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1. HIRFE

Carbon nanotube (CNT) is an important allotrope of carbon nanomaterials, which can
be considered as rolled-up graphene sheet into a seamless cylinder with fullerene caps!l. CNTs
have attracted tremendous attentions due to their unique one-dimensional nanostructure
and extraordinary electrical, thermal, mechanical properties and chemical stability, which
provide them huge potential applications in composite materials, thermal interface materials
and electrode materials. In this project, we mainly focus on the synthesis of CNTs and their
application in lithium-ion batteries (LIBs).

In 2004, high purity carbon nanotubes arrays were successfully synthesized by an
“super-growth” chemical vapor deposition method!2l. However, the amount of the synthesized
CNTs are typically as small as only a few tens grams per square meters. Our group have
previously realized semi-continuous production of sub-millimeter-long few-wall CNTs from
acetylene at a high carbon yield and short gas residence time. What’s more, the production of
high purity few-wall CNTs with an average diameter of 6.5 nm are achieved by using an
internal heat-exchange reactor, which makes it possible to realize mass production of different
types of CNTs in our lab[34,

Owing to the lightweight and high electrical conductivities, CNTs with different
parameters have been used as conductive additives of electrodes of LIBs because they can
provide conductive path for lithium ions. Besides, light weight CNT films have also been
prepared and studied as current collectors of LIBs, which have demonstrated improved areal
and volumetric capacities by replacing traditional heavy copper or aluminum foils. However,
the influences of length and specific surface area of CNTs on LIBs properties have not been
systematically investigated yet. Therefore, we first focus on researching the high-yield
production of CNTs at lower cost and studying the influences of synthesized CNTs on the
performance of LIBs.
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2. FUHREMRE
(1) Deposition of catalysts in fluidized-bed.

According to previous research, achieving the uniform deposition of thin catalyst films on
substrates is the key step towards synthesis of high quality CNTs. In this research, Fe(NO 3)3
and AI(NOs)s are selected as catalysts due to their low cost. Their nitrates water solutions are
atomized by a nebulizer, and the produced catalysts solution mist are introduced into the
fluidized-bed by carrier gas and deposited on ZrO:2 beads. During deposition process,
temperature and gas flow rate are controlled carefully to prevent the formation of big mist
droplets which would cause the aggregation of beads or the drying of the mist particles in
advance. SEM images show that catalysts can be deposited uniformly on the surface of ZrO 2
beads at proper deposition condition. After synthesis process in horizontal reactor, CNTs

arrays cover the whole surface of beads with a length of 200 um (Fig. 1).
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Fig. 1 SEM images of surface of beads after deposition (left) and CNTs on the beads after
synthesis (right).

Besides, the thickness of prepared Fe/AlOx catalysts films are also confirm by X-ray
fluorescence spectrometer. Results show that the thickness of catalysts layer is ca. 1-2 nm
which is suitable for growth of CNTs arrays.

(2) Synthesis of CNTs by fluidized-bed CVD method.

Sub-millimeter-long few-wall CNTs are synthesized by fluidized-bed CVD method. CNTs
with a length of 300 um and yield of 6.3 mgcnr/greads are synthesized at the optimized
temperature and catalyst ratio. In order to achieve a higher yield of CNTs, bilayer deposition
strategy is applied as another thin Fe layer is deposited on the first Fe/AlO, layer. Surprisingly,
the length of CNTs reach ca. 500um and yield is improved to 16 mgcNr/gheads With a specific
surface area of 420 m?/g, indicating the synthesized CNTs possess average wall number of
three (Fig. 2). These excellent results originate from the optimized amount of Al, which is
considered to play an important role in suppressing the diffusion and aggregation of Fe atoms.
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Fig. 2 SEM images of synthesized CNTs (right) and the effect of Al source concentration on the
yield and specific surface area of CNTs.
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5. HIREFBORELRE
This research will be mainly conducted in the following two aspects:
(1) Development of high-yield production method of CNTs at low cost

We will still focus on the synthesis of CNTs by fluidized-bed CVD method. Different kinds
of catalysts and deposition methods will be applied to promote the formation of nm-sized
catalyst particles in order to achieve higher number density and longer life time of catalysts

particles.

(2) Application of CNTs as electrode materials of LIBs

By using the CNTs synthesized above, CNTs and other active material composite films will
be prepared and used as the electrode materials in lithium ion batteries. The influence of CNT
parameters on the performances of LIBs will be investigated. High energy and power densities
LIBs with balanced areal and volumetric capacities are expected to be achieved.



