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ABSTRACT: The wet-chemical synthesis of hollow graphitic
spheres, a highly defined model catalyst support for electrocatalytic
processes, is laborious and not scalable, which hampers potential
applications. Here, we present insights into the chemical vapor
deposition (CVD) of ferrocene as a simple, scalable method to
synthesize hollow graphitic spheres (HGS,). During the CVD
process, iron and carbon are embedded in the pores of a
mesoporous silica template. In a subsequent annealing step, iron
facilitates the synthesis of highly ordered graphite structures. We
found that the applied temperature treatment allows for controlling
of the degree of graphitization and the textural properties of
HGS,q. Further, we demonstrate that platinum loaded on HGS 4
is significantly more stable during electrochemical degradation
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Hollow Graphitic Spheres

protocols than catalysts based on commercial high surface area carbons. The established CVD process allows the scalable synthesis
of highly defined HGS and therefore removes one obstacle for a broader application.
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Bl INTRODUCTION

Increasing energy demand and depletion of fossil resources
lead to an intensified search for alternative and sustainable
energy systems. One promising technology for mobile
applications is the polymer electrolyte membrane fuel cell."”
The electrical energy is generated from the electrochemical
reaction between hydrogen and oxygen, with water as the only
byproduct. Typical state-of-the-art catalysts for the oxygen
reduction reaction (ORR) on the cathode side of the fuel cell
consist of homogeneously dispersed platinum and platinum-
alloy nanoparticles supported on high surface area carbon
materials.” A major restriction in successful commercialization
and implementation of the technology is the availability of
platinum and its high overpotential as well as the lack of long-
term stability. ® The underlying degradation mechanisms
were identified by means of identical location transmission
electron microscopy (TEM).”® In general, the degradation can
be divided into five mechanisms, including Pt dissolution,
Ostwald ripening, carbon corrosion, particle detachment, and
agglomeration.”™"" Hollow graphitic spheres (HGS) were
reported to significantly suppress degradation mechanisms
such as particle detachment and agglomeration, thanks to a
confinement of the nanoparticles in the mesopores of the
HGS.'™"* Templating methods are typically utilized for the
synthesis of mesoporous materials with tailored textural
properties, subdivided into hard and soft templating
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methods.'”'* The wet-chemical synthesis of HGS requires a
multi-step hard templating process: initially, core—shell
mesoporous silica spheres (SiO,@mSiO,) are synthesized, as
reported by Biichel et al.'> These hard templates are employed
to scaffold the textural properties (i.., shell thickness, pore
size, and void diameter) of the resulting HGS replica. For this,
divinylbenzene, as the carbon source, and iron, as the
graphitization catalyst, are infiltrated in three subsequent
impregnation steps.'”'> Overall, this complex multistep
procedure, partly at high dilution, makes scale-up of the
synthesis process very difficult, thus hamperinﬁ the technical
use of fuel cell catalysts based on this process. ***
Alternatively, replication of nanostructured templates could
be achieved via chemical vapor deposition (CVD) processes.”’
Classically, CVD is used for the production of solid thin films
on flat substrates, and also mesoporous membranes were
employed as templates for the synthesis of carbon nano-
tubes.”' >* Commonly, gaseous hydrocarbons (e.g., ethylene,
methane, benzene, and acetylene) are decomposed at the host
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