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CNTshave been synthesized by catalytic C,H, decomposition through Pd/Al,Os at low temperature. The CNTs
were grown to alength of about 10 pm and diameter 150-200 nm with multiwalled structure. Pd catalysts have
two mgjor roles; one is the active catalyst for C;H, decomposition, the other is a nucleation site of CNT's

growth.
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Introduction

Recently, carbon nanotubes (CNTs) have attracted a great
deal of attention with nano materials consisting of particles
with diameter less than 100 nm as an essential component of
nanotechnology.™? Since CNTs were first observed in 19913
CNTs have been studied for many applications, such as
electronics, mechanics, display and energy, and hydrogen
storage because of their particular mechanical and electronic
properties.

CNTs can be produced by arc discharge,* laser-ablation,®
or by plasma-enhanced chemical vapor deposition (PECVD),°
or thermal chemical vapor deposition.” A technique of
synthesis by cataytic decomposition of hydrocarbons was
recently reported in which hydrocarbons are decomposed
directly into hydrogen and carbon. CNTs were synthesized
by decomposition of C,H, using Fe-Mo catalysts at 950 °C.2
Additionally, Youngdan Li et al. reported the production of
hydrogen and nanocarbon by decomposition of methane on
a nickel-based catalyst.® In that method, it was difficult to
have high productivity a low temperature and to separate
metal particles from CNTs. In addition, iron, nickel, and
cobalt were usudly used as the nucleation site of CNT's
growth.

Generaly catalytic decomposition of hydrocarbonsis the
method for producing a pure hydrogen stream from natural
gas.® Hydrocarbons are cracked directly into hydrogen and
carbon. Catalysts used in that experiment promote the
complete decomposition of hydrocarbons and improve the
energy effciency of the process! Most catalysts for
decomposition of hydrocabons were noble metals. Among
the noble metal catalysts, supported palladium has been
recognized as the most active catalyst for methane combus-
tion with thermal stability.*>*

In this paper we use CNT synthesis from catalytic
decomposition of C;H, through Pd/AlLO; catalyst.
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Experimental Procedures

Preparation of the catalyst. Pd(NOs)26H,0 was dissolved
in digtilled water and alumina granuas (3 mm dia.) added to
the aqueous solution of a palladium nitrate.

The loaded supports were dewatered and dried at 120 °C
for 6 hr. The supported catalysts were calcined at 400 °C for
3 hr with flowing O, gas in order to eliminate impurities
adsorbed on supported catalysts and finally the sample of
catalyst precursor was obtained.

Preparation of carbon nanotubes. Figure 1. shows a
schematic diagram of the experimetal system. The reactor
consists of @ 30 mm o.d x 70 cm long quartz tube. The
reactor was heated by an electrical tube furnace and was
controlled to +1 °C by the temperature controller. To
eliminate oxygen in C;H, gases, the adsorbent was put on
the front of quartz tube. The catalyst bed supported on
stainless steel gauze was placed in the center of the furnace.
In order to diminate all chemisorbed water, catalysts were
reduced in flowing H2 (50 mL/min) for 1 hr at 650 °C.

The flow rate of gases was controlled by mass flow
controllers (MFCs). Then C;H, gas was introduced to the
quartz tube with aflow rate of 30 sccm for 20 min at 650 °C
and 950 °C. Then the reactor was cooled to room
temperature with flowing Argon gas.

The CNTswere examined by scanning electron microscope
(SEM) (Hitachi S-4300), therma andyzer (Rheometric Scientific
STA1500), transmission eectron microscopy (TEM) (JEOL
JEM3010) and Raman spectrometer (Renishaw micro raman).
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Figure 1. Experimental setup used for synthesis of CNTSs.
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Figure 2. SEM image of CNTs on Pd/Al,O; catalysts grown by
decomposition of C;H, a 650 °C, (b) Magnified view of CNTs
which arein therange dia. 15-25 nm.

Results and Discussion

CNTs were synthesized on Pd/Al.O; catalyst using C;H-
gas with flow rate of 30 sccm for 20 min at 650 °C. We
found that CNTs had covered the entire heated section of the
reactor aswell as the Pd/Al,O; catalyst.

We checked the surface morphology of catalysts, as shown
in Figure 2. The CNTs were fibrous and grown in a random
direction on palladium catalysts. The diameter of CNTs was
about 15-25 nm.

Figure 3. isaSEM image of CNT powder deposited on the
inner surface of the quartz tube by decomposition of C;H-
gas with flow rate of 30 sccm for 20 min through Pd/AlLOs
catalyst at (a) 650 °C and (b) 950 °C. CNT powder grown at
650 °C shows a length of 10 um and dia. 150-200 nm with
multiwalled structure, as shown in Figure 4. The diameter of
CNT powder is larger than that of CNTs on Pd/AlLOs

Figure 3. SEM image of CNT powder grown by decomposition of
C;H; through Pd/AlO; catayst at (a) 650 °C, (b) 950 °C.

Figure 4. HRTEM image of CNT powder produced by
decomposition of C;H; through Pd/Al,O3 at 650 °C, which shows
an inside hollow and multiwalled structure.
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Figure 5. Raman spectrum of CNT powder produced by
decomposition of C;H; through Pd/Al,O3 catalyst at (a) 650 °C, (b)
950 °C.

catayst. CNTs at 950 °C have more carbon defects
(amorphous carbon, carbon fiber etc.,) than at 650 °C.

Figure 5. shows the Raman spectrum of CNTs grown at
(a) 650 °C and (b) 950 °C. The Raman-alowed (G) line at
1590 cm™ has been assigned to the streching mode (E.g) of
graphite. The disorder-induced (D) line a 1337 cm™
indicates carbon defects.

In the Raman spectra we confirmed that the CNTs had
crystalline structure and some carbon defects. The ratio of
the integrated intensity of the D line to the G line R=Ip/lg
provides a sensitive characterization of the disorder in the
sample.”® The pesk intensity ratio, R at 650 °C and 950 °C,
have 2.9, 4.0 respectively. The peak intensity ratio of the D
to G bands increased with higher temperature, indicating
that crystallinity of CNTsgrown at 650 °C is higher than that
of CNT at 950 °C. This result agrees with Figure 3. This
suggests that as pyrolysis of C;H, at 950 °C occurs not only
on Pd/AIO3 but alsoitself C;H,, the CNTs on catadysts and
carbon defects are formed.

Figure 6. shows the TGA graph of synthesized CNTs.
Measurement was carried out in air, at a temperature range
from 25 °C to 900 °C and the heating rate was 5 °C per
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Figure 6. TGA data of weight loss for CNT powder grown at 650
°C. The CNTs start to gasify verticaly at 470 °C.
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minute. In this figure, the initial burning temperature was
about 150 °C. Weightloss started at 150 °C. Weight of CNTs
reduced slowly from 150 °C to 470 °C and vertically after
470 °C. The former area is a weight-loss of amorphous
carbon and the latter is a weight-loss of CNTs. This result
corresponds to the typical properties of CNTS, as previous
reported.’® Weight-loss ended at 600 °C with alittle metal.

We suggest that the C,H, is thermaly decomposed
through Pd/Al,O; a low temperature.

CHz; - 2C(s) +H2 (@)

The catalysis reaction occurs on the surface of Pd/AlOs,
Solid carbons and hydrogens are formed through pyrolysis
of C,H, Solid carbons are adsorbed on Pd catalysts and
dissolved into catalysts. Hence, CNTs are grown on the
catalysts and are separated from the Pd catayst.

The heat of adsorption and data of C-H dissociation rate
constant data at 550-850 °C on Pd catalysts are not known
for the decomposition of C;H, gases. However, Kesmode! et
al. showed that chemisorbed acetylene at 300 K results in
the formation of mainly ethylidyne, C--CH3; and a small
amount of residua acetylene. Dehydrogenation begins at
around 400-500 K, with formation of CH species.!” Naresh
Shah et a. have reported hydrogen production from methane
decomposition for Pd catalysts at 700 °C.*® Pd was active
catalyst for methane decomposition. Even asmall amount of
Pd yieded substantial hydrogen at lower temperature.

We demondtrate that Pd catalysts have an efficiency for
decomposition of C;H, at low temperature.

Conclusions

CNTs have been synthesized by C,H, decomposition
through Pd/Al,Os at 650 °C. The synthesized CNTs have a
diameter in the range 150-200 nm with multiwalled
structure. Finally, we suggest that Pd catalysts not only are
active catadysts for C;H, decomposition, but also nucleation
sites of growth. When the temperature of decomposition is
950 °C, CNTs have more carbon defects than at 650 °C.

This approach can be easily applicable to massive
production of CNTs at low temperature.
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