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ABSTRACT: Radiation grafting of acrylic acid onto poly
(ethylene terephthalate) (PET) knittings was investigated by
preirradiation technique. The influence of the grafting con-
ditions, such as reaction time, ferrous sulfate concentration,
preirradiation dose, organic additives, monomer concentra-
tion, and reaction temperature on the degree of grafting was
investigated. Precise control over the degree of grafting was
achieved by proper selection of the reaction conditions. The
organic solvents such as methanol, acetone, isopropanol,
THF, and MEK when used as sole medium do not allow the
grafting to proceed, probably due to the inhibitory action.

However, reasonable grafting proceeded when a mixture of
water and organic solvent was used. Attenuated total reflec-
tance-FTIR spectroscopy analysis of the grafted knittings
confirmed the existence of carboxylic acid groups in the
knittings. The surface morphology, as studied by scanning
electron microscopy (SEM), was significantly influenced by
the addition of organic solvents in the reaction medium.
© 2009 Wiley Periodicals, Inc. ] Appl Polym Sci 112: 1199-1208, 2009
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INTRODUCTION

Textile materials offer interesting features, such as po-
rosity and compliance, which are often not exerted by
other polymeric materials. Surgical implantation of
these materials is encounted with both thrombosis
and inflammation at the site of injury.'” These proc-
esses are interrelated, and both contribute to the heal-
ing of tissue into and around the material
Poly(ethylene terephthalate) (PET) in different shapes
and forms is used worldwide clinically in cardiovas-
cular devices.” However, PET is reputed to be both
thrombogenic and moderately inflammatory in na-
ture. Therefore, it is necessary to modify PET to make
it bioreceptive for its application as biomaterial.

PET has excellent mechanical strength, good stabil-
ity in the presence of body fluids, and high radiation
resistance, which makes it suitable for sterilization
but its surface needs precise modification for the
immobilization of biomolecules.* The key require-
ment toward modification is that it should acquire
specific functional groups where biomolecules can
be immobilized. The modification of PET has been
carried out by different methods involving chemical
hydrolysis, UV, plasma, ozone, and graft polymeriza-
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tion to introduce various functional groups such as
carboxylic acid, sulfonic acid, amide, amine, acrylate,
pyrrolidone, and glycol.*'* Radiation induced graft-
ing of vinyl monomers onto PET has been frequently
used for various biomedical applications, such as arti-
ficial vascular prosthetic parts, laryngeal, esophageal,
and sutures.'"°° To improve the biomedical applic-
ability, polymeric materials are often immobilized
with biologically active components onto the surface.
For example, research group of Biltresse and Atto-
lini*! have prepared cell adhesive PET membranes by
surface grafting of RGD peptidomimetics. This micro-
porous support was subsequently used for the in vitro
cultivation of mammalian cells for investigating the
transport of pharmacological agents through the cul-
tured cells. RGD peptides (linear or cyclic) were used
to promote cellular adhesion, a phenomenon of cru-
cial importance in the case of substrates for tissue
engineering. Recently, Bech et al.** used PET immobi-
lized with carbohydrates after aminolysis for the
application in protein recognition and cell culture.
Zhang et al.” investigated the bioactivity of fibronec-
tin (FN) immobilized on PET. In the first step, FN was
covalently conjugated to an aminated PET surface via
glutaraldehyde cross-linking. The surface was
blocked by ethanolamine. In the second case, FN was
physically adsorbed to the ethanolamine-blocked
aminated-PET surface without FN conjugation.

Graft polymerization induced by y-rays has been
shown to be a promising way of combining two or
more highly incompatible polymers; so that materials
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with desirable properties are achieved.** Hu et al.*®
measured the peroxide density of 0.85 nmol/cm? on
PET at 10 kGy with dose rate 7.8 kGy/h. On contact
with the monomer, the irradiated polymer initiates
grafting by thermal decomposition of peroxides and
hydroperoxides. The sensitivity of polymer toward
radiolytic degradation is an important factor before
selecting the irradiation dose.?+?° Recently, Jou et al.'®
modified the PET fibers by y-ray induced graft poly-
merization of acrylic acid. The modified fibers were
further grafted with chitosan (CS) via esterification
and subsequently hyaluronic acid (HA) was immobi-
lized. The results indicate that PET fibers not only ex-
hibit antimicrobial activity but also improve the cell
proliferation for fibroblast. In our earlier studies, PET
knitting was modified by radiation induced graft po-
lymerization of methacrylic acid and N-vinyl-2-pyrro-
lidone mixture."’ The grafted surfaces were evaluated
for collagen immobilization to make them biorecep-
tive for tissue engineering. In our previous work, we
carried out the plasma induced graft polymerization
of acrylic acid on PET films and subsequently colla-
gen (type I and type III) immobilization and human
smooth muscle cell expansion.”””*® In this study, func-
tional designing of the PET knitting under various
conditions using preirradiation method was investi-
gated. The effect of grafting conditions, such as the
reaction time, ferrous sulfate concentration, preirra-
diation dose, organic additives, monomer concentra-
tion, and reaction temperature of preirradiated PET
knittings on the degree of grafting, was investigated.

EXPERIMENTAL
Materials

Weft knitted textured PET fabric used in this study was
of textured yarn of denier 80/34 supplied by Reliance
Industries (Mumbeai, India). Acrylic acid was supplied
by Merck India and was distilled under vacuum. Fer-
rous sulfate, isopropanol, and tetrahydrofuran (THF)
from Merck India were used as received. Acetone,
methanol, and methyl ethyl ketone (MEK) from Quali-
gens Fine Chemicals, India, were also used as received.
Distilled water was used for all experiments.

Knitting

Single end weft knitting was carried out on Krenzl,
Switzerland, weft knitting machine of diameter, 3.5
in. Gauge was 14 needles/in.

Heat setting

For dimensional stability, heat setting was done at
200°C in free shrink condition on EARNST BEN-
ZAG, Switzerland heat setting machine.
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Extraction of spin finish

Heat set knitted fabric was soxhlet extracted in
methanol for 10 h for removal of the spin finish.
Then it was removed and boiled in distilled water
for 1 h and then dried overnight at 60°C.

Irradiation

Knitted PET fabrics were exposed to y-rays from a
®0Co source (900 Curies) in the presence of air. The
dose rate of radiation was 0.18 kGy/h.

Graft polymerization

Grafting was carried out in glass ampoules of 2 x
10 cm? size with B-24 joints. A weighed amount of ir-
radiated fabric (~ 500 mg) was placed into ampoules
containing aqueous monomer solution with specific
additive (ferrous sulfate or organic solvents). Nitro-
gen was purged into the ampoule to remove air
trapped inside the reaction mixture. The ampoule
was subsequently placed in a water bath maintained
at required temperature. After a desired period, the
ampoule was removed and the sample was washed
with boiling water to remove any homopoylmer
adhering to the sample surface. The samples were
dried in an oven at 60°C under vacuum and the
degree of grafting was determined using the follow-
ing expression.

W, — W;
%x 100 (1)

1

Degree of Grafting (%) =

Where, W; and W, are the weight of the ungrafted
and grafted fabrics, respectively.

Functional group analysis by titration method

Functional group analysis was carried out by two
procedures of titration. The results were compared
with the values obtained by gravimetric method. In
method I, PET sample was taken in a 250-mL round
bottomed flask. Subsequently, 2 : 3 phenol : chloro-
form mixture was added and the contents were
refluxed for dissolving the polymer. This was fol-
lowed by cooling and titrating against 0.01N NaOH
solution in benzyl alcohol, using tetrabromophenol
as an indicator to blue end point. A blank experi-
ment was also carried out.*

COOH content (meq/g)

(A — B) x Normality of NaOH x 1000

- Weight of sample @)

Where, A is the volume in mL of 0.01N NaOH for
the sample, and B is the volume in mL of 0.01N
NaOH for the blank.
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Figure 1 Influence of the reaction time on the degree of
grafting. Reaction medium: water.

In method II, PET sample was taken in a 25 mL of
0.01M NaOH in measuring flask and were kept at
40°C for 24 h. The carboxylic acid groups of grafted
acrylic acid were neutralized by 0.01M NaOH and
concentration of remaining NaOH was determined
by titration against 0.01M HCI using phenolphthal-
ein as an indicator. A blank experiment was also
carried out.

Attenuated total reflectance

Attenuated total reflectance-FTIR (ATR-FTIR) spectra
were recorded on Perkin-Elmer spectrum one
spectrometer.

Scanning electron microscopy

The surface characteristics of unmodified and modi-
fied PET knittings were studied using STEREO-SCAN
360 (Cambridge Scientific Industries), scanning elec-
tron microscope (SEM), after coating them with silver.

RESULTS AND DISCUSSION

The radiation-induced graft polymerization of acrylic
acid onto PET fabric was carried out to optimize the
influence of synthesis conditions on the degree of
grafting. The influence of additives (ferrous sulfate
and organic solvents), monomer concentration, preir-
radiation dose, and reaction temperature on the
degree of grafting was studied.

The influence of the reaction time on the degree of
grafting is presented in Figure 1. With an increase in
the reaction time, the percent grafting continue to
increase unless all active sites are exhausted.”’ The
optimum time for the grafting to reach equilibrium
was found to be 10 h. In our previous studies, no satu-
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ration was observed during the graftin§ of metha-
crylic acid on to PET fabric up to 12 h.'" Since each
monomer has its own influence on grafting kinetics,
the grafting of acrylic acid, as in our system, has tend-
ency for faster homopolymerization than methacrylic
acid leading to the quick gel formation. Under these
conditions, the monomer availability to the growing
sites is significantly hindered which is not the case of
methacrylic acid where homopolymerization is slow
and monomer availability stays efficiently. It is impor-
tant to mention that the grafting does not proceed in
the absence of any additive due to the extensive
homopolymer formation. The addition of ferrous sul-
fate to the aqueous monomer solution suppresses
homopolymer formation. As the ferrous sulfate con-
centration increases, the degree of grafting also
increases initially, reaches the maximum, and then
tend to decrease fast (Fig. 2). The homopolymer
formation is also inhibited as the ferrous sulfate con-
centration increases. Virtually no homopolymer for-
mation takes place at 0.1% of the ferrous sulfate
concentration. The initial increase in the grafting is
because of the diminishing homopolymerization with
the increasing ferrous sulfate concentration so that
sufficient monomer remains available for the grafting
reaction. The maximum grafting is achieved at 0.04%
ferrous sulfate concentration beyond which a drastic
reduction of the degree of grafting occurs. It may be
stated that in spite of the free monomer availability
for grafting, the ferrous sulfate not only hinders the
homopolymerization by deactivating the hydroxyl
radical into hydroxyl anion [eq. (3)] but also deacti-
vates the primary PO’ radicals as well as propagating
poly(acrylic acid) chains [egs. (4) and (5)] leading to
the decrease in the degree of grafting.****

Fe?* + POOH — Fe*" +PO* + OH~ (3)
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Figure 2 Influence of the ferrous sulfate concentration on
the degree of grafting and homopolymerization. Reaction
medium: water.
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Figure 3 Influence of the various organic additives on
the degree of grafting. Reaction conditions: monomer con-
centration, 30%; reaction time, 10 h; reaction temperature,
50°C; preirradiation dose, 40 kGy.

PO* + Fe*" + H,0 —Fe®" + POH +OH™ (4)

PCHX® + Fe?" 4+ H,0 — Fe®" + PCH,X + OH™ (5)

The variation of the degree of grafting on addition of
organic additives in water is shown in Figure 3. The
grafting in this system may be preferred to proceed
by the Front Mechanism.”*** This mechanism has
been observed to operate for graft polymerization of
acrylic acid and styrene in Teflon-FEP films.”® In tra-
ditional solution grafting process, the solvent is a car-
rier by which monomers are transported to the
vicinity of the backbone. Therefore, the selection of an
optimal solvent is very important for smooth graft po-
lymerization. In general, the choice of solvent
depends on several parameters, including the solubil-
ity of the monomer in the solvent, the swelling prop-
erties of the backbone, the miscibility of the solvents if
more than one solvent is used, and the generation of
free radicals in the presence of the solvent.*

The results in Figure 3 show that very little graft-
ing takes place in methanol, isopropanol, and ace-
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tone, whereas relatively much higher grafting yields
are obtained at 60% concentration of THF and MEK
in water. These observations may be the outcome of
the combination of several independent factors, such
as extent of homopolymerization and the viscosity of
the grafting medium. The alcohols are known to
exert inhibitory influence on the degree of grafting.*
The usual grafting reaction as per the eq. (6) may
not be proceeding well and the growing chain trans-
fer to the alcohols is fast and preventing the propa-
gation steps [egs. (7) and (8)]:

PO® + X — POX" (6)
PO® + RH — POH + R* 7)
PCHX® + RH — PCHXH + R® 8)

where, R = CH,OH, (CH3),COH.

Acetone too falls in line with alcohols and inhibits
the grafting as well as homopolymerization at 60%
concentration (Table I). It may be stated that in spite
of the inhibitory action, the significant gel formation
takes place up to 50% methanol, isopropanol, and ace-
tone addition. As a result, the graft levels in these
additions are also very low. The gel formation in THF
medium does not proceed. Instead, some homopoly-
mer is formed in the reaction medium (i.e., 6.7% at
60% THF content). This is where a significantly large
amount of monomer is left behind so that the grafting
still proceeds well to produce higher graft levels.

Unlike other additives, MEK acts as the nonsolvent
for the growing poly(acrylic acid) chains. This makes
a complete change in the grafting process. MEK pre-
cipitates out poly(acrylic acid) homopolymer as soon
as it is formed in the reaction medium.>* As a result,
the viscosity of the grafting medium is considerably
maintained and chain termination is considerably
suppressed (ki < k). The grafting maximum is
observed at 60% of MEK in water and beyond 60%
MEK, the degree of grafting shows decreasing trend.
This may be due to the nonsolvent nature of MEK to-
ward poly(acrylic acid), the grafted chains do not

TABLE I
Homopolymer Formation in Different Organic Additives

% Additives

Homopolymer formation in organic additives

Acetone THF MEK

in water Methanol Isopropanol
10 Gel formation Gel formation
20 Gel formation Gel formation
40 Gel formation Gel formation
50 Gel formation Gel formation
60 No homopolymer No homopolymer
80 No homopolymer No homopolymer
100 No homopolymer No homopolymer

Gel formation
Gel formation
Gel formation
Gel formation

No homopolymer
No homopolymer
No homopolymer

Gel formation
Gel formation
18.5%
14.7%
6.7%
No homopolymer
No homopolymer

Gel formation
Gel formation
Gel formation

Gel + Precipitation
Gel + Precipitation
Gel + Precipitation

Precipitation

Reaction conditions: monomer concentration, 30%; time, 10 h; temperature, 50°C; dose, 40 kGy.
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Figure 4 Influence of the THF concentration on the degree
of grafting in MEK. Reaction conditions: monomer concen-
tration in THF/MEK mixture, 30%; reaction time, 10 h; reac-
tion temperature, 50°C; preirradiation dose, 40 kGy.

swell and enrichment of the grafted layer with mono-
mer does not proceed well. As a result, the growing
chain termination follows, providing a decreasing
trend in the graft levels.

In an attempt to look into the role of swelling in
grafting process, we tried to carry out the grafting
under nonaqueous condition. Figure 4 shows the vari-
ation of the degree of the grafting with THF in MEK.
The grafting maximum is observed at 60% of THF
and slight turbidity was observed but no homopoly-
mer was formed. As the fraction of THF increases, the
chain transfer predominates which leads to lower
graft level beyond 60% concentration. The inhibitory
influence of THF (in water as well as in MEK) is inter-
esting in achieving homopolymer free grafting re-
action but it is difficult to predict any precise
mechanism for this observation.

Looking at this observation, we confined our subse-
quent studies under MEK medium. The variation of
the degree of grafting with the monomer concentra-
tion is presented in Figure 5. Initially, the degree of
grafting increases and reaches maximum at 40%
monomer concentration, and then decreases with fur-
ther increase in monomer concentration. The initial
increase in the degree of grafting with the increase in
the monomer concentration is probably due to the
unhindered accessibility of the monomer to the pri-
mary radicals, P’, resulting in a smooth initiation step
and propagation step [egs. (9) and (10)]:

P* + M - initiation )
K
PCHX® + M — propagation (10)

MEK, being a nonsolvent for poly(acrylic acid), main-
tains the viscosity of the grafting medium by separat-
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ing the homopolymer but complete phase separation
does not occur. As a result, the monomer accessibility
to the grafting sites is maintained. The effective con-
centration of monomer is reduced by extensive homo-
polymerization at higher monomer concentration
(beyond 40%). As a result, the rate of propagation (k,)
decreases considerably, and chain transfer (ki) to
another species (Q), such as homopolymer in solution
dominates over the chain propagation. The degree of
grafting, as a result, showed a decreasing trend. The
similar trend was also observed in our previous study
on the acrylic acid grafting on PET films treated with
argon plasma.* The prominent factors of the grafting
system are homopolymerization and propagation
chains. Since, we are using identical monomer in both
cases, we are getting similar trend irrespective of acti-
vation method of PET backbone.

The overall scenario of the grafting process in this
system leads to interesting observations. The sole
use of organic solvents such as methanol, isopropa-
nol, acetone, THF, and MEK do not allow the graft-
ing reaction to proceed at all. The grafting proceeds
only when they are used in combination with water
as the grafting medium. Since, homopolymerization
is not evident in pure organic solvents; the viscosity
change factor is not there. The swelling of the
grafted matrix, diffusion of the monomer into the
swollen surface matter are secondary factors and are
infact operating when organic-water mixture is used
as the grafting medium.

The variation of the degree of grafting of acrylic
acid with reaction time at different preirradiation
doses is shown in Figure 6. It is evident that for all the
doses, the degree of grafting increases with the
increase in reaction time up to 8 h and then levels off.
The equilibrium degree of grafting (at 10 h) increases
with the increase in the radiation dose up to 40 kGy

10

Degree of Grafting (%)

20 40 60 80 100
Monomer Concentration (%)

Figure 5 Influence of the monomer concentration on the
degree of grafting. Reaction conditions: MEK in water,
60%; reaction time, 10 h; reaction temperature, 50°C; preir-
radiation dose, 40 kGy.
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Figure 6 Influence of the reaction time on the degree of
grafting at various preirradiation doses. Reaction condi-
tions: MEK in water, 60%; monomer concentration in
water/MEK mixture, 40%; temperature, 50°C.

beyond which it levels off (Fig. 7). The initial increase
in the graft levels is attributed to an increase in the
number of active sites resulting from higher radiation
dose.” As the irradiation is carried out in air; the
active sites are partially consisting of peroxides.> For
low doses, the number of active sites increases with
increase in the radiation dose. However, the trend is
not linear as in our previous studies on grafting of
methacrylic acid on to PET fabric."! Since, we are
using MEK/water mixture for the grafting of acrylic
acid, this diminishes the swelling of the initially
grafted layer when compared with the grafted layer
in aqueous medium, which leads to the lower perme-
ation of the monomer within the matrix. Once suffi-
cient grafting has taken place, the monomer diffusion
through the grafted layers is enhanced which reflects
the acceleration in the grafting. At higher doses, how-
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Figure 7 Variation of the equilibrium degree of grafting
with the preirradiation dose. Reaction conditions: MEK in
water, 60%; reaction time, 10 h; temperature, 50°C; mono-
mer concentration in water/MEK mixture, 40%.
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Figure 8 Influence of the reaction time on the degree of
grafting at various temperatures. Reaction conditions:
MEK in water, 60%; monomer concentration in water/
MEK mixture, 40%; preirradiation dose, 40 kGy.

ever, it seems that the radiolysis of PET is in equilib-
rium with the deactivation of active sites. As new
peroxides are generated, a significant fraction of the
peroxides itself undergo radiolysis and are lost dur-
ing the process. As a result, the grafting does not
increase in spite of the increase in the irradiation
doses beyond 40 kGy.""

The influence of the degree of grafting on reaction
temperature with time is shown in Figure 8. The
grafting was carried out from 50 to 80°C at a 40%
monomer concentration. All curves are showing an
increase in the degree of grafting with the reaction
time. The initial rate of grafting increases linearly
with the increase in the reaction temperature (Fig.
9). However, the equilibrium degree of grafting
increases up to 65°C and thereafter tends to decrease
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Figure 9 Variation of the equilibrium degree of grafting
and the initial degree of grafting with the reaction temper-
ature. Reaction conditions: MEK in water, 60%; monomer
concentration in water/MEK mixture, 40%; reaction time,
10 h; preirradiation dose, 40 kGy.
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Figure 10 Arrhenius plot of the rate of grafting versus 1/
T. See Figure 9 for the conditions.

whereas in our previous studies, the sharp maxi-
mum was observed at 50°C.* It may be the because
of the physicochemical nature (such as T) of the
PET fabric when compared with the PET film which
might contribute to the observed behavior.

It is proposed that in the early stages of the reac-
tion, homopolymer formation was very limited
which was separated by nonsolvent MEK and the
local stationary concentration of monomer around
the growing chain was maintained. This ensures fast
initiation and propagation, leading to a high initial
rate of grafting in the system. However, with the
increasing temperature, the concentration of propa-
gating chains is increased because of a higher perox-
ide decomposition rate, and the termination of the
two growing chains by mutual recombination
becomes a major factor. Once the homopolymer for-
mation is extensive, the monomer depletion favors
more chain transfer in the system. It is possible that
the chain transfer steps given by eqgs. (11) and (12)
(at temperature higher than 65°C) dominated to
such an extent that the limiting degree of grafting
was reduced. It may also be possible that some of
the primary radicals (P’) became deactivated in the
reaction medium [eq. (13)], contributing to the
reduced degree of grafting at higher temperatures.*
Glass transition temperature seems to be an impor-
tant factor in the observed behavior of reaction tem-
perature. Schamberg and Hoigne® explained that at
T,, the polymer chains become more mobile. PET
has T, of ~ 70°C, it can be assumed that with
increasing temperature beyond 65°C, more and
more primary radicals combine, and therefore, they
cannot react with the monomer. Additionally, chain
termination may be favored due to the increase in
the diffusion rate of monomer. This would lead to a
lower kinetic chain length. An increase in the rate of
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chain termination could explain the decrease in the
grafting yield above T.

PCHX*® + PCHX® <, dead polymer (11)

PCHX®* + Q K, chain transfer (12)

P* + PCHX® — deactivation (13)

The Arrhenius plot of the initial rate of grafting ver-
sus 1/T from 50 to 80°C, as presented in Figure 10,
is linear. The activation energy obtained from the
slope of the plot is 86.0 k] /mol, whereas in our ear-
lier work, reported activation energy for plasma
induced graft polymerization of acrylic acid on PET
films was 29.1 kJ/ mol.* The higher value of activa-
tion energy for radiation induced graft polymeriza-
tion is because of the contribution of diffusion of
monomer into the bulk of PET matrix which also
requires some energy, whereas in case of plasma
activation, diffusion of monomer is limited on sur-
face grafting only.

We tried to look into the possibility of determin-
ing the degree of grafting by two titration proce-
dures and correlated it with gravimetric method [eq.
(1)]. Proper correlation exists between the degree of
grafting determined by these procedures (Fig. 11).
Gravimetric and titration points fall on single
straight line suggests that the grafts determined may
be accompanied by any of these methods. Moreover,
on comparing the two procedures of titration, it is
found that the back titration (method II) is better
because of the less uncertainty, whereas in method I,
there is also the problem of dissolution as the degree
of grafting is increased and the PET-g-AAc higher
than 8% is not dissolved in that system.
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Figure 11 Variation of the carboxylic acid content with
the degree of grafting.
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Figure 12 ATR-FTIR spectra of PET (a) virgin; (b) irradi-
ated; (c) 4.4% grafted; (d) 8.4% grafted; and (e) poly(acrylic
acid).

The FTIR of ungrafted and grafted PET samples
are presented in Figure 12. PET showed characteris-
tic peaks at 2960 cm ' of CHj stretching, 1713 cm ™'
of —C=O0 stretching of aromatic ester, and a strong

(c) 60% THF (3.7% grafting)
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band at 1240 cm ' of aromatic ester [Fig. 12(a)].
There was no difference between virgin and irradi-
ated PET fabric spectra [Fig. 12(b)]. Poly(acrylic acid)
showed characteristic peaks at 3300-3600 cm ' of
hydrogen bonding of COOH, 1698 cm ' of —C=0
of COOH [Fig. 12(e)]. The characteristic peaks at
3300-3600, 2920, and 2853 cm ' showed that acrylic
acid had been grafted on the PET fabric. The grafted
fabric also showed the characteristic peaks of PET at
2960, 1713, and 1240 cm ™' [Fig. 12(c) and 12 days].'®

The surface morphology of the grafted fabric is
strongly affected by the nature of the additives in
reaction medium (Fig. 13). It is found that the sur-
face roughness is increased by the grafting of acrylic
acid which is due to the agglomeration of the
grafted domains on the fiber surface.'""'” However,
the addition of ferrous sulfate and THF in the reac-
tion medium shows less surface nonhomogenity
when compared with MEK. Since, MEK is nonsol-
vent for poly(acrylic acid) due to which the grafted
chains are precipitated which results in the forma-
tion of isolated domains of poly(acrylic acid), as
agglomeration of the grafted chains, on the fiber
surface.

-
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(d) 60% MEK (5.3% grafting)

Figure 13 SEM of PET fabric (a) virgin and PET-g-PAA in (b) FeSOy; (c) THF; (d) MEK in water as reaction medium.
Reaction conditions: monomer concentration, 30%; reaction time, 10 h; reaction temperature, 50°C; dose, 40 kGy.
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CONCLUSIONS

The preirradiation graft polymerization of acrylic
acid onto PET fabric was strongly influenced by the
nature of additives in the grafting medium, tempera-
ture of the graft polymerization, irradiation dose,
and monomer concentration. It was observed that
the graft polymerization is completely interrupted in
absence of additives because of extensive homopoly-
merization. On addition of ferrous sulfate, the
degree of grafting was increased initially because of
the diminishing homopolymerization. Beyond 0.04%
ferrous sulfate concentration, a drastic reduction in
degree of grafting was observed due to the deactiva-
tion of the primary PO’ radicals as well as propagat-
ing poly(acrylic acid) chains. Addition of methanol,
isoprpanol, and acetone in aqueous phase led to low
graft levels because of gel formation and inhibitory
action of these additives in the reaction medium,
whereas the addition of THF and MEK in water
showed a grafting maximum at 60%. In THF, instead
of gel formation, only a little homopolymer is
formed which ensures the availability of monomer
for graft polymerization, whereas MEK acts as the
nonsolvent for the growing poly(acrylic acid) chains.
This precipitates out the poly(acrylic acid) as soon as
it is formed in the reaction medium. As a result, the
viscosity of the grafting medium was considerably
maintained and grafting was proceeded nicely due
to proper monomer accessibility. Beyond 60%, the
inhibitory action was predominated in THF as well
as in MEK. Since, the reasonable amount of grafting
was obtained in THF/water and MEK/water system
without gel formation, the gel free system can be
designed without using the inorganic additives and
the key factors for the grafting mechanism are the
viscosity of reaction medium, swelling of grafted
matrix, and the diffusion of the monomer into the
swollen matrix. The degree of grafting was increased
with the increase in the preirradiation dose up to
40 kGy and then leveled off. This is because the radiol-
ysis of PET is in equilibrium with the deactivation of
active sites beyond 40 kGy and grafting is not facili-
tated at higher doses. The increase in monomer con-
centration up to 40% led to an increase in the degree
of grafting beyond which the graft level decreased.
This is because beyond 40%, the effective monomer
concentration decreases due to extensive homopoly-
merization. The reaction temperature influenced the
grafting significantly. Abrupt fall in the equilibrium
degree of grafting was taken place beyond the reac-
tion temperature, 65°C. This is due to the extensive
homopolymerization where effective monomer con-
centration is decreased. Moreover, due to the higher
mobility of polymeric chains above 65°C (at T, of
PET) which facilitates the bimolecular termination of
the grafting chains. It may also be possible that
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some of the primary radicals (P’) become deactivated
in the reaction medium. The optimum preirradiation
dose, monomer concentration, and temperature of
the grafting were found to be 40 kGy, 40%, and
65°C, respectively. The overall activation energy for
this graft polymerization was found to be 86.0 kJ/
mol. The functional group analysis and ATR-FTIR
spectroscopy analysis of the grafted knittings con-
firmed the existence of carboxylic acid groups in the
knittings. The surface morphology on the grafted
surface was strongly influenced by the nature of
additives. Since, MEK is nonsolvent for poly(acrylic
acid) which results in the precipitation of grafted
chains and form isolated domains on fiber surface.
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