
607 

Middle East Journal of Applied Sciences 4(3): 607-614, 2014 

ISSN 2077-4613 

 

Corresponding Author: Prof Dr. Akila Kamel Elmorsi, Department of process development, Egyptian Petroleum Research 

             Institute 

                            E-mail:  drakilakamel158@yahoo.co.uk 

MWCNT Synthesis on Fe-Supporting Catalysts and its Characterization Using CVD 

Method   
 
1
S.A. Shokry, 

2
A.K. El Morsi, 

3
S.M. Barakat, 

4
M.W. Sabaa, 

4
G.R.Saad 

 

 

1
Science and Technology Center of Excellence, El Salam City, Cairo, Egypt 

2
Department of

 
Process Development, Egyptian Petroleum Research Institute

 

3
Kaha Company for Chemical Production, Kaha City, Cairo, Egypt

 

4
Department of Chemistry, Cairo University, El Giza, Egypt 

 

ABSTRACT 

 

 Chemical vapor deposition (CVD) was currently the most flexible method for the production of Multi-

walled carbon nanotubes (MWCNTs). This method was applied for the synthesis of MWCNTs. synthesis of 

MWCNTs was carried out by CVD using acytelene, nitrogen mixture at flow rate of 35 ml/min, 100 ml/min 

respectively passed on Fe supported on SiO2, AL2O3 and MgO catalysts . These catalysts were prepared by sol-

gel method. The yields of the synthesized MWCNTs were (97.2, 27.91 and 31.70 %) on Fe/SiO2, Fe/Al2O3 and 

Fe/MgO catalysts respectively. The produced MWCNTs were characterized by scanning electron microscopy 

(SEM), transmission electron microscopy (TEM), X-ray diffraction and thermogravimetric analysis (TGA). The 

TEM data revealed that the outer diameters of the synthesized MWCNTs was ranging of 28.8-32.3 nm and the 

internal diameter were 7.6-9.8 nm and the wall numbers in the range of 29-33 graphenes. The TGA analysis 

indicated that the synthesized MWCNT were thermally stable up 500 
o
C. 
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INTRODUCTION 

 

 Carbon nanotubes (CNTs) had attracted great interest in the scientific community because of their unique 

and superior chemical, physical, and mechanical properties (Iijima, 1991; Cheng et al., 1998; Thess et al., 1996 
and Ren et al., 1998)   . The common method for synthesis of CNTs were: arc-discharge, laser ablation, and 

chemical vapor deposition (CVD) methods, ( Ren et al., 1999; Soneda et al., 2002 and Theodoros et al., 2007) .  

CVD method was widely used due to its potential to produce large scale of high purity, low cost and ease of 

controlling reaction conditions to produce the desired type of carbon nanostructures. In this technique, CNTs 

were synthesized over catalysts containing transition metal ( Fe, Co, Ni or bi-metallic formes ) or related oxides, 

by the decomposition of a carbon feedstock (CH4, C2H2, C2H4, C2H5OH) as a feed stock at reaction 

temperatures  between 500 and 1200ºC.  the nature of the supporting material as Al2O3, SiO2, or MgO and the 

method of dispersion of the transition metal on the support  could influence the production of CNTs. The 

graphite particles as the main impurity could be dissolved from the synthesized CNTs using low concentration 

acid solutions (e.g. HCl), leaving the produced CNTs almost pure, it had been reported that the use of MgO 

increased the yield of CNTs compared to alumina or silica. Alumina support were found to be a better than 

silica due to the strong metal–support interaction in it and thus increases in catalytic sites. Also the interactions 

between metal and support prevent metal species from aggregating that leaded to formation graphite (Qian et 

al., 2003 and Qingwen et al., 2002)   . Several studies had been dedicated to the synthesis of catalyst in order to 

produce homogeneous catalyst particles (Anne, 2005; Benoît et al., 2007; Lambert et al., 2004 and Jian et al., 

1998).   

 In the present study synthesis of MWCNTs over Fe catalyst by CVD method using acetylene as carbon 

source was carried out.  MgO, Al2O3 and SiO2 were used as the support materials for Fe catalyst, preparation of 

the used catalysts was done by sol-gel method.  The yield and morphology of the synthesized MWCNTs was 

investigated on the different catalysts used in this study. 

 

2. Experimental: 

                                             

2.1. Catalyst preparation: 

  

2.1.1 Preparation of Fe/SiO2 catalyst with mass ratio of Fe :SiO2 =40:60: 

  

 Fe/SiO2 catalyst was prepared using Fe(NO3)3.9H2O (Aldrich) and tetraethyl orthosilicate (98.0%, Aldrich) 

were dissolved in the least amount of ethanol under stirring at 40
o
C for 20 min. A few drops of concentrated 
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hydrogen fluoride (0.4 ml) were then added, and the produced mixture was continuously stirred for 40 min. The 

produced mixture was then poured into a borosilicate glass plate Then gelation and xerogel were carried out at 

80
o
C overnight to remove the excess of water and ethanol then the substrate was calcined at 300

o
C in air for 5 h. 

(Mariano  et al., 2009). 

 

 2.1.2 Preparation of Fe/AL2O3 catalyst with mass ratio of Fe : AL2O3  =40:60: 

 

 Aluminium isopropoxide, AIP, (Aldrich) was used as aluminium precursor. A mixture of AIP and ethanol 

was refluxing under stirring for 2 hours. Then the stoichiometric amount of Fe(NO3)3.9H2O  require for the 

prepration was dissolved in small amount of water was added gradually into  the suspension of AIP in ethanol. 

NH4OH was added dropwise for adjusting the PH at 5.6  then the mixture was cooled to room temperature. The 

produced gel was then dried at 100 
o
C for 12 hours followed by calcination at 750 ºC for 4 h under air.  

 

2.1.2 Preparation of Fe/MgO catalyst with mass ratio of Fe : MgO  =40:6: 

 

 The desired amount of Fe(NO3)3·9H2O and Mg(NO3)2·4H2O ( Aldrich) were dissolved in 20 mL deionized 

water. Then, citric acid was added as a complexing agent at a ratio of metal ion to citric acid of 1:1.2 by sol-gel 

method then  heating the mixture at 90
o
C for 30 minutes, the produced  homogeneous solution was then  

evaporated on a hot plate till the formation of  viscous gel, the produced gel was  dried at 120ºC  for 5 h to 

remove the adsorbed water Then was baked at 120 °C overnight and then ground into fine powder Then 

calcined at 550 °C for 2 h in air (Wei et al., 2009) .  

  
2.2. Synthesis of MWCNTs: 

 Synthesis of MWCNTs was carried out in a quartz tube reactor with a diameter of 2.5 cm and length of 60 

cm shielded by a tube furnace.  0.05 g of calcined catalyst was placed into a quartz boat at the center of the 

reactor tube and heated to (900 ºC) reaction temperature in the presence   flow rate 60 ml/min nitrogen gas to 

maintain inert atmosphere in the reactor. The catalyst was reduced by hydrogen and nitrogen gas in a ratio of 1:1 

and total flow rate (60 ml/min) into the reactor. the temperature was raised to 900
o
 C, after 15 min the furnace 

was cooled to 750
o
 C. synthesis of MWCNTs reactions were carried out using acetylene passed on the catalysts 

at aflow rate of 35 ml/min for 60 min and also nitrogen gas at flow rate (100 ml/min) which were passed on the 

catalysts at 60 min fig (1). Then acetylene flow rate was stopped and the product on alumina boat was cooled to 

room temperature while nitrogen was going on. The weight of the carbon deposited along with the catalyst was 

noted. The percentage of carbon deposit (C%) obtained in each reaction was determined using the following 

relationship: 

   

Weight-gain C (%) ═ [(Wtot – Wcat)/ Wcat] × 100   

 

 Where Wcat is the weight of the catalyst before the MWCNT growth and Wtot is the total weight of the 

catalyst and carbon material after the MWCNT growth. . The weight of the catalyst at the reaction temperature 

was less than the weight taken initially. In order to find this decrease in weight of the catalyst at the reaction 

temperature, about 0.05 g of exactly weighed catalyst was reduced at the temperature and time of the reaction 

under N2 and H2 flow. From the weight of the catalyst after reduction the loss of weight was calculated.  

 

2.3. Purification and Functionalization of MWCNTs: 
 

 MWCNTs synthesised contained considerable amounts of impurities, mostly metal catalyst particles and 

other forms of carbon such as metal catalyst-containing carbon nanospheres and polyaromatic carbons including 

fullerenes.Purification process after CVD was very important in CNT production. This step mainly involves the 

removal of catalyst particles and supported material used for CNT growth. The as-synthesized MWCNTs were 

washed with concentrated HCl to remove the catalyst and the support of catalyst, and then were purified with 

concentrated HNO3 to remove the amorphous carbon particles (Stobinski et al., 2010).  

 

2.4. Charactarization: 

 

 The structure and morphology of the synthesized MWCNTs were chacterized using different methods. 

 Field emission scanning electron microscopy (FESEM) images were performed on a JSM-5300 (JEOL, 

Japan) microscope operated at 5 kV. High-resolution transmission electron microscopy (HRTEM) was 

performed on a Tecnai G20 (FEI Corp. USA) operated at 200 kV. Specimens for HRTEM were prepared by 

sonicating the substrates containing MWCNTs and 2-propanol for 20 min, and then-casting the CNTs onto lacey 

carbon films. 
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 FTIR was performed with a SHIMADZU, IR solution 8400S. X-ray Diffraction (XRD) was performed on a 

XPERT-PRO-P ANalytical-Netherland. Thermogravimetric analysis (TGA) data were collected with a TA Q50 

instrument to determine the carbon content and purity of the synthesized products. Approximately 3.0 mg of the 

synthesized carbon product was placed in a platinum pan and the experiment was performed under air from 25 

oC to 800 oC with a heating rate of 10ºC/min. 

 

 

 
 

 

Fig. 1: Schematic flowsheet of the carbon nanotubes ( CNT) synthesis. 

 

Results and discussion 

  

3.1. Physical appearance and the percentage yield of the MWCNTs deposit on different support: 
 

 The synthesized MWCNTs deposit was black in all cases but its texture and the yield were distinctly 

different. In some cases MWCNTs were obtained as a spongy material and the physical appearance of the 

carbon deposite along the used catalysts were indicated in Table1. In general we had observed that when the 

carbon deposit appeared spongy, the catalyst was active for CNT production (Kathyayini  et al., 2004). 

 
Table 1:  The used catalysts, the physical appearance and yield (wt.%) of the  synthesized carbon deposite by  CCVD of acetylene. 

 Catalyst Method of 

preparation 

Appearance Yield 

%  

Density of 

CNT 

Cata-1 (40% Fe-SiO2) sol-gel Spongy 972 Low 

Cata-2 (40% Fe-Al2O3) sol-gel Soft and Very spongy 2798 good 

Cata-3 (40% Fe-MgO) sol-gel Spongy 3170 Very 

good 

 reaction conditions: acetylene flow 35 ml/min; nitrogen flow 100 ml/min ; time of the reaction 60 min and 

reaction temperature 750
o
C. 

 

3.1.1. Effect of substrate type: 

 

 Table 1 indicated that the support played an important role in the catalytic activity of metal particles 

deposited on it. One of the major factors influencing the activity of the catalhystgs was the nature of distribution 

of the metal(s) particles on the support. The distribution of metal(s) on a support depended on the type of metal–

support interaction which in turn depended on the nature of the support. An attempt was executed to find out the 

effect of the nature of the support on the catalytic activity of metal(s) in the production of carbon nanotubes.  

Table 1 showed that that the catalytic activity of Fe on MgO support was higher than that on SiO2 and Al2O3 

.supports According to previous results , the growing of MWCNTs on a metal particle mainly depended on the 

dispersion of the metal particles on the support (Yang et al., 2001) . This was attributed to   a better mixing and 

homogeneous distribution of metals on MgO than that on SiO2 or Al2O3.  

 

3.2. SEM: 

 

 Figure 1 showed SEM images of the purified MWCNTs synthesized using Fe/ SiO2 Fe Al2O3 and Fe/ MgO 

catalysts./. Abundant thread like entities could be seen clearly. All of the products were pure and the tubes were 

congregated bundles due to the van der walls forces.  
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Fig. 2: SEM images of synthesized MWCNTs on (a) Fe /SiO2, (b) Fe/AL2O3 and (c) Fe/ MgO. 

 

3.3.TEM: 

 

 The morphologies of the obtained carbonaceous deposite were characterized by HRTEM as shown in 

Figures (3-5). HRTEM images indicated that the CNTs obtained by the different catalysts were multi-walled.   

 

 

Fig. 3: TEM images of CNTs produced on SiO2 supported catalysts (a and b). 

 

 
 

Fig. 4: TEM images of CNTs produced on Al2O3supported catalysts (a and b).  

 

 
 

Fig. 5: TEM images of CNTs produced on MgO supported catalysts (a and b).  

 

 The diameter of the carbon nanotubes depended on the size of metal particles. Some nanoparticles that had 

agglomerated in the reduction process might be responsible for CNTs with larger diameters. In general, it was 

foujnd that the CNTs were not straight and were usually more or less covered with amorphous carbon (aC) on 

the outer layer. The quality of the tubes formed differed from one to another to a large extent. The overall 

observations done bhy TEM method on selected carbon nanotube growth on 40 wt % Fe supported on SiO2, 

Al2O3 and MgO were summarized below.  

 Fig. 3(a) indicated that most of CNTs were obtained by cata-1 (CNT-1) were closed at the end with a 

fullerene-like structure but there was no iron nanoparticles encapsulated in these ends. This was known as the 

Yarmulke mechanism that was proposed by Nagaraju et al. (2002) [19] who indicated that the base-growth 

mode was attributed to the strong interaction between the catalyst particle and the support. This strong 
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interaction was due to the chemical affinity between the iron nanoparticle precursor and the SiO2 matrix. The 

outer region (i.e. tube wall) consisted of   many layers of carbon with graphite-like platelets (multi-walls), the 

external and internal diameters values were summarized in Table 2. Multi-wall carbon nanotubes showed 

“bamboo-like’’ defects    associated with the inner shells. (Singh et al., 2006)  due  to the strong interaction 

between the catalyst particle and the support, Therefore the bamboo-like structure was frequently observed for 

the CNTs formed by Yarmulke mechanism (Xin et al., 2009)   .This phenomenon could be clearly seen in Fig. 3 

(b)  .     

 The carbon nanotubes obtained by Cata-2 were straight or curved with no branchments (Fig. 4 (a) and (b)).  

Their walls are well graphitized and the inner channel was very regular i.e. nanotubes were of regular 

turbostratic structure). The walls of CNT-3 were mostly crystalline with very low content of (aC) adhered on the 

external surface provided high purity. A closer examination of nanotubes’ structure indicated that non-

crystalline carbon is deposited on the nanotube’s surface in the form of nanoparticles that cover the 

surface..(Fig.4-b) showed that non-CNT contamination in the sample led to darker appearance as seen in circled 

in Fig. 4 (b).  

 

 Table 2: diameter of the carbon nanotubes obtained by different catalysts. 
 Cata-1 Cata-2 Cata-3 

Mean inner diam(nm). 8.3 9.8 7.6 

Mean outer diam(nm). 30.3 28.8 32.3 

No. of walls 32 29 33 

 

 In general, the CNTs produced on Cata-3  were not straight and had good graphitic walls as shown in Fig. 3 

(a). There were small defects presenting at the shells and the central core, which might be  resulted from the 

lower catalyst concentration with CCVD method   

 In order to obtain the average number of walls of the synthesized MWCNTs, the outer and inner diameters 

of the MWCNTs were measured over several places of the sample by TEM. Method  Taking 0.34 nm as the 

interlayer spacing , the average number of walls were given  in Table 2 

 

3.3. Fourier –transform infrared spectrophotometer ( FTIR): 

 

 Fig. 6 showed typical FTIR spectra of the -synthesized and purified MWCNT obtained using Fe/MgO 

catalyst.  It was obvious that CNTs exhibited two main bands which were attributed to C=O stretching, C-O-C 

stretching and C-H stretching at wave lengths of  1710, 1100 and 2920 cm
-1

, respectively. It was thought that the 

bands appeared were due to the presence of the carboxylic acid produced during the synthesis and the 

purification period. 

 
 

Fig. 6: FTIR spectra of the pristine MWCNTs (a) before and (b) after Purification. 

 

3.4. XRD: 

 

 The XRD pattern of MWCNTs sample prepared on Fe/MgO catalyst was shown in Fig. 7.  There were two 

typical crystal planes at about 2 = 25.90
o 

and 42.80
o
 that corresponding to the interlayer spacing of the 

nanotube (d002) and the (d100) reflection of the carbon atoms, respectively. No diffraction peaks characteristics of 

the catalyst were detected this indicated that the prepared MWCNTs were pure. 

 

. 
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Fig.7:  XRD pattern of Fe/MgO catalyst and MWCNTs.   

 

3.5 TGA: 

 

 Thermogravmetric analysis was used to estimate the purity of the MWCNTs in terms of metal and metal 

oxide contents. Figure. 8 showed the curves of TGA and DTA curves of MWCNTs synthesized on Fe/SiO2, 

Fe/Al2O3 and Fe/MgO catalysts . All MWCNTs gave an initial weight loss ca. 5% up to 320
o
C), which was 

attributed to the elimination of physically absorbed water. Above 320 
o
C, weight loss started to occur due to the 

oxidation of the remaining amorphous carbon and of MWCNTs themselves. In the subsequent heating process, 

the MWCNTs showed different weight loss tendencies: a two-step weight loss for the MWCNTs sample 

prepared on Fe/Al2O3 with maximum degradation rates at 470 and 650
o
C and a single weight loss for the 

samples prepared on Fe/SiO2 and Fe/MgO catalysts with maximum degradation rates at 670 and 710
o
C, 

respectively. Generally, the decomposition of C2H2 on metal-supported catalysts leaded to the formation of a 

mixture of amorphous carbon and MWCNTs on the catalyst surface, which could be identified as a two-step 

weight loss process on TG curves. Therefore, for the MWCNTs from  Fe/ SiO catalyst2, the two-step weight loss 

processes were corresponded to the combustion of amorphous carbon and MWCNTs, while for the MWCNTs 

produced on  Fe-/Al2O3 and  Fe/MgO catalysts , the single-step weight loss process was attributed to the 

combustion of MWCNTs. Therefore, it was inferred that Fe/ Al2O3 as well as Fe/ MgO  was  more effective 

than Fe/ SiO2 for synthesis of  high-quality MWCNTs. From the TGA curve, as shown in Fig. 8 (a), the residue 

after the oxidation was ca. 10, 5.5 and 3.7 % of the total weight for the MWCNTs samples prepared on Fe 

supported on SiO2, Al2O3 and MgO, respectively, indicating that the purity of MWCNTs in the raw materials 

were about 90, 94.5 and 96.3 %. These results showed that most of the catalyst used for MWCNTs synthesis had 

been removed from the raw product by the single step purification with mild nitric acid. The remaining catalyst 

could be assigned to the metallic particles that were encapsulated by carbon layers that protected the metal from 

acid attack. 

 
  

Fig. 8: Thermogravimetric (TG) curves for synthesized MWCNTs. 

 



613 
Middle East j. Appl. Sci., 4(3): 607-614, 2014 

 
 

Conclusion: 

  

 MWCNTs were synthesized by CVD method using powder Fe catalyst supported on SiO2, Al2O3 and MgO. 

The effect of the support on the yield and purity of MWCNTs were demonstrated. 

 A comparison of catalytic activity of Fe on SiO2, Al2O3 or MgO supports indicated that the best yield of 

MWCNTs was resulted on Fe/ MgO catalysts. Analysis of the carbon deposit by TEM indicated that the walls of 

the prepared MWCNTs were well graphitized, regular inner channels and uniform diameter. The outer tube 

diameters and the graphene walls of the-synthesized MWCNTs using the investigated catalysts were found to be 

28.8-30.3 nm and 29-33, respectively. TG analyses showed that MWCNTs had small amount of amorphous 

carbon and MWCNTs was decomposed at the  highest temperature by small rate indicating well-crystallized 

MWCNTs. Single-step purification by mild nitric acid treatment was effective to remove most of the catalyst 

particles, leaving  MWCNTs of purity about 90, 94.5 and 96.3 % for samples synthesized using Fe catalyst 

supported on SiO2, Al2O3 and MgO respectively. 

  

References 

 

Anne, C.D., 2005. The catalyst in the CCVD of carbon nanotubes - a review, Progress in Materials Science, 50: 

929. 

Benoît, Y.T., H.F.C. Jean, P.P. Jean, L. Stephanie, 2007. Carbon nanotubes synthesis by the ethylene chemical 

catalytic vapor deposition (CCVD) process on Fe, Co, and Fe-Co/Al2O3 sol–gel catalysts, Applied Catalysis 

A: General, 318: 63. 

Cheng, H., F. Li, G. Su, H. Pan, L. He, X. Sun, 1998. Large-scale and low-cost synthesis of single-walled 

carbon nanotubes by the catalytic pyrolysis of hydrocarbons, Appl.Phys.Lett, 72: 3282. 

Iijima, S., 1991. Helical microtubules of graphitic carbon, Nature, 354: 56. 

Jian, H.Z., C. Yuan, X. Qin, Q. Yu, 1998. Novel porous material derived from hydrolysis of aluminum 

isopropoxide on NaY zeolite, Materials Letters, 33: 33. 

Kathyayini, H., N. Nagaraju, A. Fonseca, J.B. Nagy, 2004. Catalytic activity of Fe, Co and Fe/Co supported on 

Ca and Mg oxides, hydroxides and carbonates in the synthesis of carbon nanotubes, Journal of Molecular 

Catalysis A: Chemical, 223: 129. 

Lambert, S., C. Cellier, P. Grange, P.P. Jean, B. Heinrichs, 2004. Synthesis of Pd/SiO2, Ag/SiO2, and Cu/SiO2 

cogelled xerogel catalysts: study of metal dispersion and catalytic activity, J. Catal., 221: 335. 

Mariano, E., R. Gerardo, C. Roberto, G. Silvia, 2009. Effect of catalyst preparation on the yield of carbon 

nanotube growth, Physica B, 404: 2795.   

Nagaraju, N., A.Z. Fonseca, J.B. Konya, 2002. Alumina and silica supported metal catalysts for the production 

of carbon nanotubes, Journal of Molecular Catalysis A: Chemical, 181: 57. 

Qian, W., T. Liu, Z. Wang, H. Yu, Z. Li, F. Wei, G. Luo, 2003. Effect of adding nickel to iron-alumina catalysts 

on the morphology of as-grown carbon nanotubes, Carbon, 41: 2487. 

Qingwen, L., Y. Hao, C. Yan, Z. Jin, L. Zhongfan, 2002. scalable CVD synthesis of high-purity single-walled 

carbon nanotubes with porous MgO as support material, J. M. Chem.2002,12, 1179. 

Ren, Z.F., Z.P. Huang, D.Z. Wang, J.G. Wen, J.W. Xu, J.H. Wang, 1999. Growth of a single            freestanding 

multiwall carbon nanotube on each nanonickel dot. Appl. Phys. Lett, 75: 1086. 

Ren, Z.F., Z.P. Huang, J.W. Xu, J.H. Wang, P. Bush, M.P. Siegal, 1998. Synthesis of large  arrays of well-

aligned carbon nanotubes on glass, Science, 282: 1105. 

Singh, B.K., R. Hojin, C.C. Rajeev, D.H. Nguyen, J.P. Soo, K. Seok, R.L. Jae, 2006. Growth of multiwalled 

carbon nanotubes from acetylene over in situ formed Co nanoparticles on MgO support, Solid State 

Communications,139: 102. 

Soneda, Y., L. Duclaux, F. Beguin, 2002. Synthesis of high quality multi-walled carbon nanotubes from the 

decomposition of acetylene on iron-group metal catalysts supported on MgO, Carbon, 40: 965. 

Stobinski, L., B. Lesiak, L. Kover, J. Toth, S. Biniak, G. Trykowski, J. Judek, 2010. Multiwall Carbonnano 

tubes Purification and Oxidation  by Nitric Acid ,J. of alloys and compounds, 501: 77.    

Theodoros, T., X. Panagiotis, J. Lubos, G. Dimitrios, S. Athanasia, B. Thomas, A. Michael, 2007. Catalytic 

production of carbon nanotubes over Fe–Ni bimetallic catalysts supported on MgO, Diamond & Related 

Materials, 16: 155. 

 Thess, A., R. Lee, P. Nikolaev, H.J. Dai, P. Petit, J. Robert, 1996. Crystalline ropes of metallic carbon 

nanotubes, Science, 273: 483. 

Wei, M.Y., Y.L. Kim, P.C. Siang, T.L. Keat, R. Abdul, 2009. Synthesis of high purity multi-walled carbon 

nanotubes over Co-Mo/MgO catalyst by the catalytic chemical vapor deposition of methane, New Carbon 

Materials, 24: 119. 

Xin, Q.W., L. Liang, J.C. Ning, P.L. Ya, X.J. Hong, L.G. Hong, 2009. Lamellar Fe/Al2O3 catalyst for high-

yield production of multi-walled carbon nanotubes bundles, Materials Research Bulletin 2009,44, 422.  



614 
Middle East j. Appl. Sci., 4(3): 607-614, 2014 

 
 

Yang, W., W. Chu, C. Jiang, J. Wen, W. Sun, 2001. Cerium Oxide Promoted Ni/MgO Catalyst for the Synthesis 

of Multi-walled Carbon Nanotubes, Chin. J. Catal., 32-1323. 


