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Abstract Novel carbons from the Sibunit family pre-
pared via pyrolysis of hydrocarbons [Yermakov YI,
Surovikin VF, Plaksin GV, Semikolenov VA, Likholobov
VA, Chuvilin AL, Bogdanov SV (1987) React Kinet Catal
Lett 33:435] possess a number of attractive properties for
fuel cell applications. In this work Sibunit carbons with
BET surface areas ranging from ca. 20 to 420 m” g~' were
used as supports for platinum and the obtained catalysts
were tested as cathodes in a polymer electrolyte fuel cell.
The metal loading per unit surface area of carbon support
was kept constant in order to maintain similar metal dis-
persions (~0.3). Full cell tests revealed a strong influence
of the carbon support texture on cell performance. The
highest mass specific activities at 0.85 V were achieved for
the 40 and 30 wt.% Pt catalysts prepared on the basis of
Sibunit carbons with BET surface areas of 415 and
292 m? g~'. These exceeded the mass specific activities of
conventional 20 wt.% Pt/Vulcan XC-72 catalyst by a factor
of ca. 4 in oxygen and 6 in air feed. Analysis of the I-U
curves revealed that the improved cell performance was
related to the improved mass transport in the cathode lay-
ers. The mass transport overvoltages were found to depend
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strongly on the specific surface area and the texture of the
support.
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1 Introduction

Low temperature fuel cells (FC), based on proton exchange
membranes driven with either hydrogen (PEMFC) or
alcohols (DMFC, DAFC) are promising energy sources for
mobile and portable applications. However, their com-
mercial use is still limited due to high costs and insufficient
durability [1, 2]. Recently considerable effort has been
directed towards the optimization of the active component
of electrocatalysts. Less attention has however been paid to
the improvement of the catalyst supports. Meanwhile,
substructural characteristics of carbon materials (porosity,
speciﬁc surface area, texture, nanostructure, and surface
properties) exert a strong influence on the: (i) size and
morphology of metal nanoparticles, (ii) catalyst stability,
(iii) metal/ionomer contact and catalyst utilization, (iv)
mass-transport, and (v) water management, and hence may
be a key issue for the FC performance. The critical
dependence of the fuel cell performance on the micro-
structure and porosity of the catalyst layers has already
been outlined in a number of publications [3-8]. Recog-
nition of the importance of the carbon support properties
has recently motivated a number of research groups to
employ various novel carbon supports, such as carbon
nanotubes [9], nanofibers [10-12] and mesoporous carbons
[13, 14] for FC applications. However, no systematic ap-
proach has been employed so far to the investigation of the
influence of catalyst supports on cell performance.
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Recently Rao et al. [15] studied the influence of the
carbon support on the fuel cell performance at constant
metal dispersion in order to avoid overlapping effects of
the support on the metal dispersion on the one hand and on
reaction macrokinetics in the catalyst layer on the other
hand. They used a series of PtRu catalysts with practically
identical metal dispersion supported on proprietary carbon
materials of the Sibunit family [16] prepared via pyrolysis
of hydrocarbons with BET surface areas from ca. 6 to
415 m* g”'. The different combinations were tested in a
liquid fed DMFC. The mass and specific activity of PtRu
anode catalysts was found to increase dramatically with
decreasing BET surface area of the support. Catalysts
supported on low surface area carbon showed superior
mass specific activities, exceeding that of the commercial
Vulcan XC-72 PtRu catalyst by nearly a factor of 3.

In a hydrogen fuelled PEMFC voltage losses are dom-
inated by cathodic overvoltages. Considering the superior
performance of DMFC anode catalysts based on carbon
materials of the Sibunit family, we tested Sibunit carbons
with BET surface areas ranging from ca. 20 to 420 m” g’
as supports for PEMFC cathode catalysts in this work. The
incentive was on the one hand to learn more about the
influence of the carbon support porosity on the cathode
performance and on the other hand to explore the potential
of Sibunit carbons for PEMFC cathode catalysts.

2 Experimental
2.1 Catalyst preparation

Carbons of the Sibunit family (Omsk, Russia) with BET
surface areas ranging from 22 to 415 m* g~ and Vulcan
XC-72 (210 m* g, Cabot Corp.) were used as catalyst
supports. Textural characteristics were obtained from
nitrogen adsorption measurements at 77 K (ASAP 2400,
Micrometrics). For further details the reader is referred to
[15]. Pore size distribution curves are shown in Fig. 1.
The preparation of Pt/C catalysts consisted of a number
of steps. First, carbon materials were milled down to
2-5 pm. Then its aqueous suspension in 0.2 M H,PtClg
was prepared at 20 °C under vigorous stirring and heated
up to 80 °C. Next, NaOOCH was added drop-wise to the
suspension of carbon at 80 °C. The value of pH was
maintained between 6 and 7 by addition of Na,CO;. The
slurry was stirred for 1 h, cooled and filtered. The resulting
deposit was washed with distilled water until the reaction
with aqueous AgNO; was negative, dried in vacuum at
100 °C and reduced in a H, stream. The characteristics of
the catalysts obtained are listed in Table 1.
High-resolution transmission electron microscopy
(HRTEM) images were obtained with a JEM-2010 micro-
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Fig. 1 Pore size distributions for carbon materials utilized in this
work obtained from BJH desorption method [17]

scope (JEOL, Japan) with a lattice-fringe resolution of
0.14 nm at an accelerating voltage of 200 kV. Samples for
HRTEM were prepared on a perforated carbon film mounted
on a copper grid. Metal particle size distributions (PSDs)
were obtained from TEM images and used to calculate
average diameters of metal particles d = > n;d;/>_ n;. The

metal dispersion (D) of the Pt/C catalysts was calculated
using data of pulse CO chemisorption in H, at 20 °C,
assuming that each Pt surface atom adsorbs one CO mole-
cule.

2.2 Fuel cell testing

Electrodes of 5 x 5 cm? were prepared by the spraying
method [18, 19] and used for PEMFC tests. The corre-
sponding catalyst inks were prepared by stirring an
appropriate amount of catalyst and Nafion® (equivalent
weight 1,100 g molfl, 15 wt.% solution) and 5 ml of
deionized water. Nafion 112 purchased from IonPower Inc.
was used as a membrane. An E-TEK Pt/C (40 wt.% Pt)
catalyst at a metal loading of 0.4 mgp, cm™> was applied at
the anode. In order to minimize variations in the thickness
and thus mass transport related losses, the cathode carbon
loading (rather than the metal loading) was kept constant at
~0.6 mgc cm 2. The Nafion® content was 17 wt.% for all
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Table 1 Characteristics of the

thode catalvst Catalyst 40%Pt/Sibunit  30%Pt/Sibunit  10%Pt/Sibunit 10%Pt/Sibunit 20%Pt/Vulcan
cathode catalysts 619P 20P 19P 2677 XC-72
Sget of carbon 415 292 72.3 21.9 210
support/m2 g’l
Pt loading/pmol m™>  8.24 7.53 7.88 26.0 5.99
Pt dispersion, CO/Pt  0.175 0.245 0.295 0.185 0.27
Pt specific surface 49.6 69.5 83.7 52.5 76.6
area/m> g’l
Mean particle 2.7 2.7 2.0 3.0 2.7
diameter/nm
Table 2 Characteristics of the cathode layers of the MEAs®
Catalyst 40%Pt/Sibunit 30%Pt/Sibunit 10%Pt/Sibunit 10%Pt/Sibunit 20%Pt/Vulcan
619P 20P 19P 2677 XC-72
Pt loading/mgp, cm™ 0.39 0.25 0.06 0.06 0.15
Carbon loading/mgc cm™ 0.59 0.59 0.58 0.56 0.59
Nafion loading/mgnafion cm™ 0.21 0.18 0.14 0.13 0.15
Nafion loading per m? of carbon 0.86 1.04 3.34 10.6 1.01

Support/mgNaﬁon m-

? For all MEAs Nafion 112 was used as a membrane, E-TEK Pt/C (40 wt.%) at 0.4 mgp, cm2 as an anode; Nafion content in all cathodes:

17 wt.%

cathodes. Characteristics of the cathode layers of the
membrane electrode assemblies (MEAs) are listed in
Table 2. Gas diffusion layers from SGL Carbon, type
Sigracet 10BB (5% PTFE hydrophobized, single side
coated with a microporous layer), were assembled together
with the catalyst coated membrane into a single graphite
test cell provided by Electrochem, Inc. This was designed
with identical flow fields at the anode and cathode, having
one inlet and one outlet connected by 5 parallel channels.

Current voltage (I-U) curves were recorded galvano-
statically at 60 °C with humidified hydrogen (dew point
60 °C) as anode feed and humidified air or oxygen (dew
point 55 °C) as cathode feed, both gases supplied to the
cell at ambient pressure. Before recording the I-U curve
from high to low currents, the cell was equilibrated at the
maximum current of the I-U curve until the cell voltage,
the cell resistance, and the temperatures of the gases at the
cell inlet and the cell outlet were constant for at least
15 min (the cell operated stably once these conditions were
met).

3 Results and discussion

3.1 Characterization of Pt/C catalysts

Carbons of the Sibunit family are prepared through pyro-
lysis of natural gases on carbon black surfaces (templates)

followed by an activation step to achieve desired values of
the surface area and pore volume [16]. Pyrolysis leads to
formation of dense graphite-like deposits on the surface of
the carbon black. In the course of activation the carbon
black component undergoes gasification, with its extent
depending on the conditions and the duration of the acti-
vation step. Hence, the PSD in the resulting Sibunit sample
roughly reproduces the PSD in the carbon black precursor.
Variation of the type of the gas source, the template (car-
bon black), and the manner and duration of the activation,
results in meso- to macroporous carbon materials with
specific surface areas from 1-50 (non-activated) to 50-500
m? g (activated) and pore volumes of up to 1 cm® g~
This gives a unique opportunity to vary the specific area of
carbon supports, keeping their chemical nature essentially
intact. Other advantages of carbons of the Sibunit family
are: (i) purity, (ii) high electrical conductivity, (iii) uniform
morphology of primary carbon globules (contrary to carbon
blacks, in particular Vulcan [20]), and (iv) high mechanical
hardness. Note that the latter affects microstructure and
secondary porosity of the catalytic layers.

In order to investigate the influence of carbon support
porosity on the performance of a PEMFC cathode, four
carbon materials from the Sibunit family with BET surface
areas ranging from ca. 20 to more than 400 m* g~' were
tested along with Vulcan XC-72 which was used as a
reference. Characteristics of the different carbon materials
are listed in Table 1. The extent of activation increased
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from Sibunit 2677 (no activation) to 19P, 20P, and then to
619P. Figure 1 shows the incremental pore area distribu-
tions obtained from the BJH desorption method [17]. The
latter demonstrate that an increase of the activation degree
results in an augmentation of the contribution of pores
below 20 nm in diameter.

In order to produce catalysts with similar metal disper-
sions and thus avoid an influence of the particle size on the
catalytic activity of Pt in the oxygen reduction reaction
(ORR) observed in previous work and widely discussed in
the literature [21-25], the amount of Pt per unit surface
area of carbon support was maintained in the range
between 6 and 8 pmol m™> (except for Sibunit 2677 where
the Pt loading was higher). The resulting values of Pt
dispersion were close to the target value 0.3 for Sibunit
19P, 20P, and Vulcan XC-72 samples, but were consider-
ably lower for Sibunit 2677 and 619P (see Table 1). Sim-
ilar values of Pt loadings and dispersions lead to similar
interparticle distances, which are of relevance for processes
occurring in the mixed or diffusion-controlled regime.

Electron microscopy revealed that all samples consisted
of highly dispersed Pt nanoparticles with an average par-
ticle size around 3 nm evenly distributed along the support
surface (Figs. 2, 3) but also contained some rough metal
particles ca. 10-15 nm in size. The latter contributed to a
decrease in the metal dispersion for the 40%Pt/Sibunit
619P and 10%Pt/Sibunit 2677 catalysts. Formation of
metal particles strongly differing in size and location on
carbon support is usually related to the co-existence of
several pathways for their formation [26]. The genesis of Pt
particles during catalyst preparation may occur through
different mechanisms, namely: (i) spontaneous reduction of

Fig. 2 TEM images of Pt/C
samples: (a) 10%Pt/Sibunit 19P,
(b) 10%Pt/Sibunit 2677, (c)
30%Pt/Sibunit 20P,

(d) 40%Pt/Sibunit 619P

@ Springer

H,PtClg by carbon via the “electrochemical” mechanism
resulting in rough particles [26] and (ii) hydrolysis of
platinum chloride and reduction of its chlorooxocomplexes
to metal particles in Na,CO3; + NaOOCH medium leading
to a highly dispersed phase. Further investigations are re-
quired to prevent formation of large particles and to make
the catalysts more uniform.

3.2 Oxygen reduction in a PEMFC

Current—voltage curves recorded at 60 °C and corrected by
the ohmic drop (the real part of the impedance of the
1,000 Hz ac signal, typically in the range of 0.125 Q cm?,
measured for each data point separately) are displayed in
Fig. 4a and b measured for air and oxygen feed, respec-
tively. Since the carbon loading was in all cases equal to
0.6 mgc cm2 and with the metal percentage on the carbon
support being different, the metal loadings in the cathodes
varied from 0.06 mgp, cm™2 (10%Pt/Sibunit 19P, 10%Pt/
Sibunit 2677) to 0.39 mgp, cm > (40%Pt/Sibunit 619P)
(see Table 2). Given these different Pt loadings, the
divergence of the I-U curves and the increase in the
overpotential with decreasing platinum content is not sur-
prising. We would like to emphasize the following obser-
vations: First, the difference in the I-U curves for 40%Pt/
Sibunit 619P and 30%Pt/Sibunit 20P is surprisingly small
given the difference in Pt loading of a factor of 1.56.
Second, the I-U curves for Pt supported on Vulcan XC-72
and 10%Pt/Sibunit 19P nearly coincide in the low over-
potential interval (kinetic region) although the metal
loading in the former case is 2.5 times higher. Note that CO
chemisorption results in similar values of Pt dispersion for
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Fig. 3 Particle size distributions for Pt/C samples: (a) 10%Pt/Sibunit
19P, (b) 10%Pt/Sibunit 2677, (c¢) 30%Pt/Sibunit 20P, (d) 40%Pt/
Sibunit 619P, (e) 20%Pt/Vulcan XC-72

20%Pt/Vulcan XC-72 and 10%Pt/Sibunit 19P catalysts
(Table 1). These observations point to a strong influence of
the texture of the carbon support on the cathode perfor-
mance and to superior properties of carbons of the Sibunit
family compared to Vulcan XC-72.

More information can be gained from the comparison of
the mass specific activities (MA) in the kinetic region
which are plotted in Fig. 5a and b for air and oxygen fed
fuel cells. The MA of an oxygen fed cathode is the lowest
for 20%Pt/Vulcan XC-72 and the highest for 30%Pt/Sib-
unit 20P. The MAs achieved in this work are comparable
(considering lower operation temperature) to state of the art
activities of PEMFC cathodes [25]. The ratio of MAs for
the most active and the least active sample amounts to 3.4
at 0.8 V and to 4.2 at 0.85 V, and is thus even greater than
the difference in the MAs observed by Rao et al. [15] for
methanol oxidation. However, in contrast to [15], in this
work MAs do not scale with the BET surface area of
carbon supports. For example, PtRu catalysts supported on
Sibunit 20P and Vulcan XC-72 with similar BET surface
areas (Table 1) showed very similar MAs at the anode of a
DMFC [15], while Pt catalysts based on these supports
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Fig. 4 IR corrected I-U curves with air (a) and with oxygen (b) feed
on the cathode side. T,..;; = 60 °C, anode: H, feed, Pt/C, 0.4 mgp, cm,
J=2fori>02A cm™>, dp 60 °C, ambient pressure; cathode: Pt/C,
0.6 mgc cm™>, ). =4 for air feed and . =5 for oxygen feed for
i>02Acm?, dp 55 °C, ambient pressure

reveal very different MAs at the cathode of a PEMFC
(Fig. 5). It is interesting to mention that in air fed fuel cells
the activity ranking changes. While Pt supported on Sibunit
20P still demonstrates the highest MA, the lowest activity
is now observed for the 10%Pt/Sibunit 2677 sample with
the lowest BET surface area of 22 m? g~'. The ratio be-
tween the most active and the least active sample with air
feed is even greater than with oxygen and amounts to 5.1 at
0.8 V and to 6 at 0.85 V.

Various factors might cause the observed influence of
carbon on the MA, in particular: (i) metal dispersion, (ii)
metal-support interaction, (iii) support—ionomer interac-
tion and catalyst utilization factor, (iv) mass transport, and
(v) water management. We will further analyze which of
these are likely to explain the results of this work.

According to the results of gas-phase CO chemisorption,
specific surface areas of Pt in this work ranged from ca. 50
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Fig. 5 Comparison of mass specific, IR corrected activities for Pt
cathode catalysts prepared on the basis of various carbon materials at
different cell voltages for air (a) and oxygen (b) fed PEMFC

to 80 m? gl (Table 1). The analysis carried out in [25]
showed that MA of Pt in the ORR does not change sub-
stantially in this interval of specific surface areas. Strong
differences in the MAs due to the metal-support interac-
tions are rather unlikely, since, on the one hand, supports
utilized in this work belong to the same family (except for
the reference Vulcan XC-72 sample) and thus have similar
interfacial properties, and, on the other hand, carbon
materials are known to interact with Pt rather weakly [27].

The catalyst utilization factor may indeed depend
strongly on the carbon support morphology as pointed out
by Rao et al. [15]. In fact, for the same series of carbon
materials the catalyst utilization factor has been found to
increase with decreasing BET surface area (Sggt) of carbon.
Unfortunately, in this work we did not succeed in accurately
determining metal utilization factors for samples with low
Pt content and hence low absolute Pt surface area, since
evaluation of the electrochemically active surface areas
(EASA) through CO stripping or hydrogen underpotential
deposition was hindered by hydrogen crossover from the
anode to the cathode. However, a rough estimation of the
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EASA by CO stripping indicated that the decrease in the
catalyst utilization factor with Sggt observed by Rao et al.
for the same carbon materials did not occur in this work.
This may be tentatively ascribed to different procedures for
the preparation of the catalytic layers employed in [15] and
in this work. In particular, in [15] the catalyst ink was
prepared in water—isopropanol mixture, while in this work
water was used as a solvent. Meanwhile, as pointed out by
Uchida et al. [5] and by Lundblad [28], the ionomer pene-
tration in the primary (between particles in carbon
agglomerates) and secondary (between carbon agglomer-
ates) pores and thus its distribution in the catalyst layer
crucially depends on the type of solvent.

Mass transport and water management in the catalyst
layer seem to be the most likely reasons for the influence of
the carbon support porosity on the cathode performance
observed in this work. This hypothesis is supported by the
differences in the mass activities observed in the oxygen
and air feed (Fig. 5a, b). For a more detailed analysis we
consider various contributions to the voltage losses.

In general, the cell voltage E.. can be represented as a
difference between the reversible potential of the cell
reaction E.., [29] and the sum of kinetic overvoltages
(Mkin.an and Hxin car), Mass transport overvoltages (1 ., and
Nmt.car) and ohmic drop (Honm = I*R) [25]:

ECell = EreV - ("kin.an + Nkin cat + nmt,an + r]mt,cat + nohm)'

(1)

Here we neglect hydrogen crossover since its contribu-
tion was below 1 mA cmfzgeo. For a Pt anode at a fairly
high loading of 0.4 mgp, cm™2, which is fed with pure
hydrogen at a utilization of 50%, kinetic and mass transport
overvoltages may be neglected, at least for small and
medium current densities. This simplifies the analysis and
allows to estimate mass transport losses at the cathode with

Eq. (2):
Nmtcat = Erev — Ecell = Mkincat — Hohm- (2)

The cell resistance R was measured from the impedance
data (see above). Kinetic overvoltages for the ORR may be
accessed through Tafel analysis [25] of the kinetic interval
of the I-U curves. Figure 6 shows the IR corrected cell
voltages in the range from 0.001 to 0.01 A cm*Zgeo
with the corresponding regression lines (E = E' + b * log
ip — b * log i [30]) showing the Tafel behavior of the data
points in this current region. Above 0.01 A cm_zgeo, the
data points were already deviating slightly from linear
behavior thus indicating that mass transport losses influ-
ence the cell voltage even at small current densities. This is
not necessarily related to poor cathode structures but rather
to the operating conditions (ambient cell pressure and
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Fig. 6 Tafel plots for the kinetic region of I-U curves of Fig. 4(b)

60 °C cell temperature) stipulated by the experimental
setup. The Tafel slopes range from 56 mV dec™' (40%Pt/
Sibunit 619P) to 66 mV dec™' (10%Pt/Sibunit 2677)
reflecting the uncertainty of kinetic data evaluation from
full cell measurements. The values of the Tafel slope are in
accordance with those reported in the literature for the low
overpotential range [25, 29, 31-35].

The resulting values of #,,, ¢, are plotted in Fig. 7a and
b for air and for oxygen operated cathodes as a function of
the current density. It should be noted, however, that the
analysis described above neglects the change in the Tafel
slope from ca. 60 to ca. 120 mV dec™' observed below
0.85 V and ascribed to different extents of Pt surface oxi-
dation [31, 33, 34]. Therefore, mass transport losses cal-
culated with Eq. (2) may be overestimated. In the oxygen
feed, as expected, mass transport losses at small current
densities become practically zero. With increasing current,
voltage losses related to mass transport in the oxygen fed
cathode reach 81 mV at 1 A cm™ for high surface area
40%Pt/Sibunit 619P and 145 mV for 10%Pt/Sibunit 2677.
For air operated cells mass transport losses are naturally
higher, ranging from 32 mV for 40%Pt/Sibunit 619P
and 68 mV for 10%Pt/Sibunit 19P sample at small cur-
rent densities to 235 mV at 1 A cm™ and 317 mV at
0.8 A cm™, respectively.

Furthermore, a qualitative trend can be observed in
Fig. 7a and b. With increasing surface area of carbon
supports of the Sibunit family, #ycac decline. Meanwhile,
pore distributions indicate a strong increase in the contri-
bution of pores with diameters below 20 nm. We thus
speculate that these pores serve as hydrophobic gas diffu-
sion channels supplying oxygen to the surface of Pt parti-
cles. This hypothesis allows us to reconcile the differences
between Sibunit 20P and Vulcan XC-72, having similar
Sger but different ., (especially in the low overpo-
tential region, see Fig. 7a) as well as very different MAs
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Fig. 7 Kinetic and mass transport overvoltages as a function of
current density of air (a) and oxygen (b) fed cathodes

(Fig. 5). Indeed, as seen from Fig. 1, the contribution of the
pores with an average diameter below 20 nm in Vulcan
XC-72 is noticeably smaller than in Sibunit 20P and Sib-
unit 619P, the latter showing the best cathode performance.
This hypothesis also helps to explain differences in the
support ranking for the anode of liquid fed DMFC [15] and
the cathode of the gas fed PEMFC.

Another possible explanation for the improvement in the
cathode performance with increasing surface areas of
Sibunit supports is the decrease in the ionomer loading per
unit surface area of carbon. As observed from Table 2, the
Nafion loadings (in mg per m” of carbon support) follow
the trend of mass transport overvoltages. This can be ten-
tatively attributed to the hindered transport of oxygen to, or
product water from, the catalyst particles through the
Nafion layer. This second hypothesis, however, is not
corroborated by the differences between the cathode cata-
lysts supported on Sibunit and Vulcan. Additional studies
on the influence of Nafion content are required to gain
better understanding of the influence of carbon support
texture on the cathode performance.
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Fig. 8 Utilization curves for cathodes operated with air at 0.6 A cm™
and 60 °C. The cathode with 10%Pt/Sibunit 2677 catalyst gave
unstable cell voltages at utilizations higher than 20%

To gain better understanding on the mass transport
issues utilization curves were recorded for cathodes fed by
air at 0.6 A cm ™ (Fig. 8). Here, for the best performing
40%Pt/Sibunit 619P electrode with the lowest Nafion
loading per unit surface area of carbon support the cell
voltage differs by only 38 mV between 17% (655 mV) and
50% (617 mV) air utilization. On the other hand, for
10%Pt/Sibunit 19P sample with 3.3 mgyafion m™> stronger
dependency on the air utilization or even unstable cell
operation were observed.

Although Nafion loadings per unit surface area of car-
bon for Vulcan XC-72 and Sibunit 20P supported catalysts
are very similar, mass transport losses are much higher in
the former case. This suggests that mass transport losses
are not directly related to the thickness of the Nafion layer
on the surface of carbon support but rather to the textural
characteristics of the carbon materials, to the balance
between hydrophobic and hydrophilic pores and to the
interaction between carbon supports and ionomer. We
suggest that textural characteristics of the high surface area
Sibunit carbons are advantageous for oxygen transport and
for water management. Investigations on the ratio of
hydrophobic vs. hydrophilic pores in the catalyst layers
prepared on the basis of different carbon materials are
under way (Volfkovich, unpublished) and will contribute to
the understanding of the influence of substructural char-
acteristics of carbon materials on the performance of fuel
cell catalysts.

4 Conclusions
In this work we compared Pt catalysts prepared on the basis

of carbon supports from the Sibunit family with various
degrees of activation and BET surface areas ranging from

@ Springer

22 to 415 m* ¢! with a conventional 20 wt.%Pt catalyst
supported on Vulcan XC-72. Full cell tests revealed a
strong influence of the type of carbon support both on the
total and mass related currents. The highest mass specific
currents at 0.85 V are achieved for 30%Pt/Sibunit 20P and
40%Pt/Sibunit 619P with BET surface areas of carbon
supports of 292 and 415 m® g', correspondingly. These
exceed the activities of Vulcan XC-72 supported 20%Pt
catalyst by a factor of 4 in the oxygen and 6 in the air feed.
The increased mass specific activities cannot be ascribed to
the influence of the carbon support on the metal dispersion
which was purposely kept constant, and is likely to be due
to the improved mass transport and water management in
the catalytic layers. A high concentration of mesopores in
the range 3-20 nm which serve as hydrophobic gas diffu-
sion channels supplying oxygen to the surface of Pt parti-
cles is assumed to improve mass transport in Sibunit
carbons.
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