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The possibility of using magnesium powder as catalyst carrier for carbon nanotube growth by chemical vapor deposition, which
may pave a new way to in situ fabricate CNT/Mg composites with high CNT dispersion, was investigated for the first time. The
fabrication process of the catalyst supported on Mg powder involves the preparation of colloid by a deposition-precipitation
method, followed by calcination and reduction. The results show that the interaction between catalyst and support plays an
important role for the catalytic property of the catalyst. Ni alloyed with Mg shows no activity for the decomposition of methane.
The introduction of Y in Ni/Mg catalyst can promote the reaction temperature between Ni and Mg and thus enhance the activity
of the catalyst. A large amount of carbon nanotubes (CNTs) with an average diameter of 20 nm was obtained using Ni/Y/Mg
catalyst at 450◦C, while only a few short CNTs were obtained using Ni/Mg catalyst due to the low activity of the catalyst at lower
temperature.

1. Introduction

Since the first observation of carbon nanotubes (CNTs) [1],
extensive experimental and theoretical researches have been
performed to exploit their properties and applications [2, 3].
The experimental and theoretical studies on the mechanical
properties of CNTs predict them to be amongst the strongest
materials. The elastic modulus of CNTs is comparable to that
of diamond, and their tensile strength is about 100 times
than that of steel. Therefore, the CNT as reinforcement in the
composites is an obvious choice. Although the CNT/polymer
composites exhibit a tremendous strengthening effect for the
composites [4, 5], the issues of CNT dispersion in metal
matrix and nanotube/matrix interaction factors are still very
complex and have not been solved for the moment [6, 7]. In
order to solve these issues, the authors have attempted to use
metal powders as catalyst carrier to in situ obtain CNT/metal
composite powders and have successfully performed in Al
and Cu composites [8–10], which exhibit a higher advantage

than traditional methods. The key issues for this novel
process are to prepare effective catalyst supported on metal
powders and synthesize CNTs with controllable conditions.

Mg and its alloys are increasingly used in engineering
structures due to their high specific strength. Effort has
been made to increase the specific strength further through
use of suitable reinforcements such as carbon nanotubes
(CNTs), and the CNTs were found to improve the properties
of the alloy significantly [11, 12]. In the present work, the
possibility of using magnesium powder as catalyst carrier for
the carbon nanotube growth by chemical vapor deposition
(CVD) was investigated for the first time, which may pave
a new way to fabricate CNT/Mg composites. Although it
has been reported that nano-intermetallic alloy, MgNi, can
be used as catalyst for the CNT growth, a little amount of
Mg element is simply used to prevent the catalyst thermal
aggregation [13]. The effect of Mg and its interaction with
the catalyst (Ni) on the carbon nanotube growth is still
unclear. In this paper, the effect of the reaction between the
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Table 1: The parameters of the CNT growth by CVD.

Catalyst Reducing temperature (◦C) Reducing time (h) Growth temperature (◦C) Growth time (h)

10%Ni/Mg
400 5 400 1

450 2 450 1

500 2 500 1

16%Ni4%Y/Mg
450 2 450 1

500 2 500 1

500 2 600 1

carrier (Mg) and catalyst (Ni or Ni/Y) on the CNT growth
was investigated systematically.

2. Experimental

2.1. Preparation of the Catalyst. The magnesium-carried
Ni/Y catalyst was prepared by deposition-precipitation. For
a typical process, the right amounts of Mg powder (8 g)
and NaOH (2.721 g, 98.0% purity) were mixed in 500 mL
distilled water. Ni(NO3)2·6H2O (7.926 g, 98.0% purity) and
Y(NO3)3·6H2O (1.723 g, 98.0% purity) were dissolved in
300 mL distilled water and added to the previous mixture
dropwise with constant stirring. The coprecipitate was then
aged, washed several times, and dried at 100◦C in Ar (99.9%
purity). Then, the ternary colloid was calcined in Ar atmo-
sphere at 250◦C and 400◦C consecutively for 2 hours each
time to form the Ni/Y/Mg catalyst precursor, which would
be employed in the following catalytic synthesis experiments.
For comparison, 10%Ni/Mg catalyst was prepared using the
same process.

2.2. Synthesis of Carbon Nanotubes. The catalyst of 0.5 g was
kept in a quartz boat and placed in a horizontal quartz
tube reactor. The quartz tube, mounted in an electrical
tube furnace, was heated to reduction temperature in an Ar
atmosphere. Then the hydrogen (100 mL/min, 99.9% purity)
was introduced to reduce the catalyst. Subsequently, the
hydrogen flow was shut off, and the quartz tube was heated
again to the reaction temperature in an Ar atmosphere. A
mixture of CH4/Ar (100/300 mL/min, v/v) was introduced
into the quartz tube for 60 minutes. The parameter details are
listed in Table 1. Finally, the system was cooled to the room
temperature under Ar.

2.3. Characterization of the Catalyst and Carbon Nanotubes.
The catalysts and products by CVD were characterized
by an X-ray diffractometer (XRD, Rigaku D/max 2500
V/pc), scanning electron microscope (SEM, JEOL JSM-T330
and JSM-6700F), and high-resolution transmission electron
microscope (HRTEM, PHILIPS TECNAI G2 F20).

3. Results and Discussion

Figure 1 shows the XRD analysis of the 10%Ni/Mg catalyst
and reaction products by CVD. It can be seen that there are
several weak peaks, apart from that corresponding to Mg in
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Figure 1: XRD analysis of the 10%Ni/Mg catalyst precursor after
calcination (a) and reaction products by CVD at 400◦C (b), 450◦C
(c), and 500◦C (d).

the XRD pattern of the catalyst precursor after calcination
(Figure 1(a)). The peak at 43.335◦ is very similar to that of
Ni. However, there is no reductive gas during the calcination
process. The possible reactions during this process are as
follows:

Ni(OH)2 −→ NiO + H2O (1)

Mg + NiO −→ MgO + Ni (2)

Thus, the formation of Ni during calcination process
simultaneously produces MgO. It is known that the peaks of
NiO (43.095◦) and MgO (42.916◦) are very close. The broad
peak near 43◦ may be indicated to the existence of MgO
or NiO. In order to identify the peak near 43◦, the samples
were calcined for a longer time or reduced by H2. The
XRD analysis shows that the peak near 43◦ had no obvious
changes (not shown here), proving the existence of MgO,
and the reaction equations of (1) and (2) were reasonable.
After reduction and reaction at 400◦C, the peaks of Ni phase
still exist. However, the phases of the samples became more
complex when the temperatures were above 450◦C. From the
binary phase diagram of Ni and Mg, it is known that Ni
can react with Mg and result in Mg2Ni at 506◦C. However,
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when the sample was reduced and reacted at 450◦C, there
were no obvious peaks related to Ni, and some other peaks
appeared, which should be responsible to Mg2Ni, apart from
that related to Mg and MgO. This may be due to the effect
of nanosize level of Ni particles that promote the activity
of Ni phase. The peaks between 37◦-40◦ (indicated by black
dots in Figure 1) proved the formation of Mg2Ni. The peak
near 45◦ is corresponding to the (203) peak of Mg2Ni. In all
the 10%Ni/Mg samples, there are almost no obvious C peaks
observed.

Figure 2 shows the XRD analysis of the 16%Ni4%Y/Mg
catalyst and reaction products by CVD. From the XRD pat-
tern of the catalyst precursor after calcination (Figure 2(a)),
we can see that there are no obvious peaks corresponding
to Ni, inferring that yttria doped in NiO can stabilize the
structure of NiO. Meanwhile, when the reduction and reac-
tion temperatures were performed at 450◦C, carbon peaks
were obviously observed and no Mg2Ni peaks appeared
(Figure 2(b)). However, the peaks near 43◦ still existed. This
may be due to either incompletely reduction of NiO or the
existence of MgO. In order to distinguish this, the same
catalyst was reduced at 400◦C for different times and reacted
at 450◦C. As shown in Figure 3, the peak near 43◦ had almost
no change and existed even in the sample that reduced for
5 hours, inferring that this peak was not related to NiO.
The existence of MgO peaks indicated that the raw Mg
was in some sort oxidized during the process due to the
pure Mg with highly active chemical property. The peak
intensity of MgO increased with the reaction temperature
arose, further indicating that active Mg reacted with oxygen
even in Ar at high temperature. When the sample was
reduced and reacted at 500◦C, the peaks of Mg2Ni appeared
(in Figure 2(c)). With the temperature increasing, there are
no C and Ni peaks detected. At 600◦C, Mg reacted with Ni
almost completely. Another alloy, Mg6Ni, was detected apart
from Mg2Ni (Figure 2(d)).

The morphologies of the products obtained by CVD
were characterized by SEM and TEM. From Figures 4(a) and
4(b), it can be seen that some very short CNTs are obtained
by CVD at 400◦C using Ni/Mg catalyst, and all catalyst
nanoparticles are located on the top of the CNTs (indicated
by arrows in Figure 4(b)), inferring that “top-growth mode”
is suitable for this experiment. However, the activity of the
catalyst is very low due to the lower reaction temperatures
(only about 1 wt.% of carbon deposit was obtained, which
may be the cause why XRD could not detect the existence
of carbon). With the reaction temperature increasing, there
is almost no obvious carbon deposit observed by SEM
and TEM. Furthermore, the catalyst particles become larger
and joint together (Figures 4(c) and 4(d), compared with
the catalyst nanoparticles located on the top of CNTs in
Figure 4(b)). Combined with the XRD results (Figure 1), it
can be concluded that Ni nanoparticles begin to react with
Mg and lose their catalytic activity at and above 450◦C.

Figure 5(a) shows the low-magnification SEM image
of the product obtained at 450◦C using Ni/Y/Mg catalyst.
Almost all the Mg particles were covered by a dense CNT
coating. Figure 5(b) is the high-magnification SEM image of
the CNTs at 450◦C. It can be seen that the CNTs with an
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Figure 2: XRD images of the 16%Ni4%Y/Mg catalyst precursor
after calcination (a) and reaction products by CVD at 450◦C (b),
500◦C (c), and 600 (d).
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Figure 3: XRD images of and reaction products by CVD using the
16%Ni4%Y/Mg catalyst reduced for 3 hours (a), 5 hours (b).

average diameter of 20 nm were also grown based on “top-
growth mode” (indicated by arrows). TEM images of the
CNTs indicate that the structure of the CNT is herringbone
or bamboo-shaped (Figures 5(c) and 5(d)). At 500◦C, there
were no CNTs formed instead of big particles (Figure 5(e)),
similar to that obtained at 450◦C using 10%Ni/Mg. When
the reaction temperature increased to 600◦C, Ni reacted
with Mg completely and formed two phases: Mg2Ni and
Mg6Ni. SEM images of the products show that the surface
morphologies of the product obtained become petaline
nanosheets (Figure 5(f)).
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Figure 4: SEM images of the products obtained by CVD at different conditions using 10%Ni/Mg catalyst (a, b) at 400◦C (c) at 450◦C (d) at
500◦C.

Based on the above analysis, it is obvious that the reaction
between catalyst and support play an important role for the
activity of the catalyst. Ni alloyed with Mg has no activity
for the decomposition of methane. Thus, the key issue to
use Mg as catalyst support is to prevent the reaction between
Ni and Mg. Although Ni can be used as catalyst directly, the
low activity of the catalyst will limit its further application in
composite fabrication process. Preliminary results show that
Y doped in Ni can elevate the reaction temperature between
Ni and Mg0020and promote the activity of the catalyst
(52.3 wt.% carbon deposit obtained using Ni/Y catalyst
compared to the mass of the raw catalyst, while only about
1 wt.% carbon deposit obtained using Ni catalyst). Thus, it is
possible to obtain dispersed CNTs with higher quantity and
quality using less Ni/Y catalyst supported on Mg powder by
optimizing the process parameters. Mg oxidization can be
reduced to a minimum content, which has little influence
on the property of Mg composites, by using inert gas with
higher purity and other solutions instead of water (to avoid
the possible reaction between water and Mg). Thus, it is

reasonable to prepare CNT/Mg composites with high CNT
dispersion using the in situ synthesized CNT-Mg composite
powders. Such work is in process.

4. Conclusions

The present paper demonstrates that Mg powder can be used
as a suitable catalyst carrier for the CNT growth by CVD.
However, the chemical interactions between the catalyst and
substrate should be avoided, because any Ni alloy with Mg
demonstrates no activity for the decomposition of methane.
The introduction of Y in Ni/Mg catalyst can promote the
reaction temperature between Ni and Mg and thus enhance
the activity of the catalyst. A large amount of CNTs with
an average diameter of 20 nm was obtained by CVD using
Ni/Y/Mg catalyst at 450◦C, while only a few short CNTs were
obtained using Ni/Mg catalyst due to the too low activity of
the catalyst at lower temperature.
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Figure 5: SEM and TEM images of the products obtained by CVD at different conditions using 16%Ni4%Y/Mg catalyst (a, b, c, d) at 450◦C,
(e) at 500◦C, and (f) at 600◦C.



6 Journal of Nanomaterials

Acknowledgments

This paper was sponsored by the Young Scientists Fund
of National Natural science Foundation of China (no.
51001080), the Education Ministry Doctorate Foundation
(no. 20091201110002) of China, the Tianjin International
Collaboration Foundation (no. 08ZCGHHZ00800) the open
project of The State Key Laboratory of Metal Matrix
Composites (no. mmc-kf09-03), and the Thermal Processing
Technology Center, IIT, USA.

References

[1] S. Iijima, “Helical microtubules of graphitic carbon,” Nature,
vol. 354, no. 6348, pp. 56–58, 1991.

[2] T. Fujita, Y. Hayashi, T. Tokunaga, and K. Yamamoto, “Cobalt
nanorods fully encapsulated in carbon nanotube and magneti-
zation measurements by off-axis electron holography,” Applied
Physics Letters, vol. 88, no. 24, Article ID 243118, 3 pages, 2006.

[3] D. Vairavapandian, P. Vichchulada, and M. D. Lay, “Prepara-
tion and modification of carbon nanotubes: review of recent
advances and applications in catalysis and sensing,” Analytica
Chimica Acta, vol. 626, no. 2, pp. 119–129, 2008.

[4] W. Lin, K.-S. Moon, and C. P. Wong, “A combined process of
in situ functionalization and microwave treatment to achieve
ultrasmall thermal expansion of aligned carbon nanotube-
polymer nanocomposites: toward applications as thermal
interface materials,” Advanced Materials, vol. 21, no. 23, pp.
2421–2424, 2009.

[5] T.-W. Chou, L. Gao, E. T. Thostenson, Z. Zhang, and J.-H.
Byun, “An assessment of the science and technology of carbon
nanotube-based fibers and composites,” Composites Science
and Technology, vol. 70, no. 1, pp. 1–19, 2010.

[6] K. T. Kim, S. I. Cha, T. Gemming, J. Eckert, and S. H.
Hong, “The role of interfacial oxygen atoms in the enhanced
mechanical properties of carbon-nanotube-reinforced metal
matrix nanocomposites,” Small, vol. 4, no. 11, pp. 1936–1940,
2008.

[7] K. Chu, Q. Wu, C. Jia et al., “Fabrication and effective thermal
conductivity of multi-walled carbon nanotubes reinforced
Cu matrix composites for heat sink applications,” Composites
Science and Technology, vol. 70, pp. 298–304, 2010.

[8] C. He, N. Zhao, C. Shi et al., “An approach to obtaining
homogeneously dispersed carbon nanotubes in Al powders
for preparing reinforced Al-matrix composites,” Advanced
Materials, vol. 19, no. 8, pp. 1128–1132, 2007.

[9] J. Kang, P. Nash, J. Li, C. Shi, and N. Zhao, “Achieving highly
dispersed nanofibres at high loading in carbon nanofibre-
metal composites,” Nanotechnology, vol. 20, no. 23, Article ID
235607, 2009.

[10] J. Kang, P. Nash, J. Li, C. Shi, N. Zhao, and S. Gu, “The effect of
heat treatment on mechanical properties of carbon nanofiber
reinforced copper matrix composites,” Journal of Materials
Science, vol. 44, no. 20, pp. 5602–5608, 2009.

[11] C. S. Goh, J. Wei, L. C. Lee, and M. Gupta, “Ductility
improvement and fatigue studies in Mg-CNT nanocompos-
ites,” Composites Science and Technology, vol. 68, no. 6, pp.
1432–1439, 2008.

[12] Q. Li, A. Viereckl, C. A. Rottmair, and R. F. Singer, “Improved
processing of carbon nanotube/magnesium alloy composites,”
Composites Science and Technology, vol. 69, no. 7-8, pp. 1193–
1199, 2009.

[13] C.-M. Chen, Y.-M. Dai, J. G. Huang, and J.-M. Jehng,
“Intermetallic catalyst for carbon nanotubes (CNTs) growth
by thermal chemical vapor deposition method,” Carbon, vol.
44, no. 9, pp. 1808–1820, 2006.



Submit your manuscripts at
http://www.hindawi.com

Scientifica
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Corrosion
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Polymer Science
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Ceramics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Composites
Journal of

Nanoparticles
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

International Journal of

Biomaterials

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Nanoscience
Journal of

Textiles
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Journal of

Nanotechnology
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Crystallography
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Coatings
Journal of

Advances in 

Materials Science and Engineering
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Smart Materials 
Research

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Metallurgy
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Materials
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

N
a
no

m
a
te
ri
a
ls

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal ofNanomaterials


