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[57] ABSTRACT 
Fibrous cellulose-terpolymers with was-wear proper 
ties have been produced by a process comprising a se 
ries of steps consisting of irradiation of the substrate 
with gamma radiation, reaction with a ?rst monomer 
(monomer A) to form a copolymer, irradiation of the 
copolymer, and reaction with a second monomer 
(monomer B) to produce the trerpolymer of cellulose 
poly(monomer A)-poly(monomer B). 

21 Claims, N0 Drawings 
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CELLULOSE TERPOLYMER TEXTILES 

FIELD TO WHICH INVENTION RELATES 

This invention relates to a process for imparting to 
cotton and other cellulosic textiles selected physical 
properties with qualities of durable-press textiles, se 
lected surface properties with qualities of soil repel 
lency and release, and selected functional groups per 
manently introduced on the textiles with qualities of 
increased chemical reactivity and increased uniformity 
of dyeability. More speci?cally, this invention relates to 
a process for the preparation of a cellulose copolymer 
which subsequently is copolymerized with a second 
monomer to yield a ?brous cellulose terpolymer prod 
uct, the terpolymer product comprising cellulose with 
two different types of polymers covalently linked to the 
cellulosic polymeric molecule. 

BACKGROUND OF THE INVENTION 
Developments in the commercial production and 

personal use of easy care or durable-press textile prod 
ucts have generally led to the use of blends of cotton or 
other cellulosic ?bers and man-made chemical ?bers in 
order to have products with desired properties. Cellu 
losic ?bers and chemical ?bers have differences in 
macromolecular properties and chemical composi 
tions, particularly in functional and reactive groups. In 
many textile fabrics, composed of blends of two differ 
ent types of ?bers, uniformity of dyeing, soil deposition 
and release, comfort factors related to moisture sorp 
tion and desorption of textile fabrics, and the like are _ 
undesirable effects of making durable-press textile fab 
rics comprising blending and weaving of different types 
of textile ?bers. Obviously, formation of cellulose ter 
polymers within the fabric structure of these types of 
durable-press textile products could improve the soil 
release, dyeability and uniformity of dyeing and physi 
cal properties of the products. 

OBJECTIVES OF THE INSTANT INVENTION 

The main object of this invention is to provide a 
process for the preparation of cellulosic textile terpoly 
mers with properties which are useful in the production 
of wash-wear garments and other textile dry goods. 

GENERAL ASPECTS OF THE PRESENT 
INVENTION 

The instant invention de?nes a distinct improvement 
in the reactivity of cotton cellulose by forming a cellu 
lose copolymer and then by reacting the copolymer 
with a second monomer to yield cellulose terpolymer. 
For example, it was unexpectedly found that cellulose 
copolymers were much more easily reacted with a sec 
ond monomer than if the second monomer was directly 
reacted with cellulose only. Consequently, the yield of 
cellulose terpolymer, formed by stepwise reaction of 
cellulose with monomer to give cellulose copolymer 
and then reaction of cellulose copolymer with a second 
monomer, was greater than if reaction of cellulose and 
two different monomers was attempted simultaneously. 
Furthermore, the formation of cellulose block copoly 
mers was minimized in the stepwise reactions de?ned 
in the instant invention. Factors that apparently ef 
fected the increased reactivity of cotton cellulose co 
polymer during terpolymerization reaction with the 
second monomer were, as follows: the presence of 
electronegative groups, such as nitrile and/or carboxyl 
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2 
groups when these groups were substituted on the al 
pha-carbon of the monomer or on the corresponding 
carbon of the copolymer; the stability and reactivity of 
free radicals formed on the cellulosic and/or polymeric 
parts of the cellulose copolymer with other monomers. 
That is, during the terpolymerization reaction, the sec 
ond monomer may terpolymerize with cellulose and/or 
the polymer of the cellulose copolymer. 

PHILOSOPHY AND SPECIFIC ASPECTS OF THE 
PRESENT INVENTION 

The source of cellulose in the preparation of cellu 
lose terpolymers was commercial grey cotton sateen 
fabric, about 7.5 ounces per square yard, that had been 
enzymatically desized, alkali scoured, and peroxide 
bleached on a pilot plant scale. Samples of the cotton 
sateen fabric were dried over phosphorus pentoxide 
under vacuum at 25°C for 16 hours to yield a fabric 
with a moisture content of about 0.5 percent. The dry 
ing step was not essential to the process of this inven 
tion; however, the yield of product was increased if the 
cotton sateen fabric was initially dried. Then the dried 
cotton sateen fabric was irradiated by exposure of the 
fabric to gamma radiation from cobalt-60, a convenient 
source of high-energy radiation, while in a nitrogen 
atmosphere and at 25°C to a dosage of about 0.5 mega 
rad, thereby producing an activated cotton sateen fab 
ric containing long-lived free radicals on the cellulose 
molecules of cotton. The exposure of cotton sateen 
fabric to high-energy radiation was essential to the 
process of this invention; however, an exact radiation 
dosage was not required. Generally, the extent of acti 
vation of the cotton sateen fabric, that is, formation of 
long-lived free radicals on the cellulose molecules of 
cotton was directly related to the radiation dosage; 
however, as the radiation dosage given the cotton sa 
teen fabric was increased, prohibitive losses in the nat 
ural textile properties of cotton ‘were obtained. At total 
dosages of one megarad or less, the cotton was acti~ 
vated by formation of long-lived free radicals on the 
cellulose molecules of cotton, was directly related to 
the radiation dosage; however, as the radiation dosage 
given the cotton sateen fabric was increased, prohibi 
tive losses in the natural textile properties of cotton 
were obtained. At total dosages of l megarad or less, 
the cotton was activated by formation of long-lived free 
radicals on the cellulose molecules of cotton with mini 
mum and acceptable losses in the natural textile prop» 
erties of cotton. Therefore, in the process of this inven 
tion in the stepwise preparation of cellulose terpoly 
mers, a total dosage of one megarad or less was used. 
Activated cotton sateen fabric (about 1 part by 

weight), which has been irradiated to a dosage of 0.5 
megarad, was immersed at 25°C in a vinyl monomer 
solution (about 1 part by weight of monomer and 8 
parts by weight of solvent) that had been purged free of 
oxygen by flushing with nitrogen for the reaction time 
of about 60 minutes to give the desired polymer add 
on. The vinyl monomers were selected from the group 
which included acrylonitrile, methacrylonitrile, meth 
acrylic acid, acrylic acid, and hexa?uoroisopropyl ac 
rylate. A convenient solvent for these monomers was 
methanol (80% by volume) plus water (20% by vol~ 
ume). A convenient reaction time was one hour. After 
the desired reaction time, the cotton copolymer fabrics 
were washed with water, extracted with a solution of 
methanol (about 80% by volume) and water (about 
20% by volume) to remove the unreacted material, 
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again washed with water, and then air-dried at 25°C. 
Typical polymer add-ons ranged from about 2.6 to 9.4 
percent. 
Then the cotton copolymer sateen fabrics were dried 

over phosphorus pentoxide under vacuum at 25°C for 
16 hours to yield a copolymer fabric with a moisture 
content of about 0.5 percent. The drying step was not 
essential to the process of this invention; however, the 
yield of product was increased if the cotton copolymer 
sateen fabrics were initially dried. Then the dried cot 
ton copolymer sateen fabric was irradiated by exposure 
of the fabbric to gamma radiation from cobalt-60, a 
convenient source of high-energy radiation, while in a 
nitrogen atmosphere and at 25°C to a dosage of about 
0.5 megarad, thereby producing an activated cotton 
copolymer sateen fabric containing long-lived free rad 
icals. The exposure of cotton copolymer sateen fabric 
to high-energy radiation was essential to the process of 
this invention; however, an exact radiation dosage was 
not required. Generally, the extent of activation of the 
cotton copolymer sateen fabric, that is, formation of 
long-lived free radicals in the copolymer fabric, was 
directly related to radiation‘ dosage; however, as the 
radiation dosage given the cotton copolymer sateen 
fabric increased, prohibitive losses in the desirable 
textile properties of the cotton copolymer sateen fabric 
were obtained. At total dosage of one megarad or less, 
the cotton copolymer sateen fabric was activated by 
formation of long-lived free radicals in the copolymer 
fabric with minimum and acceptable losses in textile 
properties of the cotton copolymer sateen fabric. The 
major effects of high-energy radiation on the properties 
of the cotton copolymer fabric were on the properties 
of the cotton component of the cotton copolymer fab 
ric. Since the cotton had already been irradiated to a 
dosage of 0.5 megarad in the process of preparation of 
the cotton copolymer fabric, the radiation dosage in 
the step to prepare the cotton terpolymer fabric was 
limited to 0.5 megarad. Thereby the total radiation 
dosage to which the cotton was subjected was 1.0 meg 
arad, 0.5 megarad in the process of the copolymer step 
and 0.5 megarad in the process of the terpolymer step. 
Activated cotton copolymer sateen fabric (about 1 

part), which had been irradiated to a dosage of 0.5 
megarad, was immersed at 25°C in a vinyl monomer 
solution (about 1 part monomer and 8 parts solvent) 
that had been purged free of oxygen by ?ushing with 
nitrogen for the reaction time to give the desired poly 
mer add-on. The vinyl monomers were selected from 
the group which included acrylonitrile, methacryloni~ 
trile, methacrylic acid, acrylic acid, and hexa?uoroiso 
propyl acrylate. A convenient solvent for these mono 
mers was methanol (80% by volume) plus water (20% 
by volume). A convenient reaction time was one hour. 
After the desired reaction time, the cotton terpolymer 
fabrics were washed with water, extracted with a solu 
tion of methanol (about 80% by volume) and water 
(about 20% by volume) to remove the unreacted mate 
rial, again washed with water, and then air-dried at 
25°C. Typical polymer add-ons ranged from about 0.44 
to 20 percent. 
The following examples are provided to facilitate the 

comprehension of the invention and should not be 
construed as limiting the invention in any manner what 
soever. 
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4 
EXAMPLES 

A substantial number of samples were prepared by 
the process of this invention and 26 of these were se 
lected for a chronological tabulation of the results ob 
tained therefrom. . 

The method of preparation of these terpolymers in 
volved two separate irradiations and reaction periods, 
thus (1) the immersion of a pre-irradiated (0.5 mega 
rad) dried fabric in an aqueous methanol-monomer 
(A) solution, reaction at room temperature (25°C) 
under nitrogen for a selected reaction time, usually one 
hour, followed by extracting in aqueous methanol, 
washing in water and drying the copolymer fabric, and 
(2) the dried copolymer was irradiated again (0.5 meg 
arad), then immersed in a second aqueous methanol 
monomer (B) solution, reacted exactly under the same 
conditions as were employed with monomer (A), ex 
tracted, washed, and allowed to dry. The unexpected 
increased reactivity of monomer (B) observed only in 
the presence of the irradiated cellulose-graft 
copolymer (A) was veri?ed for various monomer sys 
terns. 
To illustrate the effect of monomer on the polymer 

add-on in the process for preparation of the cotton 
sateen copolymer fabrics Examples 1 — 5 were in 
cluded, that is: Example 1, acrylonitrile, 2.6% add-on; 
Example 2, methacrylonitrile, 6.7% add-0n; Example 
3, methacrylic acid, 7.4% add-on; Example 4, acrylic 
acid, 5.2% add-on; and Example 5, hexa?uoroisopro 
pyl acrylate, 9.4% add-on. 
To illustrate the effect of cotton sateen poly(a 

crylonitrile) copolymer fabric on the process for the 
preparation of cotton sateen terpolymer fabrics Exam 
ples 6-9 were included. As shown in Examples 6 — 8 the 
reactivity of the second monomer was greater with 
activated cotton sateen poly(acrylonitrile) copolymer 
fabric than with activated cotton sateen fabric. That is, 
reactivity of acrylonitrile with copolymer fabric was 
3.8% add-on and with fabric, 2.6% add-on; reactivity of 
methacrylonitrile with copolymer fabric was 7.2% add 
on and with fabric, 6.7% add-on; and reactivity of hexa 
?uoroisopropyl acrylate with copolymer fabric was 
12% add-on and with fabric, 9.4% add-on. As shown in 
Example 9, if the content of poly(acrylonitrile) in the 
copolymer fabric was increased from 2.7% add-on to 
8.6% add-on, the reactivity of hexa?uoroisopropyl 
acrylate with these activated copolymer fabrics were 
12% and 11% add-on, respectively. 

TABLE I 

Effects of Monomer Type and Cellulose Copolymer Composition 
Cellulose Copolymer Cellulose Terpolymer 

Composition Composition 
Example Monomer“ Add-on,% Monomer“ Add-on.% 

1 AN 2.6 — - 

2 MAN 6.7 —.-' _ 
3 MAA 7.4 — — 

4 AA 5.2 — — 

5 FlPA 9.4 — — 

6 AN 2.7 AN 38 
7 AN 2.7 MAN 72 
8 AN 2.7 FlPA l2 
9 AN 3.6 FlPA ll 
10 MAN 6.7 AN 4.4 
ll MAN 6.7 MAA 0.44 
12 MAN 6.7 AA 6.9 
13 MAN 6.7 FIPA l3 
l4 MAA 5.7 FIPA l4 
l5 MAA 7.4 AN 3.9 
16 MAA 7.4 MAN 7.9 
17 MAA 7.4 MAA 7.2 
18 MAA 7.4 AA 5.4 
l9 FlPA 9.4 AA 5.1 
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TABLE I-continued 
Effects of Monomer Type andlCellulose Copolymer Composition 

Cellulose Copolyrner Cellulose Terpolymer 
Composition Composition 

Example Monomer“ Add-on, % Monomer" Add—on.% 

20 FlPA l7 MAN 4.1 
21 AA ’ ’ 5.6 AN‘ 3.7 

22 AA 56 MAN 8.5 
23 AA 5.6 MAA 8.0 
24 AA ‘5.6 AA 3.4 
25 AA 5.6 FIPA 18 
26 AA _, 9.5 FIPA 20 

"AN = acrylonitrile; MAN = methacrylonitrile; 
MAA = methacrylic acid; AA = acrylic acid; 
FIPA = hexa?uoroisopropyl acrylate 

To illustrate the effect of cotton sateen poly(metha 
crylonitrile) copolymer fabric on the process for the 
preparation of cotton sateen terpolymer fabrics Exam 
ples l0 — 13 were included. As shown in Examples 10, 
12, and 13, the reactivity of the second monomer was 
greater with activated cotton sateen poly(metha 
crylonitrile) copolymer fabric than with activated cot 
ton sateen fabric. That is, reactivity of acrylonitrile 
with copolymer fabric was 4.4% add-on and with fab 
ric, 2.6% add-on; reactivity of acrylic acid with copoly~ 
mer fabric was 6.9% add-on and with fabric, 5.2% 
add-on; reactivity of hexa?uoroisopropyl acrylate with 
copolymer fabric was 13% add-on and with fabric, 
9.4% add-on. As shown in Example 1 l, the reactivity of 
methacrylic acid with copolymer fabric was 0.44% 
add-on and with fabric, 7.4% add-on. 
To illustrate the effect of cotton sateen poly(metha 

crylic acid) copolymer fabric on the processes for the 
preparation of cotton sateen terpolymer fabrics Exam 
ples 14 - 18 were included in the table. As shown in 
Examples 14 — 18 the reactivity of the second monomer 
was equal or greater with activated cotton sateen poly( 
methacrylic acid) copolymer fabric than with activated 
cotton sateen fabric. That is, reactivity of acrylonitrile 
with copolymer fabric was 3.9% add-on and with fab 
ric, 2.6% add-on; reactivity of hexa?uoroisopropyl 
acrylate with copolymer fabric was 14% add-on and 
with fabric, 9.4% add-on; reactivity of methacryloni 
trile with copolymer fabric was 7.9% add-on and with 
fabric, 6.7% add-on; reactivity of methacrylic acid with 
copolymer fabric was 7.2% add-on and with fabric, 
7.4% add-on; reactivity of acrylic acid with copolymer 
fabric was 5.4% add-on and with fabric, 5.2% add-on. 
To illustrate the effect of cotton sateen poly(hexa 

?uoroisopropyl acrylate) copolymer fabric on the pro 
cess for the preparation of cotton sateen terpolymer 
fabrics Examples 19 and 20 were included in the table. 
As shown in Examples 19 and 20, the reactivity of 
acrylic acid with copolymer fabric was 5.1% add-on 
and with fabric, 5.2% add-on; reactivity of methacrylo 
nitrile with copolymer fabric was 4.1% add-on and with 
fabric, 6.7% add-on. 
To illustrate the effect of cotton sateen poly(acrylic 

acid) copolymer fabric on the process for the prepara 
tion of cotton sateen terpolymer fabrics, Examples 21 - 
26 were included. As shown in Examples 21-23, and 
25-26, the reactivity of the second monomer was 
greater with activated cotton sateen poly( acrylic acid) 
copolymer fabric than with activated cotton fabric. 
That is, reactivity of acrylonitrile with copolymer fabric 
was 3.7% add-on and with fabric, 2.6% add-on; reactiv 
ity of methacrylonitrile with copolymer fabric was 
8.5% add-on and with fabric, 6.7% add-on. reactivity of 
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6 
methacrylic acid with copolymer fabric was 8.0% add 
on and with fabric, 7.4% add-on; reactivity of hexa 
?uoroisopropyl acrylate with copolymer fabric was 
18-20% add-on and with fabric, 9.4% add-on. As 
shown in Example 24, reactivity of acrylic acid with 
copolymer fabric was 3.4% add-on and with fabric, 
5.2% add-on. 
We claim: 
1. A process for preparing a cellulose-terpolymer 

?brous textile with wash-Wear properties, the process 
comprising: 

a. impregnating a ?brous cellulosic textile which has 
been dried to a moisture content below 0.5% and 
irradiated with gamma radiation to a dosage of 
about 0.5 megarad for about 60 minutes at room 
temperature, with an aqueous-methanolic reagent 
solution, respectively 80% and 20% by volume, 
Containing a vinyl (A) monomer selected from the 
group consisting of acrylonitrile, methacrylonitrile, 
methacrylic acid, acrylic acid, and hexa?uoroiso 
propyl acrylate, said monomer impregnation com 
prising a reaction condition wherein the charge 
comprises a part of dried and irradiated cellulosic 
textile, 1 part of vinyl monomer, and 8 parts of 
aqueous-methanol, said impregnation constituting 
a reaction which yields polymer add-ons of about 
from 2.6% to 9.4%, 

b. washing the unreacted reagents off the formed 
cellulose copolymer with aqueous-methanol, 

c. drying the cellulose copolymer to a moisture con 
tent of below about 0.5%, 

d. irradiating the dried cellulosic copolymer textile 
product from step (c) with gamma radiation to a 
dosage of about 0.5 megarad, 

e. impregnating the irradiated textile product of (d) 
with an aqueous-methanolic reagent solution, re 
spectively 80% and 20% by volume, containing a 
vinyl monomer (B) different than that employed in 
step (a) and selected from the group consisting of 
acrylonitrile, methacrylonitrile, methacrylic acid, 
acrylic acid, and hexa?uoroisopropyl acrylate, said 
monomer impregnation comprising a reaction con 
dition wherein the charge comprises 1 part of dried 
and irradiated cellulosic textile, 1 part of vinyl 
monomer, and 8 parts of aqueous-methanol, said 
impregnation constituting a reaction which yields 
(B) polymer add-ons of about from 0.44% to 20%, 
and 

f. washing the unreacted reagents off the formed 
cellulose terpolymer with aqueous-methanol. 

2. The process of claim 1 wherein the vinyl (A) mon 
omer is acrylonitrile in step (a). 

3. The process of claim 1 wherein the vinyl (A) mon 
omer is methacrylonitrile in step (a). 

4. The process of claim 1 wherein the vinyl (A) mon 
omer is methacrylic acid in step (a). 

5. The process of claim 1 wherein the vinyl (A) mon 
omer is acrylic acid in step (a). 

6. The process of claim 1 wherein the vinyl (A) mon 
omer is hexa?uoroisopropyl acrylate is step (a). 

7. The process of claim 1 wherein the vinyl (B) mon 
omer is acrylonitrile in step (e). 

8. The process of claim 1 wherein the vinyl (B) mon 
omer is methacrylonitrile in step (e). 

9. The process of claim 1 wherein the vinyl (B) mon 
omer is methacrylic acid in step (e). 

10. The process of claim 1 wherein the vinyl (B) 
monomer is acrylic acid in step (e). 
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11- ThC’PTOCeSS Of Claim 1 wherein the vinyl (B) 17. The cellulose terpolymer produced by the pro 
monomer 1s hexa?uoroisopropyl acrylate in step (e). cess of claim 7, 

12- The Feuulose terpolymer Produced by the Pro‘ 18. The cellulose terpolymer produced by the pro 
cess of dam 2. cess of claim 8 
celgbggfaifnelgflose terpolymer produced by the pro' 5 19. The cellulose terpolymer produced by the pro 

14. The cellulose terpolymer produced by the pro 
cess of claim 4. 

cess of claim 9. 
20. The cellulose terpolymer produced by the pro 

15. The cellulose terpolymer produced by the pro- cess of claim 10 
cess of claim 5. 10 21. The cellulose terpolymer produced by the pro 

16. The cellulose terpolymer produced by the pro- C655 of Claim 11 
cess of claim 6. * * * * * 
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