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Abstract

The electrochemical characteristics of lab prepargd@ion and commercial Pt4Rafion air fuel cell electrodes in sulfuric and chromic
acid electrolytes were examined to help in the design of an electrochemical system that might potentially be used in the regeneration of
spent chromium plating solutions to save energy. In both solutions, theNr#fien electrode obtained higher cathodic currents from oxygen
reduction than the Rtlafion electrode, mainly due to an order of magnitude greater active area in thiNRfie@ than in the PNafion
electrode. The currents significantly increased after the cathodic sweeps p&s8ed.8 V versus a standard hydrogen electrode (SHE) in
both systems. The currents for the oxygen reduction reactions were higher in the sulfuric acid system than in the chromic acid system, which
were associated with less available electroactive sites on the electrodes and/or the inhibition of oxygen reduction in the chromic acid. In
addition, impurities (i.e., Cu) were more difficult to deposit on Pt in the chromic acid than in the sulfuric acid. In sulfuric acid, the Tafel slopes
were similar for the two electrodes, but in chromic acid, the R¥éafion electrode had a Tafel slope close-tb20 mV decade! while the
Pt Nafion did not have a clear Tafel region+#600-400 mV versus Ag/AgCIl. The polarization results suggest that, in practical applications,
flooding, if it occurs, will be more responsible than slow oxygen reduction kinetics for the cathodic potential/cell voltage increase in the fuel
cell cathode system using chromic acid.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction One type of PEFCs is the hydrogen—oxygen fuel cell that
generally consists of a membrane electrode assembly (MEA)
The ability of polymer-electrolyte fuel cells (PEFCs) to and two graphite plates with a gas inlet and outlet. Hydrogen
produce energy has been investigated for several decadesxidation and oxygen reduction occur at the anode and cath-
The cells were initially used in spacecraft and are cur- ode, respectively, which are placed at opposite sides of the
rently being investigated for use in electric vehicles. PE- MEA. Its performance is controlled by the slow kinetics of
FCs have high power densities, are compact, generally dooxygen reduction at the {side of MEA[2].
not leak electrolyte, and are stable at room temperature A commercial MEA (ElectroChem Inc.) commonly in-
[1]. cludes the components of carbon paper/cloth, platinum—
carbon (Pt—C) mixture, and Nafi8rmembrang1,3]. The
mpondmg author. Tel.: +886 8 770 3202x7002: Pt—C mixture is comprised o_f fine platinum grains _supported
fax: +886 8 774 0256. by larger carbon powder with a porous carbon fiber back-
E-mail addresshuangkl@mail.npust.edu.tw (K.-L. Huang). ing which allows air to pass throudh,4]. One side of the
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commercial MEA can be used as a Pt-C catalyst cathodehard chromium electroplating solutions and to determine if
with a three-dimensional reaction region that is similar to a the use of a fuel cell cathode could save cell voltage (en-
three-dimensional cathode that has been used extensively irergy). Although no direct comparison was made with the
industrial electrowinningjs]. This design improves the rates  existing commercial process involving a porous diaphragm,
of electrochemical reactions of interest on the cathode overthey compared cell voltage for an air-fed MEA with that for
a conventional planar electrode. a nitrogen-fed one (in which hydrogen evolution occurred).
In hard chromium plating, a process widely used in They found that the required cell voltage was lowered (at
chromium electroplating industry, the buildup of impurities constant current) when the nitrogen gas was replaced with
(i.e., Cu(ll), Ni(ll), and Fe(lll) from raw materials and Cr(lll)  oxygen; however, the cell voltage increased with time. This
from Cr(VI) reduction on cathodes) limits the lifetime of the increase was attributed to flooding of the MEA. Similarly, itis
plating solutions because their presence degrades the qualpossible that gradual flooding caused the cell voltage increase
ity of the chromium deposi6]. Since the disposal of spent in a commercial Pt—@afion during~4.5 days of operation
chromic acid containing very high concentrations of toxic (particularly within the first 24 h) in our earlier wofl]; it
Cr(VI) is expensive and can cause significant environmental was also found that the system using the PNa&ion MEA
degradation, there is increasing interest in finding ways to needed approximately 3V more than that was needed for the
regenerate waste chromium liqugrs. system with a RNafion cathode in operation at constant cur-
Electrolytic separation is one of the techniques currently rent[9]. Ahmed et al]4,10] also indicated that Cu, Fe, Ni,
employed for the regeneration of spent chromium plating so- and Cr might deposit on the electrode matrix and deactivate
lutions [6-8]. This process, mainly influenced by electrode the Pt-catalyst causing a rising cell voltage.
materials, electrolytes, separators, and operational parame- The PtNafion MEA, like a Pt—-QNafion MEA, is also
ters (currents/potentials), is not very well understood becausea three-dimensional electrod8]. However, its Pt grains
the metal impurities (i.e., Cr(lll) and Fe(ll)) oxidationO  penetrate into the Nation solid electrolyte deeper than in a

evolution and metal ion impurities reduction/lvolution Pt—CNafion MEA. There is a trade-off in the designs of these
that occur at the anode and cathode, respectively, are complitwo cathodes for—(i) proton conduction: Pt > Pt-C, (ii) elec-
cated. tron conduction: Pt>Pt—C, and (iii) {ransfer: Pt<Pt-C

An electrolytic cell separated by a ceramic diaphragm for the oxygen reduction in acid electrolytes.
[6,8] or a Nafion membrane can simultaneously oxidize  In this work the cathode flooding associated with the cell
Cr(lll) to Cr(VI) on the anode and transport metal ion impuri- voltage increase was explored, the electrochemical charac-
ties from the anolyte to the catholyte to regenerate chromium teristics of the process, including kinetic parameters of oxy-
plating solutiong7]. In these processes the anodic oxidation gen reduction of the commercial PtfMafion MEA and the
of Cr(lll) to Cr(VI) is, in general, of minor concern because PtNafion MEA were determined and their operational char-
it is much faster than the transport of the other impurities acteristics were compared. In addition, both sulfuric and
through the separator. In addition, although the separator-chromic acid, as possible catholytes were compared. Finally,
phase diffusivities and mobilities of Cu(ll), Ni(ll),and Fe(lll)  due to a concern that the deposition of catholyte impurity
are greater in a ceramic than in a Nafion membrane, the trans{i.e., Cu(ll)) might deteriorate the performance of the air fuel
port of these impurities through the ceramic may be much cell cathode, a planar Pt electrode was used in cyclic voltam-
slower than through the Nafion membrane because the ce-metry to determine if the chromic acid catholyte impurities
ramic is much thickef7]. (Cu(I) was deposited on the Pt surface.

Collecting solutions (catholytes) may also influence
impurity removal. Metal hydroxide sludge can deposit on the
cathode, accumulate in a sulfuric acid catholyte, and clog the2. Experimental
ceramic separator, resulting in a rapid increase in cell voltage
[6], whereas for a chromic acid catholyte system using both  The cathodic half cell of a previously employed two-
the Nafion membrane and ceramic diaphragm separatorscompartment cell made of acrylic plasf] was used in the
no metal hydroxide sludge was obserJ@&tl Nevertheless, experiments. It included an electrolyte compartment, MEA,
the process needs fairly high power requirements, especiallyPt gauze (current conductor), graphite plate (current conduc-
when impurity metal compounds coat the cathodes. For thistor and support) with air inlet and outlet, copper foil (current
process, therefore, another area of research is on how tacollector), gasket, and acrylic holddfig. 1a). Screws and
lower the power requirements. nuts connected the electrolyte compartment and the air fuel

The air cathode used inoHOo/air fuel cell systems (in-  cell cathode assembly.
stead of hydrogen evolving cathodes) may potentially be ap-  The effective projected areas of the MEAs were $cm
plied to an electrolytic system for spent chromium plating The Pt—QNafion MEA (FC05-MEA, 1 mgcm? Pt load-
solution regeneration to improve its efficiency and lower its ing, 20 wt.% Pt—C), Pt gauze, and graphite plate (FC05-MP)
power requiremerjé]. An in-house Pt—@afion air fuel cell were purchased from ElectroChem Inc. (Woburn, MA). The
cathode was first tested by Ahmed et[dl] in an electro- PtNafion MEA was made by the impregnation-reduction (I-
chemical membrane process to remove contaminants fromR) method11-14]which is briefly described here. An acid
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Fig. 1. (a) Schematic diagram of each unit that was assembled for the experimental cell (A: electrolyte compartment, B: MEA, C: Pt gauze, Daggaphite pl
E: Cu foil, F: silicon gasket, and G: acrylic holder); (b)¥afion SEM photo (top-view); (c) Rtlafion SEM photo (side-view) (frorf®] with the permission
of Selper Ltd. and Environmental Technology); (d)NRtfion; and (e) Pt—{afion.

cleaned Nation membrane was soaked in a 0.01 M platinum  The cathode-fed gases were,MNir, or @ supplied at
tetramine (Pt(NH3)Cl,, 99%, Stern Chemicals) solution be- a flowrate of 100 crhimin—! for cyclic and linear scanning
fore it was washed with deionized water and immersed in a voltammetric tests. The supporting electrolyte was either 2 M
0.1 M NaBHU (95%, Ferak) reducing solution for 2 h. Itwas sulfuric acid or 2.12 M chromic acid solution with a volume
then equilibrated in a 2 M sulfuric acid solution followed by of 300 mL. The electrolytes were purged with purified ni-
pure water cleaning to remove impurities. After this treat- trogen gas{100 cn? min—1) during and before each exper-
ment, the Pt particles covered the surface of one side of theiment. The electrochemical tests were performed using an
Nafion piece with a thickness of about LB at a Pt loading EG&G potentiostat (Model 263A). Cyclic sweeps continued
of 1.35mg cnT2. The Pt particles penetrated into the Nafion for about 400 cycles (about 60 min) (scan rate 100 mY's
to a depth of~10pm (Fig. 1b—d) [9]. The Pt—C piece of  until stable cyclic voltammograms were obtained. Slow lin-
the commercial Pt—Blafion had a measured thickness of ear sweeps at 1 mV'$ (pseudo-steady-state) were used to
~200pm (Fig. le). simulate steady-state polarization. In the initial experiments,
The 2 M sulfuric acid solution was prepared by diluting a the linear sweeps resulting from 1 to 0.5 m\tgates were
concentrated sulfuric acid (96-98%, trace metal grade, RDH) found to be nearly identical so a scan rate of 1 mVwas
with deionized water (>18.3 M cm) while the chromic acid  used for the remainder of the experiments.
was prepared from dissolving C§Q99.9%, Aldrich) in The potentials reported were all versus Ag/AgCI, except
deionized water. Two 0.1 M CuS§(99.99%, Aldrich) so- cell voltages. The Ag/AgCl reference electrode and a plat-
lutions (in 2M HSO; and 2.12M Cr@) were used in inum counter electrode were located in the sulfuric or chromic
a cyclic voltammetric experiment to investigate the oxida- acid solution in the electrolyte compartment. All the experi-
tion/reduction of Cu(ll)/Cu on a planar Pt electrode. ments were performed at room temperature.
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3. Results and discussion

3.1. Cyclic voltammograms (CVs)

3.1.1. Pt—QNafion MEA

The CVs obtained at the MEA's PtHigafion interface in
both sulfuric and chromic acids were simil&ig. 2(a) and
(b)). When nitrogen was used, hydrogen adsorption (A in
Fig. 2(a)) and desorption (B ifrig. 2(a)) can be seen. At

—200 mV, hydrogen evolution appears.
O, +4HT +4e” = 2H,0; E%= 1.229V (versus SHE)
1)

O, +2HT + 26" = H,0,; E°= 0.670V (versus SHE)
(2)

potentials of around 1000-1100 mV, the measured currentFor the carbon supported|Rafion MEA, carbon is not an
became negative and oxygen underwent a 4-electron reduceffective catalyst for @ reduction by either the direct 4-

tion (Reaction (1))15-16] Yeager[15] indicated that this

electron pathway or the peroxide formation pathway in acid

reaction occurs predominantly in acid electrolytes with air electrolyte[15].

cathodes containing very highly dispersed Pton amoderately The CVs using air and oxygen as feed gases were quite
high surface area carbon support. In a properly working MEA similar in both acids and very different than those obtained us-
with good gas access, the 4-electron reaction would presum-ing nitrogen. Using the Pt{8afion MEA in HoSOy, there
ably dominate because overpotentials would remain modestwas about a 180 mV potential difference between air and

With further cathodic sweeps, a 2-electron reduction pfd
peroxide (Reaction (2]L5] accompanied by Pt oxide reduc-

oxygen at 400 mA (80 mA cr?) cathodic current. This was
far more than the thermodynamically expected difference

tion would probably occur around potentials of 400-500 mV. of 10-11 mV (RT4F)(In(1.0/0.21)) = 15 mV decadé of O,
Under more negative cathodic sweeps at potentials of aboutpressure]2]. This difference means that there was significant
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Fig. 2. CVs of Pt—-(Nafion electrode in (a) 2M sulfuric acid and (b)
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rate = 100 mV 51; beginning point—200 mV vs. Ag/AgCl.

polarization resistance (and/or perhaps ohmic resistance) in-
creasing approximately linearly with current density in this
MEA. This occurred far more for air than for oxygen. In other
words, gas phase diffusion resistance was dominant. On a
SHE scale, the values of the electrode potential at this cur-
rent density were as follows: +20 mV for oxygenl170 mV

for air, —400 mV for hydrogen evolution.

At the same current density in)8r0O;4, the same MEA,
when fed with air or oxygen had a much smaller potential
difference, in fact close to the thermodynamic value. This
implies that the polarization resistance and ohmic resistance
were about the same for oxygen and air. However, the elec-
trode potentials in bICrO4 were far more negative than in
H2SOy, for example, at 400 mA, approximately300 mV
for both oxygen and air. Hydrogen evolution appeared to re-
quire approximately-500 mV. This huge overpotential for
oxygen and air (1500 mV) suggests that the MEA was proba-
bly flooded, or alternatively the kinetic for oxygen reduction
were very slow, or both. The overpotential for hydrogen evo-
lution was also large<{500 mV), but not much more than
that in bSOy (—400 mV).

3.1.2. Impregnation-reduction fdafion electrode

In a sulfuric acid solution, the CV of the |Rtafion elec-
trode was similar to that measured using a common planar
Pt electrode Fig. 3@)). The peaks indicating hydrogen ad-
sorption (A inFig. 3(a))/desorption (B inFig. 3(a)) were
clearly detected. Comparing the CVs of the two different
MEAs during the feeding of bigas within the potential range
of —200 to 200 mV Figs. da) and 3(a)), the PtH@afion
type MEA had higher scan areas for hydrogen adsorption
and desorption indicating it had a larger electroactive Pt area.
The typical Pt oxidation plateau (C Fig. 3(a)) and the re-
duction peak of Pt oxides (D iRig. 3(a)) were also clearly
detected.
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Fig. 3. CVs of PNafion electrode in (a) 2M sulfuric acid and (b)
2.12 M chromic acid using § air and Q electrode feeding gases. Scan
rate = 100 mV s?; beginning point—400 mV vs. Ag/AgCl.

During feeding of the electrodes with air, the cyclic sweeps
of the PtNafion electrode in both sulfuric and chromic acids
showed Pt oxide reduction peaks (DHig. 3(@) and E in

The oxygen diffusion resistance in the Pt catalyst layer of
PtNafion cathode should be greater than thatin the Pt—C cata-
lyst mixture of Pt—QNafion cathode. The catalyst Pt particles
in the Pt—C not in direct contact with Nafion can also be in-
volved ininterfacial electrochemical reactions (i.exyé@duc-
tion) and contribute to cyclic voltammograms mainly through
the pathway of surface conductance on carbon particles with
a significant ohmic drop effe§t 7]. Consequently, the ohmic
dropisinherently larger inthe Pt—C piece of P{N@fion than
in the Pt layer of RNafion. If electrolyte entered the pores of
MEAs, more electrolyte will be retained in the more porous
Pt—C than in Pt, thus increasing the flooding and cause a need
for greater cell voltage.

3.2. Linear sweep voltammograms (LSVs)

3.2.1. Pt—QNafion MEA

The cathodic LSV results using both air and oxygen in both
acids were quite similar. In all cases the cathodic current due
to oxygen reduction (Reaction (1), on the oxide-covered Pt)
obviously increased around a potential of 600 nNg( 4).

For the Pt—(Nafion cathode in LSO, the potential differ-
ence between air and oxygen was initially small. However, it
gradually increased to approximately 11 mV at 20 mAém
(100mA) and to approximately 180mV at 80 mAcTh
(400 mA). This finding was similar to that found in the CV
scans discussed in SectiBrl.1 probably due to ohmic re-
sistance increasing with increasing current density. On the
other hand, using the Pt{€afion electrode in HCrOy,

Fig. 3(b), respectively), which indicates that the rate of oxy- the potential difference between air and oxygen over the

gen reduction decreased when the impregnation-reduction
type PtNafion electrode was used over what occurred using
the Pt—CNafion electrode. This was probably because the
Pt—C electrode incorporating carbon paper and particle sup-
ported Pt had larger voids than the Pt grains of thN&fion
electrode allowing better oxygen transfer.

When comparing the performance of the|Netfion
MEA in HoSO; and HCrOy4 at the same current density
(80mAcnT?) (Fig. 3, a 270mV potential difference
between air and oxygen inJd30, (i.e., a 50% increased
potential difference compared to the P{Nafion MEA) was
measured. The electrode potential for oxygen at that current
density was—200 mV versus Ag/AgCI (i.e., 220mV more
negative than for the Pt4Rafion MEA). This finding also
implies that the active area in this MEA was far smaller than
for the Pt—QNafion MEA, by almost an order of magnitude
(assuming the Tafel slope should be 120 mV per decade
for high-rate oxygen reduction). The 270 mV difference
between air and oxygen strongly suggests flooding occurred.
In HoCrO4 there was again little difference between air and
oxygen, similar to the case for the P{Nafion MEA. How-
ever, the value of the electrode potential was approximately
280 mV more negative than with the Ptpa&afion MEA. This
finding confirmed the inference from the; 850, measure-
ments, that the Mtlafion MEA, in addition to being flooded,
had a far smaller active area than the RiN&fion MEA.
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entire cathodic current density range (up to 35 mAén Interestingly, H evolution began around200 mV (close
was small £11 mV), indicating that under this quasi-steady- to 0mV versus SHE) for all the three gases in both acids
state condition the Pt—-C MEA was functioning as expected. Using the RiNafion, revealing that the electrode worked as
This finding was also suggested by the relatively low po- €xpected for H evolution in both low pH solutions. There-
larization (electrode potentials being above +200mV ver- fore, for both the MEAs, the smaller current density obtained
sus SHE). However, the currents obtained were smaller thanin the chromic acid solution than in the sulfuric acid solution
those in HSOy (i.e., approximately one-half smaller for the should be mostly attributed to the effect of using different
O, case), indicating the possible inhibition of oxygen re- e€lectrolytes.

duction in HCrQO4. This inhibition was also reflected in the

overpotential of 1600 mV. 3.2.3. Tafel plots
In the sulfuric acid solution, a two-slope Tafel re-
3.2.2. Impregnation-reduction fafion MEA gion was observed for both the PtNafion and PiNafion

Similar results were also observed when comparing the (Figs. 6(a) and 7(a)respectively) in the 400-800 mV ver-
cathodic LSVs of the Pafion electrode in the sulfuric acid ~ Sus Ag/AgClrange, indicating a mixed ohmic-kinetic control
and chromic acid solutiond={g. 5a) and (b), respectively), [10]. However, when the potential was smaller than 400 mV
i.e., apparent current increase of around 600 mV during air Versus Ag/AgCl, the slope increased again and the curves
and @ feeding, greater potential difference between air and suggest there was a mass transfer controlled region.
oxygen in sulfuric acid than in chromic acid, and greater ~ The Tafel slope for the oxygen reduction reaction on
cathodic current using air and oxygen in sulfuric acid than in the Pt-QNafion in the sulfuric acid solution was close to
chromic acid. The corresponding currents in sulfuric acid and —120 mV decade! and it was approximately three times
chromic acid were smaller using theRafion electrode than ~ that in the high and low current density regions, respec-
using the Pt—(Nafion electrode confirming that the former tively (Fig. 6(a)). This was somewhat similar to that for
electrode had a smaller active area than the latter. This wasthe PtNafion having a narrow current density (Iog(ange
also supported by comparing their CVs during féeding ~ (—2.6 to—2.1 Acnt?) for the slope of-120 mV decade!
for hydrogen adsorption and desorptidiigs. 2 and R The and a three times higher slope in the high and low
increased currents were also possibly due to the fact that the
Pt—CNafion had a higher ©transfer rate and/or a better 1400

dispersed Pt catalyst resulting in more active sites than for 1200 -
the PtNafion MEA.
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in sulfuric acid solution at the potential <600 mV versus
Ag/AgCI. The negative resistance region was previously re-
ported using a Pt plate as a working electrode in chromic acid
solution and is considered to be evidence of the formation of
a cathodic film by Hoar@25]. It might also be explained by

a superposition of several phenomena (i.e., reactions) occur-
ring in the same range of potential for the non-linear Tafel
diagramg24].

In the same chromic acid solution, the shape of the Tafel
plot for the PtNafion (Fig. 7(b)) was fairly similar to that
for Pt—QNafion. However, the decrease in lggfas smaller
within 800—600 mV versus Ag/AgClandthe increase inipg(
when it is greater thar-3 was significantly smaller for the
former electrode than for the latter, which was probably due
to the much smaller active surface area for tHalBfion elec-
trode. For both electrodes, theé50 and—120 mV decade’
in Tafel slopes were obtained in the low current density re-
gion with a narrow potential range around 1080-960 mV
versus Ag/AgCI. Nevertheless, the PtNafion had a Tafel
slope close te-120 mV decade! between log) = —3to—2
(~600-400 mV versus Ag/AgCl) while the |Rafion did not
exhibit a clear Tafel region in that range.

3.3. Comparison of sulfuric and chromic acid catholytes

Fig. 7. E-log() plots of PtNafion electrode in (a) 2 M sulfuric acid and (b)

212 M chromic acid. According to the above comparisorisads. 2—7 particu-

larly Figs. 6 and ), the electrolyte effect on oxygen reduction
current density regions, respectively. The slope was aroundfor both the electrodes was remarkable. The two electrodes
—60mV decade! in a wider high current density region obviously gained smaller cathodic current from oxygen re-
(more than one decade of current density (lpg(3.8 to duction in the chromic acid solution than in the sulfuric acid
—2.7Acnm?)) (Fig. 7(a)). These slopes in the high and solution; in other words, the electrodes needed more polar-
low current density regions correspond to oxygen reduction ization to obtain the same current density of oxygen reduc-
on oxide-free and oxide-covered Pt, respectija]. The tion in the chromic acid solution than in sulfuric acid solution
oxide-covering on the Pt surface can block oxygen transfer (Table ). This was possibly due to fewer available electroac-
reduction[2] and electron migration or tunnelij@9]. Sepa tive sites because the electrode surface was covered with a
et al.[20] indicated that the Tafel slope for oxygen reduction cathodic film and/or the inhibition of oxygen reduction in
on Ptin acid or alkaline solutions was60 mV decade? in chromic acid at room temperature. The gas-phase oxygen
a low potential polarization region. Others have reported that reduction on a Pt electrode was previously reported to be sig-

the Tafel slopes 0f-60 and—120 mV decade! were com- nificantly inhibited in the presence of Cr(VI) species (e.g.,
mon for low and high current density regions, respectively CrOzg) at high temperaturf26]. Therefore, the sulfuric acid
[18-23] solution should be more suitable than the chromic acid solu-

The existence of several Tafel slopes and non-linear Tafeltion as a collecting solution (catholyte) when théNetfion
diagrams may be interpreted as (i) the change in Tafel slopeor Pt—-GNafion cathode is used because a greater system cur-
from —60 to—120 mV decade! caused by a kinetic change  rentfrom oxygen reduction reactions will be obtained at same
of oxygen reduction on Pt—C catalyst due to the change cathodic potential. Note that the exchange current densities
of oxygen coverage on Pt surface around 850 mV versusaround the apparent equilibrium potential for oxygen reduc-
SHE and (ii) the limiting ohmic effect in the catalyst layer tion did not differ for either electrode or electrolyte. These ex-
and the diffusion limitation in the flooded-agglomerate lead- change current densities obtained at pseudo-steady-state us-
ing to a doubling of Tafel slopes at high current densities ing a scan rate of 1 mvV8 were in the 164 to 107> Acm—2
[24]. range, which implies that the kinetics of oxygen reduction

Unlike the case in sulfuric acid solution, the logt Tafel for both electrodes were not as poor as expected in the two
plot for the Pt—QNafion in the chromic acid solution de- electrolytes, especially in the chromic acid. In contrast to
creased when the potential was lower than 900 mV versusthe oxygen reduction reaction, hydrogen evolution around
Ag/AgCl and it seemed to be a plateau for each gas around—200 mV versus Ag/AgCIl (O mV versus SHE) was appar-
800-600 mV versus Ag/AgCHig. 6(b)). The trend of logj ent in each electrolytel@ble ) because of the abundance of
versusE curves for air/Q feeding cases was similar to those protons and fast kinetics.
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o = Keeping the cathode potential near what is required for
E > 5 oxygen reduction should not allow impurities such as Cu,
g £ - Ni, and Fe to be plated out and hydrogen evolution will not
O c y—
2 % o;: occur because the standard electrode potentials forthose reac-
g S © tions are much more negative than that required for oxygen
sle o % reduction on the Pt electrod&gble ). Unfortunately, this
ol % < is only true for potentiostatic control in a normally operat-
e 52 ing MEA in HoSO4 (somewhat like the case of PtiGafion
o a2 G in this work). In normally controlled-current operation in
E 3 g H2>CrQy, the potential within the MEA can become nega-
% 5 f:; tive enough to allow deposition of Ni and Fe, though perhaps
g 2 3° not Cu.
Pt} 4 = C g . .
= 5 N 3.4. Deposition of Cu(ll) on the cathode in sulfuric and
c w2 & g chromic acid collecting solutions
S = -
B|d|® I gy
= % "323 2 > 8 It is important to determine if the contaminants in the
_ = [g plating baths (e.g. Cu(ll)) deposit on the Pt particles inside the
o £ i ; i i ey
Su MEA, which may increase ohmic resistance resulting in an
i= o . T .
s % 2 increasing cell voltage. A planar Ptworking electrode and two
< § 3 > 2 mixed solutions: 0.1 M CuS£in 2M H,SOy; 0.1 M CuSQ
= 8 < ; ‘<§r in 2 M CrOs were used for cyclic voltammetric experiments
S S & g 8 to investigate this possibility. The sweeps of CV started from,
g 5 = 2 F and ended at, a negative potential.
< 3 S 3 8 g In these experiments, no Cu oxidation and reduction peaks
= fust N— N . . . . . . .
3|8 Slo T < were detected in the chromic acid solution experiment indi-
g T % 9; ?? =3 cating Cu(ll) reduction did not occur; however, in the sulfu-
c —_ . . . . .
e _ % e} ric acid solution the Cu(ll) reduction peak (at approximate
S g ? 4 ? —250mV) and Cu oxidation peak (around +250 mV) were
s|2 s 5 é significant Fig. 8). A deposit of Cu on the Pt working elec-
g o g 3 =k trode was visible when the sulfuric acid solution was used but
pyY I ® < o ; a deposit was not observed when the chromic acid solution
Lk = °
T35 S 5 2% was used.
& g c 5 2 gg These results were similar to those reported by Go-
\:/ & % S o Ng = eringer et al[27] who indicated that a Cu electrode could
—_— ~— o~ —_ . . . . . B -
g g &2 & S 3 easily be oxidized by dichromate in a 0.2 M sulfuric acid
o o . . ..
g < s "Ir’u T 9 ég solution when protons were adequately supplied. This is
S . N in contrast to an inference from Ahmed et B,10] that
g % K
5 L SN
|5 —+ o o 6
(3] w =9 300
E 6":‘&5 E % § 250
S -3 ST =
3] =<3 S 3T 200 A
g ou C|) 88 /1 -
c B o ~ ~ @ E.” 150 —_— Sulfun(.:Acuj.l
I S N~ —~ e} 2 B /| —— Chromic Acid
— S c8co 100 1 [
m 222 |82 > /|
5 A i E = /o]
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ol £L=C|888 %
b g g o9 £3(883% = Fig. 8. CVs of Cu(ll) on a planar Pt electrode (1%nfor 0.1 M CuSQ in
5|5 oy |uuu 2 M sulfuric acid solution and 0.1 M CuS@n 2.12 M chromic acid solution.
S Hhln Y90 = Scan rate =50 mV'g-.
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Cu might be deposited on the Pt catalyst in their Pt—C the accumulated contaminants must be accomplished by
and contributed to deactivation of the catalyst. The re- a process modification, not by deposition on the fuel cell
sults of our experiments indirectly revealed that the depo- cathode, since the accumulation or recovery of Cu and
sition of Cu on Pt particles in the MEAs would be diffi- other contaminants is a necessary feature of the proposed
cult if the catholyte was chromic acid and the cathode was process.

either a PiNafion or Pt—-QNafion MEA. This could actu-

ally be an advantage of using chromic acid versus sulfu-

ric acid, since Cu does not contribute to deactivation of the Acknowledgments

catalyst.
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