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Abstract

Numerous polymer ingredients merged montmorillonite (MMT) has received a great deal of attention in the research field of clay-
polymer nanocomposites, due to the enhancements in physical properties such as mechanical and thermal properties compared to
their parent materials. MMT-polyaniline-polystyrene sulfonic acid nanocomposites containing different amounts of PANI and PSSA
were prepared by the interaction of aniline monomer into pristine MMT together with cation intercalated MMT. It is followed by the
subsequent oxidative polymerization of the aniline and PSSA in the interlayer spacing to give MMT-PANI-PSSA nanocomposites.
X-Ray diffraction and Fourier-transform infrared spectroscopy results confirmed that PANI and PSSA have been inserted within the
MMT interlayer. Thermal Gravimetric Analysis (TGA) shows that the improved thermal stability for the intercalated nanocomposites
in comparison with the PANI clay nanocomposites. The thermal behavior of MMT-PANI-PSSA nanocomposites is analyzed in a
wide range of temperatures. TGA analysis suggests that the PSSA-PANI of ratio 3:2 is thermally stable. Cyclic votlammogams of the
PSSA-PANI- Ce(lll) -MMT shows characteristic redox behavior of that appear in the Ce(IV)/Ce(ll1) under identical conditions to-
gether with the typical electrochemical behavior of PSSA. These prepared nanocomposites have several advantages over the other

PSSA-MMT nanocomposites such as lesser sheet resistance, advanced hardness and improved thermal stability.

Keywords: Clay-Polymer; Cyclic Votlammogams; Montmorillonite; Nanocomposite Redox Behavior.

1. Introduction

Clay polymer nanocomposites have been widely used in both the
industry as well as academic field due to the remarkable im-
provement of their properties when compared with conventional
composites (Yehia et al., 2009). Such superior improvement leads
by the layered silicate (Clay) material due to the high aspect ratio
of these silicate nanolayers. Moreover, these silicate nanolayers
provide large interfacial area for polymer which will provide bet-
ter interaction between them and remarkably it improves the prop-
erties of the neat polymer (Yehia et al., 2009). Among the layered
silicate, montmorillonite (MMT) is the most studied nanoscaled
material and it has received great deal of attention in the research
field of clay polymer nanocomposite due to its unique properties.
MMT belongs to the general family known as the 2:1 phyllosili-
cates (Michael and Philippe, 2000) and its basic structure consist
with two Si(O,0H)s silicon—-oxygen tetrahedral and M(O,OH)s
octahedra with M = Mg 2*, Al 3, Fe (ll) and Fe (1) (Pomogailo,
2005). The layer thickness is around 1 nm and final structure of
2:1 phyllosilicates is formed by alternating these three-sheet layers
with gallery (the space between two three sheet layers) layers
containing water and exchangeable metal counter ions. The 2:1
layers are held together in stacks by electrostatic and van der
Waals forces (Manias et al., 2001). The structure of MMT s
formed, when the trivalent Al-cation in the octahedral layer par-
tially substituted by the divalent Mg-cation. However, due to this
substitution a negative surface charge arises in the MMT clay
layer which is balanced by the presence of exchangeable cations
such as sodium and calcium ions (Pomogailo, 2005; Pavlidou and

Papaspyrides, 2008) within the interlayer spaces. These cations are
hydrated, and the MMT layers can easily swell to accommodate
larger cations (inorganic or organic) or larger amounts of water.
Such maodification increases the basal spacing of MMT which
facilitates the intercalation of organic monomers even at the
standard atmospheric conditions and allow polymerizing mono-
mers by reacting with the interlayer cations (Akat et al., 2008).
These composites provide strong interactive effects between the
polymer and MMT clay which could be the result in enhanced
electrical, optical, mechanical, and thermal properties when com-
pared to their conventional composites (Liu et al., 2001).

Electrically conducting polymers have been extensively used in
Clay Polymer Nanocomposites. Among the electrically conduct-
ing polymers, Polyaniline (PANI) is one of the most studied con-
ducting polymers due to the inherent properties such as high con-
ductivity, environmental stability, economical efficiency and ease
of preparation (Kim et al., 2001; Arsalani and Hayatifar, 2005;
Celik and Onal, 2007). These remarkable properties have made
possible to use PANI in the industrial applications such as solar
cells, displays, lightweight battery electrodes, electromagnetic
shielding devices, anticorrosion coatings, and sensors (Gustavo et
al., 2004; Wessling, 1997; MacDiarmid, 1997; MacDiarmid and
Epstein, 1984). However, main disadvantage of PANI is its poor
thermal and mechanical properties which limited its applications
in the industry (Cardoso et al., 2007). Therefore, these properties
have to be improve, especially thermal stability need to be en-
hanced for expand its application (Celik and Onal, 2007; Yo-
shimoto et al., 2004; Wu et al., 2000). Properties of the PANI can
be enhanced by organizing the polymer chains in well ordered
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pattern at the nanoscaled (Ruiz et al., 1997; Cardin, 2002;
Thiyagarajan et al., 2003; Huang and Kaner, 2004).

There are different type of methods have been used to prepare
nanocomposites (Oral et al., 2009). However, in-situ polymeriza-
tion method has been effective and widely utilized method espe-
cially due to its simplicity. We have been successfully synthesized
clay polymer nanocomposites last few years by in-situ polymeri-
zation because of its simplicity and applicability to a wide range
of monomers without any specific structural selectivity. Other
than that, it does not require any additional catalysts or specific
temperature which can perform at room temperature (Vikas, 2010;
Nese et al., 2006). Our group has prepared MMT-PPY (Rajapakse
et al., 2010) and MMT-PEDOT (Rajapakse et al., 2010) nano-
composites in the presence of Ce (IV) ions within the interlayer.
Not only that we have prepared MMT-PPY and MMT- PANI
nanocomposites using Cu (l1) ions intercalated MMT (Dias et al.,
2006; 2007). The preparation of polypyrrole containing Fe (111) -
exchanged MMT composite materials also have been reported
(Porter et al., 1997).

The aims of the present work are the intercalation of oxidative
cations in to MMT layers and polymerization of aniline and poly-
styrene sulfonic acid in the cation intercalated MMT layers, as
well as study the thermal stability of those nanocomposites.

2. Experimental

2.1. Chemical and materials

Sodium montmorillonite (Na*-MMT) with a cation exchange ca-
pacity of 100 milliequivalents per 100 g was used as an inorganic
host material which was purchased from Sigma-Aldrich. Aniline
was distilled under reduced pressure and stored in a refrigerator (4
OC) before use. The AR grades of following chemicals were used
for the synthesis. Ce(SQOa4)2, Polystyrene sulfonic acid, Methanol
and hydrochloric acid (HCI) as a dopant.

2.2. Purification and characterization of raw clay

The raw clay was purified by separating the coarser
impurities.This was done by suspending the clay lumps in
water (10 g of clay lumps in 500 cm®) by vigorous stirring
about 72 h. Fine particles of clay (montmorillonite) have been
separated by passing the slurry through a sieve followed by air
drying the slurry.The raw clay was then characterized by XRD,
FTIR and TG analysis.

2.3. Synthesis of Ce4+ - MMT clay composites

Purified dry Na*-MMT clay (5 g) was stirred for 72 hours with a
0.5 M of Ce (SO4)2 solution (200 cm?) to facilitate the cation-
exchange. The clay was then centrifuged and washed with distilled
water and the procedure of dispersion, centrifuging and washing
was repeated until successive washings showed negative test for
sulphate ions. The Ce (IV)-MMT clay sample was then dried un-
der ambient air for a week and ground well.

2.4. Synthesis of PANI/Ce (111)-MMT nanocomposites

1 g of dried Ce(IV)-MMT clay was treated with the mixture of
solvent (10 cmdwater, 10 cm3of 1.5 moldm=3HCI and 20 cm?
MeOH) and aniline. The suspension was stirred vigorously for 48
hours. The resultant blue colour suspension was centrifuged and
washed with distilled water and CHsCN. This procedure was re-
peated several times to make sure the materials remaining is free
of impurities. Then the PANI/Ce(l11)-MMT nanocomposites al-
lowed to dry in the ambient laboratory environment followed by
drying in a desiccators to remove any excess solvent trapped with
the nanocomposite

2.5. Synthesis of PSSA-PANI/ Ce (I11)-MMT nanocom-
posites

2 g of dried Ce(IV)-MMT clay was dissolved in 20 cm?® of dis-
tilled water. 20 cm?® of methanol and 10 cm3, 1.5 M of HCI was
added to the above solution. A light pale yellow colored solution
was obtained.

PSSA, which at various molar ratios to aniline, was dissolved in
distilled water and mixed with aniline, this monomer solution was
then mixed with the clay solution at 80°C drop wisely while stir-
ring. The mixture was cooled down while stirring, to 3°C sudden-
ly, and it was stirred magnetically for 3hours. The mixture was
stirred under room temperature for further 48 hours. The resultant
dark green colour suspension was centrifuged and washed with
distilled water and CH3CN. This procedure was repeated several
times to make sure the materials remaining is free of impurities.
Then the PSSA-PANI/Ce(111)-MMT nanocomposites allowed to
dry in the ambient laboratory environment followed by drying in a
desiccators to remove any excess solvent trapped with the nano-
composite. The dark green colored nanocomposite obtained was
finally pulverized into a fine powder.

2.6. Characterization of clay polymer nanocomposites

2.6.1. X-ray diffraction (XRD) analysis

Computer controlled X-ray diffractometer (MINIFlex I, Rigaku,
Japan, Cu Ka radiation, 0=0.1540562nm) was employed for the
XRD analysis which was done all 40kV and 30mA with a scan-
ning rate of 0.1 6 min’. For this study, powered nanocomposites
samples were used for the characterization. Then the XRD meas-
urements were recorded at room temperature and also for samples
heat-treated for two hours at higher temperatures such as at 150°C.

2.6.2. Fourier transform infrared spectroscopy (FTIR)

Infrared absorbance spectra were recorded using NICOLET 6700
FTIR spectrometer with 64 accumulations at 4cm. 1.2mg of
sample (dispersed in KBr as pellets in the mass ratio of sample:
KBr =1:100) was used to record the spectral range 4000-400cm-t
with a resolution of 4cm™,

2.6.3. Thermo gravimetric analysis (TGA)

Thermo Gravimetric Analysis of clay polymer nanocomposites
samples were carried out using SCINCO STA N-1500 thermo-
gravimetric analyzer. 30mg of the sample was heated through the
temperature range of 25-800°C at a ratio of 5°C min and the re-
spective spectra were collected.

2.6.4. Cyclic voltammetry analysis

For all electrochemistry experiments, the electrolyte was 0.1 M
KCI. A three-electrode electrochemical cell having the working Pt
0.1 mm diameter auxiliary (Pt gauze) and reference saturated cal-
omel electrode (SCE) was employed. The potentiostat was an
Autolab PG-30, running GPES software (EcoChine, Nether-
lands). Potentials are quoted with respect to the SCE, which was +
0.22 V.

3. Results and discussion

3.1. X-Ray diffraction studies

The distance from a three sheet layer (aluminum octahedral sheet
sandwiched in between two silicon tetrahedron) to its analog in
one of the neighboring layers, d and the thickness of the interlayer
space (Ad) are the key parameters of layered silicates from the
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angular position 20 of the observed peaks using the Bragg equa-
tion.

XRD pattern of sodium MMT [Fig. 1(a)] shows one peak about
26 = 7.20° with basal spacing of 1.230 nm. XRD pattern of inter-
calated montmorillonite exposed a shift in the peak position
6.69°changed from 7.20 °which means the basal spacing increases
due to Cerium ion intercalation. The thickness of the silicate lay-
ers is related with d-spacing and the intercalation Ce(lV) ion into
the clay galleries facilitate through the ion exchange reaction be-
tween Na* clay and the Cerium(IV) ions in the agueous medium,
which has expanded the d-spacing from 1.23 nm to 1.33 nm which
confirms the modification of the clay particles with Ce(IV). The
basal spacing (d) values for the cations intercalated with MMT are
shown below in Table 1. The interlayer expansion is corresponds
to the cation which intercalate and the water layer which the cati-
on due to the high charge density.

XRD spectrum of the emeraldine salt form of PANI shows broad
peak thus suggests an amorphous nature to polymer samples. Even

though PANI is amorphous, it showed very weak reflections at
17.56°, 21.22° and 25.27°, which were attributed to the regular
periodicity parallel and perpendicular tothe polymer chains, and it
suggests that the PANI partly crystalline but mainly amorphous
(Porter et al., 1997).

XRD pattern of PANI clay nano composites as shown in Fig. 2(c),
the basal spacing of the Ce(IV)-MMT is further expanded due to
the intercalation of the PANI by spontaneous polymerization of
aniline monomer within the clay interlayers. This oxidative
polymerization of aniline is facilitated by reducing Ce(lV) in to
Ce(I1) within the clay layers. Upon the intercalation of Ce(IV)
ion, the interlayer spacing is expanded from 1.23 nm to 1.32 nm
and in case of the intercalation of PANI, the interlayer expansion
is up to 1.46 nm. Thus, the 0.52 nm expansion of cerium ion as
well as PANI chains between silicate layers.

Tablel: XRD Peak Position and Basal Spacing (D) Values

Sample Peak position 26(°) d — spacing (nm)
Na+ - MMT 7.20 1.23
Ce (IV)-MMT 6.69 1.33
PANI-Ce(l11)-MMT 5.96 1.48
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Fig. 1: XRD Patterns of (A) Na* -MMT, (B) Ce (IV) -MMT.
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Fig. 2: XRD Patterns of (A) MMT, (B) Ce (IV)-MMT and (C) PANI/ Ce (IV)-MMT.

XRD pattern of the PSSA-PANI/Ce (111)-MMT nano composites, shows two non-significant peaks at 15.90 and 16.80. There are no dif-
fraction peak in 20 = 3-100, which indicates the possibility of having exfoliated silicate nanolayers of MMT.

3.2. Fourier transform infrared spectroscopy (FT-IR)
studies

Fig. 3 shows that FT-IR spectra of pristine Na+-MMT and cation
intercalated system which is Ce(IV)-MMT. The characteristic

bands corresponding to pristine Na+-MMT are shown sharp peak
at around 3640 cm-1 due to the inner hydroxyl groups (O-H
stretching) sheets, broad peak at around 3200-3500 cm-1 due to
the interlayer and intralayer H- Bonded O-H, 1640 cm-1 due to H-
O-H bending, 1050 cm-1 due to Si-O stretching, 918 cm-1 and
798 cm-1 due to Al-O stretching and 525 ¢cm-1 and 467 cm-1 due
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to Si-O-Al modes. Almost, the characteristic bands of Ce (IV) is
similar to the pristine Na+-MMT bands, which are illustrated in
Fig. 4 and Fig. 5 and all the data are tabulated in Table 2. The FT-
IR results of the cation intercalated systems are suggested that the
cation intercalation is not affected the MMT. Normalized IR ab-
sorption peak intensities proven this phenoemena.

The intensity of Si-O-Si absorption peak is divided by the intensi-
ty of absorption of Al-O-Si peak to normalized the IR absorption
peak intensities, and it is found that the ratio of these absorption
peaks is same (0.54) for the cation intercalated MMT and bare
MMT. This suggests that the intercalation of cation does not
change the IR absorptions due to Si-O-Si and Al-O-Si vibrations.
The intensity of broad peak at around 3600cm-1 and the H-O-H
bending peak at 1640 cm-1 decreased (shown in Fig. 4) with the
intercalation of Ce(IV) ion inside the inter layer space of MMT.
This is due to the removal of significant fraction of water present
in MMT. This process occurs the normalized results of the O-H
vibration intensity against Si-O-Si vibration intensity in the cation

intercalation system is suggest that the ratio is different from bare
MMT value (0.176), which confirm that a significant fraction of
water presents in bare MMT has been removed by cation interca-
lation.

FT-IR spectrum of pure PANI shows major vibration bands at
1110 cm? (B-NH*=Q,B- benzonoid ring and Q- quinoid ring)
[28], 1240 cm™* (C-N* stretching vibration in the polaron structure,
which is a characteristics band of the conducting protonated form)
(Dias et al., 2006), 1300 cm™ (C-N stretching of the benzenoid
ring) (Dias et al., 2006) and 1560 cm(C=C stretching of the ben-
zenoid ring) and 1560 cm(C=C stretching of the quinoid ring).
The broad absorption band at wave number higher than 2000 cm™t
in the spectrum of PANI, is typical for a conducting form. Other
than these bands, the characteristics peaks of PANI, arises at 3432
cmL, corresponds to the N-H stretching vibration of PANI (Dias et
al., 2006), peak at 2934 cm™ (N-H in benzenoid ring).
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Fig. 3: FT-IR Spectrum for Na+ -MMT.
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Fig. 4: FT-IR Spectrum for Ce (IV) -MMT.



40 International Journal of Advanced Chemistry
Table 2: Infrared Band Assignments of Cation Intercalated MMT
Sample Wavenumber (cm?) Band Assignment
3640 O-H stretching
3200-3500 Interlayer and intralayer H-bounded O-H
. 1640 H-O-H bending
NG A 1050 Si-O stretching
918 & 798 Al-O stretching
525 & 467 Si-O-Al modes
3640 O-H stretching
3200-3500 Interlayer and intralayer H-bounded O-H
1630 H-O-H bending
et 1050 Si-O stretching
919 & 798 Al-O stretching
523 & 475 Si-O-Al modes
ST
1050 1120 /// 'Lf}
A55 = - 1,!4/ k____%‘__
1525 2000 3000 4000
Ill az -’|1124 wegvernumber (o)
| Fa 1310 00
1Y Ly
——
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wawvenumber {cm™)
Fig. 5: FT-IR Spectrum for PANI/ Ce (11I) -MMT.
Table 3: Infrared Band Assignments of PANI / Ce (111)-MMT
Sample Wavenumber (cm?) Band Assignment
3630 O-H stretching
3200-3500 Interlayer and intralayer H-bonded O-H
1590 Quinone ring-stretching deformation of PANI
1500 Benzene ring-stretching deformation of PANI
1310 C-N stretching of the benzonoide ring of PANI
FART R DN 1247 C-N* Stretching vibration in the polaron structure
1120 B-NH"=Q
1050 Si-O stretching
918 & 798 Al-O stretching
523 & 467 Si-O-Al modes

FT-IR measurements for the MMT-PANI nanocomposites were
performed to investigate the interaction between clay and PANI.
Fig. 5 shows the FT-IR spectra of the Ce(l11)-MMT/PANI nano-
composites which show characteristics bands of pure PANI as
mentioned above indicating the existence of PANI in the emerald-
ine salt form (PANI-ES).

However these spectra suggest that there is slight difference be-
tween the pure PANI-ES and MMT-PANI nanocomposite, which
clearly shown in Table 3. The peaks at 1560 cm™ and 1480 cm*
peaks are corresponding to quinine and benzene slightly shifted
deformations of PANI are also detected in the MMT-PANI nano-
composite. Due to the overlap with the peak (1560 cm™) corre-
sponds to the C=C stretching of the quinoid ring. The peak at 1640
cm which corresponds to H-O-H bending is disappeared in the
MMT-PANI nanocomposites.

This happens due to the insertion of PANI chains into the galleries
of cation intercalated MMT. Additionally, PANI intercalation
decreased the H-O-H bending band peak intensity decreased by
PANI intercalation, which suggests the dehydration of the clay
interlayer upon the PANI introduction.

Even though peak corresponds to H-O-H bending is disappeared,
PANI intercalation is not effected to the MMT structure and can
be confirmed by normalized the IR absorption peak intensities, the
intensity of Si-O-Si adsorption peak is divided by the intensity of
absorption of Al-O-Si peak (Huang and Kaner, 2004).

The spectroscopic information between the cation intercalated
MMT, pure emeraldine PANI and Ce(l11)-MMT/PANI nanocom-
posites exhibit only a little difference in the frequencies and inten-

sities characteristic to the polymer and clay Fig.6. The peak at
1300 cm for the PANI, which are attributed to the C-N ben-
zenoid ring in different chemical environments of the PANI emer-
aldine salt is blue shifted (1310 cm™) for the MMT-PANI nano
composite. This shift of the frequency is due to the physical and
chemical interaction between PANI chains and silicate layers,
such as NH-O hydrogen bonding (Dias et al., 2007).

Fig. 6 Shows the FTIR spectra of nanocomposite materials pre-
pared by intercalation method, i.e. Polyaniline to PSSA in differ-
ent compositions such as PSSA/PANI (1:1), PSSA/PANI (1:2),
PSSA/PANI (2:3) and PSSA/PANI (3:2) compositions.

The FTIR studies help to obtain their compositions qualitatively.
In case of composites, the out of plane H deformation, i.e. para
coupling was observed at ~ 800 cm™. The band at 1470-1490 cm-!
corresponds to C=C ring vibrations of benzenoid ring. The peak at
1130-1140 cm'corresponds to the sulphonic acid group in all
these compositions. i.e. due to the symmetric —SOs stretching. The
intensity of this band goes on increasing with the increase in
PSSA content.

The characteristic bands of both PSSA and PANI confirms the
presence of both phases in composite materials, but all these bands
shows a systematic shifting that indicates existence of significant
interaction between PANI and PSSA in the composite material.
The characteristic peaks observed at 1170-1190 cm™ is due to
symmetric stretching vibrations of — SOz (polystyrene sulphonic
acid). The peak at 1210 cm was the asymmetric stretching vibra-
tion of O=S=0 unit of PSSA. The peak at 3100-3400 cm™* shows
the presence of N-H stretching vibration in all compositions.
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PSSA-PANI Ce (II)MMT [3:2].

3.3. Thermogravimetric analysis
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Fig.7: TGA Termographofce (1V)-MMT, PANI / Ce (I11)-MMT, PANI.

Thermogravimetric analysis (TGA) is used to study the thermal ion intercalated MMT is shown in Fig.8. Generally, montmorillo-
behavior of the cation exchanged MMT- PANI nanocomposite  nite shows two strong endothermic effects, the one which around
and emeraldine salt of PANI. The TGA thermogrames for Ce(IVV)  100° C is due to the loss of water from the interlayer galleries. The
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second one is between 650° to 800° C as shown in Fig.7. The
above effect is attributed to the dehydroxylation to silicate struc-
ture. The weight lost corresponds to the two endotherms which are
around 100° C and 650° C to 800° C, for up to 13.2% and 10.6%
of the original mass respectively.

The exotherm (condensation, crystallization) corresponding to
PANI bonded to MMT clay decomposition occurs in the higher
temperature range from 320° C to 500° C for PANI/Ce(l1)-MMT
nanocomposite. That exotherm exists often in between that tem-
perature range. This is due to its decomposition, bare PANI shows
an exotherm in the temperature range of 250° C to 480° C. The
thermogram of PANI/Ce(111)-MMT, is shown in the Fig. 7. For
PANI/Ce(I11)-MMT nanocomposite, the first weight loss around
100°C and accounted for up to 9.2% of original mass, which is
corresponds to the elimination of water and other volatilities.

At the temperature range of 320° C to 510°C, the weight loss at
second stage about 10.86% occurs. This is probably due to the
decomposition of bound PANI to Ce (IV)-MMT in the disappear-
ance of MMT, the bare PANI decomposes in the temperature
range is 250° C to 480° C, which is clearly shown in the Fig. 8.
The TGA result of PANI/Ce (I1I)-MMT and PANI is shown in
Table 4.

Table 4: TGA Results for Ce (IV)-MMT, PANI/Ce (I11)-MMT, PANI
Nanocomposites

Materials Temperature range (° C) Weight loss (%)
CEV)-MMT 600 aoo 108

PANI Ce(llly-MMT BT 100 o

PANI 255 - 73 5

In air, the thermal degradation of PANI bonded to MMT-PANI
nanocomposites significantly shifted to higher temperatures, ac-
cording to the tabulated results, which conform Ce(lll)-
MMT/PANI nanocomposite is thermally stable than the pure
PANI. However thermal degradation of pure PANI start at 250° C,
whereas that in Ce(lV) intercalated MMT-PANI nanocomposite
start at 330° C.

The higher thermal stability of PANI presents within the interlayer
of MMT due to the thermal protection provided by the MMT clay
layers and possibly due to the formation of nanocomposite with
preferred orientation to have maximum interactions between the
polymer chains and clay sheets. Above results conclude that the
increase in decomposition temperature of PANI may be to the
shielding effect of the cerium intercalated MMT layers. This could
be due to the formation of well-ordered pattern of PANI chains
within the interlayers of cerium intercalated MMT. Those clay
polymer nanocomposites could be obtained due to the formation
of aniline monomer by cerium ions within the MMT gallery. Due
to this in-situ polymerization, higher amount of PANI
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Fig.8: TGA Thermogramsof PSSA-PANI /Ce (111)-MMT [1:1], PSSA-PANI /Ce (111)-MMT [1:2], PSSA-PANI /Ce (111)-MMT [2:3], and PSSA-PANI

ICe (11)-MMT [3:2].

Could be intercalated into Ce(IV)-MMT galleries. For
comparison, the TG curves of PSSA-PANI/Ce(lIl)-MMT clay
composite at the different content of PSSA and PANI- MMT clay
composite are also shown in Fig. 8. It is observed that over 100°
C, PSSA-PANI/Ce(lIl)-MMT[1:1], PSSA-PANI/Ce(IIl)-MMT
[1:2], PSSA-PANI/Ce(lII)-MMT [2:3], PSSA-PANI/Ce(llI)-
MMT [3:2] shows the following weight loss percentages as
11.4%, 13.1%, 3.3%,5.7% respectively. From these we can
conclude that the PSSA-PANI/Ce(l11)-MMT [2:3] will be more
thermally stable over 100° C. When the tempurature increased

upto 550° C, PSSA-PANI/Ce(lll)-MMT [1:1], PSSA-
PANI/Ce(I1I)-MMT  [1:2], PSSA-PANI/Ce(lll)-MMT  [2:3],
PSSA-PANI/Ce(l11)-MMT [3:2] shows the following weight loss
percentages as 33.6%, 50.4%, 26.3%, 23.1% respectively. From
these we can conclude that the PSSA-PANI/Ce(111)-MMT [2:3]
will be more thermally stable over 550° C. For PSSA-PANI the
first weight loss around 100° C is elimination of water and other
volaties. The second stage in the temperature range 200° C to 405°
C is presumably due to the decomposition of excess dopant PSSA.
The bound PSSA decomposes at about 414° C and then the PSSA-
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PANI itself decompoes [31]. The TGA thermogram of PSSA-
PANI/Ce(I11)-MMT clay composite shows the similar weight loss
and the decomposition temperature of excess dopant PSSA (~256°
C) and the bound PSSA(~432° C) increases by about 56° C and
27° C respectively, relative to the bulk PANI. This result indicates
the PSSA-PANI/Ce(ll1)-MMT composite is more thermally stable
than PSSA-PANI.

3.4. CV studies
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Fig. 9: CV of A PSSA-PANI/Ce (lI)-MMT Composite Layer in the
Background Electrolyte of 0.1 M Kcl. Conditions Used are: Scan Rate of
20 Mvs-1 on Pt Working Electrode, Pt-Gauze Counter Electrode, Saturat-

ed Calomel Electrode as Reference Electrode

The cyclic voltammograms (CV) of the PSSA-PANI/Ce(lll)-
MMT composite coated on Pt electrode in 0.1 M KCI electrolyte
solution in shown in the Fig. 9.

Fig.9. CV of a PSSA-PANI/Ce(lI1)-MMT composite layer in the
background electrolyte of 0.1 M KCI. Conditions used are: scan
rate of 20 mVs on Pt working electrode, Pt-gauze counter elec-
trode, Saturated calomel electrode as reference electrode.

The CV of PSSA-PANI /Ce(Ill)-MMT nanocomposites in the
positive potential range shows an oxidation peak at +0.9 V, which
could be assumed to Ce(l11)/Ce(IV) couple in the clay environ-
ment. The oxidation peak at +0.3 V could be assumed as the oxi-
dation of PSSA. The broad reduction peak at -0.08 V which could
be assumed to the reduction of the Ce(IV) to Ce(lIl). The peak to
peak separation for the redox couple Ce(IV)/Ce(lll) is calculated
to about 880 mV. The Ce(IV)-MMT nano composites shows very
similar CV characteristics in earlier work. Also the CV of pure
MMT recorded under the identical condition in featureless in the
previous work (Rajapakse et al., 2010).

4. Conclusion

Four different types of PSSA-PANI / Ce(I1)MMT nanocompo-
sites were prepared within the intergaleries of MMT, using Ce(IV)
exchanged MMT clay. The existence of PANI and PSSA within
the interlayer has been verified by XRD, FTIR, TGA and cyclic
voltametry studies.

Our PANI-MMT nanocomposite shows that it is properly interca-
lated within the interlayer. However the addition of PSSA may
form exfoliated structures. From the TGA studies we can conclude
that the above 100° C PSSA-PANI / Ce (1Il) MMT [2:3] is more
stable than the other three types. Interestingly, at above 550° C
PSSA-PANI / Ce (1) MMT [3:2] is more stable than the other
three types. Further it is suggested to exchange cations such as Ag
(11), Co (1IN, and Pd (IV) in to MMT layers since these cations
have high oxidation potentials as Ce (IV). These cation exchange
MMT could lead to the formation of well-ordered pattern of pol-
ymer chains within the interlayers of cation exchanged MMT.
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