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This experiment is a continuation of our effort to develop a blend membrane of sodium alginate and
“konkoli” gum-g-polyacrylamide (KG-g-PAAm) for bioremediation of wastewater. The effect of graft
reaction conditions on the percentage graft yield in the graft copolymerization was investigated. It was
observed that grafting parameters such as acrylamide (AM), ceric ammonium nitrate (CAN), “konkoli”
gum (KG), temperature and reaction time have remarkable influence on the percentage graft yield of the
graft copolymer. The percentage graft yield initially increased and then decreased for all the parameters
investigated. Optimum percentage graft yield of 83, 85, 86, 84 and 84 were obtained by varying AM,
CAN, temperature, reaction time and KG, respectively. This result present the optimum grafting
conditions required for copolymerization of AM onto KG.
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INTRODUCTION

‘Konkoli’ seed gum (KG) from Maesopsis eminii plants is
widely used as thickeners in soup and other traditional
baked food products in Nigeria, primarily because of its
high viscosity, binding and swelling propensity
(Osemeahon, 2003; Barminas and Eromosele, 2002). In
Nigeria, this plant grows wild in the east, south and
middle belt of the country (Osemeahon, 2003; Aliyu,
2002). Its shoots greenish flowers around April and May
and bear fruits which gets matured around August and
September as they become publish black containing a
very hard seed. The seeds are normally removed from
the dried fruits and ground into fine powder and may be
constituted in hot or cold water and used in the
preparation of soups and other traditional baked foods
(Osemeahon, 2003).

The need for improved membrane composition as
super absorbent polymers using available polymeric ma-
terials has been the subject of extensive research (Lee
and Lin, 2000; Hegazy et al., 2001). Superabsorbent
polymers are important because of their excellent
characteristics, wide applications in many fields, such as
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horticulture, gel actuators, water blocking tapes, medicine
In addition, the studies are included charac for drug
delivery systems and absorbent pads (Barminas et al.,
2005). These swollen polymeric networks have also
found wide applications in different technological areas,
such as, materials for contact lenses and protein
separation, matrices for cell encapsulation and tissue
engineering and devices for controlled release of phar-
maceutically active proteins (Hennik and Nostrum, 2002;
Hoffman, 2002). In these applications, water absorbency
and retention are crucial.

Grafting of natural polymers such as water-soluble
polysaccharides containing various functional groups is of
considerable interest for modification of the polymer
structure. Such modifications have led to the preparation
and characterization of grafted and blend membranes for
prevaporation process (Toti et al., 2002) and as
polymeric flocculants (Tripathy and Singh, 2001). One of
the most valued properties of these modified products is
their absorbency and dehydration behaviour (Lee and
Lin, 2000). KG is a seed galactomannan (Barminas and
Eromosele, 2002) even though hydrophilic and exhibits
high swelling capacity, it may be practically unsuitable as
a scavenger in wastewater treatment (Barminas et al.,
2005) and hence the need for its modification.
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In our last experiments (Osemeahon, 2003 and
Barminas et al., 2005), we reported the successful
grafting of acrylamide onto KG and blending of the KG-g-
PAAm with sodium alginate to develop sodium alginate
and KG-g-PAAm blend membrane. Preliminary investiga-
tion on the swelling properties of the grafted membrane in
aqueous medium was also reported (Barminas et al.,
2005). However, the percentage graft yield (21%) obtain-
ed from the graft reaction was relatively low when
compared to the 98% graft yield obtained from a similar
experiment involving the grafting of acrylamide onto Guar
gum reported earlier by Toti et al. (2002). In this experi-
ment, we set out to investigate the grafting conditions of
AM onto KG with the aim of optimizing the percentage
graft yield.

MATERIALS AND METHODS
Materials

Acrylamide, ceric ammonium nitrate, acetone and methanol were of
BDH analytical grade and were used as supplied.

The Konkoli (Maesopsis eminii) dry seed was decoated and
milled into powder. This was then sieved through a 100 um sieve
screen to obtain fine powder and packaged in a polyethylene bag
for use. This crude sample was used as KG without extraction and
purification.

Synthesis of graft copolymer

Konkoli-g-polyacrylamide (KG-g -PAAm) was synthesized by
reacting KG with acrylamide (AM) at 60°C using ceric ammonium
nitrate (CAN) as an initiator following the method described by Toti
and Aminabhavi (2002). An initiator containing 2.5 x 10 mol of
CAN was employed and solution polymerization method was used.
The grafted copolymer obtained at the end of 6h was precipitated in
excess acetone. This was further purified by filtration and washing
with a mixture of water and methanol (7:3 by volume), to remove
the homopolymer formed. The solid mass was then air dried at
room temperature (30°C) for 24 h. The percentage graft yield was
then calculated from the relation:

% Graft = [(W2-W1)/ W;] x 100

Where Wy and W, are weight of KG and grafted KG respectively.
The above procedure was repeated at different initiator concentra-
tions, monomer concentration, temperatures, reaction time and KG
concentrations.

RESULTS AND DISCUSSION
Synthesis of graft copolymer

A graft copolymer, KG-g-PAAm was synthesized by
ceric-ion-induced polymerization method. The mechani-
sm of ceric ion action involves the formation of a chelate
complex (Barminas et al., 2005). It has been established
by the works of Niu and Volesky (2000) that the chelate
complex is formed between the —OH groups of KG. This
decomposes to generate free radical sites on the poly-
saccharide backbone. The grafting of the acrylamide

monomer occurs at these active free-radical sites on the
backbone of KG (Barminas et al., 2005). The grafting
reaction of acrylamide onto KG may be represented in
Figure 1 as suggested by Barminas et al. (2005).

Effect of monomer concentration

The effect of monomer (acrylamide) on the percentage
graft yield of KG-g-PAAm is shown in Figure 2. The
percentage graft increases initially over the monomer
range of 1.0 to 16.0M x 10° and then decreases. The
percentage graft at the optimum monomer concentration
of 16.0 x 10° is 83%. The apparent acceleration in the
graft yield may be attributed to the gel effect, resulting
from an enhanced solubility of polyacrylamide in the
monomer (Eromosele and Hamagadu, 1993). This would
consequently increase the viscosity of the reaction
medium and reduce rate of termination by the coupling of
the growing polymer chains.

The decrease in the graft yield at a monomer concen-
tration higher than 16.0 x 10° may be due to an
enhanced homopolymer formation by chain transfer to
monomer (Eromosele, 1991)

Effect of initiator concentration

Figure 3 represent the effect of initiator (ceric ammonium
nitrate) concentration on the copolymer graft yield. At
very low concentration 2.19 x 10, the graft yields
increases to an optimum value of 85%. Further increases
in concentration of CAN led to a reduction in yield. The
initial increase may be ascribing to an increase in the
concentration of free radicals in the system (Barminas et
al., 2005; Eromosele and Hamagadu, 1993). At a critical
initiator concentration of 10.95 x 10™ M, there is a
possibility of termination reaction of grafted polymeric
radicals (Eomosele 1994; Barminas et al., 2005).

Effect of temperature

The effect of temperature on the graft copolymerization
was investigated over the range of 30 - 90°C. The result
as presented in Figure 4 indicates initial increases in graft
yield up to 60°C and then followed by a gradual decrease
in yield above 60°C. The percentage graft increase over-
all, with temperature in the range of 30 - 60°C is
consistent with an expected increase in swellability of the
polysaccharide (KG) and enhanced rate of diffusion of
the monomer to the radical sites on the KG and on the
graft polymer (Barminas et al., 2005; Eromosele, 1994;
Sartore et al., 2002).

Effect of time

The time conversion curve of the graft copolymerization
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Figure 1. Grafting reaction of acrylamide onto KG.
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Figure 2. Effect of monomer concentration on graft yield (Initiator =
2.5 x 10° mol/L, temperature = 60°C, time = 6 h, KG = 1%, w/v)

is represented in Figure 5. The graph is characterized by
initial increases in graft yield with time up to a period of 2
h after which the yield decreases with time. This result

agrees with earlier report by Eromosele and Hamagadu
(1993). The decrease in percentage graft yield after 2 h
may be rationalized by partial hydrolysis and dissolution
of the grafted polymer chains (Osemeahon, 2003)

Effect of KG concentration

The effect of KG concentration on the percentage graft
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Figure 4. Effect of Temperature on graft yield (AM = 0.105
mol/L, Initiator = 2.5 x 10 mol/L, time = 6 h, KG = 1%, AUR
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Figure 5. Effect of reaction time on the graft yield (AM = 0.105
mol/L, Initiator = 2.5 x 10° mol/L, temperature = 60°C, KG = 1%,

w/vV).

yield of Kg-g-PAAm is presented in Figure 6. It is
revealed that the graft yield initially increased and then
decreased. The initial increases can be rationalized by
the increases in KG concentration. The observed trend at
higher concentration (above 1% w/v) may be due to
increase in homopolymerization. It may also be as a
result of caging effect (Osemeahon, 2003).

Conclusion

In conclusion, the effect of graft conditions on the percen-
tage graft yield in the copolymerization of AM onto KG
has been investigated. It was observed that the percen-
tage graft yield increased initially and then decreased for
all the parameters investigated. Optimum percentage
graft yield of 83, 85, 86 84 and 84 were obtained by vary-
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Figure 6. Effect of KG on graft yield (AM = 0.015 mol/l, Initiator =
2.5 X 10 mol/L, temperature = 60°C, time = 6 h).

ing AM, CAN, Temperature, Reaction time and KG
respectively. This result present the optimum grafting
conditions required for the graft copolymerization of AM
onto KG and hence economic yield of KG-g-PAAm for
use in the graft membrane.
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