CORROSION SCIENCE AND TECHNOLOGY, Vol.9, No.6(2010), pp.281~288

Carbon Comrosion at Pt/C Interface in Proton Exchange Membrane
Fuel Cell Environment

Min-Ho Choi, Won-Jin Beom, and Chan-Jin Park’

Department of Materials Science and Engineering, Chonnam National University, 77,
Yongbong-ro, Buk-gu, Gwangju 500-757, Korea
(Received October 15, 2009; Revised December 10, 2010; Accepted December 13, 2010)

This study examined the carbon corrosion at Pt/C interface in proton exchange membrane fuel cell environment.
The Pt nano particles were electrodeposited on carbon substrate, and then the corrosion behavior of the
carbon electrode was examined. The carbon electrodes with Pt nano electrodeposits exhibited the higher
oxidation rate and lower oxidation overpotential compared with that of the electrode without Pt. This phenomenon
was more active at 75 C than 25 C. In addition, the current transients and the corresponding power spectral
density (PSD) of the carbon electrodes with Pt nano electrodeposits were much higher than those of the
electrode without Pt. The carbon corrosion at Pt/C interface was highly accelerated by Pt nano electrodeposits.
Furthermore, the polarization and power density curves of PEMFC showed degradation in the performance
due to a deterioration of cathode catalyst material and Pt dissolution.
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1. Introduction

After a long operation of proton exchange membrane
fuel cell (PEMFC), its performance has become degraded
due to the loss of Pt catalysts by the corrosion of carbon
support.”? In particular, the carbon corrosion can be ac-
celerated by the repeated shutdown and re-start of PEMFC.
When restarting PEMFC, air can still be remained near
anode and water near cathode. This phenomenon may in-
duce the condition of “fuel starvation” in anode. The po-
tentials of both electrodes increase, and accordingly the
corrosion of carbon support in cathode can occur.” In addi-
tion, it has been reported that Pt catalysts accelerates the
corrosion of carbon support.z) In addition, it is not easy
to observe directly the carbon corrosion in operating
PEMEFC. In this study, we investigated the carbon corro-
sion at Pt/C interface in a PEMFC environment.

2. Experimental

The working electrodes for experiments were prepared
by electrodepositing Pt on the carbon electrode supplied
by Dongbang carbon Co., Ltd. in a solution of 5 mM
H,PtCls and 0.5 M H,SO, using pulse deposition tech-

' Corresponding author: parkcj@chonnam.ac.kr
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nique.”” The electrochemical cell is composed of a carbon
electrode as a working electrode, a Pt wire as a counter
electrode and a saturated calomel electrode (SCE) as a
reference electrode. The applied potential for Pt electro-
deposition ranges from 0.4 ~ 1.0 Vxge. The size and den-
sity of Pt electrodeposits were controlled by varying elec-
trodeposition time from 5 to 30 s. We analyzed the cyclic
voltammograms for the carbon electrodes in 0.5 M H,SO4
solution at 25 ‘C and 75 C, respectively. In addition, the
potentiostatic current transients for the electrodes were
measured with increasing applied potential. Then, the cur-
rent transients were analyzed in frequency domain using
maximum entropy method (MEM).”” For microstructural
analysis, we used a scanning electron microcopy (SEM).

A single fuel cell was tested using a test fixture with
a 25 cm’ apparent area. The fixture was composed of a
pair of graphite plates with serpentine flow fields for the
reactants. Polarization and power density curves were ob-
tained using a PEMFC test station obtained from CNL
Energy Inc. in galvanostatic polarization mode. It is neces-
sary to activate the membrane electrodes assembly (MEA,
3M Inc.) before the tests to ensure that the electrolyte in
MEA and electrode were moist enough to have high ionic
conductivity. Hydrogen and air were used as the reactants
at ambient pressure with a flow rate of 1480 and 466 cc-
min” across the anode and cathode, respectively. Both re-



MIN-HO CHOI, WON-JIN BEOM, AND CHAN-JIN PARK

actants were 100% humidified by passing them through
humidifiers before entering the cell. The cell temperature
was maintained at 70 ‘C with the H, and Air gases humidi-
fied at 75 C. The operation was carried out at a constant
current density from 0 A-cm” to 20 A-cm” at a step inter-
val of 0.5 A-cm’”. In addition, the PEMFC had been oper-
ated for 8 h and stopped for remnant 16 h. Thus, 1 cycle

©

for test was composed of 8 h operation and 16 h rest time.

After the electrochemical tests, the MEA was removed
carefully from the cell. The anode and cathode gas dif-
fusion layers (GDLs) were separated from the MEA and
cut into smaller pieces for subsequent analysis by SEM,
XRD and EDS. The new MEA was also characterized us-
ing the same techniques for comparison.
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Fig. 1. SEM micrographs of Pt nano particles electrodeposited for (a) 5 s, (b) 10 s, (c) 20 s, and (c) 30s.
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Fig. 2. Density and average size of Pt nano electrodeposits as a function of electrodeposition time (5 ~ 30 s).
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3. Results and discussion

3.1 Electiode fabrication by pulse electrodeposition method

Fig. 1 and 2 show the SEM images and the density
and average size of Pt nano particles electrodeposited on
carbon substrate, respectively, as a function of deposition
time. With increasing electodeposition time from 5 to 30
s, the density of the Pt electrodeposits increased up to 20
s and then decreased to reduce surface energy, while the
diameter of the electrodeposits increased gradually from
100 to 350 nm.

3.2 Cyclic voltammograms of the carbon electrodes

Fig. 3 shows the effect of electrodeposition time (0 ~
20s) on the cyclic voltammograms of carbon electrodes
in 0.5 M H,SOy solution at 25 C and 75 C, respectively.
At 25 C, on the whole, anodic current for the electrodes
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Fig. 3. Effect of electrodeposition time (0 ~ 20 s) for Pt nano

deposits on the cyclic voltammograms of carbon electodes at
(a) 25 C and (b) 75 C, respectively.
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increased abruptly after 1.9 Vnge. The increase in anodic
current density is attributed to both oxygen evolution re-
action by the oxidation of water 2H,O — O, + 4H +
4¢") and carbon corrosion (C + 2H,O — CO, + 4H™ +
4¢). It is not easy to detect the independent contribution
of carbon corrosion from the graph, because the oxygen
evolution reaction and the carbon corrosion occur at sim-
ilar potential range. Nevertheless, the fact that current did
not decreased easily during reverse scan indicates that car-
bon corrosion which had initiated during forward scan was
not repassivated. In addition, the anodic current for the
carbon electrodes with Pt electrodeposits increased more
sharply than that for the bare carbon electrode. This in-
dicates that the overpotential for the charge transfer re-
action is reduced by the catalytic action of Pt. Comparing
two electrodes with Pt nano electrodeposits, the over-
potential for the electrode electrodeposited for 20 s was
lower than that for the electrode electrodeposited for 10 s.

At 75 C, the anodic current rise started at a potential
of 200 mV lower than that at 25 C, indicating that electro-
chemical reactions including corrosion can be more acti-
vated at higher temperature. As in the case at 25 C, the
larger the surface area of Pt electrodeposits, the lower the
oxidation overpotential. In addition, differently from the
cyclic voltammograms obtained at 25 C, a cathodic cur-
rent peak appeared near at 0.3 Vnue during reverse scan
resulting from the oxygen reduction. During reverse scan,
all three electrodes exhibited similar high current, indicat-
ing that the contribution of carbon corrosion became larger
than that at 25 C. The carbon corrosion appears to stop
completely below 1.6 Vnge.

3.3 Current transients of the carbon electrodes at various
applied potential

In order to investigate the effect of applied potential
and electrodeposition time for Pt on the corrosion of car-
bon substrate, we measured the current transients of the
electrodes as a function of time with applying the poten-
tials of 1.8, 2.0, and 2.3 V at 25 C and 1.6, 1.8, and
2.0 V at 75 C, respectively. In potential range where ano-
dic current rise had increased, three potentials were se-
lected from the cyclic voltammograms shown in Fig. 3.
Fig. 4 shows the current transient curves of the electrodes
at 25 C and 75 C, respectively.

At 25 C with an applied potential of 1.8 Vnug, the
anodic current for the carbon electrodes with and without
Pt nano electrodeposits decreased gradually and finally sta-
bilized with time. This suggests that carbon corrosion did
not occur in these conditions. At 25 ‘C with an applied
potential of 2.0 Vnug, anodic current decreased sharply
in the beginning and then increased gradually with time,

283



MIN-HO CHOI, WON-JIN BEOM, AND

CHAN-JIN PARK

! T T T T T T T T T
0.014| | 959 = g
25°C,E_ =18V, 0s
----10s
o012} ¢ 2091 -
0.010 | 4
<
—' 0.008 g
c
2 o.006 | 1
=
O 0.004} i
0.002 | ) g
o.ooo 1 1 1 1 1 1 1 1
0 500 1000 1500 2000 2500 3000 3500 4000
Time [s]
(@)
0.12 T T T T T T T T
25°C,E_ =20V 0s
010 ” e ----10s]
1 bt 20s
0.08 - 4
< Z
e 006 g
S |
L {
S 0.04f 4
o
0.02- g
o_oo 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 "
0 500 1000 1500 2000 2500 3000 3500 4000
Time [s]
(b)
0.8 T T T T T T T T
25°C,E_ =23V —— 0s
07l ‘app NHE ----10s |
-------- 20s

Current [A]

0.2

1 1 1 1 1 1 1
0 500 1000 1500 2000 2500 3000 3500 4000
Time [s]

©

Fig. 4. Effect of applied potential on the current transient curves

at 25 C and 75 TC, respectively.

indicating that the carbon corrosion propagated stably. At
2.3 Vnme, the anodic current was much higher than that
at other potentials due to the active propagation of carbon
corrosion.

At 75 C, current transients were more active than those
at 25 C. Even at 1.6 Vnug, current increased gradually
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of carbon electrodes with and without Pt nano electrodeposits

with time. As in the case at 25 C, the current for the
carbon electrodes with Pt nano electrodeposits was higher
than that for the bare carbon electrode.

Fig. 5 shows the power spectral density (PSD) plots
converted from the current transients shown in Fig. 4 using
maximum entropy method (MEM). The occurrence fre-
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Fig. 5. Power spectral density plots transformed from the current transient curves.

quency and magnitude of current transients associated with
the severity of carbon corrosion can be quantitatively ana-
lyzed using PSD, because not mean current but current
fluctuation by electrochemical events such as corrosion is
the main subject of investigation in this method. In partic-
ular, it is possible to separate the contribution of carbon

CORROSION SCIENCE AND TECHNOLOGY Vol.9, No.6, 2010

corrosion from total anodic currents using this method.
At 25 C with the applied potential of 1.8 Vnug, the shape
of graphs for all three electrodes was similar, and the PSD
decreased with frequency indicating that any characteristic
electrochemical reactions such as corrosion did not occur.
At 2.0 Vnmg, the PSD in high frequency region for the
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carbon electrodes with Pt nano electrodeposits was higher
than that for the bare carbon electrode. This result confirms
that carbon corrosion is more active on the carbon electro-
des with Pt nano electrodeposits than that on the bare car-
bon electrode. Furthermore, at 2.3 Vaug, the PSD in over-
all frequency region for the carbon electrodes with Pt de-
posits was higher compared with that for the bare carbon
electrode.

In addition, the PSD increased significantly with in-
creasing temperature from 25 C to 75 C. This phenomen-
on was more prominent for the carbon electrodes with Pt
nano deposits. The current fluctuation is closely associated
with the initiation and propagation of carbon corrosion.
Thus, the carbon corrosion appears to be accelerated by
Pt nano electrodeposits on carbon surface.

3.4 Conosion behavior at Pt/C interface

Fig. 6 shows the surface morphologies of carbon electro-
des after potentiostatic tests for 1h. The carbon electrodes
were electrodeposited for 20 s before the potentiostatic
tests. For the electrode exposed at 25 C and 1.8 Vu,

the surface of electrode does not appear to be damaged
by corrosion. By contrast, for the electrode exposed at 2.0
Viue, the surrounding carbon substrate below a Pt nano
particle collapsed, and the Pt particle sank. This phenom-
enon indicates that Pt nano electrodeposit accelerates the
corrosion of surrounding carbon substrate. For the elec-
trode exposed at 75 C and 1.6 Vnug, apparent change
around Pt particle was not observed. However, on the
whole the surface of carbon substrate appears to be rou-
ghened. For the electrode exposed at 1.8 Ve, Pt particles
appear to lodge in the carbon substrate as in the case at
25 C. By contrast, Pt particles were not observed on sur-
face of carbon electrodes exposed at higher potentials due
to severe corrosion of the carbon substrate.

3.5 Electrode degradation by carbon corosion in PEMFC

A PEMFC was also operated by repeating cycles. Fig.
7 shows the polarization curves and power density curves
of PEMFC at different intervals. The initial maximum
power density was 11 W-cm?, which then decreases to
9.7 W-cm” after 255 cycle of operation. In addition, ac-

Fig. 6. Surface morphologies of the carbon electrodes, electrodeposited for 20s, after potentiostatic tests with applied potential
of (a) 1.8 VNHE and (b) 2.0 VNHE at 25 OC and (C) 1.6 VNI—[E and (d) 1.8 VNHE at 75 OC.
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Fig. 7. Plots of the PEMFC testing cycles (a) polarization curves
and (b) power density curves.

cording to the polarization curves, an increase in the ex-
perimental cycle decreased the cell voltage, particularly
at high current densities. This degradation may be due to
the deterioration of the oxygen reduction performance of
the cathode catalyst. Furthermore, the increase in mass
transfer resistance by the flooding in cathode part may
degrade the performance with cycle.

After the test, the used MEA was cut, and its chemical
compositions at different positions of its cross-section
were analyzed by energy dispersive spectroscopy (EDS).
Fig. 8 shows SEM images of the cross-section of MEA.
Point analysis of the catalyst layer and membrane by EDS
was carried out to analyze the chemical composition of
Pt/C. Table 1 lists the composition of MEA before and
after the test. The utilization feature of the catalyst can
be observed from the results of point analysis. The catalyst
closer to the membrane was used more in the reaction
and Pt nano particles from the catalyst layer were easily

CORROSION SCIENCE AND TECHNOLOGY Vol.9, No.6, 2010

(b)

Fig. 8. Cross sectional view of MEA in a PEMFC (a) before
and (b) after testing.

Table 1. Point analysis by EDS of the membrane electrodes
assembly (MEA) before and after the tests

Position C Pt F
O] 83.82 16.18
@ 85.67 14.33
® 30.70 69.30
® 83.87 16.13
® 82.34 17.66
® 36.26 74.74

dissolved. Furthermore, after operation for 255 cycle, a
small amount of Pt particles was dissolved and diffused
into the membrane.

After the single cell test, the used MEA was separated
and cut into smaller pieces for further analysis. XRD pat-
terns of anode and cathode catalysts were recorded, as
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Fig. 9. Fig. 13. XRD pattern of MEA; (a) before test, (b) anode

Pt/C catalyst layer after test and (c) cathode Pt/C layer after
test.

shown in Fig. 9. The XRD pattern of new Pt/C catalyst
is also shown for comparison. After the performance test,
the Pt/C catalyst of the cathode exhibited a face-centered
cubic (fcc) structure and major peaks of (111), (200),
(220), and (311). However, the Pt/C catalyst of the anode
does not show any Pt peaks. This confirms the dissolution
of noble metal from the cathode layer and agglomeration
at the interface of the cathode and membrane. Therefore,
the Pt/C catalyst of the cathode was used more in the re-
action and Pt nano particles from the catalyst layer were
dissolved. In particular, the Pt enrichment at the interface
indicates that the cathode was exposed to high potential
at which carbon corrosion can occur. The enrichment of
Pt in the membrane close to cathode layer was also re-
ported by the previous research.”

4. Conclusion

The density of the Pt electrodeposits on carbon substrate
increased up to 20 s and then decreased to reduce surface
energy, while the diameter of the electrodeposits increased
gradually with increasing electodeposition time from 5 s
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to 30 s. The carbon electrodes with Pt nano electrodeposits
exhibited the higher oxidation rate and lower oxidation
overpotential compared with that of bare electrode. This
phenomenon was more prominent at 75 C than 25 C.
In addition, the current transients and the corresponding
PSD of the carbon electrodes with Pt nano electrodeposits
were much higher than those of the base electrode. The
carbon corrosion at Pt/C interface appears to be highly
accelerated by Pt nano electrodeposits. Furthermore, the
polarization and power density curves of PEMFC showed
degradation in the performance due to a deterioration of
cathode catalyst material and Pt dissolution, which was
further conformed by EDS and XRD analysis of MEA
after the test.
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