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CNTs in-situ synthesis on Metal and metallic glass by CVD

for bulk composites fabrication
Prof. Naiqin Zhao
School of Materials Science and Engineering, Tianjin UniversityChina

I visited IMR of Tohoku University from dJuly to
August, working on the area of metal and metallic glass
composites reinforced by in-situ synthesized carbon
nanotubes (CNTSs).

Carbon nanotubes have attracted much attention
because of their unique
of
in the

during the past decade
and electrical properties.

the use of CNTs

mechanical, chemical,
particular interest 1is
reinforcement of composites as a means of overcoming
the performance limits of conventional materials.
metal matrix with CNT

Recently, composites

reinforcement have generated significant interest.
Several fabrication routes such as powder metallurgy,
hot pressing, pressure-less infiltration, and spray
forming have been used to fabricate the metal matrix
composites with CNTs. However, the strengthening
efficiency of CNTs for the composites is not comparable
to the theoretical predicted values. The challenge
remains to disperse the ultra fine CNTs uniformly in the
microstructure when bulk manufacturing processes are
applied.

During the last five years I have been involved in
developing and applying a new method, named CNTs
in-situ synthesis, for synthesis of CNTs by chemical
vapor deposition (CVD) with metal catalyst directly on
metal matrix powder, for obtaining an uniform
distributed composite powder for the bulk composite
fabrication. This unique in-situ synthesis of CNTs in a
matrix is particularly suitable for the fabrication of

CNT-reinforced metal matrix composites, because the

desired dispersion of CNTs can be rather easily achieved.

We have investigated how to control the structure, size
and yield of carbon nano products during CVD,
including the matrix, catalyst, carbon resource and
carry gases, etc. The influence of the substrate of

catalyst on the carbon nano structure synthesis,

including metals, such as Al,
Cu, Mg, Ag, Ti has been studied.
The bulk composites from
above composite powder have
been prepared by powder

metallurgy process.

I have been carrying on the

following works during the two months:

1) The possibility for synthesizing the CNTs on metal
glass matrix has been investigated. It is a new challenge
for the synthesis of CNTs on the metal glass, since the
matrix should keep the amorphous during the synthesis
temperature. The carbon nanostructures have been
synthesized by CVD process in several amorphous
powders, as shown in Fig.1. It is noticed that the kinds of
such as

substrate and the synthesis conditions,

temperature and gas ratio, influence the results
obviously. I found that the iron magnetic powder itself
has the catalytic function, thus the carbon nanotubes
can be synthesized without the additional catalyst.
Unlike the CNTs with well crystallized structure,
synthesized on the crystal metal matrix, the CNTs
grown on the amorphous iron powders have amorphous
structure, as shown in Fig.2, which is the first time
finding the special structure. The further experiments
concerning with the properties and specific
microstructure characteristics of the amorphous CNTs
are carrying on and a research paper is preparing.

2) The main problem for powder metallurgy process to
make the bulk composite materials is the large porosity
since the CNTs inside. New processing is needed expect
the cold or hot press for decreasing the porosity. I have
used SPS equipment in IMR to improve the properties of
the in-situ CNTs/Al composites. The subsequent hot
extrusion process is carrying on in Tianjin University for

improving the properties.



Besides, I visited Prof. Akira Kawasaki in
Department of Materials Processing in Tohoku
University, Prof. Katsuyoshi Kondoh in Osaka

University, as well as Prof. Bunshi Fugetsu in Hokkaido
University, whom are working in the CNTs reinforced
metal composites also. I had discussions with them and
collaborations between Tohoku

have found the

University, Tianjin University and the other institutes

in the area of metal and metallic glass composites

reinforced by CNTs.

Fig.2 The amorphous carbon nanotubes grown
on iron-base magnetic powder (IMP) by CVD
(Growth condition: without additional catalyst,
C2Hs as carbon resource, CoH2:Ar=60:100, 500°C 1hour)
(a) SEM image of IMP with the carbon product;
(b) surface of IMP showing the nano islands of
iron possibably as the catalyst for the CNTs
growth., (c) the long helical carbon product on
(a) (TEM),(d) the large magnification of

(c) showing the hollow tubes,

(e) the large magnification of (d) showing

the amorphous structure of the CNTs

My work has been supported by Prof. A. Makino who

provided the metallic glass powders and experiment
equipments; Dr. Xie Guogiang gave the great help for
the use of SPS equipment; I wish to thank all the
consultation and support by President A. Inoue, Prof. M.
Niinomi, Prof.Chiba A. and Dr.Wei Zhang in IMR, Prof.
Minwei Chen in WPI. Prof. Xin min Wang helped me in
whole period during I was in IMR. Also, thank Ms. Y.
Chiba for all her spontaneous help. Thanks all of them.

Fig.1 Carbon nanostructures synthesized by CVD
on the metallic glass powders
(a) on ZrCuAINi matrix

(b) on Fe-base magnetic powder matrix
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