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Abstract

Bipolar plates play an important role in the performance, and cost of fuel cell. The properties of copper—beryllium alloy were studied in
simulated fuel cell environment. Corrosion studies of the alloy were carried out by using Tafel extrapolation, and potentiodynamic polarization
plots at various temperatures. The conditions selected were 0.8@Hvith varying pH in the range of 3-5 and 5% (v/v) HCIl +5% (v/v)

Na, SO, with the bubbling of oxygen, and argon. The corrosion rate for the alloy was found to be 0.05, aparQ/28&r?! at 25 and 70C,
respectively. A similar range of corrosion rates was reported in literature for other copper alloys. Due to their good corrosion resistance anc
high conductivity the alloy can be considered as a candidate material for bipolar plates. Use of copper alloy in bipolar plate will reduce the
contact resistance in cell stack due to their high conductivity.

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction The two half cell reactions in the fuel cell are given by:
A fuel cell is an energy conversion device. It is an elec- Anode : Fb — 2H" +2¢° E°:0V
trochemical device that converts chemical energy of fuel and
oxidant into electricity. A fuel cell usually consumes chemi- Cathode 30z + 2H + 26~ — H,0  E0:1.229V
cals, which are supplied in the form of hydrogen and oxygen
to produce the electricity and thus are not exhaustible like bat-
teries. Fuel cells find applications in vehicles, space shuttles,H, + %02 — H,0 EC:1.229V
and various areas where electricity is neefgd
Afuel cell is essentially an electrochemical cell consisting ~ The fuel cell is an environmental friendly device since the
of two electrodes, namely anode and cathode. Hydrogen oronly by-product of the cell reaction is water.
another gaseous fuel is continuously fed to a porous anode The bipolar plate is one of the mostimportant components
and oxygen is continuously fed to the surface of a porous of the PEM fuel cell. It separates the individual cells in the
cathode. Electrochemical oxidation of the fuel takes place Stack. The main function of the bipolar plate is to provide a
while oxygen is electrochemically reduci]. This reaction ~ conduct for hydrogen and oxidant flow. It accounts for ap-
gives rise to a flow of electrons through the outer load and a Proximately 80% of the weight of fuel cell. Due to the critical

flow of the ions (protons) through the electrolyte as shown in Machining requirement for gas flow fields, the bipolar plates
Fig. 1 contribute approximately 15% of the total cost of stack com-

ponentg3]. Earlier various materials like graphite, SS316,
* Corresponding author. Tel.: +1 205 348 1740 fax: +1 205 348 2164. Molded composites were proposed and used as the bipolar
E-mail address: rreddy@coe.eng.ua.edu (R.G. Reddy). plate materia4—6].

The overall reaction is thus

0378-7753/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
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Fig. 1. Schematic diagram of the PEM fuel cell.

Several researchers have reported that the PEM fuel cell
functions in an acidic environment (pH 3.0-5.0) due to pres- .
ence of S@%, CI-, F~, etc. ions in the Nafidh membrane
[7,8]. The material for bipolar plate application must have
good corrosion resistance and conductivity to reduce resistive \L_ﬂg‘m
— |
8

losses in the acidic environment. Copper and copper alloys
are well known for their good electrical and thermal conduc-
tivity. Copper—beryllium alloy (C-17200) was considered in
this study because of its good conductivity, oxidation resis-
tance, and corrosion resistance.

The corrosion behavior of copper—beryllium alloy (C-
17200) in a fuel cell environment was studied using elec-
trochemical techniques. The experimental data is essential
for understanding and modifying corrosion behavior of ma-
terials in fuel cell.

Fig. 2. Electrochemical cell: (1) working electrode, (2) counter electrode,
(3) saturated calomel electrode, (4) luggin capillary, (5) gas bubbling tube,
(6) thermometer, (7) 0.5 M (80, solution, and (8) potentiostat.

2. Experimental procedure for corrosion experiments
capillary (approximately 2—3 mm). The tests were conducted

The electrochemical experiments were carried out in a using a potentiostat Model 273 A by EG&G Princeton Ap-
simple cell consisting of a three-electrode arrangement with aplied Research and analyzed with EG&G Version 2.0.1 cor-
working electrode, auxiliary electrode, and a reference elec-rosion software[9]. The working electrode was prepared
trode as shown irFig. 2 The counter electrode was plat- by accurately cutting 10 mm 10 mmx 0.8 mm dimensions
inum foil spot welded to platinum wire sealed in Pyrex, and of C-17200 plate obtained from Alfa Aesar. The compo-
Accumef™ saturated calomel reference electrode was fixed sition of C-17200 alloy was Be 1.8-2.0%, Ni+Co 0.2%,
in the separable funnel outside the cell. The funnel was filled Ni+ Co + Fe 0.6%, Al 0.2%, Si 0.2% and copper as the bal-
with saturated KClI solution. The sealed funnel was carefully ance (weight percent). Electrical contact was made by us-
attached to the cell without contaminating the cell. As re- ing single stranded copper wire with silver conducting paint.
ported in literature, several electrolytes were used to conductThe samples thus prepared were mounted in an epoxy mould
electrochemical studies replicating the fuel cell environment carefully exposing 10 mm 10 mm surface to the electrolyte.
[7,8]. In this research, we studied two such electrolytes, viz. The mounted samples were ground with 240-grit emery pa-
0.5M HoSOy, and 5% (v/v) HCI+5% (v/v) NgSO4. The per. The polishing was further carried sequentially with 400,
sample was then placed just above the tip of the Luggin 600, 800, 1000, and 1200 grit emery papers. Wet polishing
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with water as media was carried out. The samples were de- 25

greased by using acetone, washed with distilled water and _ ,] _.__ SE 2132

dried just before testing. Sample preparation and cleanings | -~ pH .17

was followed as per ASTM standard: G1-(®,11] The § 15|

cell was calibrated with pure copper and SS-316 and corro- 2

sion rates were found to be consistent with reported values =

[7,9]. The electrochemical cell was heated with an automatic § *°

temperature controlled hotplate (accuracy°C). The ex- & o

periments were performed at 25, 50, 60, andCQin both o Se

oxidizing and non-oxidizing atmospheres. Airwas used as the
bubbling gas in the oxidizing environment and bubbling was
carried out for 1 h before the start of experiments. Similarly,
argon was used as the bubbling gas in the non-oxidizing at-
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Fig. 4. Tafel extrapolation plots for C-17200 alloy in 0.5 M$0D, with pH

mosphere. The corrosion current was determined by the Tafel3-26: 4.08, and 5.17 at 2& under oxidizing conditions.

extrapolation method. The scans were carried out in both pos-

itive and negative directions. The scan rate was 10 my's
with a scan increment of 1 and 2mV’ Initial and final
potentials were chosen as per the open-circuit potential to
cover both anodic and cathodic brancl@ls The stabiliza-
tion time for each test was 3 h before starting experiment.
After corrosion testing the samples were characterized us-
ing scanning electron microscopy (SEM) with EDS attach-
ment, X-ray diffractometer (XRD) and X-ray photo-electron
spectroscopy (XPS) techniques to investigate the corrosion
products.

3. Results of electrochemical experiments
3.1. Tafel extrapolation results

3.1.1. Experiments in 0.5 M HySOy4 electrolyte
environment

Tafel extrapolation plots for various conditions in 0.5M
HoSOy are presented iRigs. 3—7

3.1.1.1. Experiments in non-oxidizing environment. Fig. 3
shows the Tafel extrapolation plots for C-17200 alloyin 0.5 M
HoSOqwith pH 3.26, 4.08, and 5.17 at 2& in non-oxidizing
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Fig. 3. Tafel extrapolation plots for C-17200 alloy in 0.5 M$0D, with pH
3.26, 4.08, and 5.17 at 2& under non-oxidizing conditions.

1.5 |

- pH3.26
—— pH4.08

S 1 pH5.17 ]
3 .
205
=
-
=
g
=% 01

0.5

-7 -5

Current Density (A/cm?)

Fig. 5. Tafel extrapolation plots for C-17200 alloy in 0.5 M$0D, with pH
3.26, 4.08, and 5.17 at 3C under non-oxidizing conditions.

atmosphere. The corrosion current in this case did not vary
with large magnitude with pH, though it was observed that
the corrosion currertq was increasing with increasing pH.
The anodic curve was not showing remarkable active passive
transition features in all plots except a hump like feature at
approximately +0.3 V.

3.1.1.2. Experiments in oxidizing environment. Fig.4shows
the Tafel extrapolation plots for C-17200 alloy in 0.5M
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Fig. 6. Tafel extrapolation plot for C-17200 alloy in 0.5 M8 with pH
3.26, 4.08, and 5.17 at 6€ under non-oxidizing conditions.
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H,SOp with pH 3.26, 4.08, and 5.17 at 2& in oxidizing 5% (v/v) HCI + 5% (v/v) NaSOy electrolyte close to the real
atmosphere. The plots were showing similar features to theconditions due to the presence of both @hd SQ?~ ionsin
non-oxidizing atmosphere, butthe corrosion potentials can bethe electrolyte was selected. The effect ofdan be neglected
clearly seen to be decreased (more negative), increasing th&ue to a very low concentration of these ions. Also it must be
anodic corrosionf9] and thus corrosion rate. The corrosion mentioned that the anodic reaction is far more important for
currentlcorr Was increasing with pH as observed in the previ- the fuel cell application, so only anodic curve of polarization
ous case. The corrosion rates in oxidizing and non-oxidizing experiments are reported here. As reported in the literature
environment were not showing significant differences and so [8] the effect of pH for this electrolyte is not significant for
a non-oxidizing atmosphere was selected for high tempera-copper and its alloys, and so the effect of pH was not studied
ture experiments. in these experiments. The electrolyte was observed to have a
pH of 1.7-1.9.
3.1.1.3. Experiments at different temperatures in non- Fig. Sshows_the potentiodynamic polarization plot_s forthe
oxidizing atmosphere. At50°C the Tafel extrapolation plots ~ €-17200 alloy in 5% (v/v) HCI + 5% (v/v) Ng5O, environ-
for the C-17200 alloy in 0.5M LSOy with pH 3.26, 4.08, ment at various temperatyres. Potentlodyna.mlc polgnzaﬂon
and 5.17 in non-oxidizing atmosphere show countable differ- Curves of C-17200 at various temperatures in the simulated
ences in current and voltage, as showiFig. 5. Corrosion ~ atmosphere showed a similar trend in values though signifi-
currents and potentials were higher as compared fac25 ~ cantly different in anodic behavior than in the 0.5 M$0,
Enhanced corrosion at the high temperature is clearly seen. electrolyte. . . _

Fig. 6shows Tafel extrapolation plots for C-17200alloyin ~ 1he potentiodynamic behavior of the C-17200 alloy in the
0.5 M H,SOy with pH 3.26, 4.08, and 5.17 at 6C in a non- electrolyte at 25C showed anodic corrosion of the alloy in-
oxidizing environment. The corrosion current was observed ¢réasing initially from—0.1 to 1.4 V. The plots clearly show
to be increasing when compared with same sample 650 @ Passivation region starting at approximately +0.3 V. This
The plots were distinctly different for different pH. The cor- Process is the active mechanism of corrosion at high tem-
rosion current for pH 4.08 was observed to be slightly higher Peratures. As seen froffig. 8 the clear behavior of strong
than that of pH 5.17. This anomaly can be explained by a Passivation was observed at this temperature. The corrosion
different type of microstructure of corrosion layer discussed Current was observed to be slightly higher as compared to
later. similar samples in 0.5 M 50Oy electrolyte up to 60C.

As seen from the Tafel extrapolation plotsiig. 7, for the As the test temperature is increased t6GGtrong passi-
C-17200 alloy in 0.5 M HSO, with pH 3.26, 4.08, and 5.17  Vationisfollowed by asmall activation curve as seefign 8.
at 70°C, the corrosion current was substantially increased. The start of the passivation region was observed to be shifted
Good corrosion resistance of C-17200 was observed at pry approximately 0.1V in the positive direction. Further in-

3.26 than other pH values. There was no appreciable differ- creasing the temperature to 8D increased the rate of active
ence in corrosion current for pH 4.08 and 5.17. corrosion but a shift of the passivation region was not ob-

served. Above 0.8V, the curve showed several active—passive
regions.

At 70°C, the first passivation is followed by a very strong
activation region as shown iRig. 8 The first passivation

3.1.2. Experiments in 5% (v/v) HCl + 5% (v/v) NazSO4
electrolyte environment

As discussed previously several electrolyte choices are
available to simulate the corrosive environment. But to study

the corrosion behavior of materials for PEMFC applications, 1.5 1 -]
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Fig. 8. Potantiodynamic polarization plots for C-17200 alloy in 5% (v/v)
Fig. 7. Tafel extrapolation plot for C-17200 alloy in 0.5 M$O, with pH HCI+5% (v/iv) NSOy at 25, 50, 60, and 7GC under non-oxidizing con-
3.26, 4.08, and 5.17 at 7€ under non-oxidizing conditions. ditions.
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Table 1
Corrosion currents and potentials obtained from Tafel plots
Electrolyte Non-oxidizing, 25C Oxidizing, 25°C Non-oxidizing, 70C
Current LAcm~2) Potential (V) Current;¢Acm—2) Potential (V) Currenti{Acm~2) Potential (V)
pH 3.26 (0.5M BSOy) 2.442 —0.009 4.203 —0.163 23.13 —-0.25
pH 4.08 (0.5M HSOy) 2.622 —0.053 4.686 —0.115 23.4 —-0.271
pH5.17 (0.5M BSQOy) 2.813 —0.051 4.894 —-0.114 24.97 —-0.373
5% HCI+5% NaSOy 3.905 —0.432 4.132 —0.441 22.015 —0.452

was observed to be shifted by approximately +0.15V in the Tafel plots are presented ifable 1 (results shown
going from 25 to 70C. After strong activation, the curve for 25 and 70C). Calculated corrosion rates are pre-
again showed a passive behavior followed by numerous smallsented inTable 2 The corrosion rates were in the range of
active—passive regions. The corrosion current was observed.0277-0.2gm year 1.
to increase with increasing temperature as expected.

The corrosion current and potential were obtained from 3 3. SEM analysis
the Tafel region of the polarization plot. The samples after
corrosion teSting were characterized by SEM, XRD and XPS The Scanning electron microscopy ana|ysis for all sam-

techniques to study the nature of corrosion products. ples was carried out using Philips XL30 scanning electron
microscope. The samples were carefully removed from the
3.2. Calculation of corrosion rates epoxy mould and standard samples for SEM were prepared.

The composition of the corrosion products were confirmed
The corrosion current is obtained from Tafel plots by ex- by using a X-ray diffractometer and X-ray photo-electron
trapolating the applied current density from the anode and spectroscopy.
cathode branches of Tafel plots to the open-circuit potential.

The corrosion rate is expressed by following equafidtj: 3.3.1. Analysis of corrosion samples in 0.5 M H»SOy4
3.27 X icorr X W electrolyte environment _ _ _
CR = 1 (1) The morphology of the corrosion layer is very impor-
p X

tant in analyzing the details of the corrosion process. The
where corrosion rate (C.R.) is in micrometers per year micrographs did not show any distinct effect of pH and so
(wmyear 1), Wthe equivalent weight in gramg,is the den- only the micrographs of the pH 4.08 condition are discussed.
sity of the sample in gram per centimeter cukgy is cor- Fig. 9shows a micrograph of C-17200 alloy in 0.5 M$1y,
rosion current density in microampere per centimeter squarepH 4.08, with non-oxidizing bubbling at 2&. A corrosion

(pAcm—2). layer without any porosity was observed. The layer formed
The equivalent weight for alloys was calculated by fol- was observed to be very thin (<fn). The corrosion lay-
lowing formula[12]. ers observed in case of samples in the oxidizing atmosphere
(Fig. 10 and the non-oxidizing atmospherEig. 9) were
O\ X X M similar in nature, showing a thin corrosion layer and small
W= Z (2) areas of materi i
Zi ial removed due to corrosion.

i=1 The layer was observed to be non-porous and adherent to

Herex; is the mass fraction; the electrons exchanged and the substrate. This is one of the desirable properties to reduce
M, is the atomic weight of théth element. The equivalent the corrosion rate due to hindrance of the further corrosion

weight of C-17200 was calculated to be 28.6Q9}. The of the substrate material. The oxide layer was observed to
uniform corrosion rate for the sample was thus calculated by increase with increasing temperature.
using Eq.(1) [9]. A SEM micrograph of the C-17200 sample at*®&Dfor

Each experiment was repeated four times to observe re-pH 4.08 in a non-oxidizing atmosphere is showrFig. 11
peatability and average values are reported. The results fromThe micrograph clearly shows the formation of a tarnishing

Table 2
Corrosion rates for C-17200 alloy at different experimental conditions
Electrolyte Corrosion ratqufn year ')
Non-oxidizing atmosphere 2% Oxidizing atmosphere 2% Non-oxidizing atmosphere 7€
pH 3.26 (0.5M BSOy) 0.0277 0.0476 0.262
pH 4.08 (0.5M BSQOy) 0.0297 0.0530 0.2655
pH 5.17 (0.5M BSOy) 0.0319 0.05543 0.2829

5% (v/v) HCl+5% (viv) NaSOy 0.0442 0.0468 0.2493
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Fig. 9. SEM micrograph of C-17200 Tafel plot sample in pH 4.08 &t@5

under a non-oxidizing atmosphere. . . .
Fig. 12. SEM micrograph of Tafel plot sample in pH 4.08 at 60under a

non-oxidizing atmosphere.

potential for these samples as compared to pH 5.17. The blis-
ter formation is a typical characteristic of copper alloys like
Cu—Ni alloys reported by research§t8]. The XRD analy-

sis of the corrosion layer revealed cuprous oxidex@uas

the major compound. The layer was observed to be firmly
adherent to the substrate. Higher current recorded was due to
bursting of blisters in some areas and divert exposure of the
substrate material to corrode.

The corrosion layer for a C-17200 sample at@0in a
non-oxidizing atmosphere was observed to be non-porous,
non-flaky as shown ifrig. 13 The layer was also observed
to develop uniformly over the entire surface. The increase
Fig. 10. SEM micrograph of C-17200 Tafel plot sample inpH 4.08 825y the corrosion current, i.e. increase in corrosion rate with
under an oxidizing atmosphere. . . .

increasing temperature, revealed the enhanced formation of
the corrosion layer.

corrosion layer without porosity. SEM micrograph of C-
17200 at 60C for pH 4.08 in non-oxidizing atmosphere is
shown inFig. 12 The micrograph in this case was observedto 3.3.2. Analysis of corrosion samples in 5% (v/v)

show a different morphology as compared to a similar sample HCl + 5% (v/v) NazSO4

atpH3.26 and 5.17. The samples were observed toshowlayer A SEM micrograph from the potentiodynamic polar-
flakes or blisters. This explains the high corrosion current and ization experiment in 5% (v/v) HCI+5% (v/v) N8O

Fig. 11. SEM micrograph of C-17200 Tafel plot sample under pH 4.08 at Fig. 13. SEM micrograph of Tafel plot Sample in pH 4.08 at @under a
50°C under a non-oxidizing atmosphere. non-oxidizing atmosphere.
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Area A

Area B

Fig. 16. SEM micrograph of C-17200 alloy from potentiodynamic polar-
ization testing at 60C in 5% (v/v) NSOy + 5% (v/v) HCI solution under
non-oxidizing conditions.

Fig. 14. SEM micrograph of C-17200 alloy from potentiodynamic polar-
ization testing at 25C in 5% (v/v) Na@SOy + 5% (v/v) HCI solution under

2 o observed to be the same (Cu36 at.%, Be:~62 at.%, O:
non-oxidizing conditions.

~2 at.%). At high temperatures, the formation of porous ar-

electrolyte at 25C is shown inFig. 14 The micrograph €as may l_)e favored._ ) )
shows clear non-porous corrosion product layer. The layer. 19-17isa SEM mlcrggraph from poter;tlodynamlc polar-
was observed to be strongly adherent to the substrate. ThidZation experiment in 5% (v/v) N&O, +5% (v/v) HCl so-

tarnishing layer is due to the passivation observed. The cor-ution at 70°C. The micrograph is similar tig. 11(60°C).
rosion products formed were observed to be insoluble in the Thus, itcan be concluded that a non-porous layer of corrosion

electrolyte. A SEM micrograph from the potentiodynamic Product was formed on those samples, which contributed to
polarization experiment in 5% (v/v) N&Oy + 5% (v/v) HCI protection of the alloy surface below it. XRD analysis was
solution at 50.C is shown irFig. 15 The micrograph is sim- used for further investigation of corrosion product.

ilar in morphology to the 25C sample. Tarnishing layer of
corrosion products was observed.

A SEM micrograph following the potentiodynamic po-

larization experiment in 5% (v/v) N&Oy +5% (v/v) HCI XRD analysis of the samples after corrosion testing was
solution at 60C is shown inFig. 16 The micrograph carried out using a Philips XRG 2500 powder diffractometer.

shows several well-defined areas separated by a different mi-XRD spectra for samples at 25 and“@in 0.5M HSO,

crostructure. The well-defined area was designatetiasd environment are shown iRig. 18 The analysis showed a
matrix was designated @ Higher magnification of area  Similar trend for all samples. The XRD spectrum was ob-
B was similar to area but was composed of several pores Served to show small intensity peaks due to a very thin
which contributed to several active—passive regions in the COTTosion layer. Major peaks of copper and cuprous oxide
polarization plots Fig. 8. EDS analysis of ared and B were observed which is conS|sFent with _the I|tera_1t[]r¢]._
was carried out. Elemental composition of afeandB was The graphs showed a gradual increase in peak intensity of

3.4. XRD analysis

Fig. 15. SEM micrograph of C-17200 alloy from potentiodynamic polar- Fig. 17. SEM micrograph of C-17200 alloy from potentiodynamic polar-
ization testing at 50C in 5% (v/v) Na&SOy + 5% (v/v) HCI solution under ization testing at 70C in 5% (v/v) N&SOy + 5% (v/v) HCI solution under
non-oxidizing conditions. non-oxidizing conditions.
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Fig. 18. XRD analysis of corrosion samples of C-17200 alloy in 0.5M 985 975 965 955 945 935 925
H,SOy. Binding Energy, eV

cuprous oxide with temperature. Similarly, the intensity of Fig. 19. XPS spectrum for corrosion samples of C-17200 in 0.5)8®4
cuprous oxide peaks was observed to increase with increas?t PH 3-26 at 25,50, 60, and 70.
ing pH, though not very significantly. This supports the view
that the alloy is prone to corrosion and forms a layer of
cuprous oxide at high pH and temperature. At lower pH,
corrosion was less because of the formation of a thin, tar-
nish oxide film on the substrate. This clearly shows that the
corrosion layer formed was composed of,Oyi.e. cuprous
oxide.

Though cuprous oxide is favored over cupric oxide, cupric
oxide may also be formed under given conditions as reported
in literature [15]. XPS analysis of corrosion samples was
further carried to analyze the corrosion products below the
surface.

ide and cuprous oxide are both present in the corrosion
productg9].

4. Discussion

The corrosion results for the C-17200 alloy were com-
pared with corrosion properties of other copper and copper
alloys. Several reports have discussed the behavior of copper
and its alloys in an acidic environment. Some literature has
reported the change in pH of the solution due to formation
and consumption of Hions[16], but due to very small span
of experiment (<5 min for scan) this possibility can be ne-
glected. Its long been known that copper and its alloys are
prone to a higher corrosion rate with increasing[fi¥,17]

_The corrosion samples were analyzed for XPS analysis This behavior is due to the increased formation ofGwith
using a Kratos XPS surface analyzer. Samples were mountednigh pH in acidic environmeriti4,17} which is consistent

on standard sample holders, blasted with high pressuge CO with experiments in 0.5 M bSQy as seen fronTable 1and

;(;fr:e?enst\?vzrselj:;as%ertfergrir;r?outsr::r;grﬂtr:grtlrr;r?su]‘g[rleci.aﬂf)i??grthe SEM micrographs of those experiments. The corrosion
pies P ) current was observed to be increasing with temperature due
outgassing. Each sample was sputter cleaned using 4kV Ar

) : . to the common enhancement of corrosion at high tempera-
ions for 2 min to remove surface contaminants before XPS . .
analysis[9]. ture. The dissolution of C-17200 alloy was observed to be

. . similar to that of pure copper. The overall reaction is given
e ey A (1] (0.9 and (s h dsoluton e ot oy
) gles, respectively. SP depends on the concentration of kbn but also Q. It was
ical analyzer was operated in Fixed Analyzer Transmission :

) also reported that the concentration of30does not affect
and non-monochromatic mode. An AbKX-ray source was .
" e the corrosion rat§l 8].

used for exciting the photoemission process. XPS spectra
from corrosion samples of C-17200 in 0.5 M$0y at pH Cu + Op +2HT = CU*t +H,0 )
3.26, and 25, 50, 60, and 7Q are shown irFig. 19 XPS _ )
spectra of samples were similar even with increasing tem- Along with CyO the formation of CuO was also reported
perature. In the spectrum the Cuz2ppeak is at 932.7 eV, [15]. Be|r_19_ nobIethan F||n.the electrqchem|cal series the
which suggests that either or both elemental Cu (932.7 eV) lloy exhibit following reaction (+EQ(4)) in the cathodic re-
or C,O (932.5eV) were present on the surface. Also Cu 9ion apart from displacement of'Hons[15].
2pz/2 peak is at 933.6 eV conflrmlpg oxides of copper. Thgs, Oy +4HT + 46 = 2H,0 (4)
peaks of copper and cuprous oxide were showing the high-
est intensity. Also they were observed to overlap. The other  Thus, @ produces CuO, which was observed as a duplex
major peak was at 952.7 eV for the Cui2p peak, which oxide layer evident from the XPS analysis. The formation
is cupric oxide. This analysis clearly shows that cupric ox- of such a duplex layer of various copper oxides is reported

3.5. XPS analysis
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by several researchdiist,17] Thus, the formation of duplex  implementation of copper alloys will assist in reducing the
oxides in the 0.5M HSO, environment can be explained resistance losses in fuel cells.
by a similar type of stratification behavior reported in the
literature for pure coppdt.7].

The dissolution of copper in HCI is similar to that of
H>SOy. The initial reaction in the anodic region up to the

?S; passivation is controlled by simple anodic reaction (Eq. Authors are very pleased to acknowledge the financial sup-
port given by US Department of Energy (DOE). The financial

Cu = CW¥t +2e (5) support given by Center for Advanced Vehicle Technology
at the University of Alabama is also appreciated.
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The dissolution is controlled by the reaction given below
(Eq. (6)) [15] after this region has passed i.e. after first pas-
sivation:
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