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Abstract: The Graft copolymerization of Acrylamide monomer (AAm) onto Bombax Costatum Calyx (BCC)
using ceric ammonium nitrate (CAN) as initiator in aqueous medium to form grafted copolymer (BCC-gPAAm) was investigated. The effect of different reaction conditions on the grafting has been studied by
determining the grafting parameters, i.e. concentration of AAm, CAN, BCC, reaction time and temperature were
carefully optimized to achieve the highest percent grafting yield (%G) and graft efficiency(%GE). Each of these
parameters was varied one by one keeping other conditions constant in the reaction. The grafted and raw BCC
were characterized by Fourier transform infrared spectroscopy to confirm the evidence of grafting. From the
FTIR data it was ascertained that grafting has occurred considerably. Also from the results, it was observed
that with increasing AAm, BCC, and CAN concentrations as well as reaction time and temperature the grafting
parameters were increased, but further increase of reaction conditions disfavored these parameters. This was
done to establish the optimum conditions of grafting. \
Key words:Bombax costatum calyx, ceric ammonium nitrate, grafted copolymer, polyacrylamide, percent
grafting yield and graft efficiency.

I.

Introduction

Cellulose is the most abundant biomass material in nature, and possesses some promising properties,
such as great mechanical strength, hydrophilicity, biocompatibility, biodegradability relative
thermostabilization, high sorption capacity and alterable optical appearance (Nada et al., 2007; Kumar et al.,
2011; Sadeghi et al., 2012). Thus, cellulose has been widely applied in many fields. It is frequently modified in
the preparation of a wide range of new materials that have proved to be very useful in several and diverse fields
of application (Khullar et al., 2008; Singha et al., 2011). The presence of three reactive hydroxyl groups on
each glucan unit of cellulose makes it relatively easy to modify (Ouajai et al., 2004). One method of modifying
cellulose that has been studied extensively is graft copolymerization (Ouajai et al., 2004; Jideonwa et al., 2006;
Sadeghi et al., 2011).
Cellulose graft copolymers are very attractive because their products can readily be made to posses any
number of the required properties (Mostafa et al., 2005; Soleimani et al., 2012). Great numbers of grafting
methods have been developed, but the free radical methods of generating radicals on the cellulose backbone
before grafting have received the greatest attention (Raju et al., 2007; Kauretal., 2010; Sadeghi et al., 2011).
The use of ceric ions to generate free radicals which initiate grafting reactions has been one of the most reported
(Ge et al., 2006; Taghizadeh et al., 2006; Osemeahon et al., 2008). Graft copolymerization can be carried out
with different initiator systems. Among them, potassium persulfate, ammonium persulfate, benzoyl peroxide,
azobisisobutyronitrile and ceric ammonium nitrate are widely used for the synthesis of graft copolymers (Onishi
et al., 2004; Sadeghi et al., 2010; Sadeghi et al., 2011). Among various methods, graft copolymerization is most
attractive because it is a useful technique for modifying the chemical and physical properties of natural
polymers (Okieimen et al., 2003; Sadeghi et al., 2011).
The grafting process has two advantages. The first is to replace the hydroxyl group of C6 of the glucose
units in the substrate by carboxyl group that attract the metal ions from the solution. The second is to decrease
the number of the hydroxyl group in the polymer so that the hydrogen bonding between the polymer strands
decreases, thus the crystalline index of the substrate decreases by introduction of this hydrophilic group so it
becomes more chemically active (Zhang et al., 2007; Feng et al., 2010). Bombax costatum calyx (BCC) is a
very good candidate bearing two types of reactive groups that can be grafted. Grafting of BCC allows the
formation of functional derivatives by covalent binding of a molecule onto the BCC backbone.
Bombax Costatum is a fire resisting plant of Savannah and dry wood lands of Africa of family
Bombacaseace. It is commonly called red flowered silk cotton tree in English, Joye in Fulfulde and Bamta in
Bachama languages respectively.
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As a part of our ongoing research programme on chemical modification of Bombax costatum calyx, we were
interested to study the graft copolymerization reactions with the intention of studying its swelling behavior and
sorption capacity for the removal of heavy metal ions from aqueous solution. The present investigation
describes the optimization of the reaction conditions of grafting of acrylamide monomer onto Bombax costatum
calyx using ceric ammonium nitrates initiator.

II.

Materials And Methods

Materials
Acrylamide, ceric ammonium nitrate, acetone and methanol were of BDH analytical grade and were
used as supplied. Bombax Costatum calyx was collected from Dakri, Girei local Government Area, Adamawa
State, Nigeria.
Methods
Preparation of Bombax Costatum Calyx Sample.
The Bombax Costatum calyx sample was sun dried, decoated and milled into powder. It was then
sieved through a 100 µm sieve screen to obtain fine powder and packaged in a polyethylene bag for further use.
Synthesis of Graft Copolymer;
The procedure for graft copolymerization of acrylamide (AAm) onto Bombax costatum calyx
(BCC) was achieved by an adaptation of the methods described by (Hsu et al., 2002; Zohuriaan et al., 2005;
Sadeghi et al., 2011). It wascarried out by weighing (0.5- 5 g) of BCC and dissolved in 100 cm3 with distilled
water in 250 ml volumetric flask and left over night for complete dissolution to give 0.5-5%w/vaqueous
solution of BCC, followed by adding the monomer acrylamide (AAm) of varied concentrations 1-30x10-2
mol/Lto the flask and placed in a thermostatically controlled water bath with desired temperature (30-80oc).
The mixture was stirred for 1 hr. The ceric-ion induce solution polymerization method was used (Sadeghi
et al., 2011). The i n i t i a t o r ceric ammonium nitrate (CAN) of varied concentrations 10-40x10-3 mol/L was
added to the mixture and continuously stirredusing a magnetic stirrer for varying periods of time (30-180 mins).
The reaction was allowed retention time of 6 hrs to form the grafted copolymer (BCC-g-PAAm). The grafted
copolymer obtained was precipitated in excess acetone which was filtered and washed with a mixture of
distilled water and methanol in the ratio of (6:4) ml by volume; to remove the homopolymer formed. This
process is repeated until no precipitation of homopolymer was observed, then the copolymer precipitate was
dried to constant weight in an electrically controlled oven at 40 0 C for 24 hrs, then weighed using metler
balance. The percent graft yield (%G) and percent grafting efficiency (%GE) were calculated using the
following relation.
% G = ( W2- W1)/W1 x 100
% GE = ( W2-W1)/W3 x 100
Where W1, W2 and W3 represent the weight of the raw BCC, grafted BCC and monomer respectively (Sadeghi
et al., 2011)

III.

Results And Discussion

Grafting mechanism
The graft copolymer was synthesized by ceric-ion-induced polymerization method. The mechanism of
copolymerization of AAm onto BCC is shown in Scheme 1 below. At the first step, a complex between the
Ce4+ ion with the oxygen atom at theC-3 position and the hydroxyl group at the C-2 position were formed. This
ceric-BCC complex is then dissociated to produce BCC macroradicals. The acrylamide molecules, which are in
vicinity of the macroradical sites, become acceptor of BCC radicals resulting in chain initiation and thereafter
themselves become free radical donor to the neighboring molecules leading to propagation.These grafted chains
are terminated by coupling to give the graft copolymer BCC-g-PAAm (Sadeghi et al., 2011).
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BCC-g-PAAm
Scheme 1: General mechanism for CAN-initiated graft copolymerization of acrylamide (AAm) onto BCC.
FTIR Spectroscopy Analysis
Fourier transform infrared (FTIR) spectroscopy absorption spectraof raw and grafted BCC were
recorded on a JASCO FTIR-5300 spectrophotometer following the KBr disc technique in the range 4000–600
cm-1 at room temperature.

(a)

(b)

Fig. 1 FTIR spectra of raw BCC (a) and grafted BCC (b)
Fig. 1 shows FTIR spectra of raw BCC (a) and grafted BCC (b). The FTIR spectra of the raw BCC (a)
show the appearance of a very broad peak at around 3440cm-1 region. This corresponds to O-H stretching
vibrations of the hydroxyl groups (Sadeghi et al., 2011). Comparing the spectra of raw BCC (a) and grafted
BCC (b), it can be seen that the broad peak observed in fig. 1(a) is shifted to lower wavelengths 2362.67cm-1
this may be as a result of the replacement of O-H by N- H group (Nada et al., 2007). It is expected that grafting
of acrylamide onto BCC should take place at the site of the O – H group, thus the OH peak intensity is
consequently expected to decrease. The characteristic peak observed around 1655cm-3 corresponds to C = O
group of the acrylamide moiety, while the bands observed around 1059, 1089 and 1144cm-1 could be assigned to
C-N stretching vibrations (Sadeghi et al., 2012; Mohammad et al., 2012). These observations further support the
grafting of PAAm onto the BCC backbone.
Optimization of the Reaction Conditions
In the present investigation, the effect of concentration of BCC, AAm and CAN, along with reaction
time and temperature was studied, the grafting parameters were determined by weighing to optimize the reaction
conditions as follows;
Effect of BCC concentration
The effect of BCC concentration on graftcopolymerization was depicted in Fig. 2 below;
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Fig.2 Effect of percentage weight by volume of BCC on the graft copolymerization.
(Reaction conditions; Monomer (AAm)=0.15mol/L, Initiator (CAN)=0.030mol/L, Temperature=50oC,
Time=120mins).
With increasing the BCC amount, more reactive grafting sites are formed which is favorable for
grafting. Thiscan account for initial increment in graftingparameters up to 1.0 %W/V of BCC value with %G
and %GE of 159.7and 79.4% respectively. Beyond this amount, the grafting values were decreased.This may be
ascribed to the increase in viscosity ofreaction mixture and the termination reaction between macroradicalmacroradical and macroradical-primary radicals as well. This observation is in close agreement with the results
obtained by other investigators (Pourjavadi et al., 2002; Mohammad et al., 2010; Sadeghi et al., 2011).
Effect of Initiator Concentration
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Fig.3 Effect of Initiator concentration on the graft coplymerization.
Monomer (AAm)=0.15mol/L, Substrate (BCC)=1%w/v, Temperature=50oC,

(Reaction conditions;
Time=120min).
Fig. 3 depicts the effect of the initiator concentration (CAN) on grafting of AAm onto BCC. By
keeping constant all the variables, the amount of CAN used was varied. It was observed that with increasing the
initiator concentration the percentage grafting yield as well as the grafting efficiency increases in the initial
stages up to 177.6 and 88.3%, with further increase of initiator the graft percentage as well as the grafting
efficiency decreases drastically.These increasing trends of the grafting parameters indicated that ceric ions
exclusively participate in the formation of free radical active sites on the BCC backbone up to this concentration
of ceric ions, and beyond it, no more active sites are formed on the BCC backbone. This may be due to the fact
that with high concentration of the initiator more and more homopolymers are formed thereby decreasing both
%G and %GE of the graft copolymerization. This is obvious since ceric ion is a very good oxidizing agent with
very high oxidation potential and it interacts with AAm forming the homopolymer rather than the graft
copolymer at higher concentrations. This observation is in close agreement with the results obtained by other
investigators (Ibrahim et al., 2002; Nada et al., 2007; Sadeghi et al., 2011).
Effect of Monomer Concentration
The effect of monomer concentration on graft copolymerization onto polymeric backbone is shown in
Fig. 3 below;
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Fig.3 Effect of monomer concentration on the graft copolymerization.
(Reaction conditions; Initiator (CAN)=0.030mol/L, Substrate (BCC)=1%w/v, Temperature=50oC,
Time=120min).
It can be seen from the results of Fig. 3 that as the monomer concentration increases, the %G and %GE
increased at the initial stages up to 157.3 and 83.6% respectively. With further increase of monomer
concentration it decreased. This is mainly due to the formation of homopolymer of AAm at the higher
concentration as well as due to restricted movement of free radicals onto polymer backbone because of
increased viscosity. These homopolymers successfully hinders the rate of penetration of monomer molecules to
BCC macroradical, resulting in the low percentage of grafting. Further as the monomer concentration increases,
the rate of homopolymerization increases there by decreasing the formation of graft copolymer (Okiemen et al.,
2003; Nada et al., 2007; Singha et al., 2011; Sadeghi et al., 2012). The increase in the chain transfer to
monomer molecules may be another possible reason for decreasing the graft polymerization. These findings are
in agreement to those reported in literature (Zohuriaan et al., 2005; Zhang et al., 2007; Sadeghi et al., 2011).
Effect of Reaction Temperature
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Fig.4 Effect of reaction temperature on the graft copolymerization.
(Reaction conditions; Initiator (CAN)=0.030mol/L, Substrate (BCC)=1%w/v, Monomer (AAm)=0.15mol/L,
Time=120mins).
The effect of reaction temperature on the graft copolymerization was carried out at different
temperatures between 30oC and 80°C and keeping the other variables constant. As shown in Fig.4, it is found
that %G and %GE increase initially up to 50oC and then decrease to some extent with further increase in
temperature. This is attributed to the fact that increasing the temperature favours the activation of macroradicals
as well as accelerates the diffusion and mobility of the monomers from the aqueous phase to thecellulose phase.
However, a further increase in temperature decreases %G and %GE parameters, which can be ascribed both to
the acceleration of termination reaction and to the increased chance of chain transfer reaction, accounting for the
increase in the amount of homopolymers. This observation indicates that the optimal reaction temperature is
50°C. Similar behavior was observed by (Hsu et al., 2002; Kumar et al., 2011; Sadeghi et al., 2011; Sadeghi et
al., 2012)
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Effect of Reaction Time

Time(min)
Fig.5 Effect of reaction time on the graft coplymerization.
(Reaction conditions; Initiator (CAN)=0.030mol/L, Substrate (BCC)=1%w/v, Monomer (AAm)=0.15mol/L,
Temperature (oC)=50oC).
The effect of reaction time on %G and %GE is shown in Fig. 5. It can be seen that the %G and %GE
increase rapidly with increase in time up to 120 minutes after which it decreased. Reaction time allows ceric
solution to diffuse into BCC backbone prior to grafting reaction thereby allowing initiation of free radicals on
cellulose sample by oxidation with CeIV ions. Initial increase in %G and %GE can be attributed to this factor.
The decrease of the %G and %GE on prolonging this reaction time beyond 120 minutes could be attributed to
the decay of free radical activity of CeIV oxidized cellulose resulting from the free radical termination by charge
transfer. Similar trend has been observed by (Nada et al., 2007; Singha et al., 2011; Soleimani et al., 2012).
Also, since there is a large excess of acrylamide monomer even after the longer reaction times, the decrease
after 120 minutes is presumably due to initiator exhaustion. These observations are in accordance to those
observed by (Jideonwa et al., 2006; Sadeghi et al., 2011; Singha et al., 2011).

IV.

Conclusion

Graft copolymerization was employed as an important technique to obtain a chemically modified
natural polysaccharide, BCC. The grafting of AAm onto BCC was carried out using CAN as an efficient
initiator. The characteristic absorbing peaks in the FTIR spectra have proven that BCC participates in graft
copolymerization with AAm. The main factors affecting the grafting parameters, including concentration of the
initiator, monomer, BCC, reaction time and reaction temperature was studied. The optimum reaction conditions
were found to be CAN 3.0x10-3 mol/L, PAAm 15x10-2 mol/L, BCC 1% w/v, reaction temperature 50°C and
reaction time 120 min. Under the optimized conditions, the highest percentage grafting parameters were found
to be %G 178.5 and %GE 88.3 respectively. This result present the optimum grafting conditions required for the
graft copolymerization of AAm onto BCC and hence economic yield of BCC-g-PAAm for use in determining
the swelling behavior and the sorption capacity of heavy metals in the next experimental research.
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