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Introduction

Multiwalled carbon nanotubes (MWCNT) expose several extraordinary
properties, e.g. electric conductivity, unique geometry and high mechanical
strength [1,2]. The growing field of potential applications results in an
increasing demand of cost-effective CNTs. Catalytic chemical vapor
deposition (CCVD) of hydrocarbons over Fe-, Co- or Ni-based catalysts is the
most promising synthesis route towards a large scale CNT production [3, 4].

Based on patent literature [5], an industrially applied Co-Mn-Al-Mg-catalyst
was synthesized in a small-scale precipitation. The MWCNTs were achieved

Catalyst Preparation

Aqueous solutions of nitrate salts were discontinuously precipitated with
NaOH. The preparation procedure was based on an industry patent [5].
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by decomposition of ethylene over the reduced catalyst. In this work the Mn (NOs),
quaternary catalyst and the obtained CNTs are characterized. The focus is
placed on the chemical state of the catalyst during the pretreatment and the
early stages of the CNT synthesis. Additionally, the impact of Mn on the
catalytic activity is investigated. The aim of this work is to draw correlations
between catalyst properties and CNT structure.
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CNT Yield

The CNT were prepared in a tubular quartz reactor using ethylene as
carbon source. After reducing the catalyst samples in hydrogen, the
yield was determined after 120 min growth at 650°C using a mixture of 80
ethylene and hydrogen as feed gas. The reaction conditions were
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The Co/Mn-ratio was varied in order to study the impact on the catalytic activity and
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taken over from an industry patent [5].
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The consumption of ethylene
during the initial stage of the
CNT growth reaction was
monitored by an IR gas

detector. The amount of

deposited carbon increases
with higher temperature.
Strong hints of pore diffusion
limitations for particle sizes
above 250 ym were found at
650°C.
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= Mesoporous spinel Co-Mn-Al-Mg oxides were obtained by precipitation of nitrate
salts.

= Remarkable high CNT yields were achieved from catalysts with an equimolar ratio
of Co:Mn. The addition of Mn enhances the catalytic activity of Co by a factor of 84.

= Explosion-like CNT growth was observed during initial stage of the synthesis.

= Oxidation stability of the CNT increases with higher Mn content of the catalyst.
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