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Grafting to Natural and Synthetic Textiie Fibers
By Vivian T. Stannett, North Carolina State University, Raleigh

G raft copolymers consist of two
polymer chains of different chem-

ical structure, joined together at one or
more points. The first synthesis of a
graft copolymer is usually credited to
Carlin and Shakespeare in 1946.' This
was achieved or rather discovered un-
der normal homogeneous reaction con-
ditions. Such copoiymers have been
the subject of extensive research since
the early 1950s. However, these devel-
opments, inspired largely for possible
industrial uses, were and in fact still
are, concerned with synthesis under
heterogeneous conditions. In particu-
lar, a pre-existing polymer in the form
of a fiber, film or powder is reacted
with a monomer of different structure.
Fibers have been the predominant
choice and textile fibers in particular.

The author has worked on grafting
research since late 1952, resulting in

ABSTRACT

Graft copolymers consist of two
different polymer chains, covalently
linked together at one or more points.
A special feature of these materials is
that the modulus and many physical
and chemicai properties of the basic
fiber can remain essentially
unchanged. However, the special
properties of the grafted polymer
such as flame resistance, are
imparted to the modified fiber. This is
a very attractive feature and an
enormous amount of research has
been conducted into the synthesis,
characterization, properties and
application of these copolymers. One
method of synthesis has been to use
high energy radiation to form the
grafted fibers. Newer types of
electron accelerators provide a very
convenient and efficient method of
synthesis.

KEY TERMS

Elastic Cellulose
Elastic Wool
Graft Copolymers
Olney Medal
Radiation
Super Absorbents

1200

1000

%
EXTENSON

800

eoo

400

ZOO

POST- DECRY.

UNTREATED
—o

100 200 300
% GRAFT

400 500

Fig. 1. Infiuence of post-decrystaliization (70% aqueous ZnCl2) on the elasticity of ethyi acry-
late grafted rayon at 65% R,H. and ^

is needed to expedite the growth pro-
cess. Water is needed, for example,
with a bydropbilic polymer such as
cellulose. Certain important mechani-
cal properties, such as elongation, are
essentially controlled by the existing
morphology and thus, they do not
change, even with large percentages of
grafted rubbery polymer. Tbus. it is tbe
morphological, not tlie molecular fea-
tures which can lead to this curious but
useful phenomenon. It was thought at
first with radicals, created by radiation
for example, that tbe situation could
be changed by conducting the grafting
process in an already swollen state.
Unfortunately, under these conditions,
the radicals do not survive long enough
to react.

Decrystallization

It was therefore decided to post de-
crystallize—i.e., after the grafting had
taken place. The two effects are clearly
illustrated in Fig. 1, It can be seen that
up to 500% graft of rubbery poly-
ethylacrylate led to very little increase
in the elongation of rayon fibers.- On
decrystallizing however, in this case

two patents and about 65 published
papers. In this paper, only two aspects
of the work will be discussed in any
detail. They are grafting to wool and
to cellulose fibers to develop elastic-
ity, and super water absorbent fibers.

An interesting feature found with
grafting to pre-existing ñbers has been
that substantive amounts of grafting
can take place with very little change
in the hase fiber properties. Certain
special properties of the grafted side
chains such as flame retardancy can
however be conferred on tbe fibers.
Originally, this unexpected phenom-
enon was believed to be due to the fact
that only a tiny proportion of tbe base
fiber molecules themselves were
changed by grafting. This is due to the
fact that the grafted links, although few
in number, were often also of high
molecular weight. Percentage-wise
therefore, the modifications were sub-
stantial. The heterogeneous grafting
process on an existing fiber involves
creating a reactive center—usually a
free radical—and then the monomer
molecules diffuse in to react and grow
on that center. Often, a swelling agent
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Fig. 2. Influence of post-decrystallization (70% aqueous ZnCy on
the tenacity of ethyl acrylate grafted rayon at 65% R.H. and

with 70% zinc chloride solution, the
fihers became highly elastic. The
tenacities shown in Fig. 2 indicate the
sharp drop to those of typical rubbery
materials.^

The author began his grafting re-
search in 1952 during his first aca-
demic appointment in the S.U.N.Y.
College of Forestry at Syracuse Univer-
sity. It was natural, therefore, that the

Post -decrystallization

Fig. 4. Schematic representation of post-
decrystallization of grafted cellulose. Solid
blocks represent crystalline regions.'^

fibers studied were cellulosics. This
proved to be a very useful choice and
such research was continued at the
Research Triangle Institute and since
1967 at the North Carolina State Uni-
versity in the Chemical Engineering
Department and in the Fiber and Poly-
mer program at the College of Textiles.
The most recent paper was published
in April of 1994.'̂

Elastic Wool and Cellulose Fibers

The extensive research in grafted cel-
lulosics led to substantial support at
the Research Triangle Institute (R.T1) by
the Western Regional Laboratories of
the U.S. Department of Agriculture
(USDA) to extend the work to wool.
The main emphasis was on the wool-
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Fig. 3. Stress-strain curves for unmodified wool and 270% polyethyl
acrylate grafted wool at 25C. A—Unmodified wool; °—270%
polyethyl acrylate (load addition); and »—270% polyethylacrylate
(load removal).''

water relationship and the develop-
ment of drip-dry characteristics for
wool. It was first discovered with wool
that highly elastic fibers could be made
by grafting."^ The effect is illustrated in
Fig. 3, where elongations of 240% were
found without hysterisis. The percent
grafting is still rather high, about 73%
actually. In later work, it was found
that much lower degrees of grafting,
less than 50% for example, could lead
to high elasticity' when destructuring
with formic acid was used. The earlier
%vork with wool led in turn to devel-
opments with cellulose, as illustrated
in Figs. 1 and 2.--^'' The reseeirch was
halted in favor of rayon and decrys-
tallizing with e.g. 70% zinc chloride.
This work, done at RTI, was sponsored
by the J. P. Stevens Co. with substan-
tial work in their own laboratories. In-
terestingly, the late S. B. Sello, the 1982
Olney medalist, was very involved in
this research program.

Elastic cotton and other fibers were
also studied by others. J. C. Arthur and
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Fig. 5. Moisture regain of the radiation grafted rayon fibers before and after decrystalli2a; ->
withNaOH."'
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Fig. 6. Moisture regain of the eerie grafted rayon fibers before and
after decrystallization with NaOH.'''
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Fig. 7. Water retention values of eerie and radiation grafted rayon
before and after decrystallization with NaOH.'''

his colleagues at the Southern Regional
USDA for example, worked with larger
percentages of grafted elastomer.^'^
The grafting research leading to highly
elastic rayon fihers has been published
and patented and that particular pro-
gram was terminated about 1972.̂ "̂

Super Water Absorbing
Cellulose Fibers
In the mid-1970s, it had become ap-
parent that considerable industrial in-
terest was being generated in highly
water absorbing polymers, the so-
called super absorbents.^^ It occurred
to the author and his colleague that the
grafting and post decrystallization ap-
proach leading to high elasticity could
be extended to water sorption. Thus,
rayon or other celluloses could be
grafted with acrylic acid, for example
and the product then decrystallized by
treating with a solvent or powerful
swelling agent for the cellulose. As
with the elasticity development, the
idea was, and is, that the grafted side

chains held the structure together and
could then be exposed to solvents or
strong swelling agents. Removing this
solvent allowed the cellulosic structure
to recrystallize. But the normal crys-
tallization was now hindered by the
grafted side chains and only limited
crj'stallization was possible. This pro-
cess would be analogous to the crys-
tallization of a copolymer compared
with a normal homopolymer. These
ideas are illustrated in Fig. 4.'-

Decrystallizing acrylic acid grafted
cellulose is more complex than with
ethylacrylate grafts, for example.
Decrystallizing with 70% zinc chloride
solution does decrystallize, but also
leaves the zinc salt which is not hy-
drophilic. The decrystallization pro-
cess with this system therefore, needs
converting to the sodium salt by also
treating with sodium hydroxide. Ex-
amples are presented in Tahle I and
demonstrate the results of grafting, fol-
lowed by a simple decrystallization
procedure.''' It is interesting and also

Table I. Effect of Radiation Grafting Acrylic Acid and Decrystallizing on
the Water Retention Values of Rayon and Cotton Fibers^

Fibers 1

Rayon

Cotton

Percent Graft

0
100
100
114
98

0
96
96

191
191

^Adapted from Ref, 13.

Decrystallization
Conditions

None
None
3% NaOH cold
3% NaOH hot
70% ZnCIs 40C 2 hrs
then 3% NaOH cold

None
3% NaOH cold
3% NaOH cold
3% NaOH cold
3% NaOH at 500

Water Retention, cmVgm
(Centrifuge Method)

2.00
2.40
6.16
22.10
31.6

4.03
3.00
6.80
12.0
26.2

of practical value that in the case of the
acrylic acid grafts, excellent decrys-
tallization can be achieved by a simple
hot sodium hydroxide treatment.
There is no doubt however, that 70%
zinc chloride, followed by reconvert-
ing to the sodium salt via acid and so-
dium hydroxide treatments gives the
best results. The effect of grafting and
subsequent decrystallization on the
moisture regain and water retention are
shown in Figs. 5-7 for both radiation
and eerie ion grafts and for radiation
only in Table I.̂ -̂ '̂ "̂  The water reten-
tion values are not as high as the
crosslinked sodium polyacrylate type
materials currently favored in the in-
dustry; e.g.. for diapers. However, they
have the advantage of being in the form
of fibers and are at least partly biode-
gradable.

Our more recent research has led to
the development of a satisfactory
chemical method of grafting, using the
eerie ion method initially published by
the American Gyanamid Co. and ex-
tended somewhat towards our system
by Gangneux et al.'^'"^ This has been
simplified but somewhat less rigor-
ously in an all aqueous method for su-
per-absorbent grafted wood pulps.^"'^^
Detailed studies comparing radiation
and eerie ion grafting to rayon have
been published.'-* The process has also
been patented.'^ These involved not
only the water sorption and retention
properties, but also their mechanical
behavior. In addition, the detailed dif-
ferences in the morphology have been
investigated before and after de-
crystallization. This has led to a model
of such fiber structures that fits the data
well.-*
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The Olney Medal
Established in 1944 in honor of Dr,
Louis Atwell Olney, the founder and
first president of AATCC, The Olney
Medal is presented in recognition of
outstanding achievement in textile or
polymer chemistry or other fields of
major importance to textile science. In
addition to the gold medal, the award
consists of a scroll and an honorarium.
The medal presentation is a highlight
of the annual AATCC Intemationai Con-
ference & Exhibition. The following is
a list of the medalists and the names of
the organizations they were with at the
time th.e medal was awarded.

1944: Louis A. Olney
1945: Milton Harris of Milton Harris

Associates
1946: William H. Cady of U.S. Finish-

ing Co.
1947: Edward R. Schwarz of Massachu-

setts Institute of Technology
1948: Harold M, Chase of Dan River

Mills
1949: Charles A. Seibert of the DuPont

Co.
1950: George L. Royer of American

Cyanamid Co.
1951: Raymond W. Jacoby of Ciba Co.
1952: Werner von Bergen of Forstmann

Woolen Co.
1953: Roland E. Derby Sr. oftheDerhy

Co,
1954: William D. Appel of the National

Bureau of Standards
1955: Miles A. Dahlen of the DuPont

Co.
1956: Walter J. Hamburger of Fabric Re-

search Laboratories
1957: P. J. Wood of Royce Chemical Co.
1958: Henry E. Millson of American

Cyanamid Co.
1959: Emery 1. Valko of Lowell Tech-

nological Institute
1960: Arnold M. Sookne of Harris Re-

search Laboratories
1961: Fred Fortess of Celanese Corp. of

America
1962; Charles F. Goldthwait of North

Carolina State College

1963: Guiliana C. Tesoro of J. P.
Stevens & Co.

1964: Richard O. Steeie of Rohm and
Haas Go.

1965: Herman F.Mark of the Polytech-
nic Institute of Brooklyn

1966: Wilson A. Reeves of the U.S. De-
partment of Agriculture

1967: Edwin I. Stearns of American
Cyanamid Co.

1968: Harold P. Lundgren of the U.S.
Department of Agriculture

1969: D. Donald Gagliardi of Gagliardi
Research Corp.

1970: Paul L. Meunier of the DuPont
Go.

1971: Ernest R. Kaswell of Fabric Re-
search Laboratories

1972: Victors. Salvin of the University
of North Carolina at Greensboro

1973: Herman B. Goldstein of Sun
Ghemical Corp.

1974: Henry A. Rutherford of North
Carolina State University

1975: R. Lee Wayland Jr. of Dan River
Inc.

1976: George L. Drake Jr. of the U.S.
Department of Agriculture

1977: James M. Straley of Tennessee
Eastman Co,

1978: Dmitry M. Gagarine of Milliken
Research Corp.

1979: Joseph W. Gibson Jr. of the
DuPont Go.

1980: Roland E. Derby Jr. of the Derby
Co.

1981: Mathias J. Schüler of the DuPont
Co.

1982: Stephen B. Sello of J. P. Stevens
&Go.

1983: Theodore F. Gooke of Textile Re-
search Institute

1984: Ralph McGregor of North Garo-
lina State University

1985: Stanley P. Rowland of the U.S.
Department of Agriculture

1986: Melvin D, Hurwitz of the Univer-
sity of Nortli Carolina at Greens-
boro

1987: Ludwig Rebenfeld of Textile Re-
search Institute

1988: Martin K. Lindemarm, Consultant
1989: J. Lee Rush of AlliedSignal Inc.
1990: Hans-Dietrich H. Weigmann of

Textile Research Institute
1991: Robert J. Harper Jr. of the U.S. De-

partment of Agriculture
1992: Bethlehem K. Andrews of the

U.S. Department of Agricuitu •
1993: Herhert T.Pratt of the DuPoni
1994: J. Nolan Etters of the Unive

of Georgia
1995: Vivian T. Stannett of North Cair,

Una State University
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