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1. Introduction

Fuel cell is expected as one of promised tech-
nologies for reducing carbon dioxide (CO,) emission.
Especially, direct alcohol fuel cell (DAFC) is suitable for
portable power applications because liquid fuel like
methanol can be fed to the DAFC without a reformer.
Besides use of the liquid fuel is profitable in terms of en-
ergy density per its volume as compared to gas fuel like
hydrogen. Recently, it was reported that 2-propanol
showed a higher cell voltage than methanol in DAFC at
relatively low current density ». Since high current den-
sity do not need in case of mobile instruments like laptop
PC or cellular phone, 2-propanol is a potential fuel. Addi-
tionally the fuel cell should be operated at room tempera-
ture for the actual mobile application. Therefore, the elec-
trochemical oxidation of 2-propanol on anode was inves-
tigated in this study
2. Experimental

The experiments were performed using Pt cata-
lyst dispersed on activated carbon (TANAKA-Kikinzoku)
as aworking electrode. The counter electrode consisted of
a platinum mesh and the reference electrode was an Ag |
AgCl electrode. Solutions were prepared with Milli-Q
water, reagent H,SO,, methanol and 2-propanol (WAKO
Pure Chemical Inc.). The electrochemical cell was purged
using 99.9995% Argon for 10 minutes with stirring. The
electrochemical measurements were conducted using a
FG-02 and POTENTIOSTAT/ GALVANOTSTAT 2000
(TOHO Technical Research). The potential was converted
into hydrogen electrode standard (SHE). For measure-
ments of potential scan, and the electrode was held at
300mV (vs. SHE) for 10minuted, and then the potential
was raised to 650mV with 0.5mV/s. As to the cyclic volt-
ammetry, the cell was hold at 450mV in the H,SO,/2-
propanol solution at proper temperatures for 30 minutes
and soaked with Milli-Q water. Then the cyclic voltam-
metry was conducted in 1.0M H,SO, solution with
50mV/s sweep rate between 0 and 1300mV at several
temperatures.

3. Results and Discussion

The pseudo steady state |-V curves are shown in
figure 1. 2-propanol began to be oxidized at low potential
and exhibited large oxidation current below a certain po-
tential as compared with methanol. The lower the tem-
perature was, the wider the range that 2-propanol was
superior in the oxidation current to methanol was. The
result that indicates that 2-propanoal is a potential fuel for
the mobile instruments in terms of not only the current
density but also operation temperature. The oxidation
current of 2-propanol, however, fell down in a short time
and lowered beneath that of methanol while the cell was
held at 650mV as shown in figure 2.

To investigate the phenomena, the reaction of 2-
propanol was analyzed by the cyclic voltammetry. Ac-
cording to figure 3, while the peak around 500mV ap-
peared and the oxidation current beyond 600mV in-
creased, the peaks of adsorbed hydrogen between 50 to
400mV shrank. These results would indicate the exis-
tence of some adsorbent species on active site of the cata-
lyst. The peak and the increase of oxidation current disap-

peared and the hydrogen adsorption peaks almost recov-
ered after the first potential sweep at 60°C, however, still
the peak and the oxidation current remained even after the
first sweep and then disappeared sweep by sweep at 25°C.
Considering that the adsorbent species resulting from
methanol are oxidized around 800mV 2, those results
imply that the species from 2-propanol adsorb stronger
than that of methanol and the oxidation of them at lower
potential would be essential to use 2-propanol as the fuel
for mobile instruments.
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Figure 1. Comparison of pseudo steady state |-V curves between
2-propanol and methanol at different temperatures. Pt:2mgem?,
cell size:0.57cm?, potential scan rate:0.5mVs?, temperature: 25,
40, 60°C, (=== 1.0M sulfuric acid+2.0M 2-propanal, ( )
1.0M sulfuric acid+2.0M methanol

0.15

0.10

o
g 60°C
<
= [
— 005 60°C
5T 40C
*\_________ 25T
40°C
0.00
0 30 60 90 120 150 180
Time / min.

Figure 2. Relaxation of current density at constant potential
(650mV), temperature:25, 40, 60°C, ( ) 1.0M sulfuric
acid+2.0M 2-propanol, (——) 1.0M sulfuric acid+2.0M metha
nol

0.06

0.03 r

0.00

400 0 800 1200 1400
-0.03

I/ Acm™

-0.06

-0.09

-0.12
E/mV (vs. SHE)

Figure 3. 2-propanal stripping voltammetry, (adsorption) poten-
tial:450mV, 60°C, 1.0M sulfuric acid+2.0M 2-propanol, 30min.
(stripping): sweep rate:50mVs?, 60°C, 1.0M sulfuric acid,
(—) base voltammogram, (=) stripping voltammogram
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