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Abstract—The present work is focused on the synthesis of platinum (Pt)and platinum-tin (Pt-Sn) nanoparticles deco-
rated poly(aniline)-rice husk ash (PANI-RHA) composite by the chemical reduction of their respective metal salts. The
obtained Pt/PANI-RHA and Pt-Sn/PANI-RHA composites were characterized by FT-IR, XRD, SEM, EDAX and HR-
TEM analysis. Platinum nanoparticles were also decorated on RHA and PANI for comparative studies. The synthe-
sized electrocatalysts have been subjected to electrooxidation of methanol by cyclic voltammetry. It has been con-
cluded that the Pt nanoparticles decorated PANI-RHA composite exhibits a remarkable enhancement for the elec-
trochemical oxidation of methanol when compared with Pt/PANI and Pt/RHA composites. So, PANI-RHA composite
has proven to be a good supporting material for alcohol fuel cell applications. Further, Pt-Sn bimetallic nanoparticles
decorated PANI-RHA composite exhibit a remarkable enhancement for the electrochemical oxidation of methanol
compared to that of Pt/PANI-RHA catalyst. Hence, the above results suggest that Pt-Sn/PANI-RHA composite is a

potent and low cost electrocatalyst for fuel cell industries.
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INTRODUCTION

Electrooxidation of methanol at low temperature could enhance
the commercialization of direct methanol fuel cell (DMFC) com-
pared to that of other fuel cells. The methanol has characteristic
advantages over other fuels in that they have higher theoretical
mass energy density; zero or low pollutant emission, simple design,
convenient for fuel transportation, storage and supply [1-3]. The
complete electrooxidation of methanol involves six electrons. But,
for small scale applications, like powering electronic devices and
electric vehicles, direct alcohol fuel cells (DAFCs) have required
durability and reliability. Platinum is a popular electrocatalyst for
alcohol fuel cells because of its tremendous catalytic activity. How-
ever, methanol oxidation on a Pt electrode in acid medium can
occur with the adsorption of CO species as poisonous intermedi-
ate, which can reduce the catalytic activity of the catalyst [4-7].
Furthermore, the high price of platinum still remains the major
difficulty in the commercialization of DAFCs. So, platinum was
combined with other low cost metals that have been widely inves-
tigated as electrocatalyst to decrease the Pt content [8-15], which
can reduce the fabrication cost of fuel cells.

The electro-catalytic activity of supported catalysts is greater
than that of unsupported catalysts [16]. So, the selection of a suit-
able supporting material is a key factor that may affect the perfor-
mance of supported electrocatalysts owing to their interaction be-
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tween metal particles and supporting materials. The active surface
area of the supported electrocatalyst [17,18] has been enhanced
due to the synergic effect obtained through the interaction between
metal nanoparticles and supporting materials. Rice husk ash (RHA)
is a renewable biomass, which is also chemically stable and resis-
tant to thermal decomposition. Rice husk ash (RHA) plays an im-
portant role as supporting material for industrial applications such
as oxidation of cyclohexane, cyclohexene and cyclohexanol [19,20].
In addition, the iron-incorporated rice husk ash is used as a cata-
lyst for benzylation of toluene and xylene [21,22]. Due to these
unique characteristics, RHA material has been proposed as a novel
electrocatalyst support for fuel cell applications.

Conductive polymers were used as good supporting materials
for fuel cell and solar cell applications. Among other conducting
polymers, poly(aniline) (PANI) is known for its excellent proper-
ties such as high conductivity, stable chemical performance, small
pore size, large surface area etc. Hence, the potential applications
of the conducting polymers are making researchers focus on broad
areas such as organic light-emitting diodes [23,24], transistors
[25,26], solar cells [27,28], pH-sensors [29], biosensors [30], recharge-
able batteries, membranes [31], electro-chromic displays [32], cor-
rosion protecting coating [33] and fuel cells [34-38].

The present work has been proposed to prepare composite
containing poly(aniline) (PANI) and rice husk ash (RHA) through
the chemical oxidation method. RHA and PANI-RHA materials
were characterized by Fourier transform infrared spectroscopy
(FT-IR). The present work is focused on the development of mono
(Pt) and bimetallic (Pt-Sn) nanoparticles deposited rice husk ash-
poly(aniline)(PANI-RHA) composite. Pt nanoparticles deposited
on naturally obtain rice husk ash and poly(aniline) have been pre-
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pared to prove that PANI-RHA is a good supporting material com-
pared to that of PANI and RHA materials. The metal nanoparti-
cles deposited on PANI-RHA composite have been characterized
by various analytical methods such as X-ray diffraction (XRD),
energy dispersive X-ray analysis (EDX), elemental mapping and
transmission emission spectroscopy (TEM). The obtained Pt de-
posited RHA, PANI and PANI-RHA nanocomposites have been
utilized for electrooxidation of methanol in acidic medium for
comparative studies. Pt-Sn deposited PANI-RHA composite has
been prepared to improve the catalytic activity as well as to reduce
the total cost of the fuel cell constructions. The cyclic voltamme-
try results indicate that the Pt deposited PANI-RHA composite
shows enhanced catalytic activity when compared with Pt/RHA
and Pt/PANI composites, suggesting that the PANI-RHA is a
good supporting material for methanol electrooxidation. It has
also been noticed that the Pt-Sn system exhibits enhanced cata-
lytic activity when compared to that of Pt deposited PANI-RHA
nanocomposite. Hence, the above results suggest that the plati-
num-tin/PANI-RHA composite is a potent and low cost electro-
catalyst for alcohol fuel cell applications.

EXPERIMENTAL METHODS

1. Chemicals and Materials

H,PtCl,-6H,0 (99%), SnCL-2H,0 (99%), sodium borohydride
(NaBH,), ammonium persulfate ((NH4),S,05), sulfuric acid (H,SO,)
and aniline (C;H,N) were purchased from SRL, India. Distilled
water was used throughout the experiments and all experiments
were carried out at 25 °C.
2. Preparation of Rice Husk Ash (RHA) and Poly(aniline)-Rice
Husk Ash (PANI-RHA) Composite

The metal nanoparticle decorated poly(aniline)-rice husk ash
was prepared according to Scheme 1. Rice husk was collected from
a local rice mill, Pathirakottai, Tamilnadu, India and washed sev-
eral times with de-ionized (DI) water and then dried in the sun
for seven days. The dried rice husk was air burned and the resul-
tant residue was crushed into fine powder (RHA). 40 grams of
RHA powder was immersed in 1,000 mL of HCl (1M) solution
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for 4-6h [39]. The acid treated RHA was washed several times
with DI water and then dried in an oven at 110 °C for two days.
The dried RHA was calcined in a muffle furnace at 350 °C for 6 h.
Finally, the calcined rice husk ash was crushed into fine powder
and stored in a desiccator. Before using RHA, it should be dried at
110°C for 24 h.

Rice husk ash was functionalized using aniline monomer and
ammonium persulfate as oxidant at 0-5°C in an acidic medium
(0.1M HCI). In detail, 1 g of RHA was dispersed in 150 mL of
0.1 M HCl solution and 1 mL of aniline monomer in 100 mL of
HCI solution was added to the above reaction mixture. To this
reaction mixture, 0.82 g of (NH,),S,0; in 50 mL of HCI solution
was added slowly with constant stirring over a temperature range
of 0-5°C. Then the reaction was continued for further 4 h at 25°C.
Finally;, the PANI-RHA composite was filtered and its impurities
were removed by washing several times with distilled water and
dried at 60 °C in an oven for 24 h.

3. Synthesis of Mono and Bimetallic Nanoparticles Decorated
PANI-RHA Nanocomposite

Pt-Sn/PANI-RHA catalyst was synthesized by the chemical reduc-
tion method using sodium borohydride as reducing agent. In this
approach, 100 mg of PANI-RHA is dispersed in 50 mL of NaBH,
solution (200 mg). To this, 52 mg (1 m-mol) of hexachloroplatinic
acid and 22 mg (1 m-mol) of tin chloride dissolved in 50 ml of dis-
tilled water were added slowly in drop-wise under constantly stir-
ring conditions. The stirring was continued for another 4h to
complete the reduction of metal ions. Finally, the solid was centri-
fuged, washed with distilled water and dried at 60 °C. By follow-
ing similar procedure Pt/RHA, Pt/PANI and Pt/PANI-RHA elec-
trocatalysts were synthesized for comparative studies.

4. Fabrication of Metal Nanoparticles Decorated PANI-RHA
Electrodes

Graphite electrodes were used as the substrates for the synthe-
sized metal/PANI-RHA catalysts. For the fabrication of Pt-Sn/
PANI-RHA electrode, 5 mg of catalysts are dispersed in 100 pL of
0.05% Nafion solution and isopropanol (1:1) solution. A meas-
ured volume (25 pIL) of this mixture was dropped on the top sur-
face of the graphite electrode by using micropipette. The modified
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Scheme 1. The schematic representation of metal decoration on poly(aniline)-rice husk ash composite.
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electrode was employed as the working electrode for the electroo-
xidation of methanol. Pt/RHA, Pt/PANI and Pt/PANI-RHA elec-
trodes were also fabricated by following the above procedure.
5. Characterization

The IR spectra of RHA and PANI-RHA materials were recorded
on an FT-IR spectrometer with Thermo Nicolet Model: 6700. While
X-ray powder diffraction (XRD) was carried out on a Purkinjie
diffractometer. The particle size and morphology of electrocatalysts
were analyzed by high resolution transmission electron micros-
copy (HRTEM, JEOL 2010F). The elemental composition of metal
nanoparticles present in the catalyst materials was performed
using an energy dispersive X-ray analysis (EDX: Peltier cooled X-
ray head from Thermo). The electrical conductivity was mea-
sured on compressed pellets using a resistance meter (Advantest)
by four-probe method.
6. Electrochemical Measurements

Electrocatalytic activity and stability of all the catalysts were char-
acterized by using cyclic voltammetry (CV) and chronoamperom-
etry (CA) techniques for electrooxidation of methanol in acidic
medium. The electrochemical measurements were conducted by
using a multichannel electrochemical workstation with inbuilt FRA
system (Biologic SAS, Model VSP2) in a conventional three-elec-
trode test cell at 25°C. Mono and bimetallic nanoparticles deco-
rated PANI-RHA composites were used as the working electrode.
The platinum and saturated calomel electrode (SCE) were used as
counter and reference electrodes, respectively. Electrochemical
impedance spectroscopy (EIS) was measured in 0.5 M H,SO,.

RESULTS AND DISCUSSION
1. FT-IR Analysis
Surface examination of RHA and PANI-RHA materials involved

the Fourier transform infrared (FT-IR) spectrophotometer to con-
firm the formation of functional groups on RHA material. From
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Fig. 1. FT-IR spectra of RHA and PANI-RHA materials.
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Fig. 2. XRD patterns of Pt/PANI-RHA and Pt-Sn/PANI-RHA elec-
trocatalysts.

the FT-IR spectrum (Fig. 1) of PANI-RHA, the characteristic func-
tional groups such as -N-H and C-N appeared at 3,225cm ' and
1,305 cm™", respectively. The aromatic C=C stretching vibrations
were visualized at 1,570 and 1,489 cm™* [40-43], which confirmed
the presence of poly(aniline) on the surface of RHA material. This
implies that the rice husk ash has been successfully functionalized
with aniline and the above peaks were absent in the case of rice
husk ash material (Fig. 1). The presence of -NH groups on the sur-
face of the rice husk ash is an advantage for uniform dispersion of
metal particles on the surface of the poly(aniline)-rice husk ash
composite.
2. XRD Analysis

Fig. 2 shows the XRD patterns of the poly(aniline)-rice husk
ash supported Pt and Pt-Sn electrocatalysts. A broad peak was
visualized between 15 and 25° for both the electrocatalyst, which
can confirm the amorphous nature of PANI-RHA composite. The
face-centered-cubic (fcc) crystallographic structure of Pt (PCPDF
file No. 87-0646) and its corresponding reflection planes (1 1 1), (2
0 0) and (2 2 0) were observed at 39.3°, 45.5° and 67.4°, respec-
tively (Fig. 2) [44/45]. For Pt-Sn/PANI-RHA electrocatalyst, the
reflection planes match very well with PCPDF file No. 07-0371
data of Pt-Sn, which are in good agreement with the previous lit-
erature report [46,47]. From Fig. 2, the Pt-Sn/PANI-RHA electro-
catalyst has smaller positive peak shift when compared to that of
Pt/PANI-RHA electrocatalyst. This is because platinum ions in the
lattice structure were replaced by tin ions since there was not much
difference in the ionic radius of Pt™ (0.625 A) and Sn™ (0.69 A).
3. Transmission Electron Microscopy (TEM)

Figs. 3 and 4 show the HRTEM images of synthesized Pt/
PANI-RHA and Pt-Sn/PANI-RHA nanocomposites. The size dis-
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Fig. 3. HRTEM images and size distribution histogram of Pt/PANI-RHA nanocatalyst.
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Fig. 4. HRTEM images and size distribution histogram of Pt-Sn/PANI-RHA nanocatalyst.

April, 2016



Pt and Pt-Sn nanoparticles decorated conductive polymer-biowaste ash composite for direct methanol fuel cell 1493

(a) o

150 4

ot L, S 1 O] PiPy
Y T T * T T
H H [ s 1 2 [

keV

Mgy

10 um

Fig. 7. SEM and EDX mapping pattern of Pt-Sn/PANI-RHA nanocatalyst.
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Table 1. Shows atomic and weight composition of Pt and Pt-Sn nano-
particles present on PANI-RHA composite

Weight composition (%) Atom composition (%)

Nanocatalyst

Pt Sn Pt Sn
Pt 100.00 - 100.00 -
Pt-Sn 53.45 46.55 41.33 58.67

tributions of metal nanoparticles on PANI-RHA composite are
shown in their respective histograms. The TEM images confirm
the spherical and uniform deposition of Pt and Pt-Sn metal nano-
particles on PANI-RHA composite. In the case of Pt-Sn/PANI-RHA,
a Pt-Sn alloy was observed as shown in Fig. 4(b). The HRTEM
image (Fig. 4(b)) confirms the formation of Pt-Sn bimetal on
PANI-RHA surface during the formaldehyde reduction proce-
dure, which was in good agreement with that of the XRD results.
The existence of individual metal particles (Pt and Sn) and their
contact information were visualized from the TEM picture of the
Pt-Sn/PANI-RHA catalyst (Fig. 4(b)). The average particle sizes of
Pt and Pt-Sn nanoparticles present on PANI-RHA composite were
found to be 2-5 nm. Thus, the improved electrochemical proper-
ties for methanol oxidation might be due to the uniform deposi-
tion of the particles with small size and bimetallic formation.
4. EDX Analysis

Fig. 5 (a)-(b) shows the EDX pattern of Pt/PANI-RHA and Pt-
Sn/PANI-RHA composites. The EDX patterns confirm the pres-
ence of Pt and Pt-Sn nanoparticles on PANI-RHA composite.
Figs. 6 and 7 show the SEM and EDX mapping images of Pt/
PANI-RHA and Pt-Sn/PANI-RHA nanocomposites. The EDX
mapping and SEM results confirm the uniform dispersion of Pt
and Pt-Sn nanoparticles on PANI-RHA composite. The atomic
and weight percentage composition of mono and bimetallic nano-
particles present in PANI-RHA composite are listed in the Table 1.
The results were very close to that of experimental value, which
demonstrates that metal salts are completely reduced. Further, it
affords supporting proof for the existence of metal nanoparticles
on PANI-RHA composite.
5. Electrochemical Impedance Spectroscopy

Fig. 8 shows Nyquist plots, which were obtained from electro-
chemical impedance spectroscopy (EIS) measurements for rice
husk ash, poly(aniline) and poly(aniline)-rice husk ash materials.
From the results, the electrochemical impedance spectrum of
poly(aniline)-rice husk ash has lower charge transfer resistances
(R,) than that of the rice husk ash and poly(aniline) materials.
Hence, the conductance of PANI-RHA composite is higher, which
provides the evidence for the enhancement of electrooxidation
due to the better formation of 3D-structured poly(aniline) on rice
husk ash surface [48] and the synergy effect between PANI and

-35
*  RHA
304 ° PANI
4 PANI-RHA
254
S~ * * * X
* *
G -20 4 * * o
= * *
X * e 2 9 o *
:N'lq- * 0‘ A A R o *
* e.ﬁ A 00 *
104 A * N
"b A @ a4 _© **
A 1‘00 *
5 a O
r4——r 77
0 1 2 3 4 5 6 7 8 9
Z' (<107Q)

Fig. 8. Nyquist plots of rice husk ash, poly(aniline) and poly(ani-
line)-rice husk ash materials.
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Fig. 9. Nyquist plots of Pt/PANI-RHA and Pt-Sn/PANI-RHA elec-
trocatalysts.

RHA in PANI-RHA composite.

Fig. 9 shows the Nyquist plots of Pt/PANI-RHA and Pt-Sn/
PANI-RHA nanocatalyst. The electrochemical impedance spec-
trum of Pt-Sn/PANI-RHA exhibits lower charge transfer resistance
(R,) than that of the Pt/PANI-RHA nanocatalyst. From the Nyquist
plot (Fig. 9), the values of the charge transfer resistances (R,) are
8.8x10’ and 5.5x10°Q for PYPANI-RHA and Pt-Sn/PANI-RHA
nanocatalyst, respectively [48,49]. The smaller charge transfer resis-
tance (R,) of Pt-Sn/PANI-RHA nanocatalyst also provides sup-
porting evidence that the catalyst can exhibit higher electro-catalytic

Table 2. Intrinsic electron conductivity of rice husk ash, poly(aniline) and rice husk ash-poly(aniline) materials in S/cm at ambient temperature

SL. No. Sample Intrinsic electron conductivity (x 107 S/cm)
1 Rice husk ash (RHA) 0.1125
2 Polyaniline (PANT) 0.1667
3 Rice husk ash-polyaniline (RHA-PANT) 0.1852
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Fig. 10. Cyclic voltammograms of Pt/RHA, Pt/PANI and Pt/PANI-
RHA nanocatalysts in 0.5 M H,SO, solution at 50 mVs ",

activity for methanol oxidation, which is due to the synergy effect
among Pt, Sn and PANI-RHA composite.
6. Intrinsic Electron Conductivity

The electrical conductivities of PANI [50], RHA and PANI/RHA
materials were measured according to the standard four-point probe
method. The PANI-RHA composite shows enhanced electrical
conductivity compared to PANI, which is due to the charge-trans-
fer effect between PANI and RHA. Furthermore, the RHA may
serve as conducting bridges, connecting PANI-conducting domains
and thus leading to an increase in electron conductivity in PANI-
RHA material [51].

7. Cyclic Voltammetry (CV)

Fig. 10 shows the cyclic voltammograms of Pt/RHA, Pt/PANI
and Pt/PANI-RHA nanocatalyst in 0.5 M H,SO,. From the results,
the cyclic voltammograms (CVs) pertaining to Pt nanoparticles
modified PANI, RHA and PANI-RHA electrodes overlap in the
H, 4 region, which clearly indicates that the active surface areas for
all the electrodes are nearly the same (Fig. 10). The charges and
currents associated with the hydrogen adsorption/desorption regions
of Pt decorated PANI, RHA and PANI-RHA electrodes were
almost the same for all the three electrodes. It is well accepted that
two or more electrodes with almost similar currents for the for-
mation and oxidation of adsorbed hydrogen atoms will have
exactly the same active surface area of metal [52,53].

The cydlic voltammograms of electrooxidation of methanol on
the Pt/RHA, Pt/PANI and Pt/PANI-RHA anodes are shown in
Fig. 11. From the results, that the Pt/PANI-RHA composite exhib-
its higher electro-catalytic activity than that of Pt/PANI and Pt/
RHA composites. From Fig. 12, the current increases with an in-
crease in scan rates and a linear relationship (inset figure) was
observed between anodic oxidation current and square root of the
sweep rate (V'.

These results indicate that the PANI-RHA composite has been
found to be a potent supporting material for fuel cell applications,
which may be due the synergy effect between PANI, RHA obtained
from renewable rice husk waste and platinum nanoparticles in Pt/
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Fig. 11. Cyclic voltammograms of Pt/RHA, Pt/PANI and Pt/PANI-
RHA nanocatalysts in 0.5 M H,SO, and 0.5 M CH,;0H solu-
tion at 50 mVs .
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Fig. 12. Effect of scan rate for Pt/PANI-RHA nanocatalyst in 0.5 M
H,$0,+0.5M CH,0H (scan rate=20, 50 and 100 mVs ).
The inset graph shows the dependence of the anodic oxida-
tion current on the square root of scan rates.

PANI-RHA composite. Hence, this will reduce the overall cost of
the materials for commercialization of alcohol fuel cells. Further-
more, the present work is focused on reducing the quantity of
high priced platinum catalyst by alloying with low cost tin metal.
So, the cyclic voltammetry measurements were carried out for Pt/
PANI-RHA and Pt-Sn/ PANI-RHA nanocatalysts in 0.5 M H,SO,
(Fig. 13). Fig. 14 illustrates the cyclic voltammograms of electroo-
xidation of methanol on Pt/PANI-RHA and Pt-Sn/PANI-RHA
anodes in 0.5 H,SO, and 0.5 methanol at 50 mVs .

From the result (Fig. 14), Pt-Sn/PANI-RHA catalyst shows en-
hanced catalytic activity compared to that of Pt/PANI-RHA catalyst.
The possible proposed mechanism has been shown in Scheme 2,
which explains how the tin would enhance the electrocatalytic
activity of the methanol oxidation. This is because the methanol
oxidation takes place on Pt nanoparticles with the formation of
CO poison as a byproduct, which reduces the catalytic activity of

Korean J. Chem. Eng.(Vol. 33, No. 4)
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Fig. 13. Cydlic voltammograms of Pt/PANI-RHA and Pt-Sn/ PANI-
RHA nanocatalysts in 0.5 M H,SO, solution at a scan rate
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Fig. 14. Cyclic voltammograms of Pt/PANI-RHA and Pt-Sn/PANI-
RHA nanocatalysts in 0.5 M H,SO, and 0.5 M CH;OH solu-
tion at 50mVs .

Pt catalyst [54]. So, as already identified, the pure platinum does
not act as good anode catalyst for methanol oxidation because of
strongly adsorbed ‘CO’ intermediates as catalytic poison that will
reduce the active surface of the platinum (Scheme 2).

However, the addition of tin with platinum can promote the
CO oxidation at a lower potential than that of Pt, which will en-
hance the electrocatalytic activity towards methanol oxidation. Thus,
the addition of tin acts as promoter to oxidize ‘CO’ poisoning
intermediate formed on a platinum surface during methanol oxi-
dation. The OH,,;, adsorbed on the metallic tin can be obtained by
the activation of water molecules at a lower potential than that of
Pt [55]. The adsorption of OH on Sn is easier than that of Pt

 PHCH,0H
AH* e (-/—

Ny 4l +4€

(i) Pt + H,O = Pt-OH,+ & +H*

*(ii)8n+l-lziﬁl—} Sn-OH,, +e+H* (_ PtOHyy )

- -

COy+e +H* cO %
G-

Scheme 2. The schematic representation of CH;OH oxidation on
Pt/PANI-RHA and Pt-Sn/PANI-RHA composites.

Pt-CO,,,
+

through water activation, which is a key to oxidizing the adsorbed
CO poison on the electrode and hence more predominately in Pt-
Sn than that of Pt nanoparticles. This implies that the CO oxida-
tion on Pt-Sn/PANI-RHA composite needs less potential than that
of Pt/PANI-RHA composite through the water activation process.
Though the difference in the onset potential values of Pt/PANI-
RHA and Pt-Sn/PANI-RHA electrodes is very small (0.35 for Pt
and 0.32 'V for Pt-Sn), the synergy effect between Pt, Sn and PANI-
RHA composite enhances the catalytic activity, which is in good
agreement with that of previous reports [56,57]. Further the addi-
tion of Sn with platinum can increase the distance between the
two adjacent Pt atoms, which reduces the adsorption of CO on its
surface through bi-functional mechanism [58].

Pt-Sn/PANI-RHA composite (Table 3) displays higher catalytic
activity compared to that of Pt/PANI-RHA composite, due to the
lower activation energy required for hydrolysis of water molecules
on Pt-Sn that is essential for the oxidation of CO poison mole-
cules. The anodic oxidation current of Pt-Sn/PANI-RHA is about
three-times higher than that of Pt/PANI-RHA. Hence, Pt-Sn/PANI-
RHA composite has proven to be a potent and low-cost nanocata-
lyst, which has been synthesized successfully for methanol fuel cell
applications. The decreasing order of the electrocatalytic activity of
the nanocatalyst for methanol oxidation is Pt-Sn/PANI-RHA
(2.983 mA)>Pt/PANI-RHA (1.053 mA)>Pt/PANI (0.651 mA)> Pt/
RHA (0.248 mA).

The ratio of the forward anodic peak to the backward peak
current density (I/1,) relates to the ability of the catalyst to tolerate
carbonaceous species, [59-61] and thus it should generally be a
higher value for the best-performing catalyst. From the cyclic vol-
tammograms, the I/, ratios are 1.21 and 1.38 for Pt/PANI-RHA
and Pt-Sn/PANI-RHA electrocatalyst, respectively. The results indi-

Table 3. Anodic oxidation current of Pt/RHA, Pt/PANI, Pt/PANI-RHA and Pt-Sn/PANI-RHA nanocatalysts for methanol oxidation

Nanocatalyst Pt/RHA

Pt/PANI Pt/PANI-RHA Pt-Sn/PANI-RHA

Anodic oxidation current (10 A-mg ") 0.248

0.651 1.053 2.983
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Fig. 15. Effect of scan rate for Pt-Sn/PANI-RHA nanocatalysts in 0.5
M H,SO,+0.5 M CH,OH (scan rate=20, 50 and 100mVs ).
The inset graph shows the dependence of the anodic oxida-
tion current on the square root of scan rates.

cate that Pt-Sn/PANI-RHA electrocatalyst shows better catalytic
poison tolerance through bi-functional effect than that of Pt/PANI-
RHA electrocatalyst, which indicates that Pt-Sn/PANI-RHA exhib-
its lower accumulation of CO-like species during the methanol
oxidation reaction, thus leading to excellent catalytic activity [62].

The effect of scan rate was carried out in Pt-Sn/PANI-RHA
nanocatalyst to characterize the transport properties of methanol
during electrooxidation (Fig. 15). From Fig. 15, the anodic oxida-
tion current increases consistently with increasing the scan rates.
Furthermore, a linear relationship was observed from the plot
between anodic oxidation current obtained from forward CV
scans and the square root of different sweep rate (1*?) is shown as
inset figure, which implies that the electrooxidation of methanol
on Pt-Sn/PANI-RHA nanocatalyst is a diffusion controlled pro-
cess [63].
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Fig. 16. Chronoamperometric curves for Pt/PANI-RHA and Pt-Sn/

PANI-RHA nanocatalysts in 0.5 M H,SO, and 0.5 M CH,OH
solution at a potential of 50 mVs ",
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Fig. 17. Long-term stability of Pt/PANI-RHA and Pt-Sn/PANI-RHA
nanocatalysts in 0.5M H,SO, and 0.5 M CH;OH solution
at50mVs .,

8. Chronoamperometric Analysis (CA)

Additionally, chronoamperometry analysis and long-term stabil-
ity have been carried out to investigate the electrocatalytic activity
and stability of Pt/PANI-RHA and Pt-Sn/PANI-RHA nanocata-
lysts. From the result (Fig. 16), it has been noticed that the steady
state current decreased initially, which may be due to the double-
layer charge and the formation of carbonaceous intermediates
during methanol oxidation. After a few seconds, a constant steady
state current was observed for both the nanocatalysts, which is in
good agreement with the current observed from cyclic voltamme-
try studies. Thus, Pt/PANI-RHA and Pt-Sn/PANI-RHA nanocata-
lysts show good electrocatalytic performance and stability, which is
due to the uniform distribution of metal nanoparticles and chemi-
cal interaction between metal nanoparticles and PANI/RHA com-
posite.

9. Long-term Stability

The long-term cycle stability of the nanocatalyst is essential for
practical applications, which was examined by CV in 0.5 M H,SO,
and 0.5M CH,OH solutions at 50mV s and their results are
shown in Fig. 17. In Fig. 17, the anodic oxidation currents grad-
ual decrease with the consecutive scan is due to the dissolution of
adsorbed metal nanoparticles from the PANI-RHA matrix and
the formation of carbonaceous intermediate during the methanol
oxidation. The anodic oxidation currents at 200 cycles are about
73.1% and 89.5% with respect to the first cycle of Pt/PANI-RHA
and Pt-Sn/PANI-RHA nanocatalysts. This ensures that Pt-Sn/
PANI-RHA composite can have maximum stability compared to
that of other Pt/PANI-RHA.

CONCLUSIONS

Highly dispersed Pt and Pt-Sn nanoparticles on poly(aniline)-
rice husk ash composite were synthesized by the NaBH, reduc-
tion method for methanol oxidation. The synthesized materials
were characterized by various analytical techniques. The HR-
TEM, SEM and EDX mapping studies confirm the uniformly dis-
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1498 D. Prasanna and V. Selvaraj

persed metal nanoparticles on PANI-RHA surface. EIS images
reveal that the PANI-RHA has a lower charge transfer resistance
value than that of the PANI and RHA, which is due to the 3D
polyaromatic structure of aniline on RHA surface and the small
charge transfer resistance value for Pt-Sn/PANI-RHA nanocata-
lyst. These studies can provide the supporting evidence for its
higher catalytic activity towards methanol oxidation. The results
indicate that Pt-Sn/PANI-RHA nanocatalyst has a much higher
electrocatalytic activity than that of Pt/PANI-RHA nanocatalyst.
The chronoamperometric and long-term stability analyses con-
firm the stability of metal nanoparticles supported on PANI-RHA
composite. Hence, Pt-Sn/PANI-RHA is a potent electrocatalyst for
methanol oxidation, which is due to excellent electrocatalytic activ-

ity and stability.
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