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Abstract

In this study, a novel green cationic hydrogel of cationic polyacrylamide composite have been prepared
and investigated. The synthesis of green cationic polyacrylamide composite was evaluated for its solu-
bility in water. The reactions were performed using acrylamide monomer, solvent, catalyst (clay fin
called maghnite) and solution of H2SO4 (0.25 M), with the system under microwave irradiation (160
°C) for 4 min. Major factors affecting the polymerization reaction were studied with a view to discover
appropriate conditions for preparation of the composite. The cationic polyacrylamide obtained is the
subject of future studies of modification and transformation. The resulting polymer has been character-
ized by a variety of characterization techniques, such as: Fourier Transform Infrared Spectra and 'H
NMR spectra. Copyright © 2016 BCREC GROUP. All rights reserved
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1. Introduction

Green Chemistry is the design of chemical
products and processes that reduce or elimi-
nate the generation of hazardous substances
[1].The concept of greening chemistry is a rela-
tively new idea which developed in the busi-
ness and regulatory communities as a natural
evolution of pollution prevention initiatives [2].
Cationic polyacrylamide is one kind of high effi-
ciency emulsified flocculants with high concen-
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tration, cationic polyacrylamide main uses: (a)
as paper retention [3]; (b) as water treatment
chemical [4]. It is widely applied in improving
the flocculation effect in the sludge dewatering
processes like belt filtration and centrifugal
separation [5]. It can improve the sludge treat-
ment results, increase the degree of mud's dry-
ness, and ensure the whiteness of water.
Preparation of green cationic polyacrylamide
under microwave irradiation is an important
synthetic reaction for which a wide variety of
procedure has been developed during the last
years [6]. Cationic polyacrylamide is the linear
polymer compound, because it has many active
groups, but with many substances affinity, ad-
sorption of hydrogen bond formation [7]. Inter-
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calation of polyacrylamide into interlayer
spaces of natural montmorillonite called Magh-
nite (Algerian MMT) by the heterogeneous po-
lymerization technique under microwave irra-
diation was studied. The modification was car-
ried out with using both the raw and treated
clay. It was shown that no initial modification
of the layered mineral (by ion-exchange with
Na+ cations or organophilization) is needed for
the successful introduction of hydrogels into
the interlayer gallery. The polyacrylamide ma-
terials exhibited a tendency to the formation of
exfoliated structure [8].

Microwave irradiation has been widely used
in the synthesis of organic-inorganic hybrid
materials because of its well known advantages
over conventional synthetic routes. Microwave
heating has been proven to be of benefit par-
ticularly for the reactions under "dry" media
(i.e. in the absence of a solvent, on solid support
with or without catalysts) and offers a number
of advantages: solvents are often expensive,
toxic, difficult to remove in the case of aprotic
solvents with high boiling point.

Moreover, the absence of solvent reduce the
risk of explosions when reaction takes place in
a microwave oven. Reactions under "dry" condi-
tions (i.e. in the absence of a solvent, on a solid
support with or without catalysts) were origi-
nally developed in the late eighties [9]. Synthe-
sis without solvents under microwave irradia-
tion offers several advantages [10]. The ab-
sence of solvent reduces the risk of explosions
when the reaction takes place in a closed vessel
in an oven. Moreover, aprotic dipolar solvents
with high boiling points are expensive and diffi-
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cult to remove from the reaction mixtures [11].
During microwave induction of reactions under
dry conditions, the reactants adsorbed on the
surface of alumina, silica gel, clay [12]. Conse-
quently, such supported reagents efficiently in-
duce reactions under safe and simple condi-
tions with domestic microwave ovens instead of
specialised expensive commercial microwave
systems [13]. The cationic polyacrylamide ob-
tained is the subject of future studies of modifi-
cation and transformation. The resulting poly-
mer has been characterized by a variety of
characterization techniques such as Fourier
transform infrared spectra and 'H NMR spec-
tra.

2. Experimental Section
2.1. Materials

All reagents in this work were of analytical
grade and used as received without further pu-
rification. H2SO4 (98%) was used as the initia-
tor, which was obtained from Sigma Aldrich
(French). The maghnite-Na+ (MMT) used in
this work came from a quarry located in Magh-
nia (North West of Algeria) and was supplied
by the company “ENOF” (Algerian manufac-
ture specialized in the production of nonferric
products and useful substances).

2.2. Catalyst structure

The x-ray powder diffraction profiles shown
in Figure 1 exhibited the presence of other
crystalline phases, such as: quartz, fieldspath
and calcite in (raw-Maghnite). Under acid
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Figure 1. X-ray powder Diffraction of (a) Maghnite-Na+; (b) Maghnite- H+ 0.25 M
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treatment, all trace of calcite was removed in
“H-Maghnite”. The increase in basal spacing
from 12.5 A in “raw-Maghnite”, characteristic
of a single water layer between the sheets, to a
15.02 A value in “Maghnite” for two interlamel-
lar water layers reflects the changes in inter-
layer cation and its associated hydration state
as a result of the acid treatment [14].

The thermal characterizations of the com-
posites include thermogravimetric analysis
(TGA). Figure 2 shows the weight losses (%)
versus temperature (°C) curves for pure Magh-
nite-Na+. The TGA of pure Maghnite-Na+
shows two stages of weight loss. The first
weight loss in Na+-Mag below 100°C is a result
of the release of free water. The second weight
loss around 600 °C is associated with the dehy-
droxylation of silicate structure [15]. The total
weight loss is only 13.94% up to 800 °C. As can
be expected, Maghnite-Na+ shows a high ther-
mal stability.

H,S0,4(0.25M),Mag-Na*(clay fin)

2.3. Synthesis of product

Maghnite-Na (2 %wt) was dissolved in aque-
ous solution of H2S04 (0.25 M) and maintained
under magnetic stirring. A (2 g) of acrylamide
was then added. The reaction mixture was
stirred vigorously for 5 min. The reaction mix-
ture was then submitted to microwave irradia-
tion at 160 °C and for 4 min. After cooling, the
reaction mixture was poured into distilled wa-
ter and methanol. The oligomers were collected
by filtration. The reaction taking place is
shown in Scheme 1.

3. Results and Discussion
3.1. Characterization of products

The TR and 'HNMR measurements were
performed. The IR data of the samples is repre-
sented in (Figure 2). The IR spectrum of the
product confirm the existence of the carbonyl,
and amide functionalities indicated by the ab-
sorption peaks at 1657.6 and 3209.09-3344.13
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Scheme 1. Synthesis of cationic Polyacrylamide (CPAM) induced by Maghnite-Na+ (2 %wt) under

microwave irradiation.
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2. TGA curves of a Maghnite—Na+ obtained in nitrogen atmosphere at heating rate of 10
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cm-!, respectively [16]. A typical presentation of
'H NMR spectra of of the polymer is show in
(Figures 3). The peaks at 1.2 - 1.4 ppm, 2.4 - 2.6
ppm, and 3.2 - 3.6 ppm denote the methyne,
methylene, and amide proton in cationic poly-
acrylamide (CPAM) structure. The tHNMR and
IR spectra (Figure 5) confirm the presence of
reacted monomers in the interlamellar gallery
of Maghnite (MMT).
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3.2. Effect of the amount of Na+-Maghnite
on the polymerization

Figure 6 Shows the effect of the amount of
H+-MMT on the polymerization rate of (AM). In-
deed, using various amounts of Na+-MMT, 0.5,
1.0, 1.5, 1.75 and 2 % by weight, the polymeriza-
tion of (AM) was carried in free solvent under
microwave irradiation (160 °C, 4 min). The
amount of catalyst (H+-Mag) was an important
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Figure 3. FTIR spectra of acrylamide (AM) monomer
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Figure 4. FTIR spectrum of cationic polyacrylamide (CPAM) induced by Maghnite-H+ under microwa-

ve irradiation
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Figure 5. IH-NMR spectrum of cationic polyacrylamide (CPAM) induced by Maghnite-H+ in CDCls

under microwave irradiation
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Figure 6. Effect of amount of catalyst on polyme-

rization of cationic polyacrylamide

factor of polymerization. We can see from Fig-
ure 6, that the polymerization rate increased
with the amount of Na+-MMT, in which the ef-
fect of Na+-MMT as a cationic catalyst for AM
polymerization is clearly shown. This phenome-
non is probably result of the number of "initiat-
ing active sites” responsible of inducing polym-
erization, and this number is prorating to the
catalyst amount used in reaction. Similar re-
sults were obtained by Rahmouni et al. [17] and
Ferrahi et al. [18].

4. Conclusions

Cationic polyacrylamide (CPAM) was syn-
thesized via free solvent cationic polymeriza-
tion under microwave irradiation and it’s exfo-
liation ability has been evaluated in MMT-acid
suspension. Here, a facile and effective strat-
egy for the design and synthesis of green mate-
rials (polymer/clay) by an intercalation polym-
erization method in acid medium under micro-
wave irradiation were developed. It was dem-
onstrated that structure and thermal stability
of cationic composite polyacrylamide depend on
the ratio of monomer/clay and the temperature
optimized. These strategy of free solvent and
green chemistry will be a subject of our inves-
tigations in the future.
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