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Abstract: Nanosized CuO-CeO,, CuO-Fe,05;, CuO-CeO,-Al,03 and CuO-Fe,03-CeO,-Al,O3 were prepared by co-precipitation and
wet impregnation techniques and were used for Catalytic decomposition of acetylene to produce carbon nanotubes (CNTs). Weight
gain technique was used to follow up the catalytic reactions. The results revealed that catalyst chemical composition, catalytic
temperature, acetylene flow rate and catalyst’s weight have a significant effect on the acetylene conversion percent. It was found that
maximum acetylene conversion percent occurs over CuO-CeO,-Fe,03-Al,0; and CuO-Fe,O; and it increase by increasing,
temperature from 400-600°C, decreasing acetylene flow rate from 150-50 ml/min and increasing catalyst weight from 0.25-1g. With
further increase in catalyst weight, acetylene conversion% decrease. The scanning electron microscope (SEM) image shows that some
of catalyst particles are observed at the tips of CNTs indicating that its formation proceeds by tip growth mechanism.

The prepared samples and CNTs were characterized by X-ray diffraction, inductive coupled plasma — atomic emission
spectroscopy (ICP-AES), surface area apparatus, Transmission electron microscope (TEM) and SEM.

Keywords - metal oxides, nanocrystallite, microstructure, hydrocarbon gas, Acetylene, chemical vapor deposition, Carbon
nanotubes,

1. Introduction

Unburned hydrocarbons (HC) are one of the main pollutants released from internal combustion engines and cause many
environmental and health problems[1, 2], for example, Volatile organic compounds ( VOCSs) enter in the formation of ground level
ozone ,0zone depletion ,and they act as greenhouse gases[3, 4] . Decomposition of hydrocarbon gases to its constituents is considered
to be one of the most important ways to remove such gases. Transition metal oxides showed very high catalytic activity toward the
decomposition of hydrocarbon gases to carbon nanotubes [5-7] which have novel properties that have led to realistic possibilities of
using them in many applications [8-16].

CNTs have been synthesized by a lot of techniques, such as plasma-enhanced ,arc discharge, laser ablation, and chemical
vapor deposition (CVD) of hydrocarbon gases (methane, ethane, and acetylene) at relatively high temperature over a nanocatalysts
[17-19], chemical vapor deposition (CVD) has been extensively used for the production of large scale carbon nanotubes with
extraordinary properties with high yield and it can produce CNTs at much lower temperature and with low cost [20-22].

The Effect of temperature on the kinetics of acetylene decomposition over freshly reduced iron oxide nanoparticles for the
production of carbon nanotubes was studied by khedr et al [6], The results showed that both the crystal size of iron oxide and catalytic
decomposition temperature are very effective on percentage yield of carbon deposited. The percentage yield of the produced CNTs
increased by decreasing crystal size of the catalyst from 150 to 35 nm, and increasing acetylene decomposition temperature to certain
temperature limit and after that it decrease.

The present work is designated to synthesize various nanostructured metal oxides catalysts for the decomposition of
acetylene to produce carbon nanotubes. The influence of different factors such as catalyst chemical composition, catalytic
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temperature, acetylene flow rate and weight of catalysts on the rate of catalytic reaction was investigated using weight gain technique.
The experimental data were used to clarify the mechanism of the reaction.

2. Experimental
2.1. Catalyst preparation Experiment

Different Nanocrystallite materials of CuO-CeO, with molar ratio 5:95 and CuO-Fe,O3 with molar ratiol:1, were
successfully prepared by co-precipitation route. The metal precursors solutions (Cerium (111) sulphate, cupper (I1) sulphate and iron
(1) nitrate) with required molar ratios were co-precipitated using potassium hydroxide as a precipitating agent, the precipitating agent
was added drop wise to the precursors solutions during ultra sonication for 0.5 hr then the precipitate was washed with distilled water
and ethanol, dried at 105°C and finally fired at 500°C for about 3 hrs.

Nano-sized CuO-CeO, supported Al,O3 is prepared by weight impregnation technique [6] where a catalyst of the composition
40% CuO-Ce0,:60% Al,O3 was prepared as follows: a suspension of nanosized CuO-CeO, was mixed with Al,O3 powder and stirred
for 1 hr at 60 °C to form a paste and to achieve a homogeneous impregnation of catalyst in the support. The impregnate was then dried
in an oven at 100 °C for 1 hr, calcinated at 400 °C for 3 hrs in a box muffle furnace.

Nano-sized CuO-Fe,03-CeO,-Al,O3 with molar ratio 0.26: 0.19: 0.25: 0.3 was prepared by physical mixing of a solid mixture
of one mole of CuO- Fe,O; with one mole CuO-CeO,-Al,03 .

The prepared catalysts were characterized using X-ray phase analysis technique ,The BET surface area apparatus (Quanta
chrome NOVA Automated Gas Sorption System), inductive coupled plasma — atomic emission spectroscopy (ICP-AES), Scanning
electron microscope and Transmission electron microscope .

Phase identification and crystallite size of the products were determined using X-ray diffraction instrument where the
crystallite size (D) has been calculated using Scherer’s equation [23]:

094

Bcosd

Where B is the full width at half maximum, A is the X-ray wavelength, and 0 is the angle of diffraction
2.2. Hydrocarbon decomposition Experiment

For each acetylene decomposition Experiment, approximately 0.5 g of a catalyst was introduced in to cylindrical alumina cell
closed with one end and placed in the central region of a longitudinal furnace.

To determine the most effective catalyst, which gives the highest acetylene conversion% (the highest carbon yield); the
catalysts were heated at 600 °C and carbon nanotubes (CNTSs) were synthesized at this temperature by flowing 100ml C,H,:700 ml N,
at these temperature. Decomposition of acetylene over different catalysts was followed using weight gain technique. The efficiency of
the prepared catalysts was determined and correlated with operation parameters which comprise; Temperature of reaction, catalyst
chemical composition, acetylene flow rate, and catalyst weight. The effect of growth temperature on the acetylene conversion% was
also examined for the most effective catalysts in acetylene decomposition at temperature ranging from 400 to 600 °C. The synthesized
CNTs were cooled in N, flow and the weight of deposited CNTs was detected using weight gain technique. The catalytic activity of
catalyst was measured by measuring acetylene conversion% as follow,

w
Acetylene conversion % = Wt x100

C

Where W, is the weight of carbon deposited at time t and W, is the total weight of carbon on hydrocarbon supply passed over the metal
oxides catalysts in 30 minutes. The effect of acetylene flow rate and catalyst s weights were investigated using different acetylene inlet
concentrations ranging from 50 to 150 ml/min and different catalyst's weights ranging from 0.25 to 2 g over the most effective catalyst
in by carrying out the acetylene decomposition reactions at 600 °C

The synthesized CNTs were identified and characterized using X-ray phase analysis technique, Scanning electron microscope
and Transmission electron microscope.

3. Results and discussions
3.1. Characterization of catalysts

The results of phase identification and crystallite size measurements of the prepared catalysts are summarized in Table 1 and
Fig. 1. The XRD patterns of CuO-Fe,O; catalysts show that there is no interaction between CuO and Fe,O3 and no copper ferrite peaks
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were detected. Fig.1(b, c) shows XRD patterns of CuO—CeO; ¢

atalysts washed with ethanol, CeO, of fluorite type oxide structure was

observed in all catalysts [24] and no shift in the diffraction lines of CeO, could be observed in these catalysts, indicating that there are
no solid solutions appeared in the CuO — CeO, catalyst [25]. Also XRD results indicate that using Al,O5 as support help in decreasing

the crystal size of the prepared catalysts and that the addition of KOH as precipitating agent and ethanol as dehydrating agent inhibits

the grain growth of CuO—CeO, particles, yields nano-structured catalysts (crystal size =12.7 nm) and increases the surface areas of

catalysts (58.3 m* g * for CuO—CeO,) as summarized in Table .

1. We found also no observable XRD peaks corresponding to CuO in

CuO-CeO, catalysts. This could indicate that the doped CuO was well dispersed in the CeO, surface or it may be amorphous or

undetectable amount (about 5%) by XRD
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Fig .1. XRD pattern for

(@) CuO-Fe,04 (b) CuO-Ce0, (c) CuO-Ce0,-Al,03

Where 1, 2, 3and 4 represent CuO, Fe,0s3, CeO, and Al,O3 respectively

Table 1. Crystal sizes and surface area of the prepared catalysts

Catalyst Sample phases | Crystal size (hm) | Surface area (m?/g)
CuO-Fe,04 CuO 28.7nm

Fe,03 13.6 nm 15.7
CuO-Ce0,-Al,04 CuO Nd

CeO, 11.7 nm 58.3

Al,O4 7 nm
CuO-Ce0, CuO nd Nd

CeO, 12.7 nm

nd means not determined

The results obtained by ICP indicate that the catalysts are well prepared with the proper metal to metal ratios. The results are

summarized in table.2.

Table .2. ICP —AES results of the prepared catalysts

Catalyst Chemical composition ICP results ratios
1 50% CuO + 50% Fe,0; 51% CuO + 49% Fe,0;
2 5% CuO + 95% CeO, 5.1% CuO + 94.9% CeO,
3 2% CuO + 38% CeO,+ 60% Al,O3 | 2% CuO + 39.1% CeO,+ 58.9% Al,03
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Fig.2. and Fig.3. shows TEM and SEM images of CuO-CeO, supported Al,O; catalyst and CuO-Fe,0; catalyst, from which
we can see that the particles are well dispersed and have a regular spherical morphology, the powder was mostly formed in
homogenous grains and the CuO-Fe,O5; sample seems to be more condensed than CuO-CeO,-Al, O3, this is confirmed by the pore size
distribution shown in Fig.4. The data obtained from the BET surface area apparatus show that the total pore volume is 2.9 x10 * CC/
g , micro pore volume 6.6 x10 * CC/ g and average pore diameter 0.02 um in case of CuO-CeQ,-Al,0; while in case of CuO-Fe,05
the total pore volume is 7.5 x10 * CC/ g, micro pore volume 1.3 x10 * CC/ g and average pore diameter 0.019 um.

Fig .2. TEM image of
(@) CuO —Ce0,- Al,O3 ('b) CuO —Fe,03

faro Chersctevsstven Camee
FNM-KTH

200 m e ZE2
416 ViD= 32 Nag = 8308 %X FNW-KTH m



http://www.ijergs.org/

International Journal of Engineering Research and General Science Volume 2, Issue 5, August-September, 2014
ISSN 2091-2730

Fig .3. SEM image of
( a) CuO —CeO»- Al,O4 ( b) CuO —Fe,04
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Fig.4. Relation between pore width and pore volume for
(A) CuO -Ce0,-Al,0;4 (B) CuO Fe,04
3.2. Hydrocarbon decomposition
Hydrocarbon isothermal-decomposition experiments indicate that acetylene gas (with a flow rate 50 ml/min.) decomposes
catalytically to carbon and hydrogen at 600 °C according to the following equation [6];
C2H2 = H2 +2C

The acetylene molecules adsorbed on the surface of the catalyst then, a weak bond is formed between the catalyst and the
carbon atoms of acetylene molecules then the bonds between carbon atoms on the acetylene molecules are elongated and finally the C-
C triple and the C-H bonds is broken and carbon atoms attached together and hydrogen atoms also combined forming the carbon
nanotubes and hydrogen gas molecule respectively[6].

3.2.1. Effect of catalyst composition

Catalytic decomposition tests were carried out in the simulated reactor to study the effect of catalyst composition on the
removal of acetylene by catalytic decomposition reaction. The decomposition tests were investigated isothermally through the
decomposition of acetylene to produce carbon nanotubes as a function of the prepared samples at 600 °C and acetylene flow rate 50
ml/min using weight gain technique.

Table 3 shows the effect of catalyst composition on the catalytic decomposition of acetylene. It is found that CuO-CeO, and
CuO-Ce0,-Al, 03 catalysts have no catalytic activity toward acetylene decomposition because there is no type of interaction between
metal oxides and ceria as observed from XRD results so they have no catalytic activity [17], while good conversion percent is
observed with CuO-CeO,-Fe,0s-Al,0s and this may be attributed to that the metal oxide catalysts supported on alumina, posses
certain acidic sites, and the catalytic decomposition of hydrocarbons is proceeded on this sites and hence the catalytic activity of the
prepared catalysts toward decomposition of acetylene increase [26] The small crystallite size of the catalysts also enhances the
synthesis of dense, long and narrow-diameter CNTs [27] due to increasing the number of active sites at the catalyst surface which in
turn enhanced the acetylene decomposition reaction into carbon nanotubes and hydrogen. Accordingly, acetylene conversion %
increase [6].

Table .3. the effect of catalyst composition on the catalytic decomposition of acetylene

Catalyst HC conversion %
Cu0-Ce02 No catalytic activity
CuO-Ce0,-Al,04 No catalytic activity
CuO-Fe,04 53.4%

CuO-Fe, 03 'CQOz-Alzog 68 %
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SEM analysis of the produced CNTSs over both CuO -Fe,03 and CuO-Fe,0; -Ce0,-Al,03 at 600 °C are shown in Fig.5. High
dense of CNTs are observed in all the samples .The SEM observations suggest also that the carbon nanotube length is ranging from
one to several pum. Several long CNTSs were observed in the images and scattered in all the samples and it can be observed that there is
a tendency towards the formation of CNT structures of larger diameter at higher temperature. This is in line with other studies and
may be attributed to the agglomeration of metal oxides crystallites at higher reaction temperatures to form larger and non-uniform
metallic clusters which are responsible for growth of thicker CNTs [28] and some catalytic nanoparticales are also observed at the tips
of the carbon nanotubes indicating that CNTs formation occurs by tip growth mechanism

SEI 30kV wWDEmm 5540 x11,000 1um

Sample 0000 23 Apr 2011

woami®  ssdo0 %5500 2um —
» 0000 23 Apr 2011

Fig .5. SEM image of CNTs produced over
( a.) CuO —CeO»- Fe,05- A|203 ( b) CuO —Fe, 05

TEM image of the produced CNTSs over both CuO -Fe,03; and CuO-Fe,05 -CeO,-Al,O5 are shown in Fig. 6. Graphitic
structures with a central channel (CNTSs) are observed and we observe also that the carbon nanotubes are thicker over CuO-Fe,05
which has larger crystal size in agreement with SEM image.
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Fig. 6. TEM image of CNTSs produced over
( a) CuO —Ce0,- Fe,05- A|203 ( b) CuO —Fe, 05

The produced CNTSs are also investigated by XRD as shown in Fig. 7. for CuO -Fe,0; and CuO-Fe,05-CeO,-Al,053 samples
after decomposition of acetylene. the XRD patterns cannot differentiate between CNTs and other similar graphite-like structures, since
the diffraction peaks of both CNTs and graphite are very close to each other[29], but they provide a primary evidence of graphite
formed. XRD patterns of the catalysts after acetylene decomposition shows that there are two major peaks, one is near 20 = 26° And
one near 20 = 43.5° for graphite, indicating the well graphitized nature of the CNT. The other major peaks are due to catalytic
impurities, Fes0,, CuO , Ce,03, CuFe,0, phases and Al,O3,the lower metal oxides is formed from the reduction of the metal oxides
by acetylene and hydrogen formed from the decomposition of acetylene to hydrogen and CNTSs.
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Fig.7. XRD patterns of CNTs after decomposition of acetylene at 600 °C over:
(a.) CuO-Fe, 04 'CEOZ'A|203 (b) CuO-Fe, 03
3.2.2. Kinetic and mechanism of acetylene decomposition

To study the kinetics and mechanism of acetylene decompaosition over CuO -Fe,0; and CuO-Fe,03-Ce0,-Al,03, series of
decomposition experiment were carried out in the temperature range of 400-600 °C. Fig. 8. Shows the effect of temperature on the
conversion% of acetylene and it was found that the catalytic temperature is one of the most important factors that control the
efficiency of catalytic reaction. Two modes of decomposition rate can be observed for CuO-Fe,O3; -CeO,-Al,0; catalyst fig. 8b. The
first one at lower decomposition temperature, 400 and 450 °C, where the conversion percent 31% and 36.6 % was recorded,
respectively. Increasing the temperature to 500 and 600 °C results a significant increase in the conversion percent and maximum
percentage yield of 59.6 and 68 % were observed at 500 and 600 °C, respectively

As time proceeds, acetylene conversion% percent increase and the rate of conversion is high initially and slows down till the end
of the reaction.

Fig.9. summarizes the effect of temperature on the acetylene conversion percent over Fe,05-CuO and CuO-Ce0O,-Fe,0s-
Alzog.
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Fig.8. Effect of temperature on the catalytic decomposition of acetylene over
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Fig.9. The relationship between the acetylene decomposition temperature and the HC conversion % over
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(a) CuO-Fe, 04 (b) CuO-Fe,05-Ce0,-Al,04
Fig.10.represents the Arrhenius plot of CNTs synthesis, from which activation energy value was calculated. The small value

of activation energy, 11.9 and 17.2 kJ/ mol ,for Fe,03-CuO and CuO-CeO,-Fe,03-Al,0; respectively, indicates that the two catalysts
are very active toward acetylene decomposition.
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Fig.10: Arrhenius plot of CNTs synthesis over YT ()

() CuO-Fe,04 (b) CuO-Fe,03 -Ce0,-Al,03
3.2.3 Effect of acetylene flow rate

Effect of acetylene gas flow rate over 0.25 g of the most active catalyst on acetylene conversion % are given on table.4 and
fig.11.1t is apparent from the table that acetylene conversion % increase with the decrease of the acetylene flow rate and this may be
attributed to that with increasing acetylene flow rate the CNTSs yield is very high at the beginning of the reaction, covering and
poisoning the active sites on the catalyst surface and consequently acetylene conversion percent decrease.

Table .4. Effect of gas flow rate on acetylene decomposition over CuO-Fe,03 -CeO,-Al,0;
Gas Flow rate 150 ml/min | 200 ml/min | 50 ml/min
HC conversion % | 30 % 50% 60%

70

60 —
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30 b

Acetylene Conversion %

20 - —

10 B

50 100 150

HC flow rate (ml / min)
Fig.11. Histogram of the HC conversion % and acetylene flow rate over CuO-Fe,05 -CeO,-Al,O; catalysts at 600°C
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3.2.4. Effect of catalyst weight

Effect of weight of CuO-CeO,-Fe,05-Al,O; catalyst on acetylene conversion % using 50 ml/min gas flow rate are given in
table .5 and fig.12.

Table .5. Effect of catalyst weight on acetylene decompositionover CuO-Fe,0; -CeO,-Al,03

Catalyst weight | 0.25gram | 0.5 gram | 1 gram | 2 gram
HC conversion % 60 % 68 % 77 % 42%

100

80 N

60 3

40 - :

Acetylene conversion %

0 ! ! ! !
0 0.5 1 15 2 2.5

Catalyst weight (gram)

Fig.12. Effect of weight of CuO —CeO,- Fe,03- Al,0O5 0on hydrocarbon conversion % using 50ml/min gas flow rate

It is apparent that the catalytic activity increase with increasing weight from 0.25 to 1 g because this metal loading exhibit the
formation of CNTSs having highest resistance to oxidation and also catalytically active sites are introduced in the system. with further
increase on the catalyst's weight ,CNTs formed were more readily to oxidized and consequently the carbon deposited will decrease
and the conversion percent decrease [7].

Conclusion

Nanosized CuO-CeO,, CuO-Fe,03, CuO-Ce0,-Al,03 and CuO-Fe,05-CeO,-Al,O3 were prepared by co-precipitation and wet
impregnations techniques and were used for Catalytic decomposition of acetylene to produce carbon nanotubes (CNTSs). Weight gain
technique was used to follow up the catalytic reactions. The results revealed that catalyst chemical composition, catalytic temperature,
acetylene flow rate and catalyst’s weight have a significant effect on the acetylene conversion percent. It was found that maximum
acetylene conversion% occurs over CuO-CeO,-Fe,03-Al,03and CuO-Fe,05 and it increase by increasing, temperature from 400-
600°C, decreasing acetylene flow rate from 150-50 ml/min and increasing catalyst weight from 0.25-1g. With further increase in
catalyst weight, acetylene conversion% decrease. The SEM image shows that some catalytic nanoparticales are observed at the tips of
the carbon nanotubes indicating that CNTs formation occurs via tip growth mechanism. The results show that nanocrystallite CuO-
Fe,03 -Ce0,-Al,0; can be recommended as promising catalysts for hydrocarbon decomposition.
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