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Electrocatalytic Activity of Metal —Polyaniline Film Electrodes for Direct

Methanol Fuel Cell

Jun Yano*, Tomohisa Shiraga™ and Akira Kitani*
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Joumal of New Materials for Electrochemical Systems, vol. 11(4), pp. 235-241 (2010).

In order to develop better and cheaper electrocatalysts for the oxidation of methanol and the
reduction of dissolved oxygen in direct methanol fuel cells (DMFCs), several combinations of a
conductive polymer polyaniline (PANI), dispersed Pt particles and pre-dispersed metal particles
such as Sn and Fe were examined. Both the cathodic current for the oxygen reduction (i,,) and
the anodic current for the methanol oxidation (i) showing the electrocatalytic activity of the
Pt particles were remarkably enhanced when the particles were dispersed on PANI films. The
activity strongly depended on the morphology and the electric conductivity of the five PANI films
with different dopant anions: S0,°, NO,,, Cl0,, BF, and CI. The highest activity was achieved
for the SO, ~doped PANI film.  When the dispersed Pt particle SO,>—doped PANI film was employed,
the i,, value was almost twice and the iy value became 6.16 times as large as that observed using
a dispersed Pt particle carbon electrode without the PANI film. The much higher electrocatalytic
activity for the methanol oxidation was probably due to not only the greater surface areas of the
PANI film for the dispersed particles, but also the adsorption of the intermediate species such
as CO onto the PANI molecules

To reduce the dispersed amount of the expensive Pt particles, inexpensive base metal particles
were pre—dispersed on the PANI film, and the Pt particles were dispersed on the film. Among the
pre—dispersed metal particles attempted here (Sn, Cu, Cr, Ni, In, Co, Sb, Bi, Pb, Mn and Fe), the
highest activity was obtained with Sn particles for the methanol oxidation and with Fe particles
for the oxygen reduction. When the ratio of dispersed Pt to Sn particles ranges from 32: 68 to
100:0, iy is higher than that measured with the dispersed Pt particle PANI films without the Sn
particles. This meant that utilizing dispersed Sn particles could reduce the dispersed amount
of the Pt particles. On the other hand, in the oxygen reduction, it was practically significant
that 83% of the Pt particles could be replaced by the inexpensive Fe particles.

83% of the Pt particles could be replaced by the inexpensive Fe particles
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Polyaniline Film as a Metal Free Electrocatalyst for the Anode Reaction of the
Direct Ascorbic Acid Fuel Cells
Jun Yano*, Hishashi Hirayama™ and Akira Kitani*
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Elecrochemical Society Transactions, 16(50), 45-52 (2010).
A conductive polymer, polyaniline (PANI), was electrodeposited on a glassy carbon electrode.
Using this PANI-modified electrode, L-ascorbic acid was electro—oxidized, and the electrocatalytic
activity of PANI was evaluated for 1) the effect of preparation conditions of PANI, 2) the durability
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of catalytic action and 3) the effect of metal deposition. The highest electrocatalytic activity
was obtained with SO,2—doped PANI. The durability of the catalytic action was significantly
improved by the PANI modification. The metal deposition deactivated rather than activated the
PANI-modified electrode. The PANI-modified electrode was regarded as a promising anode for the
direct ascorbic acid fuel cell because it was known to be a highly active toward the
electro—oxidation of L-ascorbic acid for a long time and was entirely free from harmful heavy metals

and expensive Pt.

BH —F

Rational Solutions of the Sasano System of Type A {(2)}_5, K.MATSUDA,

o H—F5

BT L R AR

SIGMA 7 (2011), (http://www. emis. deZjoumals/SIGMA/2011/030/sigmal1-030-pdf)

AA{@)} BRDT 7 ¢ v+ U A NBEDKIRE & R0, TEEF R & FHTN D05 H AR OF BEAEE A4, ~ v
7V N E IOV TRERICHE LT,

(K 4y BJ)
xE  H
IhThhA{bFEEE

KA Y, EEREIIT
TR T S R PR P EHE R AU
I Thro by (k) (2011)

B, IR, KRFROEBHEDLFZOHRET, DD I 2REL LRI T2
THONHF] OFFEITERIKS LI-FE, RE, BEMEZRTZHEEE LTER L, MEE8E
(ZHRA L CRIREDBR 2 TR D IR IR Z R E . T v 7 OO OEERMBEIZ 7203 D X 9 7tk & L
7oo WMHIILTD LB Th D, 1ERICITRWVEBOMEECTE AR E e E 4 i L, [XfiE, FECHEOKX
fift 75 SR By S B U CLL T OIEE 23k LT,

XL I

L. B DORERY,
2AbFA L WE &
3ALFHES

4. WE D —=HE

5. Fir AR DHEE
6. (L2 & ROGER
7.0 L

8. Fifb &%t

9. Fpfbigor & ER

k. BAL & AT

ZE R

FRAT 11D For

i

TR TR R P PR R
Flratamtt (201048 H)

-53.



FITROKRFA, BLO, @54, SHELRAZ SR E Lz, BT 502 PR 5 720 OHF
EThHD, F1E: T NFEFSTOOWE, F2%F : 777 0 va0Ei Al §35E Ao
ENINLNCDFERR, FAEE NI N DOIEHERRR,

(X 4 E)
KB

Pt and Sn dispersed polyaniline film—covered electrodes for a direct ethanol

fuel cell
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Society of Electrochemistry (CD version), S05-P-002 (2010)

Although direct methanol fuel cells (DMFCs) are promising fuel cells, they have at least five
problems before practical use is achieved: (A) expensive electrocatalysts such as Pt are required
for methanol oxidation and the electrocatalytic activity is relatively low; (B) the adsorption
of reaction intermediates deactivates the electrocatalysts; (C) electroreduction of dissolved
oxygen should be promoted; (D) high methanol crossover through the polymer membrane greatly
decreases the cell voltage and methanol utilization; (E) the toxicity of methanol has the risk
of causing serious problems. To alleviate these problems, we employed metal-dispersed
polyaniline (PANI) as the electrocatalyst and ethanol as the fuel.  The affinity of PANI for
organic compounds is expected not only to suppress the deactivation of metal catalysts by adsorption
of the reaction intermediates but also to function as an electron—mediated electrocatalyst itself
On the other hand, ethanol has less toxicity and permeability through the polymer membrane than
does methanol. The PANI film could act as a porous matrix on which the metal electrocatalysts are
dispersed. The dispersion can decrease the poisoning effect aswell as the amount of the precious
Pt electrocatalyst needed. We also reported that the PANI film effectively promotes the
electroreduction of dissolved oxygen. In addition to its role as a porous matrix, the PANI film
itself could function as an electrocatalyst. In this paper, to effectively electro—oxidize
ethanol, the following subjects were investigated using electrochemical measurements.

1) Effect of electropolymerization condition of the PANI film (dopant anion and film thickness),
2) effect of metal dispersion, and 3) durability of catalytic activity.
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Metal—-dispersed polyaniline electrodes for the anodes of the direct ethanol
fuel cell
Jun Yano®™, Yushi Takatsuka®, Yutaka Harima®, Akira Kitani*
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The 218th Meeting of The Electrochemical Society
October, 2010, Las Vegas, U.S.A., Extended Abstracts of the 218th Meeting of The Electrochemical
Society, Abstract No. 1079 (2009).
To develop better and less expensive electrocatalysts for the oxidation of ethanol in direct

ethanol fuel cells, several combinations of a conductive polymer polyaniline (PANI), dispersed Pt
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particles and pre—dispersed metal particles, such as Sn and Fe, were examined. The anodic current
for the ethanol oxidation (Zs) that provides the electrocatalytic activity of the Pt particles
was remarkably enhanced when the particles were dispersed on PANI films. The activity strongly
depended on the morphology and the electrical conductivity of the five PANI films with different
dopant anions: S0,>, NO,  and C1". The highest activity was achieved for the SO,> ~doped PANI film.
To reduce the dispersed amount of the expensive Pt particles, inexpensive base metal particles were
pre—dispersed on the PANI film, and the Pt particles were then dispersed on the film. Among the
investigated pre—dispersed metal particles (Sn, Cu, Zn and Fe), the highest activity was obtained
with Sn particles for the ethanol oxidation. When the ratio of the dispersed Pt to Sn particles
ranged from 10: 90 to 100:0, 7y was higher than that measured with the dispersed Pt particle PANI
films without the Sn particles. This meant that utilizing dispersed Sn particles could reduce

the dispersed amount of the Pt particles needed
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November, 2010, Taipei, Taiwan (R.0.C.), Proceeding of the Second Japan — Taiwan Workshop on
Advanced Materials and Devices for Future Medical Engineering, pp.156-180 (2010).

Conductive polymers have useful and interesting properties other than their electronic
conductivity. One of the most useful properties is their color change originated from their
oxidized state. Two conductive polymers, polyaniline (PANI) and poly(o-phenylenedi— amine)
(PoPD), have also various oxidized states from a fully reduced state to a fully oxidized state
In the fully reduced state, the polymers are colorless. As the polymers are electrochemically
oxidized and the oxidized levels become higher, they gradually color bright green for PANI and
vermilion for PoPD. It is well-known that this behavior is applicable as an electrochromic display
(ECD). The fully reduced PANI and PoPD gradually color when they are exposed to air because they
could be oxidized by oxidation, which can functions as time displays. Besides, the color tones
of the oxidized polymers vary in solution pH because the polymers have acid-base equilibrium. This
is expected to act as optical pH sensors.

Both PANI and PoPD have conductive porous network structures with positively charged sites, and
they can incorporate with Prussian Blue (PB) and an anionic quinone, 1-amino—4-
bromoanthraquinone—2-sulfonic acid (BA), whose colors can also be changed to another colors by the
variation of the oxidation levels. Two composite polymers can be prepared as multicolor
expressible display materials: PoPD/PB and PANI/BA. The composite polymers separately retain the
color change properties of each component and there is no undesirable interference. The color
change as ECDs are as follows: colorless—vermilion— green for PoPD/PB and colorless—green—purple
for PANI/BA. These composite polymers are also expected to be applicable as new type ECDs, time
displays and optical pH displays.
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