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Electrode Behaviors of Platinized-Nafion

Part 1. Hydrogen or Oxygen Electrodes

Hidehiko Ishikawa, Jun Mitani, Hirotoshi Tanaka
and Keikichi Fujikawa

Abstract

The half cell was constructed with a Pt-Nafion membrane electrode which was prepared
by plating one side of Nafion 315 membrane with platinum and by which gaseous reactant
was separated from electrolyte solution in counter electrode compartment. The electrode
activity of half cell reactions, i. e., hydrogen oxidation and oxygen reduction, was measured
as a function of a polarization of the electrode, partial pressures of the reactants and
concentration of acid electrolyte. The linear relation on the polarization curves was ob-
served commonly on the pressures and concentrations in the present study in both reactions.
Further a limiting current under the relatively low pressures in hydrogen oxidation and
exponential relation under the small polarization in the oxygen reduction appeared. From
the results of pressure variations of reactants in each region of the polarization curves it
was deduced that in hydrogen oxidation, the slowest stage existed in the mass transfer of
proton through the membrane and hydrogen gas through the platinum layer outside the
reacting zone if the ohmic and limiting current regions stood respectively, ‘and that in
oxygen reduction, the catalytic process in the reacting zone and the transport of water vapor
through the platinum layer if the exponential and ohmic regions stood respectively. Results
of measurements of electrical resistance of platinum layer indicated that the oxygen elec-
trode had larger resistance than that of the hydrogen electrode and that the resistance was

partly due to the poor contact between platinum particles under oxygen atmosphere.
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Fig. 1 Pt-Nafion membrane electrode.
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Fig. 2 Cell; W: membrane electrode (working electrctrode),
R: reference electrode, C: counter electrode, A; gas
compartment (Hzor Ozflow), B; solution compartment
(HCIOy4).
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Table 1 Rr, Rw and open circuit potential (O, C, P) under
a reference state of hydrogen atomosphere (latm,

1N HCI10y).

DATE Rr (2) Rw () 0.C. P. (V)
'82y. 5m. 13a. 4.47 6.91 —0.0850
'82y. Tm. Ta. 3.64 20.46 —0.0510
'83y. 1m. 19a. 4.92 15.43 —0.0073
'83y. 1m. 3la. 6.45 81.92 —0.0100

Table 2 Rr, Rw and open circuit potential (O, C, P) under
a reference state of air atomosphere (1atm, 1N

HC104).

DATE Rr (2) Rw (2) 0.C.P. (V)
'82y. 6m. 10a. 6.08 54.56 0.870
'82y. Tm. 24 6.56 30.17 0.942
'83y. 1m. 194 9.88 93.52 0.995
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Fig. 5 Polarization curves in hydrogen oxidation under
different pressures of hydrogen with IN HCIlOj,.
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Fig. 6 Polarization curves in oxygen reduction under
different pressures of air with 1 N HCIO,.

(136)



8.0

6.0

4.0

R/ @

2.0

BH&2f Nafion EEHBOEBHEEE

T T T T T T
o
(o] Rw -
“__
Rr
| | | | | ]
0 0.2 0.4 0.6 0.8 1.0
Py / atm

Fig. 7 Variations of resistaces between plutinum particles ,Rw, and
from plarization curves ,R:, with hydrogen pressure.

60

40

Fig. 8 Variations of resistances between plutinum particles ,Rw,
and from polarization curves ,R:, with air pressure.

0.1
Po / atm

7917

o (BER/EHR) %0209 & LTRODRRDOLDETH 50 HifR3, FIHNICTERBIKAYIC
SLEBH, SEHAKE CLBICONTHEHRMICTHER (- 2RIHHED 35, KRDBE LK

Ic, —ERFDEICET 5 25EHREDEICH L TEREDOZEIZE S8 - T,

IRZBAERIEH B WV IBRETRIGE diC, £ — LQIfABOBEROMEE, R, 13, Kk¥Ed5
WRBRONSEIKELTVWE, M—T7B8LUK—8 DOHIL, R 2#KMASEICH LT oy
FLEEBDTH R, —FH, BAELCBIEZ0TNDOHTZABFH[TTO Ry bOEE & bicZE
ftLTwie (-7, K—8 ®OH), BEFHTICH T 2 MiEiE (K—8) %, KRFHKD

(131



798 ANEE - =8 & - AdhRg - LS

I T T T T T 1 i T 1 T
58 - 7]
54 -
0, reduction
50 =
o = 2 =
N H, oxidation
g 8 4
Q - —
0 I ] 1 | 1 | | | | | |
0 4 8 12 16 20 24 28 32 36 40 Ly
Rr /@
Fig. 9 A comparison of Rw with Rr.
I | I I | I I I
| Er /7 V _
2.8 v 0.7
O 0.6
2 &
A .
24 = A 0.3 n
< " 0.2 - order=0.10 z
E o 0.1 et = O
. -
~ 2.0 |- . 2 |
g ' —
1.6 | il
0,20 . o--=-=-=7" . o
1.2 —D/’E"b»*i ]
| ] | | | | ] |
-1.4 -1.2 -1.0 -0.8 -0.6 -0.4 -0.2 0
log P, / atm

Fig. 10 Pressure dependences of hydrogen oxidation
at various polarizations.
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