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Platinum-Nanoparticles on Different
Types of Carbon Supports: 
Correlation of Electrocatalytic Activity
with Carrier Morphology
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Abstract: The electrocatalytic activity of Pt-nanoparticles used in fuel cells increases by 34% upon going from the
usual Pt/Vulcan XC72 to support systems such as Pt/Printex XE2 which have a relatively rough surface strucure.
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Carbon-supported platinum nanoparticles
(Pt/C) as well as various platinum alloys on
carbon constitute commonly used electro-
catalysts in polymer electrolyte fuel cells
(PEM) [1]. They catalyze the anodic oxida-
tion of hydrogen and the cathodic reduction
of oxygen. Many preparations have been
described, some involving Pt-colloids in the
zero-valent form which are immobilized on
high-surface conducting carbon. Irrespec-
tive of the synthetic method, Vulcan XC72
is generally employed as the carbon black
[1][2]. We recently reported the preparation
and carrier fixation of transition metal ox-
ides such as PtOx, PtRuOx, and PtRuOsIrOx
colloids [3]. These nanoparticles are acces-
sible by hydrolysis of the metal salts (e.g.
H2PtCl6) under basic conditions in the pres-
ence of water-soluble stabilizers. Reduction
of the metal oxide colloids with formation
of the metal analogs (e.g. PtOx Æ Pt) can be
performed either prior to immobilization or
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thereafter. In view of the well-known fact
that the nature of a solid support can have a
profound influence on the performance of a
heterogeneous catalyst [4], it is surprising
that no systematic study has been carried
out concerning the possible effects of uti-
lizing different carbon blacks in electrocat-
alytic systems [5]. Here we demonstrate
that the choice of the type of carbon black
on the electrocatalytic profile of Pt-
nanoparticles is in fact crucial.

Carbon blacks are used in very different
types of applications, e.g. as supports in
electrocatalytic [1][2] and chemical [2] cat-
alytic systems, additives in rubber tires, and
components in ink jet technology [2]. We
obtained seven different carbon blacks
(Vulcan XC72 (Cabot), ISAF (Columbian
Carbon), Corax N234g, N115, N220,
EB111, Printex XE2 (all from Degussa)),
and two different carbon nanofibers (PL-
CNF and SC-CNF (both from Future Car-
bon)) and used them as solid carriers for Pt-
nanoparticles. The resulting materials were
then tested for electrocatalytic properties.
Rather than applying our original protocol
for the production of PtOx colloids [3a,b],
we first developed a simplified version (‘in-
stant method’) [3c]. H2PtCl6 or other tran-
sition metal salts are hydrolyzed in the ab-
sence of a colloid stabilizer, but in the pres-
ence of a suitable solid support such as
Vulcan XC72 which leads to in situ immo-
bilization of 1–2 nm sized PtOx particles
before undesired precipitation of bulk met-
al oxide can occur. Very high metal load-
ings necessary for real applications are pos-
sible, easily reaching 60%. We therefore
applied the ‘instant method’ to the genera-

tion and immobilization of PtOx-nanoparti-
cles on various types of carbon carriers, and
the materials were then reduced electro-
chemically to the corresponding Pt/C mate-
rials.

High-resolution transmission electron
microscopy (HRTEM) reveals the presence
of 1–2 nm sized PtOx particles in all cases,
which upon reduction remain dispersed, al-
though in most cases with agglomeration.
For the measurements catalyst suspensions
were attached with Nafion to glassy carbon
electrodes [6] before multiple potential
scans between 0.05 and 1.2 V (NHE) were
performed. Fig. 1 shows the results for the
commercial ETEK-catalyst and one of our
catalysts (Pt/Printex XE2). Peak positions
for hydrogen adsorption/desorption are
similar. Therefore PtOx/C is reduced to
Pt/C. However, the charge originating from
hydrogen adsorption/desorption is differ-
ent. The electrochemically accessible plat-
inum area was calculated from the charge
for hydrogen adsorption QH and the parti-
cle size d was roughly approximated by
cyclic voltammetry (CV) according to the
method of Geniès [7]. The results of the dif-
ferent particle size measurements, d(TEM)
and d(CV), show a good agreement (Table).

In order to determine the electrochemi-
cal activity for oxygen reduction, rotating
disc electrode measurements were per-
formed. All materials were first reduced
electrochemically to Pt/C. Then the current
was measured at a potential at which the
oxygen reduction occurs in a kinetically
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controlled process: at 0.9 V (NHE). It
turned out that all but one of the materials
produced from the various carbon carriers
display similar or smaller specific hydrogen
adsorption/desorption peaks compared to
the standard Pt/C system based on Vulcan
XC72. Also, the specific catalytic activity
for oxygen reduction is in most cases lower
than for the Pt/Vulcan XC72 catalyst. In the
case of Printex XE2 (a carbon black used in
ink jets), very different results were ob-
tained. The Table compares the properties
of this material with those of two other car-
bon black systems (the standard Pt/C pro-
duced by our method and commercial Pt/C,
both utilizing Vulcan XC72). It can be seen
that the electrocatalytic activity of Pt/C pre-
pared by the ‘instant method’ using Vulcan
XC72 as the support is very similar to that

of the commercial catalyst Pt/C (ETEK). In
surprising contrast, the Pt/C system derived
from Printex XE2 results in a 34% increase
in electrocatalytic activity. Moreover, the
area of the hydrogen adsorption peak is
much larger in the case of the electrocata-
lyst derived from Printex XE2 than it is in
the commercial Pt/C (ETEK) material (see
also QH values in the Table). Importantly,
the electrochemically accessible Pt-surface
of our material is about twice as large.

In order to shed light on the reason(s)
for these remarkable results, we carried out
HRTEM studies of the various carbon black
supports before and after platinum loading
as well as after electrochemical reduction.
Fig. 2 displays the results obtained for the
sample derived from Vulcan XC72, and
Fig. 3 those from the Printex XE2 sample.

Close inspection of the HRTEM images
of the untreated carbon black supports re-
veals a quite smooth surface in the case of
Vulcan XC72, whereas Printex XE2 has a
‘rougher’ texture (Fig. 2a/2a’ versus Fig.
3a/3a’). Upon immobilization of PtOx, plat-
inum oxide nanoparticles of 1–2 nm size
appear in both cases, but the degree of dis-
persion is a little higher in the case of the
Printex XE2-based pre-catalyst (Fig.
2b/2b’ versus Fig. 3b/3b’). Significantly,
upon electrochemical reduction to Pt/C,
dramatic differences in the two systems be-
come visible. In the case of Vulcan XC72 a
pronounced increase in the average size of
the Pt-nanoparticles as well as a great deal
of agglomeration occurs (Fig. 2c/2c’). The
electrochemically determined Pt-particle
size is 7.7 nm (Table). Thus, two very dif-
ferent methods point to the same results
which are in good agreement. We also ob-
served large agglomerated Pt-particles in
the case of the industrial ETEK catalyst! In
sharp contrast, under operating conditions
undesired particle growth and agglomera-
tion in the case of the Printex XE2 carbon
support are much less pronounced (3.2 ±
0.9 nm by TEM as shown in Fig. 3c/3c’ and
3.9 nm by cyclic voltammetry). This clear-
ly identifies the reason why the Printex XE2
material is the better electrocatalyst. Small-
er Pt-nanoparticles are more active than
larger and agglomerated analogs with a
lower percentage of active surface Pt-sites.
Of course, in any practical preparative
method partial contamination of Pt is to be
expected, but this phenomenon cannot ex-
plain the dramatic difference in electrocat-
alytic activity. The identical preparation
method performed under carefully con-
trolled conditions using two (or more) dif-
ferent carbon supports cannot lead to sig-
nificantly different degrees of contam-
ination. Moreover, extreme care was
undertaken to ensure reproducibility, which
is excellent. 

At this time we favor the simplest ex-
planation for the above observations, name-
ly that the clear difference in observed Pt-
particle size under operating conditions is
the cause of the different electrocatalytic
properties [8]. Moreover, in the case of the
other carbon supports ISAF (Columbian
Carbon), Corax N234g, N115, N220 and
EB111 (all from Degussa) and the two car-
bon nanofibers PL-CNF and SC-CNF (both
from Future Carbon), extensive Pt-particle
growth (6–9 nm) with agglomeration and
low electrocatalytic activity were observed.
In all of these cases relatively smooth sur-
faces as visualized by HRTEM pertain. The
correlation between electrocatalytic activi-
ty and surface structure became even more
evident upon studying further carbon sup-
ports. Out of a total of 15 different carbon
supports four hits showing enhanced elec-
trocatalytic activity (>30% increase) were
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Fig. 1. Solid line: Cyclic voltammogram of Pt/Printex XE2 catalyst (63% metal loading, 2.128 mg Pt).
Dotted line: Commercial Pt/Vulcan XC72 catalyst from ETEK (58% metal loading, 2.32 mg Pt). Scan
rate 100 mV/s, electrolyte is Ar-saturated 0.5 M perchloric acid.

Table. Characterization of Pt/C catalysts for O2-reduction

Catalyst Metal QH Mass Activity Surface d(TEM) d(TEM) d(CV)
Loading at 0.9 V Activity of PtOx of Pt of Pt
(EDX) [A/gPt] at 0.9 V
[% Pt] [C/gPt] [mA/cm2] [nm] [nm] [nm]

Pt/Vulcan 58 62 38 127 - 8-10 9.5
(ETEK)

Pt/Vulcan 55 76 35 96 1.9±0.5 n.d. 7.7
XC72

Pt/Printex 63 150 51 71 2.2±0.6 3.2±0.9 3.9
XE2
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identified, all showing relatively rough sur-
faces and limited Pt-particle growth. In
contrast, the 11 other supports turned out to
have relatively smooth surfaces (in the un-
treated support) as well as pronounced Pt-
particle growth following reduction to Pt/C.
But why does extensive undesired agglom-
eration occur in one system and not in the
other?

We believe that it is primarily the rough-
ness of the carbon black surface which in-
hibits uncontrolled particle growth and ag-
glomeration. This in turn prevents a de-
crease in electrocatalytic activity. The
relatively rough texture also enhances the
ease of metal immobilization, especially
when aiming for high loading (up to 60%).
We noticed that the process of metal immo-

bilization occurs considerably faster with
the Printex XE2 support than with carbon
blacks having a smoother surface. We have
also immobilized PtRuOx, PtCoOx and Pt-
CrOx colloids [3c] on Printex XE2, metal
loadings of 50–60% posing no problems
when employing this support. The surface
areas of the unloaded supports as measured
by N2-adsorption according to the BET-

Fig. 2. HRTEM images of Vulcan XC72-based materials: Unloaded carbon support in an overview (a) and high resolution (a’); PtOx-loaded carbon sup-
port in an overview (b) and high resolution (b’); Pt/C following electrochemical reduction in an overview (c) and high resolution (c’).

Fig. 3. HRTEM images of Printex XE2-based materials: Unloaded carbon support in an overview (a) and high resolution (a’); PtOx-loaded carbon support
in an overview (b) and high resolution (b’); Pt/C following electrochemical reduction in an overview (c) and high resolution (c’).
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method also vary (250 m2/g for Vulcan
XC72 and 1000 m2/g for Printex XE2) [2].
Of course, this includes any N2-adsorption
in the pores, which means that such num-
bers need to be interpreted with care.

In summary, our studies show that vari-
ation in the type of carbon black used in the
immobilization of Pt-nanoparticles has a
profound influence on the ease of Pt-load-
ing and on the respective electrocatalytic
profile. Enhanced electrocatalytic activity
can be expected from carbon black supports
such as Printex XE2 or analogs which have
a relatively rough surface, because this min-
imizes undesired Pt-particle growth and ag-
glomeration under operating conditions. An
increase in specific electrocatalytic activity
for oxygen reduction by 34% relative to the
standard Pt/Vulcan (ETEK) is possible,
even though we have not optimized the pro-
cedure. The results of our study can be ex-
pected to influence future research in fuel
cells.
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