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Abstract

We report polyacrylamide (PAA) and organically modified montmorillonite (OMMT) clay
nanocomposite using ex-situ incorporation of OMMT clay in the already prepared polymer matrix. A
novel technique “Plasma Electrolysis™ is used to prepare PAA by radical polymerization of acrylamide
monomer. Modified clay is introduced in polyacrylamide with vigorous stirring and sonication to get
intercalated and uniform nanocomposite, The as-prepared polyacrvlamide—clay nanocomposite material
is subsequently characterized for its structural property using wide-angle powder X-ray diffraction and
scanning ¢lectron microscopic techniques. The effect of clay on thermal stability of composite is also
studied by differential scanning calorimetry and thermogravimetric techniques. Nanocomposite
obtained from simple synthesis route shows enormous potential for various technological applications.
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Introduction

Montmorillonite (MMT) is a clay mineral consisting of stacked silicate sheets approximately 10 A thick
and approximately 2180 A long (Yano and Okada, 1997). Because of its unique properties, extensive
research interest developed for the preparation of various novel polymer—clay nanocomposite materials
with advanced gas-barrier properties by Wang and Pinnavaia, 1998, thermal stability by Lan and
Pinnavaia, 1994, mechanical strength by Tyvan ef al, 1999 ; Yu ef al., 2003, fire retardance by Gilman et
al., 2000 and corrosion protection by Yeh et af., 2001; 2002: 2003, Several research groups have devoted
their contributions to the study of nanocomposites of polyacrylamide (PAA) and clay in a gel form (Gao
et al, 1999). So we prepare first time polyacrylamide — OMMT clay nanocomposite by ex-situ
incorporation of organically modified MMT clay in the pre-prepared polvacrylamide through a novel
unconventional electrochemical technique, called plasma electrolysis.

The electrochemical technique may be better over chemical routes because it replaces the use of chemical
initiator based harsh synthetic procedures. Plasma electrolysis is also known as contact glow discharge
electrolysis. It is an unconventional electrochemical technigue, used for the synthesis purpose in which a
luminous sheath of plasma is developed by DC glow discharges between an anode and the surrounding
electrolyte. The phenomenon develops spontaneously at either of the anode or cathode during
conventional normal electrolysis when the voltage applied i1s sufficiently high {greater than 400 V). The
electrode, where the current density is larger, the electrolyte resistivity is higher, or the electrolyte surface
tension is lower, is the preferred location of plasma electrolysis (Hickling and Conway, 1971; Sengupta
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and Singh, 1991; Gangal, Srivastava & Sengupta, 2009). A remarkable feature of this technique is its
deviation from the yield expected according to the Faraday's law (Hickling and Conway, 1971; Sengupta
and Palit, 1975; Sengupta and Palit, 1976; Sengupta and Singh, 1994; Sengupta, Singh and Srivastava,
1998). Gangal, Srivastava and Sengupta, 2010 showed that anodic plasma electrolysis is a potential tool
for generating radicals like H* and OH® radicals mainly in vicinity of electrode at the plasmalelectrolyte
interface. Formation of these radicals in the electrolyte during anodic plasma electrolysis was proved by
an ESR study uwsing 5, 5-dimethy] pyrroline-1-oxide (DMPO) as the spin trap (Bullock, Gavin and
Ingram, 1980; Hase and Harada, 2001). The potentiality of anodic plasma electrolysis as a tool for
generating radicals has been thoroughly demonstrated by examples of its applications in the synthesis of
hydrazine from ammonia by Liu, Zhow Li,Li &Yu, 2008, oxalic acid from formic acid by Sengupta, Singh
and Srivastava, 1995, polyacrylamide from acrylamide by Sengupta, Sandhir and Misra, 2001, glycine
and p-alanine from ammonia and carboxylic acids by Sengupta and Srivastava, 2006, and of organic
contaminants in waste waters{Gao et al., 2003: Gai, 2007; Tomizawa and Tezuka, 2007; Liu and Jiang,
2008; Gong,Wang, Xie & Cai, 2008) and recently polymer nanocomposites by Gao er al., 2008 & also by
Srivastavaand Prakash, 2011.

Keeping these aspects in mind, this paper is aimed to explore the simple procedure of forming uniform
clay nanocomposite of polymers. Simple ex-situ mixing technique was adopted for the synthesis of
uniform nanocomposite of OMMT clay with pre-prepared polyacrylamide formed by Plasma
electrolysis,

Materials and method

Acrylamide (crystallized) and organically modified Montmorillonite clay (modified with 35-45wt. %
dimethyl dialkyl (C 14-C18) amine) obtained from Aldrich-Sigma, Ca, USA. All other chemicals used
were of AR grade.

Experimental set-up

For the polymer preparation (Srivastava and Prakash, 2011), electrolysis cell was a corning cylindrical
cell (height 11cm, outer diameter 3cm of 3mm thickness) fitted with a platinum wire anode (length
10mm, diameter .45 mm) and a platinum foil cathode (1x1cm2, (0.1 mm thickness). Electrolyie used was
0.001 M K2804 containing 4% acrylamide monomer. The ambient temperature was 605 0C and the
pressure was atmospheric. Anodic voltage of 660 V was applied to the anode at an average current of
55mA for 10 minutes. Power was supplied from DC regulated high voltage source. The entire study was
carried outin double distilled water.

Preparation of Polvacryvlamide

Electrolysis was carried out in the above described experimental set-up by Srivastava and Prakash, 2011.
K2504 solution containing acrylamide (nearly after 3 minutes of electrolysis) became viscous after
sometime, indicated the formation of polymer in the electrolysis cell. After passing sufficient coulomb,
electrolysis was terminated after 10 minutes. Now the solution was left as such for a few hours till its
temperature falls to room temperature.

Preparation of polvacrvlamide-OMMT clay nanocomposite

Polyacrylamide-OMMT clay nanocomposite was formed by dispersing the 28 mg OMMT clay in the 20
mlofearlier prepared Polyacrylamide solution and stirred it overnight followed by sonication.

The prepared solution was poured in ice-cold methanol with constant rigorous stirring. The dirty white
thread like precipitate obtained, thus allowed to settle and was filtered out using G-4 sintered crucible
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under vacuum filtration. The suction continued till the precipitate got dried. Polymer nanocomposite was
cut into small pieces and dried under vacuum oven for 60 hours at 50°C continuously till it attained a
constant weight.
Instrumentation

X-ray diffraction experiments were performed using a Bruker AXS D8 Advance wide-angle X-ray
diffractometer (wavelength 0.154 nm) and a graphite monochromator. The generator was operated at 40
kV and 40 mA. Samples were scanned at diffraction angle 26 from 2 to 60° at the scanning rate of 1°%/min.

Fourier Transform Infrared (FTIR) spectroscopic analysis of the samples were conducted using Thermo
(model 5700), Germany from 400 to 4000 cm™! with a resolution of 4 cm™'. Thermal analyses were carried
out using a Differential Scanning Calorimetry (DSC) and Thermal Gravimetric Analyser (TGA)
(Mettler-Toledo), Switzerland at a heating rate of 20°C/min under nitrogen atmosphere. Scanning
Electron Microscopy (SEM) studies were carried out using ZEISS (AG-Supra 40), Germany at operating
voltage 5.0kV.

Results and Discussion

Polyacrylamide polymer prepared by taking acrvlamide as monomer through plasma electrolysis method
was known and confirmed by determination of its molecular weight using viscosity measurement method
{Moore and Hutchinson, 1963). We also found the same and the molecular weight variation was obtained
of the order of 105gmol-1. Further Polyacrylamide-OMMT clay nanocomposites were formed and
characterized by various techniques:

X-raydiffraction analysis

X-ray diffraction analysis was carried out for polvacrylamide as well as polyacrylamide-OMMT clay
nanocomposite as shown in Figure 1. Polyacrylamide showed amorphous nature with broad hump and
OMMT clay showed characteristic peak at 2 Theta=3.5" corresponding to the inter-gallery spacing of the
clay. Both the characteristic exist in the Polymer-OMMT clay nanocomposites as shown in Figure-1 and
more clearly in the inset for presence of clay in the polymer.
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Figure 1: XRD of (A) PAM, (B) PAM-OMMT Clay nanocomposite and (C) pure OMMT clay.
Inset: zoom for low angle peaks
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Thermal Analysis

Thermal analysis of polyacrylamide and polyacrylamide-OMMT clay nanocomposite under N,
atmosphere was carried out to study their degradation behavior. The glass transition temperature (T,) of
polyacrylamide and effect on nanocomposite formation was observed by Differential Scanning
Calorimetry (DSC). Polyacrylamide showed T, at 160°C in the second run of the DSC as shown in the
Figure 2. A noteceable shift in the T, (170°C) was observed after nanocomposite formation, which also
supported the interaction of polymer chains with OMMT clay and uniform distribution of the OMMT
clay in the polymer matrix. Thermal Gravimetric Analysis (TGA) study showed a three step weight loss
process as shown in Figure 3. However, not any considerable increase in thermal degradation
temperature of the nanocomposite was observed. Below 400°C polyacrylamide showed steep
degradation, however, it followed nearly slow and gradual weight loss after this temperature,

Heat Flow

=3 A

56 100 150 200
Temperature (°C)

Figure 2: D5C of (A) PAM and (B) PAM-OMMT Clay nanocomposite
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Figure 3: TGA of (A) PAM and (B) PAM-OMMT Clay nanocomposite
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FTIR analysis

FTIR study did not show much difference before and after introduction of OMMT clay in the
polyacrylamide matrix. However, from Figure 4 some broadening can be seen in case of polyacrylamide-
OMMT clay nanocomposite at 3346 cm-1 showing NH- absorption band. There were also peaks for C=0
stretching at 1740cm! and (NH) amide at 1625 cm™'(Campet ef al., 1996). The characteristic FTIR
spectra of the OMMT clay appear at 3429 ¢cm-1, 1658 em™ and 1041 em! because of O-H stretching, O-H
bending and Si-0 bending respectively ( Erol, Unal and Sari, 2010), which are also present in composites.

A
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Figure 4: FTIR of (A) PAM and (B) PAM-OMMT Clay nanocomposite

Morphalogical analysis

Morphology of the pure polyacrylamide and its nanocomposite was studied using SEM and compared at
same magnification (80,000} as shown in the Figure 5. Clear change in morphology was observed for
polyacrylamide and polyacrylamide-OMMT clay nanocomposite. Flax like structure can be seen in
polyacrylamide-OMMT clay nanocomposite. Probably these morphology were observed due to templet
effect of the nano-fillers and solidification of polymer assisted by the templets.

300 rem EHT=5.00 KV Signal A = InLens  Dale 25 Jun 2010 200 nm EHT=5.00 K Signal A= InLens Dale 25 Jun 2010
— WO=56mm Mag=5000KX SMST[TBHU) — WO=58mm Mag=5000KX SMST{ITEHU)

Figure 5: SEM of (A) PAM and (B) PAM-OMMT Clay nanocomposite at 50,000 magnifications
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Conclusion

Polyacrylamide polymer is synthesized by plasma electrolysis technique which is non-conventional
electrochemical technique. Further this polymer is used for the formation of nanocomposite by simple
ex-situ incorporation of OMMT clay. The polymer-OMMT clay nanocomposite 1s characterized by X-
ray diffraction, FTIR, DSC, TGA and SEM techniques. This simple method is not only produced
homogeneous interactive composite but also showed potential for various nanocomposites formation.
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