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SYNOPSIS

The graft copolymerization of methacrylic acid onto poly(ethylene terephthalate) fibers,
by the aid of benzoyl peroxide, have been investigated. The graft yield increased up to
85°C, and then decreased with the further increase in temperature. The maximum graft
yield was obtained at benzoyl peroxide concentration of 4.0 X 10™® mol/L. The increase
in the concentration of monomer was found to increase the graft yield. The change in the
graft yield was followed by the experiments carried out using different water /solvent mix-
tures. Also, the change in the properties of polye (thylene terephthalate) fibers grafted with
methacrylic acid such as moisture regain, density, and diameter were investigated.

INTRODUCTION

There is a widespread use of fibers of synthetic origin
in the textile industry today. Poly (ethylene tereph-
thalate) (PET) fibers have a prominent place among
these synthetic fibers. However, in spite of many
superior properties of PET fibers, some of their poor
features such as low moisture regain, difficulty of
dyeing, and poor antistatic properties limit their
fields of usage.

One of the most common ways resorted to, to
give new properties or improve poor features of PET
fibers, is grafting various monomers onto them by
graft copolymerization. It is generally thought that,
as a result of graft copolymerization, the properties
of PET backbone are not affected and the fibers
acquire new properties, depending upon the mono-
mer grafted.

The graft copolymerization can be chemically
initiated using initiators such as benzoyl peroxide,!
hydrogen peroxide,*® azobisisobutyronitrile,® and
ceric ion.”® The grafting studies carried out using
irradiation techniques also have a prominent place
in the literature.® 3
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Many monomers such as acrylic acid,??1%141
acrylamide,®'® vinyl acetate,’” styrene,®®'! and
bromostryrene!® have been employed in grafting
studies.

There are also studies concerned with the grafting
of methacrylic acid onto PET fibers in the literature.
Schamberg!® investigated the behavior of PET fibers
grafted with methacrylic acid in alkaline media. Rao
et al.?’ examined the effect of addition of H and OH
scavengers to the medium, upon the polymerization
reactions (homopolymerization and grafting) during
grafting of acrylic and methacrylic acid onto PET
fibers with irradiation. Matsuzaki et al.2! investi-
gated the stereoregularity of the PET fibers grafted
with methacrylic acid and methyl methacrylate us-
ing irradiation technique. The other related litera-
tures are generally patented.??2

In graft copolymerization the investigation of the
factors affecting the grafting (such as temperature,
monomer, and initiator concentration) is as impor-
tant as the investigation of the properties of grafted
PET fibers. In this study, the effect of the changes
of the graft copolymerization conditions upon the
graft yield of methacrylic acid onto PET fibers using
benzoyl peroxide initiator has been examined. Also
the changes observed in the physical properties of
PET fibers grafted with methacrylic acid such as
moisture regain, diameter, and density are reported
here.
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EXPERIMENTAL

Materials

The PET fibers (126 denier, 28 flaments) used in
these experiments were provided by Sasa Co.
(Adana, Turkey). The fiber samples were first
washed with luke-warm water. They were then
Soxhlet-extracted for 6 h with acetone and dried at
ambient temperature. Methacrylic acid (MAA) was
saturated with NaCl, kept overnight, filtered, dried
over CaCl,, and vacuum-distilled over column filled
with copper wires at 40°C. The MAA freshly distilled
throughout the study and stored in dark. Benzoyl
peroxide (Bz;0,) were recrystallized twice from
methanol-chloroform mixture and dried in vacuum.
All other chemicals were chemically pregrade.

Polymerization Procedure

The grafting procedures were carried out in 100 mL
polymerization vessels. The mixture containing
PET fiber sample (0.30 £ 0.01 g), monomer, and
Bz,0, at required concentration in 5 mL acetone
was made up to 50 ml, with deionized water. The
mixture was immediately placed into the water bath
(Lauda D 40 S, Germany) adjusted to the polymer-
ization temperature. The fiber samples taken from
the mixture at the end of the graft copolymerization
was roughly washed with water. They were then
subjected to a thorough washing procedure in boiling
water for 4 h by changing the washing water at least
three times during this period. It was finally Soxhlet-
extracted with methanol for 8 h. The percentage
increase in the fiber weight was taken as the graft
yield percentage.

Measurement of Density

The densities of the fiber samples were measured
by density gradient column at 23°C. Glass floats
were used in the calibration of this column prepared
from carbontetrachloride and xylene, the densities
were known with an accuracy of 1/10,000. The levels
of glass floats and fiber samples were determined by
a cathetometer within a sensitivity of 0.1 mm.

Measurement of Diameter

The diameters of the fiber samples were measured
by a Vanox (Olympus) microscope at a magnifica-
tion of X1000. These measures were carried out using
at least five samples taken from different regions of
the fiber.

Determination of Moisture Regain

The fiber samples were conditioned at 20°C in a
medium having a relative humidity of 65% in order
to evaluate the moisture regain value. This value
was calculated from the difference in the weight of
the conditioned fiber and the dry weight of the orig-
inal fiber.

Dyeing Procedure

Original and grafted PET fiber samples were dyed
with methylene blue (6.0 g/L) at boiling for 2 h,
keeping the material /liquor ratio 0.6 /100. The dye
uptake values of the fiber samples were calculated
from the amount of the dye remaining in the dye-
bath and the predetermined calibration curve. The
amount of the dye remaining in the dye-bath was
determined by the help of Bausch and Lomb Spec-
tronic 2000 spectrophotometry at a wavelength of
663 nm.

FTIR Spectrum

The FTIR spectrum of MAA-grafted PET fiber was
recorded using a Perkin-Elmer Model 1710 spectro-
photometer with a KBr disc.

RESULTS AND DISCUSSIONS

During the graft copolymerization of a monomer
onto the fibers, generally there occurs a certain
amount of homopolymer of the grafted monomer in
the polymerization medium, depending upon the
graft copolymerization method used. The most
commonly employed method for the removal of this
homopolymer from the grafted fibers is the extrac-
tion of it, using appropriate solvent or solvents. Al-
though this is a highly time- and material-consuming
method, it is generally preferred due to its simplicity.
Also the main polymer is relatively unaffected in
this method. Various workers used water? or
methanol??" as a solvent in the removal of
poly (methacrylic acid) from the grafted fiber. In our
study both of these solvents were sequentially em-
ployed for the extraction of homopolymer. The ex-
traction periods were determined by preexperiments
and the periods at which fiber weight remained con-
stant were chosen.

Effect of Temperature on Grafting

Table I shows the change of graft yield of meth-
acrylic acid onto PET fibers with temperature and



Table I Effect of Polymerization Temperature
and Time upon Graft Yield®

Graft Yield (%)

Time
(h) 70°C 75°C 80°C 85°C 90°C
1/4 0.0 0.0 1.6 4.5 7.5
1.8 4.5 4.8
1/2 0.0 0.0 2.6 10.6 20.6
1.3 14.0
1 0.0 2.0 7.8 24.6 20.3
1.2 9.8 30.0 21.9
3/2 1.0 3.7 14.0 32.6 22.8
2.8 17.4 29.6
2 1.5 8.0 19.0 30.0 21.8
1.0 5.0 30.5
5/2 14 9.4 21.5 30.4 22.8
6.5 30.4
3 3.1 10.8 20.2 31.2 22.0
2.0 21.8 224

* [MAA] = 1.88 X 1072 mol/L; [Bz;0:] = 4.0 X 10~* mol/L.

time. Some experiments were repeated more than
once. As seen from Table I, the reproducibility of
the experimental data is relatively poor. This could
have been caused by the entrapment of homopoly-
mer within the fibers, in spite of the long extraction
times used. This poor experimental reproducibility
was also observed in various grafting systems.>?%2

Figure 1 is plotted by taking the average values
of the data tabulated in Table I. The graft yield was
found to reach to maximum at 85°C, using the var-
ious experimental temperatures. The graft yield was

(%)

35

Graft Yield

Time (hr)

Figure 1 Variation of graft yield with polymerization
temperature: [ MAA] = 1.88 X 1073 mol/L; [ Bz,0,] = 4.0
X 10™¥ mol/1; (O) 70°C, (O) 75°C; (A ) 80°C; (®) 85°C;
(A) 90°C.
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seen to decrease when the temperature was increased
to 90°C.

The regions around the glass-transition temper-
ature (7T,) of PET are the region in which maximum
graft yield is obtained.'’ The increase in temperature
above T, of PET increases the swellability of PET
fibers and eases the diffusion into them. This facil-
itates the radical reactions as a result of the in-
creased mobility of the polymer chains. Also the de-
composition rate of Bz,0, increases in parallel with
the temperature. As a conclusion, the increase in
temperature from 70 to 85°C increases graft yield.
However, above this temperature (i.e., 90°C) the
chain termination reactions and the combination of
more and more radicals predominate and cause the
graft yield to decrease. Nevertheless, although the
increase in temperature lowers the graft yield, the
rate of grafting continues to increase (Fig. 1).

Effect of Monomer and Initiator Concentration

The relation between the graft yield and the mono-
mer concentration was investigated by the experi-
ments carried out at four different MAA concentra-
tions. The results are shown in Figure 2. The graft
yields and saturation graft yields were found to in-
crease with the increasing monomer concentration.
The increase in the concentration of MAA will in-
crease the MAA content diffused into the PET fibers
and present in the outer solution, which increase
the chance for the PET macroradicals and growing
grafted side chains to find monomer units to add
and increase the graft yield. The saturation graft
yield is 5% for 0.47 X 1072 mol/L MAA, which in-

Graft Yield (%)

Time (hr)

Figure 2 Variation of graft yield MAA concentration:
[Bz,0,] = 4.0 X 107 mol/L; temperature, 85°C; time 2
h; [MAA] (mol/L): (O) 0.47 X 1073; ([0) 0.94 X 1073;
(A) 1.40 X 1073; (@) 1.88 X 1073,
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Figure 3 Variation of graft yield with initiator concen-
tration: [MAA] = 1.88 X 102 mol/L; temperature, 85°C;
time 2 h.

creases to about 30% for 1.88 X 10~% mol/L MAA.
The reason why the graft yield reached a constant
value after 1-1.5 h with all the concentrations em-
ployed may be attributed to the significant decrease
in the amount of MAA in the system.

Figure 3 shows the results of the experiments
carried out to investigate the relation between the
graft yield and initiator concentration. The graft
yield increases up to Bz,0; concentration of 4.0
X 1072 mol /L, which passes through a maximum at
this concentration. It is observed to show a slight
decrease above this concentration.

The free radicals occur as a result of the decom-
position of Bz,0, may take place in various reactions
in the polymerization media. The increase in the
concentration of Bz,0, increases the chance of hy-
drogen abstraction from the PET backbone and the
chain transfer reactions of poly (methacrylic acid)
homopolymer chains with PET. In both cases the
graft yield increases. However, the excess increase
in the concentration of Bz,0, causes the free radical
species formed from decomposition of Bz,0,

Table II Effect of Some Solvents on Graft Yield®

Table III Density and Diameter Values
of MAA-Grafted PET Fibers

Graft Yield Density Diameter
(%) (g/cc) (mm X 1072)
0.0 1.3749 2.0995
3.7 1.3726 2.1400
10.8 1.3718 2.2230
14.0 1.3706 2.3380
22.8 1.3696 2.3712
24.6 1.3657 2.4700
304 1.3651 2.5194

(CcH5COO3; and/or CgH3) to give termination re-
actions with PET macroradicals or growing polymer
chains or combination reactions between them, and
consequently the graft yield decreases. This effect
is observed when Bz,0, concentration is taken above
4.0 X 1073 mol/L (Fig. 3).

Effect of Reaction Medium

The composition of graft copolymerization media
plays an important role in the grafting of vinyl
monomers onto PET fibers. The data obtained from
the grafting studies carried out using various water /
solvent ratios are tabulated in Table II. All the sol-
vents used had an adverse effect upon grafting. Also,
if one examines the experiments carried out for in-
dividual solvents, one can see that increase in the
amount of solvent in the mixture decreases the
grafting. The grafting was observed to be totally
hindered at a water/ethanol, water /methanol, wa-
ter/n-propanol, and water/DMSO ratio of 40/60
(v/v), water/n-butanol ratio of 60/40 (v/v), and
water /pyridine ratio of 80/20 (v/v). The role of
solvents added to polymerization system is very
complicated indeed. The solvents may show varying

Graft Yield (%)

Water/Solvent
Ratio (v/v) Methanol Ethanol n-Propanol n-Butanol DMF® DMSQ? Pyridine
100/00 30.3 30.3 30.3 30.3 30.3 30.0 30.0
90/10 16.0 15.0 22.4 4.3 12.0 7.5 4.3
80/20 5.7 5.0 7.3 2.0 5.0 6.0 0.0
60/40 2.0 0.5 1.0 0.0 2.0 1.0 0.0
40/60 0.0 0.0 0.0 0.0 0.9 0.0 0.0
20/80 0.0 0.0 0.0 0.0 0.0 0.0 0.0

* [MAA] = 1.88 X 107 mol/L; [Bz,0;] = 4.0 X 10 mol/L; time 2 h; temperature 85°C.

» DMF = dimethyl formamide; DMSO = dimethyl sulfoxide.
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Figure 4 Moisture regain value of MAA grafted PET
fibers.

effects upon their properties such as swellability of
PET fibers and miscibility with monomer. They may
also take place in reactions such as initiation, chain
transfer, and termination. The effect of solvents used
in grafting of MAA onto PET fibers upon the graft
yield follows the following order:

n-propanol > methanol > ethanol > DMF

> DMSO > n-butanol > pyridine

SOME PROPERTIES OF MAA GRAFTED
PET FIBERS

Density and Diameter

The density and diameter values of PET fibers
grafted with various amount of MAA are given in
Table III. As is clearly seen, the fiber densities de-
creased with the increasing graft yield. A possible
explanation is that the grafted polymer chains are
accommodated between the linear main polymer
chains, which results in an increase in diameter. The
decrease observed in density with the increase in
diameter was most probably due to fact that the
contribution of grafted side chains to the weight of
fiber is less than their contribution to the volume
of it. In other words, the increase in weight of fiber
as a result of grafting is less than the increase in
the volume of fiber.

Moisture Regain

The moisture regain value of hydrophobic PET fi-
bers is very low. As seen from Figure 4, the moisture
regain value of ungrafted PET fibers is 0.44%. The
moisture regain value increases to 2.3% at the graft

GRAFTING PET FIBERS WITH MAA 1741

yield of 16.5%, and 3.8% at the graft yield 30.0%.
This can be the explained by the insertion of polar
groups (—COOH) to PET fiber and increase in the
hydrophilic character of the fiber. It can also be
claimed that the opening of PET structure (Table
IIT) may have an influence in the increase in the
moisture regain value of the fibers.

Dye Uptake

The dyeability of a textile fiber can be increased by
introducing suitable functional groups in the fiber
structure, so that they become the centers of ad-
sorbtion or reaction with the appropriate class of
dye molecules. As seen from the results of dyeing
experiments of grafted PET fibers, using methylene
blue, the dye uptake increases with graft yield ( Table
IV). This must be due to the increase in the number
of —COOH groups, which provides the higher dye-
ability. The dye uptake of ungrafted PET fiber is
0.011 g dye/g fiber while the dye uptake of PET
fiber grafted with 30.4% MAA increases up to 0.154
g dye/g fiber. The opening of fiber structure as a
result of grafting will undoubtedly contribute to im-
proving the dye uptake of the fiber.

FTIR Spectrum

IR spectra are not sufficient to evaluate the points
of the side chains binding to the main polymer
backbone. However, IR spectra are given as sup-
porting data in some grafting studies.>!"*° The FTIR
spectrum of the PET fiber grafted with 10.6% MAA
is given in Figure 5. This was compared with the
FTIR spectrum of the ungrafted PET fiber taken
under the same conditions. There is seen a strong
stretching band of OH groups coming from MAA,
at 3440 cm}. There were no other differences ob-
served between these two spectra.

Table IV Dye Uptake Values of MAA Grafted
PET Fibers®

Graft Yield Dye Uptake

(%) (g dye/g fiber)

0.0 0.011

4.5 0.027

9.8 0.037
16.0 0.062
26.0 0.114
30.4 0.154

? Dyed with methylene blue.
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Figure 5 FTIR spectrum of PET fiber grafted with 10.6% methacrylic acid.
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