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Synthesis and Characterization of Carbon Nanotubes with Different Amount of Nitrogen
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Abstract: Nitrogen-doped, large-inner diameter carbon nanotubes (CN,) with different nitrogen contents were
synthesized by catalytic method using organic amines with different nitrogen contents as carbon and nitrogen
sources. CN, materials were synthesized with Fe/SBA-15 molecular sieve catalyst at high cracking reaction
temperature of 1073 K. The effects of benzene, triethylamine, diethylamine and ethylene diamine on the shape,
yield, N-dopping content and water-adsorption content of CN, were discussed. CN, materials with moderate N/C
ratio (0.15) and high yield (2.2 g+(g-cat)™) were synthesized using diethylamine as the raw material.
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Fig.1 XRD patterns of calcined SBA-15 and Fe/SBA-15



% 6 1] R R R R B 4 B KA 1 4 R 1037

LG B AT AE 19 ; N Fe/SBA-15 FE & 19 SEM & F$T%o
] EF|  7E SBA-15 FR I A Al T WORCIR 9 5T | £F 4 o .
IREY SBA-15 E #8847 L .

{¢) Diethylmnine ) E;hylene diamine
3 IR R A B AR 1B 24 Bk 9 K A8 B9 SEML K
Fig.3 SEM images of N-doped carbon nanotubes formed

organic amines with different N contents
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Table 1 Effects of different N contents on the formation of N-doped carbon nanotubes

Reactant Sample No. Diameter / nm Yield / (g* (g cat)™)
Benzene (CNoH,) a 10~30 0.23
Triethylamine (CNoyyHs) b 30~50 1.7
Diethylamine (CNgssHas) ¢ 30~60 22

Ethylene diamine (CN;H,) d 30~60 0.68
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Fig.5 XRD of N-doped carbon nanotubes formed from

organic amines with different N content
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Table 2 N/C molar ratio and water adsorption results of N-doped carbon nanotubes

Reactant Sample No. N/C molar ratio of product Water adsorption / (mg-g™)
Benzene (CNoH,, a 0 3.2
Triethylamine (CNg;,H,s) b 0.06 98.1
Diethylamine (CNgzsHas) c 0.15 196.8
Ethylene diamine (CN;H;) d 0.35 224.4
3 & it Wk PERESE R
HIATUURHE 1 & R AL SAPO-5 WAL & 3Tk,

R e R R 25 1 RUIB AT T IR ik g ok T
AH L, Fe/SBA-15 43 ¥ i fE 1k 55 145 2 () & 48 2 11
PR G KA A AR A BE /N 22 AN R (A4 3
PRy R RIE I (B ve & Bl SAPO-5 i1k 5
BB B 2 T R 9 K A B R B R B A 0.5
), A F F Ukl — 2B 4R 4l Fisl g8 AT 5% 1T DA 2 e
R IR B BB 2T I IR BR 9K A S R
B R AP ARG AL S MR 5 5

[1] Lijima S. Nature, 1991,354:56~58

[2] WAN Jun(77 %), MA Zhi-Bin(5 35 5#), CAO Hong(W %),
et al. Wuji Huaxue Xuebao(Chinese J. Inorg. Chem.), 2006,
22(10):1838~1842

[3] Xiong Y J, Li Z Q, Guo Q X, et al. Inorg. Chem., 2005,44(19):
6506~6508

[4] BAO Jian-Chun(f2 # ##), WANG Ke-Yu(E % 5), ZHANG
Ning, et al. Wi Huaxue Xuebao(Chinese J. Inorg. Chem.),



% 60

F AL R E A IB 2% e 9 oK A5 105 iR R AE 1039

2002,18(11):1097~1000

[5] Hellgren N, Johansson M P, Broitman E, et al. Phys. Rev. B,
1999.59(7):5162~5169

[6] Ajayan P M, Terrones M, de la Guardia A, et al. Science,
2002,296(5568):705~705

[7] Suenaga K, Yudasaka M, Colliex C, et al. Chem. Phys. Lett.,
2000,316(5~6):365~372

[8] WANG Li-Jun(E Fl %4), GUO Chang-Wen(58 & 3C), TIAN
Ting(HH  7T), et al. Huavue Xuebao(Acta Chim. Sinica),
2003,61(10):1664~1666

[9] Jia N Q, Wang L J, Liu L, et al. Electrochem. Comm., 2005,

7(4):349~354

[10]Zhao D, Feng J, Huo Q, et al. Science, 1998,279(5350):548
~552

[11]Wang L J, Guo C W, Yan S R, et al. Micropor. Mesopor.
Mater., 2003,64(1~3):63~68

[12]WANG Li-Jun(E #| %4%), HUANG Xi-Dan(# #§ J1), ZHAO
Wei(#®  15), et al. Wuji Huaxue Xuebao(Chinese J. Inorg.
Chem.), 2002,18(6):559~562

[13]WANG Li-Jun(EF45), XIE Li-Li(f## 8 ), LI Yong-Lun(%%
K AE), et al. Huaxue Xuebao(Acta Chim. Sinica), 2007,65
(10):913~916



