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ABSTRACT: In this article, morphological modification
of Saccharum spontaneum L, a natural fiber through graft
copolymerization with methylmethacrylate using ferrous
ammonium sulfate—potassium per sulfate redox initiator
has been reported. Different reaction parameters such as
reaction temperature, time, initiator molar ratio, monomer
concentration, pH and solvent were optimized to get max-
imum graft yield (144%). The graft copolymers thus
formed were characterized by Fourier transform infrared,

scanning electron microscopy, X-ray diffraction and ther-
mogravimetric, differential thermal analysis, and differen-
tial thermogravimetric techniques. Graft copolymer has
been found to be more moisture resistant and also showed
higher chemical and thermal resistance. VVC 2009 Wiley
Periodicals, Inc. J Appl Polym Sci 113: 1781–1791, 2009

Key words: Saccharum spontaneum-graft-polymethylme-
thacrylate; chemical resistance; moisture absorbance

INTRODUCTION

During last three to four decades, natural fibers have
been studied widely for graft copolymerization with
different vinyl monomers in order to get the better
end uses. Natural fibers have been found to be mois-
ture sensitive and have least chemical resistance.
Graft copolymerization is the simplest tool in the
hands of chemists to improve upon the properties of
natural fibers. Modification of cellulosic fibers
through graft copolymerization provides a signifi-
cant root to alter the physical and chemical proper-
ties of the fibers. As natural fibers are the most
abundant organic moieties in nature and are renew-
able resources, various workers have carried out
graft copolymerization onto different cellulosic back-
bones, using vinyl monomers through various chem-
ical and radiation techniques.1–10

Misra and coworkers have extensively studied the
modification of natural fibers such as wool11,12 and
gelatin.13,14 Moreover they also studied the modifica-
tion of synthetic backbones like poly (vinyl alco-
hol)15,16 rayon, and polyamide-6.17 Different workers
have successfully introduced desired physical and
chemical properties in the backbones. The field of
potential applications could be enlarged by choosing

various types of side chains. In recent years, a large
number of initiators such as ceric ammonium ni-
trate,18 potassium per sulfate (KPS),19 and ammo-
nium per sulfate (APS)20 have been developed to
initiate the graft copolymerization with increased
graft yield under different reaction condition.
Graft copolymerization of methylmethacrylate

(MMA) onto different backbones such as poly (butyl
acrylate),21 polymethyl acrylate,22 acrylic acid, poly-
vinylidene fluoride,23 glycol polymers,24 and cellu-
lose25 resulted in increased hydrophobicity, chemical
resistance, and physical strength of the material.
Saccharum spontaneum L grows as a wasteland

weed and lowland ecoregion at the base of the Hi-
malayan range in India, Nepal, China, and Bhutan.
It is widely distributed plant and occurs at an alti-
tude ranging from sea level to 1000 m. It belongs to
Poaceae family with Magnoliphyta division. Genus
Saccharum has five extant species of which S. sponta-
neum L is a wild species. S. spontaneum, like wheat,
rice, corn, and other grains, is of the grass family,
characterized by segmented stems, blade-like leaves,
and reproduction by seed. It is a perennial grass,
growing up to three meters in height. Its ability to
quickly colonize in disturbed soil has allowed it to
become an invasive species that takes over croplands
and pasturelands. It is used as a valuable medicinal
herb in traditional systems of medicine in India. It is
a first growing biomass with flowers containing
fibers. These fibers are distinctly different in
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appearance from other type fibers studied earlier
such as cotton, jute, flax, ramie, hemp, etc. These
fibers are white/purplish silky and have better
strength and fineness.26,27

Literature review reveals that graft copolymeriza-
tion of vinyl monomer onto S. spontaneum fiber has
not been carried out till date and therefore, it was
thought worthwhile to graft copolymerize the meth-
ylmethacrylate onto S. spontaneum, using ferrous am-
monium sulfate—potassium per sulfate (FAS-KPS)
as a redox initiator and study its different physical
and morphological properties.

EXPERIMENTAL

Materials

Purification of materials

S. spontaneum L fiber was purified through Soxhlet
extraction in acetone for 72 h.28 MMA (S. D. Fine
Ltd., Mumbai, India) was purified by washing with
5% NaOH and subsequently drying over anhydrous
Na2SO4 followed by distillation. FAS (S. D. Fine)
were recrystallized from hot water, and KPS (S. D.
Fine) was used as received.

Methods

IR spectra of the S. spontaneum L and Ss-g-poly
(MMA) were recorded with a Perkin-Elmer Fourier
Transform Infrared spectrometer, using KBr pellets
(Sigma Aldrich). Scanning Electron Micrographs
(SEM) of S. spontaneum L and its graft copolymers
were obtained by using JEOL (JSM-6100) Scanning
Electron Microscope. X-ray diffraction studies were
performed on X-ray diffractometer (X’-Pert-Pra-
PAN-Analyzer) under ambient conditions, using Cu
Ka (1.5418 Å) radiation, N-filter and scintillation
counter as detector at 45 kV and 35 mA on rotation
between 5� and 40� (2y-scale) at 1-s step size, and in-
crement of 0.01� with 0.5 or 1.0 mm of divergent
and antiscattering slit. The particle size of each sam-
ple of Ss-g-poly (MMA) and S. spontaneum fiber was
reduced and put into the sample holder, which was
made of polymethylmethacrylate with a round cen-
tral cavity. Crystallinity index (CI) which measures
the orientation of the cellulose crystals with respect
to fiber axis was determined by using the wide
angle X-ray diffraction counts at 2y-scale close to
22� and 18�. The counter reading at the peak inten-
sity at 22� represents the crystalline material and
the peak intensity at 18� corresponds to the amor-
phous material in cellulose.29 Percentage crystal-
linity (% Cr) and crystallinity index (CI) were
calculated as follows30:

%Cr ¼ ½I22= ðI22 þ I18Þ� � 100;

C: I: ¼ ½ I22 � I18ð Þ=I22�;

where I22 and I18 are the crystalline, and amorphous
intensities at 2y-scale close to 22� and 18�, respec-
tively. Thermogravimetric analysis (TGA), differen-
tial thermal analysis (DTA), and Differential
Thermogravimetric analysis (DTG) of the S. sponta-
neum fiber and Ss-g-poly(MMA) were carried out in
air on a thermal analyzer Perkin-Elmer (Pyris
Diamond).

Graft copolymerization

Activation of S. spontaneum L fiber (0.5 g) was done
at room temperature by immersing in 100 mL of dis-
tilled water for 24 h prior to carrying out graft
copolymerization. A definite molar ratio of FAS-KPS
was added to the reaction flask followed by drop by
drop addition of monomer with continuous stirring
to the reaction mixture. Reaction was carried out at
definite reaction temperature and time. Homopoly-
mer was removed on refluxing with acetone and the
graft copolymer obtained was dried at 50�C until a
constant weight was attained. Percentage polymer
loading (%PL), percentage grafting yield (%GY), per-
centage grafting efficiency (%GE), and percentage
homopolymer (%HM) formed, were calculated as
per following methods (Table I)31:

Percent polymer loading ð%PLÞ ¼ ðW2 �W1Þ
W1

� 100;

where W1 ¼ initial weight of the sample and W2

¼ final weight of the sample (before homopolymer
extraction).

Percent grafting yield ð%GYÞ ¼ ðW3 �W1Þ
W1

� 100

The quantity of the grafted polymer is evaluated
as the weight of the sample increases (W3) after
extraction of the homopolymer.

Percent graft efficiency ð% GEÞ ¼ ðW3 �W1Þ
ðW2 �W1Þ � 100

Percent graft efficiency which is the ratio between
the quantity of grafted monomer and the total poly-
merized monomer was calculated.

Percent homopolymer ð%HMÞ ¼ 100� ð%GEÞ

Moisture absorption study

Moisture absorbance studies at various relative hu-
midity levels were carried out as per the method
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reported earlier.32 Moisture absorbance percentage
was found out by placing a known weight (Wi) of
dry grafted and ungrafted samples in a humidity
chamber for about two hours and then the final
weight (Wf) of the samples exposed to different rela-
tive humidities ranging from 20 to 100% were taken.
The percentage of moisture absorbance was calcu-
lated from the increase in initial weight in the fol-
lowing manner:

% of moisture absorbance ð%MabsÞ
¼ ½ðWf �WiÞ=Wi� � 100

Acid and base resistance

Acid and base resistance studies were carried out as
per the method reported earlier.33 Acid and base re-
sistance was studied by placing a known weight
(Wi) of dry grafted and ungrafted samples in fixed
volume of 5N HCl and 5N NaOH, and the final

weight (Wf) of the samples were noted down after
every 12-h interval until the constant weight was
reached.

% of weight loss ¼ ½ðWi �Wf Þ=Wi� � 100

RESULTS AND DISCUSSION

Characterization of the grafted
S. spontaneum fibers

FTIR

S. spontaneum L fiber showed a broad peak at 3390.6
cm�1 (due to AOH), 2921.7 cm �1 (CAH stretching),
and 1436.0 cm�1 and 1052.7 cm�1 (arising from
CAC, and CAO stretchings, respectively) (Fig. 1). On
grafting, IR bands due to characteristic functional
groups incorporated into S. spontaneum L have been
witnessed apart from the previously listed bands:
MMA; 1732.7 cm�1 (C¼¼O) and 1058.4 cm�1 (CAO)
(Fig. 2).

TABLE I
Evaluation of Optimum Reaction Parameter for Grafting of MMA onto S. spontaneum

S. no.
Reaction
time (min)

Reaction
temp. (�C) pH

Solvent
(mL)

Molar
ratio

(FAS : KPS)
[MMA]

(�10�3 mol/L) %PL %GY %GE %HM

1 90 40 7.0 100 1 : 1.00 2.45 49.3 29.0 40.5 59.5
2 120 40 7.0 100 1 : 1.00 2.45 177.9 47.0 26.4 66.40
3 150 40 7.0 100 1 : 1.00 2.45 367.8 65.0 12.7 87.3
4 180 40 7.0 100 1 : 1.00 2.45 312.9 89.0 28.4 71.6
5 210 40 7.0 100 1 : 1.00 2.45 179.5 38.0 21.1 78.9
6 180 25 7.0 100 1 : 1.00 2.45 43.8 20.0 34.2 65.8
7 180 30 7.0 100 1 : 1.00 2.45 186.4 52.0 39.6 60.4
8 180 35 7.0 100 1 : 1.00 2.45 246.5 71.0 28.8 71.2
9 180 40 7.0 100 1 : 1.00 2.45 312.9 89.0 28.4 71.6

10 180 45 7.0 100 1 : 1.00 2.45 386.2 84.28 20.7 79.3
11 180 50 7.0 100 1 : 1.00 2.45 376.2 46.0 12.2 87.8
12 180 55 7.0 100 1 : 1.00 2.45 325.9 39.0 11.96 88.04
13 180 40 2.0 100 1 : 1.00 2.45 309.1 47.0 15.2 84.8
14 180 40 4.0 100 1 : 1.00 2.45 366.2 73.0 19.9 80.1
15 180 40 6.0 100 1 : 1.00 2.45 369.4 106.4 21.0 79.0
16 180 40 8.0 100 1 : 1.00 2.45 386.2 89.0 21.6 78.4
17 180 40 9.0 100 1 : 1.00 2.45 326.3 68.0 20.8 79.2
18 180 40 6.0 50.0 1 : 1.00 2.45 342.9 95.0 21.2 78.8
19 180 40 6.0 75.0 1 : 1.00 2.45 368.2 97.48 25.9 74.1
20 180 40 6.0 125 1 : 1.00 2.45 370.6 129.0 34.8 65.2
21 180 40 6.0 150 1 : 1.00 2.45 355.8 94.0 34.8 65.2
22 180 40 6.0 175 1 : 1.00 2.45 312.4 75.0 35.5 64.5
23 180 40 6.0 125 1 : 0.50 2.45 362.1 20.0 64.9 35.1
24 180 40 6.0 125 1 : 0.75 2.45 293.0 132.0 36.4 63.6
25 180 40 6.0 125 1 : 1.00 2.45 302.6 94.0 32.0 68.0
26 180 40 6.0 125 1 : 1.25 2.45 304.4 69.0 22.7 77.3
27 180 40 6.0 125 1 : 1.50 2.45 310.6 48.0 12.3 87.7
28 180 40 6.0 125 1 : 0.75 1.49 153.8 34.0 14.4 85.6
29 180 40 6.0 125 1 : 0.75 1.96 242.8 59.7 23.0 77.0
30 180 40 6.0 125 1 : 0.75 2.45 290.1 109.0 37.5 62.5
31 180 40 6.0 125 1 : 0.75 2.94 324.7 144.0 44.3 55.7
32 180 40 6.0 125 1 : 0.75 3.43 344.7 74.0 21.4 78.6
33 180 40 6.0 125 1 : 0.75 3.92 346.8 51.0 14.7 85.3

%PL, percentage polymer loading; %GY, percentage grafting; %GE, percent graft efficiency; %HM, percent
homopolymer.
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Scanning electron microscopy

The changes in the topography and morphology of
fiber surfaces were studied by SEM. It can be
observed that the surface of the grafted fibers is
highly rough in comparison with the ungrafted fiber
(Figs. 3 and 4), which is attributed to the high graft
density. Some researches34,35 have proved that the
adhesion of the grafted fiber to other materials
improved with an increase in the roughness of its
surface due to an increase in surface area for bond-
ing and mechanical interlocking. So the rougher sur-
face on the grafted S. spontaneum L is expected to be

of benefit to improve the adhesion of grafted S. spon-
taneum L fiber to other polymers and, hence,
improve the mechanical performance of composites.

X-ray diffraction studies

As is evident from Figure 5, percentage crystallinity
and crystallinity index was found to decrease with
increase in percentage grafting of MMA onto S. spon-
taneum fiber. Since incorporation of monomer moiety
in the backbone impairs the natural crystallinity of
the fiber, the graft copolymerization of MMA onto

Figure 1 IR spectra of S. spontaneum fiber.

Figure 2 IR spectra of Ss-g-poly(MMA).
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S. spontaneum fiber resulted in impaired crystallinity,
and increased amorphous region of the fiber (Table II).
Thus with increase in percentage grafting, the
percentage crystallinity and crystallinity index
decreased along with reduction in stiffness and
hardness. Since crystallinity index (CI) is the quanti-
tative measure of the orientation of the crystal lattice
to the fiber axis, the lower crystallinity index in case
of graft copolymers stands for poor order of crystal
lattice in the fiber. Thus the misorientation of the
crystal lattice to the fiber axis during grafting
resulted in graft copolymer with low crystallinity
and crystallinity index. This clearly indicates that the
cellulose crystals are better oriented in S. spontaneum
fiber followed by Ss-g-poly(MMA).

TGA, DTA, and DTG

TGA of ungrafted and grafted S. spontaneum have
been studied as a function of wt % loss versus tem-

perature. Cellulosic S. spontaneum degrades by dehy-
dration, glycogen formation, and depolymerization.
In case of S. spontaneum, two-stage decomposition
has been found in the temperature range from 225
to 320�C with 60% weight loss and 320–416�C with
25.33% weight loss. The former stage is attributed to
loss by dehydration and volatilization processes,
whereas the later stage is attributed to loss by depo-
lymerization process. Ss-g-poly(MMA) showed sin-
gle stage decomposition. After the initial loss of
moisture, decomposition continues beyond 250�C
with 75.17% weight loss and 10.49% weight loss in
temperature range from 384 to 500�C. Thus it is evi-
dent from the TGA data that grafted fiber is ther-
mally more stable than the raw fibers. This may be
due to the incorporation of poly(MMA) chains on
backbone polymer through covalent bonding.
In case of DTA studies, S. spontaneum has been

found to exhibit two exothermic peaks at 313�C
(63 lV) and 422�C (137 lV). Exothermic peak at 313�C
corresponds to decomposition stage between 225 and
320�C, whereas the exothermic peak at 422�C corre-
sponds to second decomposition stage (320–416�C)
in TGA (Fig. 6). However, Ss-g-poly(MMA) exhibited

Figure 3 Scanning electron microscograph of S. sponta-
neum fiber.

Figure 4 Scanning electron microscograph of Ss-g-
poly(MMA).

Figure 5 X-ray diffraction studies.

TABLE II
Percentage Crystallinity (%Cr) and Cryatallinity Index

(C.I.) of S. spontaneum and Graft Copolymers

S. no. Sample %GY

At 2y-
scale

% Cr C.I.I22 I18

1 Ss-1 – 436 75 85.32 0.82
2 Ss-2 29.00 298 80 78.83 0.73
3 Ss-3 84.28 274 80 77.40 0.70
4 Ss-4 106.42 165 72 69.62 0.56
5 Ss-5 144.00 140 70 66.66 0.50
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exothermic decomposition at 312�C (12 lV) and
375�C (46 lV). Exothermic peak arising at 312�C cor-
responds to onset of degradation reactions of Ss-g-
poly(MMA) chains, whereas peak at 375�C corre-
sponds to the thermal decomposition taking place in
the temperature range between 250 and 384�C in
TGA (Fig. 7).

DTG analysis of grafted and ungrafted S. sponta-
neum has been studied as a function of rate of
weight loss (mg/min) versus temperature. In case of
S. spontaneum decomposition at 303 and 413�C has
been found with 1.575 and 1.411 mg/min weight
loss, respectively. However, in case of Ss-g-poly
(MMA), decomposition was observed at 276 and
361�C with 0.472 and 0.961 mg/min weight loss,
respectively. Thus it could be concluded from the
DTG studies that the rate of thermal decomposition
was higher in case of S. spontaneum fiber (1.575 mg/
min at 303�C, 1.411 mg/min at 413�C), whereas in
case of Ss-g-poly(MMA), the rate of thermal
decomposition is lower (0.472 mg/min at 276�C
and 0.961 mg/min at 361�C). The better thermal
resistance of graft copolymer was due to incorpo-
ration of more covalent bonding through inclusion
of poly(MMA) chains onto the polymer backbone
(Figs. 6 and 7).

Mechanism

C2, C3, and C6 hydroxyls and CAH groups are the
active sites for the incorporation of polymeric chains
through grafting onto cellulosic fibers like S. sponta-
neum. KPS is known to take part in a redox reaction
with Fe2þ through the following reaction:

Fe2þ þ�O3S-O-O-SO�
3 �! Fe3þ þ SO2�

4 þ SO��
4 ð1Þ

Interaction of SO�
4 * with H2O generates OH* and

these free radicals are responsible for free radical

generation on polymer backbone and monomer as

well as further chain propagation, thereby resulting

in the formation of graft copolymer along with

homopolymer. It can be explained through the fol-

lowing mechanism:

SO�
4
� þH2O �! HSO�

4 þOH� ð2Þ

Figure 6 TGA, DTA, and DTG curves of S. spontaneum fiber.
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On the basis of this mechanism it can be concluded
that both SO�

4 * and OH* are involved in graft
copolymerization. However, in case of grafting car-
ried out in the absence of swelling agent, the initia-

tion of reaction by SO�
4 * [eq. (4)] is unlikely to occur

as the concentration of persulfate used is very small,
whereas in presence of swelling agent, SO�

4 * reacts
with H2O to generate OH*, which can also initiate
the grafting reaction. The resulting OH*abstracts
hydrogen atom from the backbone polymer and gen-
erates the macroradical of S. spontaneum fiber
[eq. (5)]. Similarly, OH* radicals react with monomer
molecules resulting in free radical sites on the mono-
mer [eq. (3)] which further react with monomer moi-
eties thereby resulting in active homopolymer
[eq. (6)]. Moreover, reaction between active back-
bone and monomers gives active graft copolymer
and the grafting propagates [eq. (7)]. Termination of
grafting may occur by either process [eq. (8)] or [eq.
(9)] or both. Presence of Fe3þ has great impact on
graft yield as it is involved in the termination of
growing chains. Because Fe3þ is produced by the
reaction between FAS with KPS [eq. (1)], so the rela-
tive amounts of KPS and FAS in the initiating sys-
tem plays an important role in graft yield. Initially
Fe2þ ions get oxidized to Fe3þ with the generation of
SO�

4 * ions which further propagates the polymeriza-
tion reaction. However, increase in Fe3þ ions concen-
tration, attacks the growing graft copolymer chains,
thereby resulting in termination of reaction with
reduction of Fe3þ to Fe2þ [eq. (9)]. Reactions between
growing MMA chains also result in the termination of
reaction and formation of homopolymer [eq. (10)].
Hence, concentrations of initiator and monomer, varia-
tions of time, temperature, pH, and volume of the sol-
vent affect the graft yield as these factors determine

Figure 7 TGA, DTA, and DTG curves of Ss-g-poly (MMA).
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the relative population of various radical species gen-
erated in different steps during the course of reaction.

Optimization of different reaction parameters

Effect of reaction temperature

Reaction temperature has been found to play an im-
portant role in getting maximum graft yield (Fig. 8).
The effect of temperature was studied by changing
the reaction temperature from 25 to 55�C and keep-
ing the other reaction conditions constant. It has
been found that increase in temperature beyond op-
timum (40�C) resulted in decreased graft yield. At
low temperature, the reaction between SO�

4 * and OH
group of S. spontaneum was slow, the amount of
macro radicals generated was small, and thus %GY
was low. However increase in temperature, beyond
optimum reaction temperature, the graft copolymer-
ization occurs with poor selectivity. Under such
reaction conditions various hydrogen abstraction
and other chain transfer reactions might be acceler-
ated and thus lead to decrease in %GY. The decrease
in %GY at higher temperature may also be due to
loss of water soluble constituents of backbone and
also due to excessive of homopolymerization.

Effect of reaction time

Figure 9 shows the effect of reaction time on the
%GY. It is clear from Figure 5 that as reaction time,
increases, %GY increased gradually and reached
maximum value (89%) in 180 min and then
decreased. The increase in graft yield with time
could be explained on the basis that with increase in
time, interaction between SO�

4 * and S. spontaneum
the backbone increased. As a result there was more
generation of free radical sites on the backbone as
well as MMA chains, which resulted in more %GY.
However decrease in %GY beyond optimum reac-

tion time could be due to predominance of homopo-
lymerization over graft copolymerization. This could
also be due to disintegration of poly(MMA) chains
grafted on backbone polymers beyond optimum
reaction time, thereby resulting in decreased %GY.

Effect of pH of reaction medium

The pH of the reaction medium plays an important
role during the grafting process. Maximum grafting
yield has been found at pH 6.0 (Fig. 10). Further
decrease or increase in pH resulted in decreased
graft yield. This could be due to premature termina-
tion of polymerization with increase in pH

Effect of solvent

As it is evident from Figure 11, that graft yield
increases with increase in the volume of the solvent.
After reaching the optimum value, further increase
of volume of solvent resulted in declined percentage
grafting. This generally occurs on the setting up of
various hydrogen abstraction reactions as well as
with increase of viscosity of the reaction medium.

Figure 9 Effect of reaction time on grafting. S. spontaneum
fiber, 0.5 g; [MMA], 2.45 � 10�3 mol/L; temperature, 40�C;
FAS-KPS, 1 : 1; pH, 7; solvent, 100 mL.

Figure 8 Effect of reaction temperature on grafting. S.
spontaneum fiber, 0.5 g; [MMA], 2.45 � 10�3 mol/L; time,
180 min; FAS-KPS, 1 : 1; pH, 7; solvent, 100 mL.

Figure 10 Effect of pH on grafting. S. spontaneum fiber,
0.5 g; [MMA], 2.45 � 10�3 mol/L; time, 180 min; tempera-
ture, 40�C; FAS-KPS, 1 : 1; solvent, 100 mL.
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Initially viscosity of the reaction mixture increases
rapidly with the formation of homopolymer.
Increased viscosity of the medium creates hindrance
for the free radical ions in reaching the active sites.
However, increased solvent volume beyond opti-
mum, resulted in decreased graft yield. This could
be due to decreased SO�

4 * and OH* free radical con-
centration. Hence lesser generation of free radical
sites on backbone polymer as well as on monomer
moieties and low graft yield.

Effect of molar ratio of initiator

The graft copolymerization was conducted at differ-
ent molar ratio of FAS-KPS. Graft yield was greatly
affected by FAS-KPS molar ratio (Fig. 12). Initially
percentage graft yield was found to increase with
increase in molar ratio, but after reaching critical ra-
tio further increase in molar ratio resulted in
decreased graft yield. This could be due to the fact
that in the beginning Fe2þ gets oxidized to Fe3þ on
reaction with KPS resulting in generation of more

and more SO�
4 *, which initiated the grafting reaction

by generation of free radical sites on S. spontaneum.
However, further increase in Fe2þconcentration
results in generation of more Fe3þ ions which termi-
nate the grafting reaction with reduction to Fe2þ and
have a decreased graft yield. It was also observed
that formation of homopolymer was considerably
less at low initiator concentration while there was a
significant homopolymer formation beyond the critical
ratio. This is due to the fact that the excess concentra-
tion of Fe2þ ions beyond optimum concentration
resulted in generation of poly(MMA) chains alone
with excess Fe3þ ions which ultimately resulted in ter-
mination of growing chains [eqs. (1) and (9)].

Effect of monomer concentration

Figure 13 showed the effect of concentration of
MMA on graft copolymerization. With increase in
concentration of MMA, %GY increased continuously
and reached maximum value (144.4%) at 2.94 � 10�3

mol/L. However, further increase in monomer con-
centration resulted in decreased graft yield. This
behavior could be explained by the fact that an
increase of monomer concentration leads to the accu-
mulation of monomer free radicals in close proxim-
ity to the backbone and give rise to graft
copolymerization. This leads to depletion in the
available MMA concentration as well as a reduction
in the active sites on the S. spontaneum backbone as
graft copolymerization proceeds. However, at higher
monomer concentration, the primary radicals attack
the monomer instead of reacting with the backbone
polymer, thereby initiating homopolymerization
reaction and thus the low graft yield was observed
beyond optimum monomer concentration.

Moisture absorbance study

It was found that graft copolymerization of MMA
onto S. spontaneum has a great impact on the

Figure 12 Effect of concentration of initiator (FAS : KPS
molar ratio) on grafting. S. spontaneum fiber, 0.5 g; [MMA],
2.45 � 10�3 mol/L; time, 180 min; temperature, 40�C; pH,
6; solvent, 125 mL.

Figure 11 Effect of solvent on grafting. S. spontaneum
fiber, 0.5 g; [MMA], 2.45 � 10�3 mol/L; time, 180 min;
temperature, 40�C; FAS-KPS, 1 : 1; pH, 6.

Figure 13 Effect of monomer concentration on grafting.
S. spontaneum fiber, 0.5 g; time, 180 min; temperature,
40�C; pH, 6; solvent, 125 mL; FAS : KPS, 1 : 0.75.
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moisture absorbance behavior (Fig. 14). It has been
observed that with increase in graft yield, there has
been a decrease in percent moisture absorbance.
This could be due to the fact that with increase in
graft yield, the sites vulnerable for moisture absorb-
ance get blocked with hydrophobic poly(MMA)
chains, thereby, converting the fiber less sensitive
towards moisture.

Acid resistance study

It has been observed that acid resistance of the fiber
increases with increase in percent grafting (Fig. 15).
This is due to the fact that poly (MMA) chains
grafted onto S. spontaneum fiber have less affinity for
acid as compared to hydroxyl and other functional
groups present in ungrafted fiber. Therefore, the re-
sistance of fiber towards acid increases with the
incorporation of poly (MMA) chains onto fiber.

Base resistance study

It is evident from the Figure 16 that base resistance
of the fiber increases with increase in percent graft-
ing which could be due to the fact that poly(MMA)
chains grafted onto S. spontaneum fiber have less af-
finity for base as compared to hydroxyls and other
functional groups present in ungrafted fiber. Thus, base
resistance of the fiber increased with increase in %GY.

CONCLUSIONS

The grafting of MMA onto S. spontaneum L fiber in
presence of FAS-KPS as redox initiator has been
found to have physicochemical as well as morpho-
logical impact. Different reaction conditions such as
reaction time and temperature, pH, volume of
solvent, initiator concentration, and the monomer
concentration had great influence on graft copoly-
merization. Though with increase in grafting, %
crystallinity and crystallinity index decreased, but
incorporation of poly(MMA) chains on backbone
polymer could result in higher acid, base, and ther-
mal resistance as well as decrease in moisture ab-
sorbance as compared to the raw fiber. Moreover, on
grafting morphological changes with respect to sur-
face topography have taken place and graft copoly-
mer has been found to exhibit different physical and
chemical properties in comparison to raw fiber.

References

1. Kurita, K. Prog Polym Sci 2001, 26, 1921.
2. Hebeish, A.; Guthrie, J. T. The Chemistry and Technology of

Cellulosic Copolymers; Springer: Berlin, 1981.
3. Mino, G.; Kaizerman, S. J Polym Sci 1958, 3, 242.
4. Geacintoc, N.; Stanett, V.; Abrahamson, E. W.; Hermans, J. J.

J Appl Polym Sci 1960, 3, 54.
5. Richards, G. N. J Appl Polym Sci 1961, 5, 539.
6. Epstein, J. A.; Bar-Nun, A. J Polym Sci 1964, 2, 27.
7. Ranga Rao, S.; Kapur, S. L. J Appl Polym Sci 1969, 13, 2619.
8. Fazila, F.; Rostamie, S. H. J Macromol Sci Chem 1979, 13, 1203.
9. Schigeno, Y.; Konda, K.; Takemoto, K. J Macromol Sci Chem

1982, 7, 571.Figure 15 Effect of grafting on acid resistance.

Figure 14 Effect of grafting on moisture absorbance at
different humidity levels.

Figure 16 Effect of grafting on base resistance.

1790 KAITH, JINDAL, AND MAITI

Journal of Applied Polymer Science DOI 10.1002/app



10. Ange, C. H.; Garnett, J. L.; Levot, R.; Mervyn Long, A. J Appl
Polym Sci 1982, 27, 4893.

11. Sharma, R. K.; Misra, B. N. Polym Bull 1981, 6, 183.
12. Misra, B. N.; Rawat, B. R. J Polym Sci Polym Chem Ed 1985,

23, 307.
13. Kaur, I.; Barsola, R.; Gupta, A.; Misra, B. N. J Appl Polym Sci

1994, 54, 1131.
14. Kaur, I.; Misra, B. N.; Chauhan, S.; Chauhan, M. S.; Gupta, A.

J Appl Polym Sci 1996, 59, 389.
15. Misra, B. N.; Kishore, J.; Kanthwal, M.; Mehta, I. K. J Polym

Sci Polym Chem Ed 1986, 24, 2209.
16. Kaur, I.; Maheshwari, S.; Misra, B. N. J Appl Polym Sci 1995,

58, 835.
17. Kaur, I.; Misra, B. N.; Barsola, R. Angew Macromol Chem

1996, 234, 1.
18. Joshi, J. M.; Sinha, V. K. Polymer 2006, 47, 2198.
19. Singh, V.; Tiwari, A.; Shukla, P.; Singh, S. P.; and Sanghi, R.

React Funct Polym 2006, 66, 1306.
20. Masuhiro, T.; Takayuki, A.; Giuliano, F.; Tsuneo, I.; Nobutami,

K. J Appl Polym Sci 2001, 81, 1401.
21. Valette, L.; Massardier, V.; Pascault, J. P.; Magny, B. J Appl

Polym Sci 2002, 86, 756.
22. Zabotin, K. P.; Dudorov, V. V.; Ryabov, S. A.; Khim, T. Chem

Abstr 1972, 77, 189.

23. Gallagher, G. A.; Jakeways, R.; Ward, I. M. J Polym Sci 1991,
29, 1147.

24. Haddleton, D. M.; Ohno, K. Biomacromolecules 2000, 1,
152.

25. Dawa, S.; Yong, H. Polymer 2004, 45, 21.
26. Bhandari, M. M. Flora of the Indian Desert; MPS Repros: Jodh-

pur, India, 1990; p 390.
27. Sastri, C. S. T.; Kavathekar, K. Y. Plants for Reclamation of

Wastelands; CSIR: New Delhi, India, 1990; p 360.
28. Misra, B. N.; Kaur, I.; Gupta, A.; John, V.; Singha, A. S. Polym

Compos 1996, 4, 411.
29. Wakelin, J. H.; Virgin, H. S.; Crysta, l. E. J Appl Phys 1959, 30,

1654.
30. Agrawal, A. M.; Manek, R. V.; Kolling, W. M.; Neau, S. H.

AAPS Pharm Sci Tech 2003, 4, 1959.
31. Princi, E.; Vicini, S.; Pedemonte, E.; Mulas, A.; Franceschi, E.;

Luciano, G.; Trefiletti, V. Thermochim Acta 2005, 425, 173.
32. Nishioka, N.; Nakano, Y.; Hirota, T.; Fujiwara, N. J Appl

Polym Sci 1996, 59, 203.
33. Singha, A. S.; Kaith, B. S.; Sharma, S. K. Int J Chem Sci 2004,

2, 472.
34. Wrobel, A. M.; Kryszewski, M.; Rakowski, W.; Okniewski, M.

Polymer 1978, 9, 908.
35. Fan, G.; Zhao, J.; Zhang, Y.; Guo, Z. Polym Bull 2006, 56, 507.

GRAFT COPOLYMERIZATION WITH METHYL METHACRYLATE 1791

Journal of Applied Polymer Science DOI 10.1002/app


