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ABSTRACT

Graft copolymer of acrylamidoglycolic acid with guar gum was synthesized and its reaction conditions were
optimized for better yield using potassium persulphate as initiators. The effect initiator, guar gum, and
monomer along with reaction time and temperature were studied by determining the grafting parameters: %
grafting ratio, % efficiency. The graft copolymer was characterized by Fourier transform infrared spectroscopy
and thermal analysis. It was observed that the maximum yield occurred at which time of 2h at temperature
60°C.
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1. INTRODUCTION

Modification of natural polymers by grafting has
drawn much attention in recent years [1]. Guargum
is a seed gum obtained from the seeds of cyamopsis
tetragonalobus, it is leguminase plant, which is
native to north western parts of India. Guargum is
high molecular weight carbohydrate polymer, has
the characteristic of being rigid and non-ionic [1,2].
It consists of (1—4)-B-D-manno-pyranosyl units
with a-D-galacto-pyranosyl units attached by 1—6
linkages. It forms colloidal dispersions with water
at room temperature and imparts extraordinary
viscosity, because of this property, native guargum
as well as its derivatives are commercially impart
and find use in such diverse applications like oil
well drilling, paper and textile sizing, as a binding
agent for explosives, and is widely used in food
industry [3]. Guargum crosslinked with borax was
investigated for water retention applications [4].
Although guargum has wide industrial applications,
it suffers from some draw backs like
biodegradability [5], which Ilimits its uses
considerably. These drawbacks can be improved
through the grafting of vinyl monomer, which
imparts new properties to the polymeric backbone.

Acrylamidoglycolic acid (AGA) refers to a class of
acrylamides containing -OH, -COOH and -CONH-
functional groups that shows excellent hydrophilic
as well as responsitivity in biological fluids [6]. In
this present work we report synthesis and
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characterisation of Guar gum grafted poly
(acrylamidoglycolic acid).

2. EXPERIMENTAL

2.1 Materials

Guargum (GG) was purchased from Merk Limited,
Mumbai. Acrylamidoglycolic acid (AGA) was
purchased from Alfa Acer (Japan). Potassium
persulphate (KPS) was purchased from s.d. fine
chem limited Mumbai, and were all used without
further purification. Double-distilled water was
used in all experiments.

2.2 Graft copolymerisation

Graft copolymer of GG and AGA was synthesised
by free radical polymerization. 0.25 g of GG was
dispersed in 30 ml (1.66 mole) of AGA dissolved
in a 250 ml round-bottom flask. Then 0.0015-
0.0091 mole of AGA dissolved in 10ml (0.55 mole)
of water, added to GG solution and the mixture was
stirred overnight. A quantity of redox initiator
(K;S;0g) equivalent to 0.0002-0.0016 mole was
dissolved in 10 ml of water and added to the above
solution. Polymerization was carried out at
40-70 °C under continuous nitrogen atmosphere for
60-240 mins in a thermostatic water bath under
constant stirring. After complete polymerization,
the product was cooled by running under tap water
and poured into excess of acetone to induce
precipitation. The graft (GG-g-AGA) solid polymer
was washed several times with methanol:water
(80:20 v/v) mixture [7] to remove the
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homopolymers formed in the grafting reaction and
vacuum dried at 40 °C to a constant weight. The
percentage of grafting (%G), grafting efficiency
(%GE) and present conversion (%C) were
calculated [7-9] by using
%Grafting (%G) = %xwo
W1-Wo0

w2

%Grafting efficiency (%GE) = x100

%Conversion (%C) = % 100

where Wy, W; and W, denote the weight of GG,
graft copolymer and monomer respectively.

2.3. Characterization

Fourier transforms infrared spectroscopy (FTIR)
spectroscopy was used to confirm the presence of
functional groups of GG-g-AGA copolymer.
Infrared spectra were recorded by KBr pellet
method in the region 4000-500 cm™ using a Perkin
Elmer instrument, model SPECTRUM 2,
Singapore. Differential scanning calorimetric
(DSC) curves were recorded on a TA instruments
(Model: STA, Qgoo USA). The sample was weighed
between 10 to 12 mg. The samples were heated
from 30 to 600 °C at a heating rate of 10° C/min in
nitrogen atmosphere (flow rate 100 mL/min).

3. RESULTS AND DISCUSSION

3.1. FTIR Analysis

Grafting of AGA on GG was confirmed by FTIR
studies. FTIR spectra of (a) GG, (b) GG-g-AGA
and (c) AGA are represented in figure 1. FTIR
spectrum of GG exhibits the characteristic
absorption band at 3383 cm™ and 2925 cm™ due to
O-H stretching vibrations of the polymer associated
with C-H stretching vibrations. Additional
information from the characteristic absorption
bands of GG appears at 1401 cm™ and 1025 cm™
due to C-H bending and O-H bending vibrations. In
the FTIR spectrum of AGA, was observed the
characteristic absorption bands at 2631 cm™,
1731 cm?, and 1651 cm™ are regarding to O-H
stretching vibration of carboxylic acid group, C=0
stretching vibrations of carboxylic acid group and
C=0 stretching vibrations of amide group.
Additional characteristic absorption bands of AGA
appears at 1607 cm™ and 1534 cm™ due to
C=C stretching vibrations and N-H bending
vibrations. The appearance of a new characteristic
absorption band at 1734 cm™ in the FTIR spectrum
of GG-g-AGA is due to carbonyl stretching
vibration frequency of ester indicate the formation
of graft copolymer, the possible schematic
representation of GG-g-AGA is shown in scheme I.

3.2. Differential scanning calorimetric analysis
(DSC)

DSC technique is used to study the thermal
property of pristine and graft copolymers. DSC
thermograms of GG (a) and GG-g-AGA (b) are
shown in the figure 2. The graft copolymer shows
endothermic transitions at 178 °C, 324 °C, which
attribute water retention involving -OH group of
GG, -COOH group and -OH group of AGA of graft
copolymer. GG normally undergoes exothermic
transitions at 348 °C, 437 °C, 518 °C. In case of
graft copolymer, exothermic transition at 500 °C in
the DSC thermogram of graft the copolymer may
be due to imide decomposition of cyclized imide
groups of PAGA. At high temperatures,
acrylamides generally form imides via cyclization
[14]. These results support the grafting of AGA
onto GG.
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Figure 1. FTIR Spectroscopy (a) GG (b) GG-g-
AGA and (c) AGA.
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Figure 2. DSC thermograms of GG and GG-g-
AGA.
3.3. Thermo gravimetric analysis (TGA)
TGA of pristine GG and GG-g-AGA is presented
in figure 3. Higher thermal resistance of AGA-g-
GG is clearly evident from the spectrum. GG loses
8% weight at 100°C, is the result of desorption of
water. GG-g-AGA polymer began to degrade at
150 °C, weight loss of graft polymer about 8% at
150 °C, results of desorption of water. The rate of
weight loss of GG increased with increasing
temperature, attaining its maxim sum at 300 °C and
decreasing thereafter, a broad endothermic peak
obtained at 320 °C, 60% of graft polymer degraded
at 365 °C. By heating up to 600 °C, graft copolymer
only loses 92% weight, whereas GG loses almost
29
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all its weight, no appreciable weight loss until 100
°C. Thermal degradation of GG was completed in
two steps, 180 °C to 365 °C and 390 °C to 504 °C.
There were two T max values, one is at 302 °C and
a second one is at 437 °C. The weight of about
60%, 18% occurred in the first and second steps of
degradation process. Thermal degradation of graft
polymer was completed in three steps, one is at
150°C to 300°C, second one is at 320 °C to 410 °C,
and third one is at 420 °C to 500 °C. There are three
T max values, 200 °C, 350 °C, and 550 °C. The
weights of about 30%, 20% and 27% occurred in
the first, second and third steps of degradation.
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Figure 3. TGA curves of GG and GG-g-AGA.

3.4. Graft copolymerization

Graft copolymerization was carried out by free
radical initiated process in homogeneous solution.
Several reports have been published in literature
[10,11] on graft copolymerization mechanism. The
probable reaction mechanism of present study is
given in schemel. Graft copolymerization of AGA
onto GG was achieved by dissolving the GG in
monomer solution, then added initiator at the
required temperature.

KPS is used as a redox initiator to produce radicals
on the polymer backbone [12], grafting reaction is
facilitated due to the generation of free radical site
by abstracting hydrogen atom from the -OH group
of the polymer (GG). Free radicals formed could
then react with the double bond of the vinyl
monomer, resulting in a covalent between the
monomer and GG to propagate the chain.
Termination of the graft copolymer may be due to
the combination of the two macro radicals.

3.5. Effect of temperature

Temperature plays a vital role in determining the
extent of grafting. In general, grafting yield
increases with increase in temperature until a
limited value is reached. By the increasing of
temperature, it may lead to various effects on
grafting, they are: (i) swelling of GG to larger
extent, (ii) increase in solubility of the monomer
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Figure 4. Effect of temperature on %G (4) and %GE (m).
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Scheme 1. Possible schematic chemistry of GG-g-
AGA

(iii) increase in monomer diffusion to the grafting

sites, (iv) easy decomposition of the initiating

redox system (v) enhancement of rate of initiation

and propagation and (vi) increase in the rate of
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termination. The factors (i) to (v) could increase
grafting, while factor (vi) may have the reverse
effect on grafting. Effect of temperature on graft
copolymerisation of AGA onto GG was
investigated at five different temperatures ranging
from 40 to 70 °C, keeping other conditions
constant, and the results are presented in figure 4.
Maximum %G and %GE are attained at the
temperature of 60 °C. Raising the temperature up to
70 °C causes %G and %GE to decrease rapidly due
to the chain-transfer and termination reactions,
which are known to be favoured at higher
temperatures in free radical polymerization.

3.6. Effect of monomer concentration

Initiation of graft copolymerization by free radical
mechanism involves the formation of free radicals;
free radicals can react with the monomer to initiate
graft copolymerization. The efficiency of graft
copolymerization depends upon the concentration
of monomer present in the mixture solution. Larger
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Figure 5. Effect of AGA on %G () and %GE (m).

the concentration of monomer more favoured will
be the reaction between free radicals and the
monomer that triggers the grafting process.
Increasing the amount of monomer in the feed
leads to an increase in % grafting and % grafting
efficiency and % conversion increases. The %G,
%GE increases with increasing monomer
concentration from 0.00153 mol to 0.091mol of
AGA (figure 5). The %G, %GE reached their
maximum values, at the monomer concentration of
0.061 mol. Increasing amount of monomer even
further, %G, %GE and %C were decreased due to
the formation of higher % of homopolymers in the
growing grafted chain. It is expected that, swelling
of the base polymer at higher monomer
concentrations were not favourable for grafting.

3.7. Effect of initiator concentration
Increasing the concentration of KPS initially leads
to an increase in the %G, %GE and %C, but further

100 - ./k_.—-—.

0 0.001 0.002
KPS concentration (mmol)

Figure 6. Effect of KPS on %G (4) and %GE (m).

radicals, since an increase in concentration
facilitates more GG macro radicals and more active
sites to react with AGA, on further increase in the
concentration KPS from 0.0011 mole, the
concentration of KPS radicals would increase,
which could help the polymerization of AGA thus,
resulting in a decrease of %G and %GE. In case of
grafting initiated by a chemical initiator, the extent
of grafting increases with initiator concentration up
to a certain limit, beyond which grafting no longer
increases. This could ascribe to the decay of macro
radicals [13]. Effect of KPS concentration on
grafting was studied in the range of 0.0002-0.0016
moles. The highest %G and %GE were obtained at
0.0011moles, above the 0.0011 moles KPS
concentration, a decrease in grafting was observed
(figure 6). This phenomenon may be due to the
efficiency of KPS to participate in the termination
reaction of growing grafted chains as well as
homopolymerization.

3.8. Effect of time
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Figure 7. Effect of time on %G (¢) and %GE (m).

The effect of change in duration of grafting
reaction has been studied by varying the time
period from 60 to 120 min, and the results are
given figure 7. It has been observed that the %G,
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%GE and %C increased with increases in time
from 60 to 120 min, but beyond this, the grafting
parameters and rate of grafting decreased, whereas
homopolymers was found to increase. With
increasing time, the propagation of grafting chains
occurred because of the availability of more active
species, which accounted for the higher grafting.
With further increases in the interval, mutual
annihilation of growing grafted chains occurred,
which resulted in the grafted parameters and rate of
grafting decreasing but homopolymer formation
increasing.

4. CONCLUSION

In the present study, GG was grafted by AGA using
KPS as a free radical initiator. Reaction conditions
such as temperature, time, initiator content,
monomer concentration have shown an influence
on %G, %GE, and %C. The maximum %G was
possible by using KPS at 60 °C, 2 hr of reaction
time, 0.0011 mole concentration of KPS and
0.00919 mole AGA. The grafting has been
confirmed by FTIR spectroscopy and Thermal
studies. The synthesized graft (GG-co-AGA)
polymer could be used to develop pH sensitive
hydrogels for controlled release and toxic metal ion
removal applications.
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