oxalic acid respectively, centrifuged to 
about 100% wet pickup, then dried in a blower oven at 
60°, and ?nally re?uxed in 500 ml. of xylene containing 
60 g. of beta-propiolactone for 15 minutes. The treated 
samples were extracted with acetone to remove non-re 
acted beta-propiolactone and polymer. Weight gains after 
extraction were 22.5%, 23.9% and 19.1%, respectively, 
and carboxyethyl contents of 11.7%, 12.5% and 9.7% 
respectively. 

EXAMPLE V 

The experiment above was repeated using a 2% solu 
tion of sodium hydroxide as catalyst, re?uxed in xylene 
and beta-propiolactone for 10 minutes. 
The weight gain was 31.5% and carboxyethyl content 

13.9%. 
The following examples illustrate the invention in detail 

relative to the reaction of cellulose textile ?bers with beta 
propiolactone vapors. 

EXAMPLE VI 

E?ect of time 
A skein of dry 12/5 cotton thread was contacted at 

from 80 to 90° C. under 30 to 40 mm. pressure with the 
vapors from re?uxing beta-propiolactone. No condensa 
tion was allowed to occur in the region containing the 
the thread. 

In 20 minutes the weight of the thread had increased 
by about 1%. The carboxyethyl content of the thread 
produced was about 1%. 
A skein of the same thread reacted in the same way 

for about 30 minutes increased in weight by 2.3%. The 
carboxyethyl content was 1.6%. 
The following examples illustrate the invention in detail 

relative to employing the process of the invention to im 
part particular physical and chemical properties to cellu 
lose textile ?bers. 

EXAMPLE VII 

Wrinkle proo?ng cloth 
Three samples of 80-square cotton print cloth were re 

acted for the indicated times. 
The analytical results obtained on the products are 

recorded in Table III. The wrinkle recovery angles were 
determined on a Monsanto wrinkle recovery tester in the 
usual manner. 

I a 
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TABLE III 

BPL Sub- Carboxy- Wrinkle 
Time of Reaction stituents, ethyl, Recovery, 

percent percent‘ degrees 

72 
3. 79 1.21 73 
6. 39 2. 87 79 

11. 62 6; 47 85 

EXAMPLE VIII 

Increasing the effective diameter of cellulose textile ?bers 
Three 40-yard samples of 7/2 mercerized cotton thread 

were reacted with beta-propiolactone until they contained 
the indicated amounts of combined beta-propiolactone re 
action products. The samples so treated were consider— 
ably bulkier than the unreacted thread. 
The results of thickness determinations run with a 

standard thickness gauge (D76—-49, pp. 41-2, A. S. T. M. 
Standards on Textile Materials, October 195 1—using 
method D179-46T, pp. 355-6, ibid.) are recorded in 
Table IV. Each of the samples were reacted with beta 
propiolactone by the processes of the above examples until 
they contained the indicated percent beta-propiolactone 
substituents. 

TABLE IV 

Itriihciregse in 
- c ness Percent Beta-propiolaetonc substituents Thzfgess over 

' blank, 
percent 

None (blank) ________________________________ _ _ 0. 0188 __________ _ _ 

6.59 _________ __ .._ 0. 0191 1. 6 

26.90". 0. 0232 23. 4 
46.92. _ _ 0. 0262 39. 4 

56.10 _________________________________________ __ 0. 0283 50. 5 

EXAMPLE IX 

Moisture regain 

The heretofore known methods of increasing the ef 
fective diameter of cotton textile ?bers causes a concur 
rent increase in a?inity for water and polar liquids. This 
increased a?inity increases the tendency of the ?bers to 
remain moist and to become readily soiled. 

Samples of cotton thread reacted with beta-propiolac 
tone until they contained the indicated amount of com 
bined substituents were dried for two hours at 120° C. 
From the weight loss during the drying, the original mois 
ture content of the thread was calculated. The samples 
were then allowed to come to equilibrium in a constant 
temperature-relative humidity atmosphere (70° F. and 
65% relative humidity) and reweighed. From their in 
crease in weight, their moisture regain was calculated. 
The values obtained from the reacted samples and from 
an untreated control sample are recorded in Table V. 

TABLE V 

original Moisture 
BPL substituents, percent lélgl?glfre Regain, 

Y percent percent 

EXAMPLE X 

Resistance to heat induced degradation 

Samples of mercerized 7/ 2 cotton sewing thread before 
and after reaction with beta-propiolactone to the indi 
cated extent were heated for 15 days at 125° C. in an 
electric oven. 

The amount of the original tensile strength which was 
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retained by the samplesand. an untreated control sample 
is. recorded. in Table. VI. 

TABLE VI 

BPL Substz, percent 055111151X?" Ester’ - Ester/Ether gttaltglilrigg 
_ percent percent Ratio percent ' 

'0 0 ____________ .._ ' 35.8 

0. 49 0' ____________ _ a ‘46. 3 
1. 49 0.‘ 35' 0:23‘ ‘54. 2 
2. 34 2. 58 1. 10 . 62. 1 
2. 20 5. O2 2. 28 66. 3 
1. 85 6. 58 3.55 T 67. 5 
5. 40 20. 20 3.74 r ‘I 74. 4 
9.‘ 92v 15. 73 11.597 '55. 1 

1 Corrected for 0.30% for untreated control. 
1 This sample had identical BPL take-up but higher carboxyethyl con 

tent, lower ester/ether ratio—note drop in strength retention. 

It is apparent that the resistance to heat-induced degra 
dation increases as the ester content of the combined beta 
propiolactone reaction products increases. 

The strength retained by samples of mercerized 7 / 2 
cotton sewing thread after beta-propiolactone reaction to 
the indicated extent followed by neutralizing the carboxy 
ethyl groups with ammonia is recorded in Table VII. 

TABLE VII 

Percent B PL 
Material Substituents 

Mercerized cotton ..... -_ 

Mercerized cotton control 
BPIJStreated cotton. _. 

o ____________ __ 

1 Control was soaked in dilute NH4OH (same as BPL-treated samples) , 
washed in distilled Water and dried. 

EXAMPLE XI 

Resistance to acid induced degradation 

Plain and mercerized 12/5 cotton sewing thread treated 
with beta-propiolactone were placed in a desiccator with 
untreated controls. The desiccator was evacuated and the 
air replaced with nitrous oxide gas and allowed to stand 
for six hours. The samples were then washed with water, 
dried and tested for tensile strength. Results are shown 
in Table VIII. 

TABLE VIII 

as. BPL substit- 5 mg 
Pretreatment uents, per- 533M191; 

cent I act degradation, 
percent 

None (Blank) ......................................... _. 60. 2 
na ________ - _ _ _ 1. 40 62. 0 

Do ............. -. 4. 24 63.8 
Mercerized (Control) _ ____________ _ _ 60. 0 
Mercerized _________ ._ 0. 23 74. 4 

Do ____ _- 1. 26 78. 4 
D0 .................................. - . 4. 43 84. 5 

EXAMPLE XII 

Unsaturated textile ?bers 
Samples of beta-propiolactone reacted cotton 7/2 

thread were re?uxed in xylene for three hours. A Stark 
and Dean trap was connected to the condenser and water 
formed in the reaction was removed azeotropically. 

Table IX indicates the bromine absorption values be 
fore and after treatment. The values indicate that double 
bonds were formed by the dehydration treatment. 
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TABLE IX 

Bromine Bromine Absorption Absorption g‘igerg??e 
Before After Absorption 

Heating, Heating’ Percent ' 
Percent Percent 

Percent BPL substituents 

We claim: 
1. A process comprising reacting cellulose ?bers with 

beta-propiolactone at about from 50° to 155° C. until 
?bers are produced containing from about 0.5 to 26%, 
based on the weight of the original ?bers, of beta-propio 
lactone reaction products combined with the cellulose. 

5 2. The process of claim 1 wherein the reaction is con 
ducted by immersing the ?bers in the beta-propiolactone 
dissolved in an inert solvent. 

3. The process of claim 2 wherein the reaction is con 
ducted by boiling the solution of the beta-propiolactone at 

10 normal pressure. 
4. The process of claim 3 wherein the solvent is xylene. 

No references cited. 


