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Fig. 5. Cyclic voltammograms of GC electrode coated with samples Hp and Ip,
scanned at 10mV s~} in nitrogen saturated 1 M HyS0Q,.

forms a metal oxide layer that protects (passivates) the metal
from further oxidation. Conversely, high molar concentrations
of the acid mixture readily modifies the surface of highly ordered
inert nanostructures for platinum deposition better than the low
concentrated ones. High specific charge of sample Ip;, when
compared to sample Hp, shows the presence of more electro-
chemically active sites available for hydrogen adsorption and
desorption. This clearly indicates that the surface modification
for sample Ip; was more pronounced than sample Hp, at higher
concentrations of reflux mixture. Although, the dimension of
platinum particles are similar, the distribution of platinum nan-
oclusters on functionalized sites and high Pt loading results in
higher rate of platinum utilization for sample Hp, than sample
Ipi. The estimated value of platinum utilization for sample Ip; is
grcater than 100% is due to the influence of background current
to the calculated hydrogen adsorption charge. Moreover, itis also
because of the presence of bigger size Pt nanoparticles with low
theoretical platinum surface resulting in higher platinum effi-
ciency. In fact, due to the practical measurement limitations, the
platinum utilization cannot be measured accurately to study the
electrochemical activity of catalysts. But, the approximated ver-
sion of it can be used to make a secondary comparison between
different catalysts. However, the performance studies of differ-
ent catalysts in this article are primarily based on their specific
charges or on their electrochemically active surface area.

Fig. 6 compares the cyclic voltammograms of sample Fp; and
sample Cp; obtained in deaerated 1 M H,SO4. The real elec-
trochemical surface area of platinum for these samples were
estimated from the integrated coulombic charge required for
desorption of hydrogen of the cyclic voltammogram shown in
Fig. 6. If we assume the charge required to desorb one mono-
layer of adsorbed hydrogen to be 0.21 mC cm™? [3], the active
surface of Pt on CNS and Vulcan were calculated as 58.49 and
63.86 m? g I, For the same Pt loading on the GC electrode, the
thickness of the electrode coated with 11.9 wt.% Pt/CNS will
be greater than the electrode coated with 20 wt.% PUYC. As a
result of variable thickness, some Pt particles supported on CNS
were blocked in the carbon substrate and not exposed to the
bulk solution. This also applies for the catalyst layers coated on
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Fig. 6. Cyclic voltammograms of GC electrode coated with samples Cp, and Fp,
scanned at 10mV s~} in nitrogen saturated 1 M H3504.

either gas diffusion layer or on the membrane (decal method) in
amembrane electrode assembly (MEA). Regardless of electrode
thickness, Pt supported on CNS showed similar electrochemical
performance like Pt supported on Vulcan Carbon, which was
primarily due to the highly porous structure of the nanostruc-
tures. The presence of more micro- and macro-porous structure
in CNS should improve efficient gas transport to the active Pt
sites in MEA, thus minimizing the transport and concentration
overpotentials. A BET surface area of 352.6 m? g~! for sample
F obtained from N, adsorption isotherms [4] showed a micro-
pore volume of 0.14cm>g~! and a pore width of 1.6nm. A
meso/macro-pore surface of 45.8m?g~! and a meso/macro-
pore volume of 0.64 cm3 g=! was observed from Hg intrusion
isotherms. Thus, the presence of a high porosity on CNS strongly
influences the availability of reactants on the active sites of
platinum.

In comparison with sample I, sample F exhibits more active
sites for platinum loading upon surface oxidation, which con-
firms the stability of the structure even after acid reflux. Hence,
sample Ip, can accommodate only 9.7 wt.% of Pt when compared
to 11.9 wt.% on sample Fp, as the highly ordered structure of
the latter was disrupted on treatment with high molar concen-
tration of reflux solution. The nanostructures are coated with
a layer of amorphous carbon upon oxidation with high molar
acids, showing that the surface of sample I was damaged before
platinization.

4, Conclusion

In summary, chemical oxidation of CNS with 1:1 propor-
tion of 7.5M H;S804 and 15M HNOj3 had showed significant
improvement in its electrochemical performance, which is
almost equivalent to Vulcan XC-72, ETEK®. Although the sam-
ple Ip treated with 3:1 proportion of 15M H3SO4 and 20 M of
HNOj showed even better electrochemical activity than sample
Fp,, increasing the ratio and concentration of sulfuric acid inten-
sifics the —=OSO3H peak, whichis not efficicntly hydrolyzed with
the technique used in this research work [17]. XPS analysis of
sample F have demonstrated the effective modification of its sur-
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face which permits to well distribute Pt clusters on the oxidized
sites, which was later confirmed with XRD, TEM and cyclic
voltammetry results. [n our previous article [4], we reported the
combustion temperature of a typical CNS was centered at 738 °C
for 90% of the sample measured by TGA. This clearly indicates
that with the presence of highly ordered and stable structure,
CNS used as catalyst support in PEMFCs should improve their
durability. Because of its relatively high porous structure, the
nanostructures should reduce mass transport losses of hydro-
gen o the inner nanolayers of the catalyst. Hence, with a highly
ordered and stable structure, high porosity and a similar electro-
chemical activity, these PYCNS (10~15 wt.%) are considered as
a potential replacement for PEMFC electrode catalyst support,
20 wt.% PY/C Vulcan XC-72. As observed from Table 2, the
mean particle size of Pt particles are comparatively bigger than
the state-of-art catalysts. Studies on controlling the Pt particle
size, corrosion and durability tests, improvement on Pt loading
for use in cathodes are currently in progress.
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In recent years, polymer electrolyte membrane fuel cell
(PEMFC) technology has been claimed to be the most promising
and highly efficient technology for stationary and mobile applica-
tions. In the development of PEMFCs, durability of the membrane
electrode assembly (MEA) is one of the most important issues that
has to be addressed prior to commercialization.'™ The present state
of the art PEMFC technology is based on nanosized platinum par-
ticles as 4 catalyst supported on high surface area carbon black (CB)
for both the anodic oxidation of hydrogen as well as the cathodic
reduction of air/foxygen. An ideal carbon support should possess the
following characteristics: (i) high surface area to deposit nanosized
Pt catalysts, thus increasing the reaction sites for electrochemical
reaction, (i) exhibit sufficient electrode porosity for the mass trans-
port of reactants to the active sites and removal of products at de-
manding high current densities. (i) stable under cathode environ-
ment, where it is subjected to a high potential (>0.85V vg
reversible hydrogen electrode), high acidity (low pH < 1), high hu-
midity (relative humidity, RH 80%), and high temperature
(60-90°C). and (iv) should possess very good electrical properties
(0 > 0.8 S cm™) 10 move the clectrons produced at the anode via
an extemnal circuit to the active sites at the cathode, where air/
oxygen along with the protons conducted through the membrane
tfrom the anode is reduced 1o water. However, due to its turbostratic
structure, the amorphous carbon and short-range graphitic crystal-
lites in CB are easily attacked by acid. followed by hydrolysis and,
on further oxidation, the attacked broken carbon sites are gasified to
CO,. predominantly catalyzed by Pt.*” The corrosion of the carbon
support as a result of electrochemical oxidation will lead to the
dissolution and sintering of Pt nanoparticles, resulting in a reduced
active surface area, thus considerably aftecting the MEA perfor-
mance over a prolonged period of usage. Furthermore, the oxidation
of the carbon support can affect the surface hydrophobicity of the
support. resulting in water flooding and gas transport limitations.
Many rescarch groups”"‘ have investigated the degradation mecha-
nism behind the corrosion of the support, which strongly influences
the performance of the PEMIC system. [n bricf. the proposed three-
step mechanism initiates with the oxidation of the carbon surface.
followed by the formation of transient oxygen radicals either by
hydrolysis or due to the catalytic activity on airfoxygen, and finally,
the evolution of CO or CO, breaking the graphitic plane for further
oxidation. CB is more casily attacked than a graphitized carbon as
there are more edges in the former support, which are vulnerable to
surface oxidation under the cathode environment.

To overcome corrosion problems of CB und to reduce the per-
formance degradation of PEMFCs, an alternative support with a
long-range graphitic order such as carbon nanofibers, carbon nano-

* Electrochemnical Society Active member.
’ E-muil: jean.hainelin@ugtrea

tubes. etc., was invesli}galcd and found 1o be more durable than CB.*
In a previous puper,I we proposed carbon nanostructures (CNS),
developed in our laboratory, as a promising support material rather
than CB for PEMFC catalyst due to its superior graphitic structure
(oxidation temperature >700°C), an equivalent electrical conduc-
tivity (>1Scm™), and a  highly porous  structure
(BrunauerEmmeti~Teller, BET, surfacc area of 352.6 m? g~!, mi-
cropore  volume of 0.14 cm? g='.  macropore  volume of
635 mm?® g~'. and an average micropore width of 1.6 nm) that mini-
mizes mass transport losses. In this investgation. the durability of Pt
electrocatalysts supported on CNS (PUCNS) were examined by
measuring the losses in the electrochemical surface arca, grain
growth of agglomerated Pt nanoparticles, and a decline in the per-
formance of the PEMFC systemn at a different period of time under
conditions simulating the cathode environment. These results have
been compared with similar tests performed on a commercially
available platinum electrocatalyst supported on a Vulean XC-72
(Pt/C).

Experimental

Carbon nanostructures with a BET surface area of 352.6 m?* g~
and a pore width as low as 1.6 nm were prepared in our laboratory
by a modified chemical vapor deposition technique that was de-
scribed elsewhere,"™" A platinum electrocatalyst was supported on
CNS with a Pt loading of approximately 20 wt % and was prepared
by a reported ethylene glycol method. The particle size distribution
of the platinum clusters in the supported CNS from a randomly
chosen 100 particles in a high-resolution transmission eclectron mi-
croscope image showed a range between 3 and 6 nm.'* For com-
parison reasons, a platinum catalyst supported on Vulcan XC-72
prepared by E-TEK has been used as a reference material. Platinum
metal loading of the PUC catalyst was also 20 wt % with an average
particle width of 2.2 nm.

Carbon cloth (E-TEK) was used as a substrate for casting of a
calalyst layer comprised of a supported electrocatalyst and impreg-
nated 5 wt % Nafion (Aldrich) mixture. The amount of Pt catalyst
coaled on the anodic gas diftusion layer (GDL) was 200 ug cm2,
which is hall the amount coated on the cathode GDL
(400 ug cm™?). The clectrodes and the pretreated membrane
(Nafion NRE212, DuPont) were hot pressed into a 5 cm? MEA us-
ing a press at a temperature of 120°C under 700 psi for 3 min. The
MEA was then allowed to cool at room temperature before testing.
The g)crformancc of the fubricated MEA was cvaluated using a
5 ¢m? single-cell hardware (Fuel Cell Technologies, Inc.) equipped
with a reversible hydrogen clectrode (RHE) wired to a Zahner IMe6
workstation. The MEA was sealed between a 0.0l in. thick silicone
rubber gasket at the anode and a 0.01 in. thick Furon gasket (Saint-
Gobain) at the cathode, and was assembled with 10.5 Nm torque
between two Poco graphite plates with serpentine flow fields.
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The single-cell performance was characterized by feeding hu-
midified hydrogen gas at 80°C and 100% RH at the. anode and
humidified air at 70°C and 80% RH at the cathode with a stoichio-
metric ratio of 1.5 and 2, respectively. The gas pressure at the elec-
trodes was maintained at 30 psig using a back-pressure regulator.
Tnitially, the cell was conditioned with a constant load of 0.5 A cm™?
at 80°C for 50 h. The steady-state value of the cell potential at a
load of 1 A cm™2 was calculated by the mean values of the data
logged over a runtime of 1 h. To help identify the rate of perfor-
mance degradation between PU/C and PUCNS, hydrated (100% RH)
ultrahigh-purity (UHP) nitrogen was passed through the working
electrode (cathode compartment) and hydrated (100% RH) UHP hy-
drogen was passed through the counter electrode (anode compart-
ment). The anode serves as a counter electrode as well as reference
electrode (RHE). The cell temperature was maintained constant at
80°C throughout the process and the pressure was reduced to atmo-
spheric at the two-electrode potentiostatic circuit mode. Then, the
Zahner workstation was switched to cyclic voltammetry mode, and a
constant potential of 1.2 V was applied between the working elec-
trode and RHE to accelerate the oxidation of the carbon support at
the cathode catalyst layer. The potentiostatic hold was maintained
for a period of 15 h during repetitive cycles of this experiment. Prior
lo measuring the steady-state values of the open-circuit voltage
(OCV) and cell voltage under a load of 1 A ¢m™, the pas feed, the
humidity conditions, and the pressure were tuned back to the values
mentioned above. Later, the MEA was briefly conditioned with a
load of 0.5 A ¢cm™2 at 80°C for 30 min. This test cycle was repcated
over the course of the experiment, which was 200 h.

Prior 10 electrochemical measurements. the Pt electrocatalyst
supported on CB and CNS was conditioned in a tube furnace to
remove surface contaminants and anneal the Pt crystallite, under an
atmosphere of 10% hydrogen and 90% argon for | h at 300°C.
Glassy carbon (GC) disks (BASI, 3 mm, 0.07069 cm?), polished to
2 0.05 wm mirror finish (alumina, BASI) before each run, served as
the substrate for the supported catalyst. An aqueous suspension of
catalyst ink was prepared by ultrasonically dispersing 25 mg of cata-
lyst in deionized (D[) water (Millipore) 1o a ratio of
2 MEayst mL~!. A 20 wL aliquot of the ultrasonically redispersed
suspension was then pipetted onto the disk. To obtain a uniform
distribution of the suspension, the GC electrode was dried at room
teinperature for an hour before leaving it inside a preheated (80°C)
oven for another hour. After complete evaporation of the water drop-
let, 20 wL of the diluted Nafion solution (5 wt % Nafion, Aldrich)
was pipetted onto the dried powder surface to enhance the adherence
between the catalyst powder and the electrode. The cyclic voltam-
metries were carried out in a conventional airtight three-electrode
thermostatted (80°C) cell containing a 0.5 M H,SO, electrolyte.
Potentials were measured using a Ag/AgCl (Sat. KCl) electrode. but
all the potentials throughout this study are referenced to RHE. A
potentiostatic hold of 1.2 V was applied to the working electrode
and was held for 0, 15, 30, 45, and 175 h to electrochemically oxi-
dize the support material. Voltammograms were recorded for each
time period to compute the rate and loss of the catalyst active sur-
face due to electrochemical oxidation. The electrochemically active
surface area was cvaluated from the hydrogen desorption charge of
a cyclic voltammogram. To study the extent of surface electrochemi-
cal oxidation of P/C and PUCNS under simulated conditions of a
cathode environment, the 0.07069 cm? GC substrate, replaced by a
10 cin? nickel substrate, was exposed to 1.2 V at room temperature
for various times (0, 75, and 150 h). The extent of oxidation at
different time periods on electrochemically oxidized Vulcan and
CNS was characterized by thermal gravimetric analysis (TGA).
Prior to TGA, the oxidized catalysts at different time periods were
scraped out from the substratc, washed with DI water, and dried in
an oven at 65°C at atmospheric pressure. TGA was performed using
a TGA 7 Perkin-Elmer apparatus with an argon atmosphere at a
purge ratc of 30 scem. The temperature was ramped as follows:
room temperature to 50°C at §°C min~', holds for 5 min at 50°C,
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Figure 1. Measurements of cell voliage at | A cmi”?. showing a sudden drop
in cell performance for MEAL afier 75 h of electrochemical oxidation at
1.2V,

and heated from 50 to 850°C at 5°C min~'. The chemical nawre
and the distribution of the surface functional groups during the
course of oxidation at different time intervals was defined based on
a study done by Kangasniemi et al?

The size of the platinum particles in the dried catalyst powder ol
electrochemically oxidized Pt/C and PUCNS was examined by pow-
der X-ray diffraction (XRD). XRD measureinents were performed
with a Rigaku difiractometer using Cu Kol radiation (X
= 1.54051 A) and 0/20 geometry.

Results and Discussion

As described in our previous publicalion.Il CNS was functional-
ized with a 1:1 concentrated acid mixwre of 7.5 M H,50, and
I5 M HNO;. Thus, strong anchoring sites at the interface of Pt and
the surface of CNS were achieved through carbon surface moditica-
tion. These acidic oxygen groups introduced by the chemical modi-
fication method decreases the hydrophobicity of CNS and increases
the dispersion of platinum particles with an increase in surface oxy-
gen groups. Studies have shown that C=0 groups acting as anchor-
ing sites hinder agglomeration and surface diffusion of platinum
particles across the graphene layers.” X-ray photoemission spec-
troscopy studies performed on CNS functionalized using the condi-
tions mentioned above showed 48.8% of carbonyl. 46.4% of hy-
droxyl, and 4.8% of carboxyl groups attached to the carbon
surface." The influence of unused acidic functional groups after
platinization during hydrolysis is therefore considered negligible.
However, the 0 h sample of CNS showed the presence of surface
oxides prior to electrochemical oxidation.

Figure | shows a steady decline in ccll voltage under a constant
load of 1 A cm™2 at different time intervals during accelerated elec-
trochemical oxidation at cathodes fabricated with Pt/C and PUCNS,
respectively. The MEAs fabricated using Pt/C and PUCNS were
labeled as MEAL and MEAZ2, respectively. A steady linear down-
ward trend on cell voltage has been observed tor both the MEAs
during the initial 60 h. the cathode of which was electrochemically
oxidized at a potential of 1.2 V at 80°C. The fluctuation in the trend
before 60 h of operation is due to the process of wetting level in the
electrolyte membrane and the ionomer in the catalyst layer. After
60 h, a marked decrease in the cell potential was observed for
MEA?2, whereas a steep downward trend was observed for MEA L. Tt
can be seen that almost 95% of the cell voltage was lost for MEAI
after 140 h of accelerated oxidation treatment, while only a 25%
loss in cell voltage was observed for MEA2. The major drop in cell
voltage for both MEAs occurred between 60 and 140 h of oxidation
treatment, as shown in the hgure. However, the progress of the
voltage drop is lower for MEA2 even after 140 h. The drop was
merely 2.36% even after continuous oxidation for an additional
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Figure 2. Measurements of OCV showing degradation of membrane in
MEAL, which is accountable for poor cell performance after 75 h.

60 h. A similar trend was observed for the OCV measurements dur-
ing the same time intervals of electrochemical oxidation as shown in
Fig. 2. The sudden decline in OCV after electrochemical oxidation
treatment can be due to the degradation of the polymer electrolyte
membrane resulting in fuel crossover.!’ Further analysis of the deg-
radation mechanism is currently in progress. These results demon-
strate that CNS with high graphitic content and long-range order
show a higher resistance to corrosion under oxidative conditions
when compared with Vulcan XC-72. On a long run, MEAs prepared
with PUCNS could potentially provide better durability than MEAs
prepared with Pt/C.

To quantify the extent of loss in platinum surface area, cyclic
voltammetry was performed on Pt/C and PYVCNS in a N; purged
0.5 M H,SO, electrolyte at different time intervals during their
treatment at 1.2 V and 80°C. The amount of coulombic charge in-
volved during hydrogen desorption was used to calculate the active
platinum surface of the electrodes, after correcting for double-layer
capacitance. : Figure 3 shows the drop in electrochemical active
surface area for the case of Pt/C and PY/CNS at different time inter-
vals of potential hold. During the initial 15 h of oxidation. a nearly
35% loss in Pt surface area was observed for PUC, while there is a
considerable 20% loss for P/CNS as shown in the figure. Because
the P((0) supporied on CB (2.2 nm) is twice as small as the P1(0)
supported on CNS (4.5 nm), the smaller size Pt(0) particles sup-
ported on C tend 1o dissolve/agglomerate faster than the larger Pi(0)
particles in CNS.'* Not just the size of the Pt(0) particles influences
the drop in the active surface area of the catalyst, but also the inter-
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Figure 3. Comparison of Pt active surface area loss for the case of Vulcan
XC-72 and CNS at different time intervals during oxidation treatment.
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Figure 4. XRD patterns for Pv/C after electrochemical oxidation at 1.2 V for
different time intervals,

actions between Pt(0) and the carbon support material. An electronic
structure change of the platinum catalytic layer by the presence of
interaction between the platinum active phase and the carbon sup-
port phase leads to changes of catalyst durability. Although the elec-
tronic interaction effects between Pt catalyst and the carbon support
can be studied by a vuriety of conventional physical, spectroscopic.
and electrochemical methodologies, the objectives of the current
work are to quantify the loss in the surface area of the supported
catalysts during the course of electrochemical oxidation and to com-
pare the durability of the catalysts despite the variations in size of
Py(0) particles and P—C interactions. Now. after 75 h of oxidation. a
steady decline in active surface area of PU/C at a rate of 3.2
X 107 m? g7 h7!vs 1.52 X 107 m? g=* h™' for PUCNS was ob-
served resulling in active surface arcas, 25.81 and 30.17 m? ¢!,
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Figure 5. XRD pattems tor PYCNS after electrochemical oxidation at 1.2 V
for different time intervals.

respectively. Although the smaller Pt(0) particles in Pt/C tend to
dissolve/agglomerate faster than in PUCNS, the excess loss in the Pt
surface area after 175 h of oxidation treatment and degradation of
OCV does not exclude the possibility that some of the Pt particles
diffused into the polymer electrolyte membrane. However, uncer-
tainties on this phenomenon still exist. The dissolution ol Py(0) in
aqueous electrolyte solution due to the potential effect on the work-
ing clectrode was studied by Rand et al."”"® The loss in Pt surface
area supported on Vulcan or CNS in an aqueous electrolyte can be
due 1o the dissolution of Pt(0) particles. reprecipitation of Pt ions,
and diffusion of Pt ions into the membrane. Although CNS prepared
in our lab has nearly 50% of C=0 groups as Pt anchoring sites. we
cannot exclude the possibility of Pt particle growth by migration
(surface diffusion of Pt particles). Therefore, the decrease in the
electrochemically active surface area of Pt supported on CNS is

(2)
150

75

Time (h)

150

75

Time (h)

Pt crystallite size (nm)

Figure 6. Growth of Pt particle size in (a) Pt/C and (b) Pt/CNS as observed
by XRD during electrochemical oxidation of Pt/C and Pi/CNS.

caused mainly by the dissolution of Pt(0) anchored on other func-
tional groups. Improving the interaction of Pt precursor with CNS
during platinization can be achieved by increasing the specificity of
the surface functional groups in the support material.

Powder XRD study was used to observe the changes in particle
size during the course of oxidation at different time intervals. The
XRD patterns for Pt/C and PUCNS electrochemically oxidized at 0,
75, and 150 h are plotted in Fig. 4 and 5, respectively. XRD shown
in the above figures identifies the face-centered cubic structure of
the characteristic crystalline Pt peaks for Pt(111). P1(200), P1(220),
Pi(311). and Pt(222). The crystaltlite size of Pt nanopartictes (d)
estimated using Scherrer’s equation as shown in Fig. 6 is given by

0.9x
B cos 0
where X is the wavelength of X-ray radiation, numerically equal to
1.54051 A; B is the full width at half-maximum measured in radi-
ans; 0 is the angle measured at the position of platinum peaks. The
narrowing of characteristic Pt diffruction peaks during the course of
electrochemical oxidation is a clear indication of larger Pt particles
when compared with fresh Pt particles. It can be observed tfrom Fig.
6 that smaller Pt crystaflites tend to agglomerate faster than larger
particles of Pt supported on CNS."® The results shown in Fig. 6 can
be correlated with the elecurochemically active surface area mea-
surements plotted in Fig. 3. It can be observed that the estimated
value of active surface area for fresh Pt particles (~4 nm) supported
on CNS is 40.55 m? g" and the surface area of Pt (~4 nm) on
oxidized PUC catalyst is 25.81 m? g='. The morphology of supports
and dispersion of Pt particles along with the MEA fabricalion tech-
nique (includes the ink preparation, electrode preparation, and hot-
pressing) can alter the estimated active surface area of Pt particles
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Figure 7. TGA profiles for PUC after electrochemical oxidation at 1.2 V for
different time intervals.

with similar size. However, considering the fact that the particle size
of Ptin PUC is estimated after oxidation treatment, a significant loss
in surface area can also be attributed to Pt ion migration into the
polymer electrolyle membrane or Pt being simply washed away with
the cathode stream.

Kangasniemi et al.” performed thermal desorption studies on car-
bon to assign decomposition temperature for different functional
species and their thermal decomposition products. The amount of
surfuce oxygen on carbon was estimated using a mass spectrometer
by analyzing the volatile surface oxides from the TGA instrument.
In summary. evolution of CO; observed at low temperatures (ap-
proximately 250°C) arc usually assigned to the acidic functional
group, carboxylic acids and those at higher temperatures (approxi-
mately 625°C) to lactones. At higher temperatres (600-900°C).
the evolution of CO observed corresponds to ethers, phenols. carbo-
nyls. and quinines. while carboxylic anhydrides give rise to both CO
and CO, peaks. Therefore, to characterize the surface functional
groups during electrochemical oxidation of PuC and PVCNS, TGA
was performed under argon on the dried samples at oxidation time
periods of 0, 75, and 150 h. Figures 7 and & show the TGA profiles
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Figure 8. TGA profiles for PYCNS after electrochemical oxidation at 1.2 V
for differcnt time intervals.

of Pt/C and PUCNS after electrochemical oxidation at different time
intervals. It is observed that, on both catalyst surfaces, the compo-
sition of =COOH intermediate for evolution of CO, remains almost
unchanged. However, a huge variation in the composition of lactone
was observed at ditferent oxidation periods for the evolution of CO.
between 350 and 400°C. Figure 7 shows an increase in the density
of surface oxides on carbon surface in the form of an intermediate.
Jactone over a period of electrochemical oxidation up to 150 h.
Similarly. the CO; evolution from P/CNS was observed throughout
the temperature range. confirming the presence of different func-
tional groups generated during the electrochemical oxidation of the
catalyst. In addition to the functional groups involved for the evo-
lution of COa. carbonyls and quinones, as well as phenols and
ethers, decompose al temperatures higher than 700°C to evolve CO.
The apparent density of these functional groups responsible for the
evolution of CO tends to decrease during the course of electro-
chemical oxidation, which is well in agreement with the $eneric
mechanism of surface uxide formation proposed by Yue et al. ° Dur-
ing the course of oxidation. an increase in surface oxygen content
decreases the hydrophobic properties of the catalyst support, thus
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breaking down the surface oxides to CO,. A similar decrease in
density ot surface functional groups for the evolution of CO is ob-
served for PU/C.

Conclusions

We have reported a study on electrode material durability for the
platinum catalysts supported on Vulcan XC-72 and CNS. In sum-
mary,

I. Electrochemical characterizations show that CNS prepared in
our laboratory has improved corrosion resistance and better perfor-
mance than Vulcan XC-72.

2. Although CNS tends to corrode under simulated conditions of
cathode. it is observed that, atter an initial period of time for which
the oxidation is attributed to the surface defects caused during func-
tionalization, the rate of surface corrosion becomes smaller com-
pared with CB. However, the functional groups such as -COOH,
~OH. and -CO formed during the surface modification of CNS en-
hanced the Pt—CNS interaction in the electrocatalyst.

3. Loss in active Pt surface area and a decline in MEA1 perfor-
mance was due (o the dissolution of P1(0), aggregation of Pt ions in
the catalyst layer, and diffusion/precipitation inside the membrane.

4. Loss in activity of PUCNS is mostly due to the dissolution of
Pt(0) and aggregation of Pt ions in the catalyst layer. This may be
due 10 the thermal treatment done on CNS prior to platinization that
increases the basicity of the carbon surface. This increase in Pt-CNS
interaction is attributed to the m-sites on CNS, which act as anchor-
ing sites for Pt particles.

5. The rate of growth of Pt particle size in PUCNS stabilizes
after 75 h of electrochemical oxidation.

From the results obtained in this paper, we can conclude that CNS
with a better electrode durability can be a good candidate for
PEMFC catalyst support. Currently, we are studying Pt dissolution
and deposition in the polymer electrolyte membrane of PEMFCs by
potential cycling and potentiostatic holds.
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