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Chemical Vapor Deposition and Synthesis on Carbon Nanofibers:
Sintering of Ferrocene-Derived Supported Iron Nanoparticles and
the Catalytic Growth of Secondary Carbon Nanofibers
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The synthesis of homogeneously distributed carbon nanofibers with well-defined morphology on vaporgrown carbon nanofibers was achieved by a sequence of gas-phase steps, thus fully avoiding wet
chemistry: first, carbon nanofibers were exposed to oxygen plasma to introduce oxygen-containing
functional groups. Then, the chemical vapor deposition of ferrocene was carried out under oxidizing
conditions, yielding nanofiber-supported iron oxide nanoparticles. Secondary carbon nanofibers with
diameters in the range from 10 to 20 nm were subsequently grown from cyclohexane catalyzed by the
sintered metallic iron nanoparticles under reducing conditions. XPS was applied to monitor the chemical
changes of the surface composition and the sintering of the metallic iron particles in hydrogen. The
morphology and the height distribution of the sintered iron oxide nanoparticles was derived by a unique
combined application of scanning electron microscopy and scanning tunneling microscopy. The specific
surface area of the nanocomposite was enhanced strongly due to the growth of secondary nanofibers,
and it was possible to tune the morphology of the nanofiber-nanofiber composites by the process
parameters. Thus, a significant advance in the reproducible synthesis of branched carbon fiber
nanocomposites was achieved.

Introduction
In recent years carbon nanofibers (CNF) and carbon
nanotubes (CNT) attracted growing interest in materials
science due to their exciting chemical, physical, and mechanical properties.1 Serp et al.2 reviewed the application of
carbon filaments as catalyst support. Carbon nanofiber- or
nanotube-supported transition metal catalysts were used for
hydrogenation reactions,3 in fuel cells,4 and for other
reactions.5 Mainly surface defects and functional groups can
be considered as anchors for metal species.6 Since the assynthesized nanofibers or nanotubes do not possess a high
density of functional groups or defects on their surface, the
filaments are usually functionalized prior to metal deposition.
Branching of carbon fibers was first introduced to overcome the delamination problems in composites by Milewski
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and co-workers.7 Downs and Baker8 improved the process
by growing carbon filaments on the surface of polyacrylonitrile(PAN)- and pitch-based carbon fibers via Cu/Nicatalyzed pyrolysis of C2H4. The specific surface area was
significantly increased by branching, resulting in an enhanced
interfacial bonding between the fibers and the matrix.
McAllister and Wolf9 impregnated Ni on rayon fibers by
using the incipient wetness method and grew branches under
mild conditions. Recently, Hou and Reneker10 prepared
homogeneously distributed nanofibers grown on PAN-based
nanofibers. The iron catalyst used for the nanofiber growth
was mixed with the precursor of the PAN fibers, which were
then produced by electrospinning. The size of the iron
particles ranged from 10 to 30 nm, and the diameter of the
secondary nanofibers amounted to about 40 nm.10 Activated
pitch-based carbon fibers were employed as substrates for
secondary nanofibers.11 In addition to the traditional polymer
fibers, vapor-grown carbon fibers (VGCFs) were also
reported as substrates for the catalytic growth of nanofibers,
where the fiber substrate was dipped into a solution of the
transition metal precursor to deposit the catalyst precursor.12
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