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ABSTRACT

The graft copolymerization of acrylic acid onto gelatinized potato starch has been carried out at 70 °C using chromic acid as an
initiator. The different reaction parameters such as reaction temperature, initiator and monomer concentrations were optimized
to get the maximum percentage grafting. The maximum grafting (93.54%) was observed at 60 °C, 0.57 molL™ of acrylic acid
and 0.03 mmolL™ of chromic acid. The grafted samples were evaluated for other physico-chemical properties such as swelling
behavior, moisture absorption and chemical resistance. The grafted samples were characterized by Fourier transform infrared
(FTIR) spectroscopy, scanning electron microscopy (SEM), and thermogravimetric analysis (TGA) techniques. The graft
copolymers have been successfully used for the removal of metal ions and organic dyes from aqueous system. Copyright ©

2012 VBRI Press.
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Introduction

Polysaccharides are polymeric carbohydrate structures
which are formed by repeating units joined together by
glycoside linkages and contain various degrees of
branching. Polysaccharides have a general formula
Cx(H20), where y is usually a large number between 200
and 2500. Starch and glycogen are storage polysaccharides
whereas cellulose and chitosan act as the structural
materials. They provide mechanical strength to plants [1]
which make them fit for applications like fibers [2], films
[3], adhesives [4], melt processing plastics [5], hydrogels
[6], drug delivery agents [7] and emulsifiers [8].
Modification  of  polysaccharides  through  graft
copolymerization improves the properties of natural
polysaccharides. Grafting is known to improve the
characteristic properties of the backbones. Starch is a
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carbohydrate of high natural abundance next to cellulose
[9] and chitin [10]. Starch has been receiving great
attention since 1970s as starch is a renewable and
biodegradable agriculturally derived biopolymer [11-12].
Graft co-polymerization is a method of addition of new and
desirable properties to starch without drastically affecting
the basic properties of starch used. Large number of studies
has been reported for the graft copolymerization of
different vinyl monomers onto starches obtained from
different sources [13-14]. Grafting of vinyl monomers on to
the polysaccharides improves their self-life against
biodegradation, thermal stability and metal ion binding
ability and therefore their industrial utility [15]. For
conserving the petrochemical resources and reducing
environmental pollution, many efforts have been exerted to
develop starch-based polymers as alternatives of petroleum
based polymers [16]. Singh et al. [17] have reported the
synthesis and zinc uptake studies of starch-g-poly(ethyl
acrylate). The copolymer synthesized under microwave
conditions proved to be an effective Zn(ll) sorbent. The
sorption was found pH dependent, and was highest in the
pH range of 8.0-9.0. Starch-g-polyacrylamide was prepared
by inverse emulsion polymerization, subsequent hydrolysis
reaction and Mannich reaction using ammonium persulfate
and urea as redox initiator. The reaction conditions and
application as flocculant were investigated. It has been
found that treatment of several kinds of industrial waste
water by amphoteric starch-g-polyacrylamide were better
than those treated with cationic polyacrylamide (PAM),
hydrolytic  PAM and amphoteric PAM [18]. Graft
copolymerization of acrylamide and
acrylacyloxyethyltrimethyl ammonium chloride onto starch
was carried-out by Song [19] using a complex initiation
system of urea and ammonium persulfate. It has been
reported that treatment of two kinds of industrial waste
water by the grafted starch was better than those treated
with cationic polyacrylamide.

Since starch is biodegradable, inexpensive and
renewable and is considered as a promising candidate for
developing sustainable materials, so attempts have been
made to synthesize and characterize the starch-g-poly(AA).
Synthesized graft copolymers were effectively used for the
removal of dye and metal ions from water. The synthesized
starch-g-copolymers were further subjected for the

evaluation of their physico-chemical properties.

o
starch — OH + nCH, — CH Ll stach — O0——CH — CH>— CH—CH, —
| HoCrOy ‘
COOH L CO0H
Acrylic acid Starch-g-poly(AA)

Scheme 1. Grafting of acrylic acid onto potato starch.

Experimental
Reagents

Potato starch (CDH), acrylic acid (AA) (Merck), acetone
(Rankem), sodium hydroxide (CDH), chromic acid (SD
Fine), methanol (SD Fine), methylene blue (MB),
CuS0,.5H,0 (CDH), NiSO46H,0 (CDH), MgS0O,.7H,0
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(CDH) used were of analytical grade (AR) with 97% purity.
They were used as received.

Graft copolymerization of acrylic acid onto soluble potato
starch

The synthesis of graft copolymer is shown in Scheme 1.
Commercial potato starch was boiled with NaOH (0.1N)
for 1 hour at 70 °C. Further, one gram of starch was
dissolved in 100 ml distilled water with 0.1 N NaOH (0.4
g) solution, stirred at 70 °C for 60 minutes before grafting
was carried out with polyacrylic acid. After cooling to the
reaction temperature of 50 °C, the definite amount of
initiator (chromic acid) was added to the reaction mixture
and allowed to react with starch for 10 minutes. Thereafter,
definite amount of acrylic acid was added into the reaction
mixture with continuously stirring at a particular
temperature for a definite period of time. After cooling, the
25 ml ethanol was poured into above reaction mixture to
precipitate it. The reaction mixture was kept for 24 hours at
room temperature. The precipitates obtained were filtered
and dried at 60 °C in a hot air oven and weighed accurately.
Different reaction parameters such as monomer
concentration, initiator concentration and effect of
temperature on reaction mixture were optimized to get the
maximum graft yield. Synthesized graft copolymer was
washed thoroughly with acetone and then with distilled
water to remove attached homopolymer from graft
copolymer. The graft copolymer was then dried in a hot air
oven at 50°C. Synthesized graft copolymer was studied for
their swelling behavior in different solvents, moisture
absorbance, chemical resistance, metal ion removal and
dyeing characteristics.

The percent grafting yield and grafting efficiency of
starch-g-copolymer were calculated as follow:

W3- W,
Grafting yield (%) = .. x 100
Wi
W3- W,
Grafting efficiency (%) = x 100
W, -W,

where W, is the initial weight of the sample, W, is the final
weight of the polymerized sample before the extraction of
homopolymer and Wj is the weight of the grafted sample
after extraction of homopolymer.

Characterization of synthesized starch-g-copolymers

Synthesized graft copolymers were characterized with
Fourier transform infrared (FTIR) spectroscopy, scanning
electron microscopy (SEM), and thermogravimetric
analysis (TGA) techniques in order to know the evidence of
grafting, morphology and thermal stability respectively as
per methods reported earlier [20]. Fourier transform
infrared (FTIR) spectra of raw and grafted polymer were
recorded by Perkin Elmer FTIR spectrophotometer using
KBr pellets. X-ray studies were carried out on Brucker D8
Advanced X-ray diffractometer, using Nickel-filtered Cu
Ka radiation (A=0.15406 nm) and scanned from 2 to 600C
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at a scan speed of 20/min. TGA measurements were made
on Perkin Elmer Pyris Diamond thermal analyzer in air at
heating rate of 10 °C/min. The surface morphologies of the
starch and graft copolymers were studied with the help of
scanning electron microscope (Leo 435 VP).

Physico-chemical behaviour of graft copolymers

Swelling studies: Swelling studies were carried out on
original starch and starch-g-copolymers in water, carbon
tetrachloride and n-butanol. For this study, 40 mg of sample
was kept in 20 ml of solvent for 24 hours at room
temperature. Then after filtration, the surface water on the
swollen sample was removed by softly pressing between
the folds of filter paper. An increase in weight was noted.
Percent swelling (Ps) was calculated as follows:

where Wy is the weight of the swollen polymer and Wi; is the
weight of dry polymer.

Moisture absorption behavior: A sample of known weight
was placed in the humidity chamber maintained at a
definite humidity level for 2 hours. After 2 hours, sample
was taken-out and final weight was noted immediately.
Percent moisture absorbance was calculated as follows
[20].

W - W,
% Mgy = ------------- x 100
Wi

where W; is the initial weight of the sample and W is the
final weight of the sample.

Chemical resistance

Chemical resistance of graft copolymers was studied as a
function of percent weight loss by immersing the known
weight of grafted sample in the solution of HCI and NaOH
of known concentrations for 72 hours. The samples were
then taken out and dried to constant weight in hot air oven.
The final weight of the sample was noted and percent
weight loss was calculated by the following expression:

W, — W;
% Weight loss = ------------- x 100
Wi

where W; is the initial weight of the sample and Wyt is the
final weight of the sample.

Applications of starch graft copolymers

Removal of metal ions: In this study, graft copolymer was
used for removal of three metal ions namely magnesium,
nickel and zinc from water system. Adsorption was carried
out by stirring 0.04 g of grafted starch for 30 minutes in 25
ml solution containing ions (Ni, Zn, Mg). After filtration,
the remaining metal ions in the filtrate were determined.
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Co-Ce
% Adsorption = -------------- x 100
Co

Dye adsorption behavior: The graft copolymers were used
for dye adsorption behavior. The known weight of grafted
sample was put into the solution of different concentration
of methylene blue for 3 hours. Then after filtration, the
absorbance of the filtrate was determined at 663 nm using
UV-visible spectrophotometer.

Dye Adsorption (gg) = ------------ Vv
w

where . is amount of dye adsorbed, C, is the initial
concentration, C, is the adsorption of sample, V is volume
and W is the weight of starch-g-copolymer respectively.
Results and discussion

Optimization of grafting parameters

The maximum grafting of 93.54% was obtained at
optimized reaction temperature (60 °C), monomer
concentration (0.57 molL™) and initiator concentration
(0.03 mmolL™).
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Fig. 1. Variation of grafting yield with reaction temperature for Starch-g-
poly(AA).

Reaction temperature: Reaction temperature has a
considerable effect on the grafting reaction (Fig. 1).
Grafting vyield increases with increase in reaction
temperature and reached to maximum value at 60 'C and
then decreases beyond the optimum reaction temperature.
This generally occurs due to the setting up of various
hydrogen abstraction reactions and increase in viscosity of
reaction medium due to homopolymerization. Increase
viscosity of the medium creates hindrance in the path of
free radical in reaching the active site on the backbone.
Moreover decrease in percentage graft yield beyond
optimum reaction temperature could be due to the
predominance of homopolymerization over graft copolymer
[20-22].
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Monomer concentration: It is clear from the Fig. 2 that
grafting yield increases with increase in monomer
concentration and further increase in  monomer
concentration results in decreased grafting yield. This is
due to the predominance of homopolymerization over graft
copolymerization. With homopolymerization, the system
become heterogeneous and creates obstacles in the path of
free radical in reaching active sites present on backbone of
polymer [20-22].
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Fig. 2. Variation of grafting yield with monomer conc. for Starch-g-
poly(AA).

Ceric ion concentration: The effect the initiator
concentration on the grafting parameters at various
monomer concentrations was investigated in order to obtain
the maximum grafting. The grafting yield and grafting
efficiency were increased on increasing the initiator
concentration upto 0.03 mmol/L (Fig. 3). This was due to
increase in the active sites on starch at optimum value of
initiator. Further increase in initiator concentration leads to
homopolymerization due to increase in number of active
radical species, which results in decreased grafting [20].
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Fig. 3. Variation of grafting yield with initiator conc. for Starch-g-
poly(AA).

Characterization techniques

FTIR spectroscopy: The absorption peaks at 2924 cm™ and
1018 cm™are due to C-H stretching and bending vibrations,
respectively. The absorption peaks at 1647 cm™ are due to
O-H bending vibrations in original sample. The additional
peaks was observed in FTIR spectra of grafted sample at
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1427 cm™ and 1155 cm™ due to C-H bending and C-O
stretching, respectively. It has been observed that the
absorption peaks shift towards low intensity. These
additional peaks confirmed the grafting of poly(AA) sample
onto potato starch backbone [22].

Scanning electron surface

microscopy study: The

morphologies of the starch-g-poly(AA) was studied by
scanning electron microscope as shown in Fig. 4. Pure
starch has irregular oval shape granule with a smooth
surface. Whereas, starch-g-poly(AA) have course surface
rather than smooth surface which was due to grafting of
poly(AA) onto starch [20-22].

Fig. 4. SEM of (a) Starch (b) Starch-g-poly(AA).

Thermogravimetric analysis: In the pure starch, two stages
decomposition was observed and the major weight loss of
66% was found in second step within temperature range of
200-500°C. In case of starch-g-poly(AA) 8.13% weight loss
was observed as compared to potato starch where 12.19%
weight loss was found upto 160 °C. But in case of starch-g-
poly(AA), three stages decomposition was observed (Fig.
5). The initial weight loss occurs below 200°C was due to
the loss of water of the hydrophilic polymer. Maximum
weight loss was observed in the temperature range of 200-
500 ‘C, which is due to degradation of starch in graft
copolymer. Beyond the 500 'C, the weight loss was
observed due to degradation of polymer chain and matrix.
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Fig. 5. TGA of (a) Starch (b) Starch-g-poly(AA).
Physico-chemical properties

Swelling behavior: The swelling studies of starch-g-
poly(AA) was carried-out in different solvents as shown in
Table 1. The maximum swelling was observed for starch-g-
poly(AA) in water is 150%. This may be due to possible
porosity of particles originated due to grafting of AA onto
potato starch. The starch-g-poly(AA) shows the following
swelling bahaviour in different solvents: water > n-butanol
> CCl, [20-22].
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Moisture absorbance: The moisture absorbance study was
carried out in humidity chamber. It is clear from Table 2
that % moisture absorbance was found to decrease in
grafted sample, which was due to blockage of active sites
by graft copolymerization of AA. Therefore, affinity of
grafted starch toward —OH group of water decreases, which
leads to the decrease in the hydrophilic character [20].

Table 1. Swelling studies of starch-g-poly(AA) in different solvents.

Solvent Initial Final weight ~ %Swelling
weight (mg) (mg)
Water 40 100 150
n-butanol 40 80 100
CCl, 40 70 75

Table 2. Moisture absorbance studies of starch-g-poly(AA) sample.

Initial Final weight
weight of of % Mgps
sample (mg)  sample (mg)
Raw sample 70 105 50%
Starch-g-
poly(AA) 70 90 28.571%

Evaluation of chemical resistance: It has been resulted that
chemical resistance of starch-g-poly(AA) polymer was
more than raw sample (Table 3). This was due to
deactivation of active sites on grafted Polymer backbone in
IN HCI whereas, both raw and grafted samples were
completely dissolved in IN NaOH.

Table 3. Percent weight loss shown by starch-g-poly(AA) sample in HCI
and NaOH.

Initial  Final % Final % Weight
weight weight Weight weight loss
(mg) in1N loss in 1N
HCI NaOH
(mg)

Raw 40 5 87.5% 0 Completely
sample Dissolved
Starch-g- 40 10 75% 0 Completely
poly(AA) Dissolved

Applications of graft copolymers

Removal of metal ions: In this study Mg, Zn and Ni metals
are taken under investigation. Structural aspects of the
polymeric backbone are important factors affecting metal
ions sorption. The synthesized starch-g-poly(AA) remove
metal ions both by adsorption on COQO" of acrylic groups
and also by sorption in the bulk of grafted copolymer
hydrogel. Therefore, the structure of a polymeric hydrogel
affects the level of polymer interaction with water and the
provision of active sites to absorb or coordinate metal ions.
It is revealed from Table that the metal ions uptake
percentage of Mg was higher than for Zn and Ni. This can

be attributed to the fact that the Mg ion has a lower atomic
radius than other metal ions and consequently its adsorption
by polymer is high. The sequence of metal ions sorption
was as follows: Mg > Ni > Zn (Table 4) [20].

Table 4. Results of metal ions adsorption by starch-g-poly(AA).

Sr. No. Metal ions
% Adsorption

1. Zn
12.6

2. Ni
16.0

3. Mg
18.7

Dye adsorption from water system: The results of dye
adsorption of starch-g-poly(AA) are shown in Table 5.
Starch, due to its high contents of carboxylic and hydroxyl
functional groups, has high affinity for many classes of
dyes. Carboxylic group and hydroxyl group grafted onto
starch also serve as donor in alkaline environment and
responsible for adsorption of dye on starch-g-poly(AA)
[20].

Sr.No. Dye in ml/L Adsorption of dye
(Ge) (mg/ml)
1. 50 12.6
2. 100 20.5
3. 150 45.9

Table 5. Adsorption of dye by starch-g-poly(AA) at 663 nm.
Conclusion

The FTIR spectrum of starch-g-poly(AA) gives the
characteristic absorption peaks, which confirmed the grafting
of poly(AA). Thermal stability of potato starch was found to
enhance on grafting of poly(AA) onto starch. SEM
micrographs clearly indicated that the grafting of poly(AA)
onto gelatinized starch remarkably alters the structure of
potato starch. Grafted starch is more resistant to the chemicals
as compared to potato starch. Starch graft copolymers have
been successfully removed the metal ions and organic dyes
from aqueous system.
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