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ABSTRACT

Hibiscus cannabinus fiber was modified by graft copolymerization with vinyl monomer
acrylic acid (AAc) and binary mixture of AAc and acrylamide (AAm). The different reaction
parameters were optimized to get maximum grafting yield. The optimized percent grafting
for AAc and binary mixture (AAc +AAm) was found to be 93.6 and 74.6%, respectively, at
the molar concentration of 0.35M for AAc and 0.4M for AAm. The raw AAc grafted H.
cannabinus fiber (Hcf-g-polyAAc) and AAc + AAm grafted H. cannabinus fiber (Hcf-g-poly-
AAc + AAm) were characterized by FTIR and scanning electron microscopy. The modified
H. cannabinus fibers were used as potential candidate for the removal of dye from aqueous
system.

Keywords: Acrylic acid; Acrylamide; Hibiscus cannabinus; Graft copolymerization; Dye
adsorption

1. Introduction

The use of natural fiber has been reported in dif-
ferent fields as they possess high mechanical strength
and stiffness. There are various advantages which pro-
vide importance to natural fiber over the synthetic
fiber, such as low cost, low density, non-abrasive char-
acter, high toughness, biodegradability, strength,
reduced dermal, and respiratory irritation which make
them potential eco-friendly materials [1–8]. But the
utility of these natural fibers is restricted because of
their poor properties such as their less thermal
stability, prone to degrade in acidic and basic medium

[9–11]. To overcome these limitations and to introduce
desired functionality in natural fibers, they are grafted
with different synthetic monomers [12–15]. This leads
to increased application of modified fibers in diverse
fields including drug delivery systems, temperature
sensitive coatings, flocculating agents, smart catalysis
packing, and construction industries [16–19].

Among the various treatments used to improve the
properties of fiber, the graft copolymerization of vinyl
monomer into natural backbone is an interesting
method to improve mechanical properties and to
reduce aging hence ultimately increasing their durabil-
ity. Many techniques of graft copolymerization of
various monomers onto cellulosic backbone have been
developed. These surface modification techniques
include free radical polymerization, ring-opening
polymerization, nitroxide-mediated polymerization,*Corresponding author.
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atom transfer radical polymerization, microwave radi-
ation induced polymerization, pressure induced graft
copolymerization, X-ray, UV light, and by chemical
methods [20–27]. The formation of copolymers of cel-
lulose and various synthetic polymers via graft copo-
lymerization has been extensively studied [28,29].
Different monomers and their binary mixtures have
been reported which have been grafted on various
natural fibers such as methyacrylate, acrylonitrile,
acrylic acid (AAc), methyl methacrylate, 4-vinyl pyri-
dine [30–34].

Keeping in view the versatility of graft copolymeri-
zation, it has been worthwhile to graft copolymerize
principal monomer AAc and binary mixture of AAc
and acrylamide (AAm) onto Hibiscus cannabinus to
improve the properties. The modified H. cannabinus
fibers were used as potential candidate for the
removal of dye from water system.

2. Experimental

2.1. Reagents

AAc (SD fine, Mumbai), AAm (SD fine, Mumbai),
ceric ammonium nitrate (CAN) (CDH, Delhi), sodium
hydroxide (CDH, Delhi), acetone (RANKEM, Farida-
bad), benzoyl peroxide (CDH, Delhi), nitric acid
(CDH, Delhi), and methylene blue were used, which
were of analytical grade.

2.2. Methods

2.2.1. Graft copolymerization of AAc and binary
monomer mixture (AAc + AAm) onto peroxide treated
Hibiscus cannabinus fiber

Reactive sites onto H. cannabinus fibers were acti-
vated by pre swelling in 100mL of distilled water at
room temperature for 24 h prior to carrying out graft
copolymerization. The graft copolymerization of prin-
cipal monomer, that is, AAc is carried out for optimi-
zation of different reaction parameters such as
temperature, time, pH, monomer, and initiator concen-
tration to get maximum graft yield. After the
optimization of reaction conditions, further graft copo-
lymerization of binary mixture was done at optimized
conditions. About 0.5 g fiber was pre-activated and
optimized amount CAN and nitric acid was added to
the reaction flask, followed by the drop wise addition
of definite ratio of binary mixture (AAc +AAm)
monomer with continuous stirring of the reaction mix-
ture. The reaction was carried out at 60˚C for 120min
with continuous stirring. Homopolymers and comono-
mers formed during the graft copolymerization were
removed by extraction with different solvents such as

acetone, hot water and methanol and ethanol. The
grafted samples were then dried in a hot air oven at
60˚C to a constant weight. The percent graft yield
(G%) of grafted sample was calculated using the
following formula:

%Grafting ¼ Wg �W

W
� 100 (1)

where Wg and W are the weight of grafted and raw
fiber, respectively.

2.2.2. Physio-chemical behavior of graft copolymer

2.2.2.1. Swelling behavior. Swelling behavior of raw
materials and grafted copolymers was studied in
water. For this study, 0.5 g sample was suspended in
20mL water. Weight of sample was noted at different
intervals of time at room temperature. The excess of
water was removed by softly pressing the samples
between the folds of filter paper. Percent swelling
(%, S) was calculated as follows:

% Swelling ¼ WF �WI

WI
� 100 (2)

WF and WI are final and initial weight of fibers after
and before swelling, respectively.

2.2.2.2. Chemical resistance. Chemical resistance studies
were done by immersing the known weight of raw
and grafted samples in the different molarities solu-
tion of HNO3 and NaOH for 5 h. The samples were
then taken out and dried in hot air oven. The percent
weight loss was calculated as follows:

%Weight loss ¼ W1 �W2

W1
� 100 (3)

where W1 and W2 are the initial and final weight of
the samples, respectively.

2.3. Characterization

The FTIR study of raw fiber, grafted, and binary
copolymer was recorded by PerkinElmer FTIR spectro-
photometer, USA, by using KBr disk method. A disk
was formed by applying a pressure of 80,000 psi in a
moisture free atmosphere. FTIR absorption spectra
were recorded between 400 and 4,000 cm−1. The sur-
face morphologies of the raw fiber, grafted, and binary
H. cannabinus copolymers were studied using scanning
electron microscopy (SEM). They samples were gold

G. Sharma et al. / Desalination and Water Treatment 54 (2015) 3114–3121 3115



sputtered in order to make them conducting before
focusing electron beam on the samples SEM studies
were made on scanning electron microscope (SEM
Qant-250, model 9393).

2.4. Application for dye removal

The adsorption of methylene blue dye on raw
fiber, grafted, and binary fibers was carried out by

batch mode. About 30mL of methylene blue dye solu-
tion of specified concentrations was treated with
30mg fibers in a stopper cork conical flask in tempera-
ture controlled water bath shaker at 25˚C for 120min.
The adsorption measurements were made in triplicate
and average values were reported. The amount of
methylene blue adsorbed, qe (mg g−1), was calculated
by mass balance relationship, which can be expressed
as:
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Fig. 1. Proposed mechanism of the grafting.
Note: Where R is the cellulose ring in the mechanism and R’ is the benzoylated cellulose ring in the mechanism.
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qe ¼ C0 � CeV

m
(4)

where C0 and Ce are the initial and equilibrium dye
concentrations in solution (mg L−1), respectively, V is
the volume of solution (mL), and m is the mass of the
fibers (g).

3. Results and discussion

The maximum grafting of 93.54% was obtained at
optimized reaction temperature of 60˚C (shown in
Fig. 2(a)), reaction time 120min (shown in Fig. 2(b)),
at pH 10.5 (shown in Fig. 2(c)), monomer concentra-
tion of 0.35 mol L−1(shown in Fig. 2(d)), and initiator
concentration of 0.45 mmol L−1 (shown in Fig. 2(e)).
The proposed mechanism of the grafting is shown in
Fig. 1. The various reaction parameters that have been
optimized to get the maximum graft yield include
temperature, pH, time, initiator, and monomer concen-
tration. The effect of reaction temperature on percent

grafting of AAc onto H. cannabinus fiber was observed.
The behavior of variation of percent grafting with tem-
perature could be attributed to the fact that with the
initial rise in temperature, the kinetic energy of the
molecules increased and more radicals drifted at faster
rate onto the backbone of fibers, resulted in the
increase in grafting yield [21,35]. Thus, with the initial
increase in temperature, graft yield increased which
reached up to the optimum value at 60˚C and started
to decrease when further reaction temperature
increased (Fig. 2(a)). At higher temperature, the per-
cent of grafting decreased because the rate of termina-
tion reaction increases. The kinetic energy of free
radicals increases due to rise in temperature. This
enhances the probability of self-coupling of free radi-
cals or growing chains of monomers with each other
leading to termination [35]. With the initial increase in
time, graft yield increased and reached up to the opti-
mum value at 120min and decreased with further
increase in reaction time (Fig. 2(b)). This variation of
percent graft yields with time can be explained on the
basis that as the reaction time increased, more and

Fig. 2. Variation of grafting % with (a) Temperature (b) Time (c) Initiator concentration (d) Monomer concentration
(d) pH and (e) AAm monomer concentration with fixed concentration of AAc (0.35M).
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more radicals move onto the backbone, resulted in the
increase in graft yield. After reaching the optimum
value, as the reaction time further increased, most of
the active sites on the backbone are occupied by the
radicals and the formation of the homopolymer domi-
nated the graft copolymerization [36]. The Fig. 2(c)
shows the effect of initiator concentration on grafting.
The ceric ions from CAN (0.45mmol L−1) complexed
with carbon chains on the backbone and generated
active sites. Also ceric ions generated free radicals in
the monomer chains as the concentration of initiator
increased, more and more radicals are generated,
which resulted in the increase in grafting. After reach-
ing the optimum value, the graft yield decreased with
further increase in the initiator concentration. The
increase in initiator concentration, chain termination
reactions dominated the graft copolymerization, which
leads to premature decay of the monomer radicals
[37]. The graft yield also depends on monomer con-
centration. With initial increase in monomer concen-
tration, the percent grafting increased and reached up
to the optimum value at 0.35mol L−1 and then
decreased with further increase in the monomer con-
centration (Fig. 2(d)). The behavior of the monomer
concentration may be explained on the basis that more
and more radicals reached onto the backbone, resulted
in the increase in graft yield. Further increase in the
monomer concentration, homopolymerization domi-
nated over graft copolymerization, leading to decrease
graft yield [38]. The graft yield increased with the
increase in pH up to 10 and then started to decrease
as the pH was further increased (Fig. 2(e)) [39]. The
effect of monomer concentration on the percent graft
yield with fixed concentration of 0.35M AAc and dif-
ferent concentration of AAm for H. cannabinus-g-(AAc)
was studied. It was found that with the increase in
AAm monomer concentration up to 0.4M, the graft
yield increased and then started to decrease with fur-
ther increase in the concentration. The maximum per-
cent graft yield was found to be 74.6% at 0.4 mol L−1

of AAm (Fig. 2(f)).
The FTIR spectra in Fig. 3(a) of H. cannabinus fiber

showed broad peaks at 3,410 cm−1 which may be due
to the presence of the hydrogen bonded –OH
stretching of the cellulose structure, 2,918 cm−1 was
due to asymmetric stretching of –CH2 group, 2,198
cm−1 due to –OH stretching of absorbed moisture,
1,642 cm−1 due to H–O–H bending of absorbed water
and for C–H deformation, 1,502 cm−1 due to aromatic
vibration and stretching, 1,427 cm−1, 1,379 cm−1,
1,337 cm−1 were due to –CH, –CH2, and CH3, respec-
tively. The peaks at 1,161 and 1,055 cm−1 were due to
antisymmetric stretching vibration of C–O–C and C–O
of saccharide structure. The peaks at 898 cm−1 were

due to β–glycosidic linkage and 602 cm−1 due to out of
plane –OH bending. In case of H. cannabinus-g-(AAc)
shown in Fig. 3(b), additional peaks were found at
1,726 cm−1 due to C=O of AAc and 1,248 cm−1 due to
–C–O of AAc. The FTIR spectra of H. cannabinus-g-poly
(AAc + AAm) fiber shown in Fig. 3(c) the additional
peaks were observed at 1,656 and 3,420 cm−1, which
were due to C=O of amide and due to stretching of
NH2 of amide group [40–43].

The changes in the topography and morphology of
fiber surfaces are studied by SEM. It is observed that
the surface of grafted fibers (Fig. 4(b) and (c)) is highly
rough in comparison with the raw fiber, as shown in
Fig. 4(a). This is attributed to the high graft density. It
was observed that the adhesion of the grafted fiber to
other materials to form composites such as phenol
formaldehyde, urea improves with an increase in the
roughness of its surface. This results in increased sur-
face area for bonding and mechanical interlocking.
Hence, the adhesion power of raw fiber is increased
by graft copolymerization.

Fig. 3. FTIR spectra of (a) H. cannabinus (b) H. cannabinus-g-
poly(AAc) (c) H. cannabinus-g-poly(AAc + AAm).
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Swelling behavior of fibers as shown in Fig. 5 was
mainly affected by the structural and the environmen-
tal factors. Structural factors can be tailored by syn-
thetic conditions those determines swell ability of
fibers as hydrophilicity in fibers was due to the pres-
ence of –OH, –COOH, and –CONH2 groups. The
grafted fiber showed more swelling behavior as com-
pare to the raw fiber due to the presence of –OH and
–COOH groups. The binary fiber showed maximum
swelling behavior due to the presence of –CONH2

group, which is hydrophilic in nature. The maximum
swelling of 224% was found for H. cannabinus-g-poly
(AAc + AAm) fibers.

The chemical resistance of raw, grafted, and binary
grafted fiber was studied by keeping the different
fiber samples in acid (1 and 5N HNO3) and base
(1 and 5N NaOH) for a period for 5 h. For given
strength of acid and base, raw fibers showed

Fig. 4. SEM micrographs of (a) H. cannabinus (b) H. cannabinus-g-poly(AAc) (c) H. cannabinus-g-poly(AAc + AAm).
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Fig. 5. Swelling behavior for H. cannabinus, H. cannabinus-
g-poly(AAc), H. cannabinus-g-poly(AAc + AAm) fibres in
demineralised water.

Table 1
Chemical resistance of raw and grafted samples in HNO3 and NaOH solutions

Fiber 1 N HNO3 (%) 5N HNO3 (%) 1N NaOH (%) 5 N NaOH (%)

Hibiscus cannabinus-g-poly(AAc+AAm) 68 42.23 72.12 54.89
Hibiscus cannabinus-g-poly(AAc) 79.23 67.51 78.72 66.10
Raw Hibiscus cannabinus 90.11 72.3 89.61 69.71

Table 2
Adsorption of dye

Initial concentration of dye
(mg L−1)

H. cannabinus-g-poly(AAc)
(qe)

Raw H. cannabinus
(qe)

H. cannabinus-g-poly(AAc+AAm)
(qe)

4.8 2.88 2.27 2.82
6.4 3.55 3.18 3.46
8.0 4.67 3.72 5.185
9.6 6.17 4.35 6.11
11.2 7.11 4.38 6.988
12.8 7.04 5.64 6.226
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maximum weight loss. The weight loss of grafted and
binary grafted fiber was less which indicated that
grafting increased the chemical resistance of fiber and
the results are shown in Table 1. The results for dye
removal by grafted and raw fibers are shown in
Table 2. The maximum qe values of 7.11 mg g−1 were
observed for H. cannabinus-g-poly(AAc) and 6.98mg g−1

for H. cannabinus-g-poly(AAc + AAm) were higher than
for H. cannabinus fiber, that is, 5.94 mg g−1. The
adsorption is a mass transfer process that can gener-
ally be defined as the accumulation of material at the
interface between two phases. The initial dye concen-
tration is one of the most important factors controlling
the adsorption of dye on to the adsorbent. The amount
of the dye adsorbed onto material increased with an
increase in the initial dye concentration of solution if
the amount of adsorbent was kept unchanged. This
was due to the increase in the driving force of the con-
centration gradient with the higher initial dye concen-
tration. The adsorption of dye by fibers was very
intense and reaches equilibrium very quickly at low
initial concentration. At a fixed fibers dosage, the
amount of dye adsorbed increased with increasing
concentration of solution, but the percentage of
adsorption decreased. In other words, the residual dye
concentration will be higher for higher initial dye con-
centrations in the solution. The higher values of qe
show more number of functional active groups was
present on the surfaces of grafted fibers as compared
to raw fibers.

4. Conclusion

H. cannabinus fiber was modified through graft
copolymerization of AAc in air. The different reaction
parameters were optimized to get maximum % graft-
ing yield, that is, 93.6%. The binary mixture (AAc +
AAm) was graft copolymerized on H. cannabinus fiber
and maximum grafting was found to be 74.6% at
molar concentration of 0.35M for AAc and 0.40M for
AAm. It was concluded from the evaluation of physi-
cal properties of binary grafted polymer that incorpo-
ration of poly(AAc +AAm) chains on the surface of
the cellulosic fiber through graft copolymerization
increased the affinity of cellulosic fibers with water.
By modification through grafting, the chemical resis-
tance of fiber increased. The FTIR spectrum of modi-
fied fiber showed characteristics peaks for desired
functionalities. The AAc grafted and AAc +AAm bin-
ary grafted fiber showed better qe values then raw
fiber. Thus, grafted and binary grafted fiber could be
potential candidate for the removal of pollutant
organic dye.
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