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Controllable Preparation of Carbon Nanotubes from Xinjiang Coal
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Abstract: Carbon nanotubes (CNTs) were synthesized by direct current arc discharge using three different types
of coal (Dahuangshan, Heishan, Kuche) from Xinjiang, and the effects of coal species, currents, pressures,
catalysts and atmospheres on the yield and morphologies of CNTs were investigated. The starting material, i.e.,
coal, was investigated by thermogravimetry and X-ray diffraction. In addition, the composition of the three types
of coal was tested by industrial analysis and elemental analysis. The CNT samples obtained under different
synthesis conditions were studied by field-emission scanning electron microscopy, high resolution transmission
electron microscopy and Raman spectroscopy. Based on the analyses of different starting coal, catalysts and
synthesis atmospheres, it was found that the highest yield of CNTs was obtained using Kuche coal with 12%
mixture of the nickel and ferrous sulfide, and the CNTs obtained under argon have a more uniform structure. The
average diameter of CNTs obtained under argon, nitrogen and helium decrease successively. The results showed
that the structure and the diameter distribution of CNTs varied with different gases used during synthesis. The

mechanism on the formation of different structural CNTs was discussed.
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Fig.1 XRD patterns of three types of coal used as
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Fig.2 TGA curves of three types of coal
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Table 1 Industrial analysis and elemental analysis of coal

Industrial Analysis / wt%

Elemental Analysis® / wt%

Coal
M., Ay Vo FC, C H 0 N
DaHuangShan 1.22 17.57 48.34 42.58 63.17 3.63 14.30 1.11
HeiShan 1.48 3.76 35.08 62.48 81.24 4.47 9.29 0.79
KuChe 5.54 2.92 29.13 68.80 78.15 3.75 13.93 0.83

Note: M, Moisture content; A Ash content; V4 Volatile matter content; FC,: Fixed carbon content; * The coal to be dry ash free (daf) for

elemental analysis
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Table 2 Anode consumption rate and product yield at different currents and pressures (Heishan coal)

Consumption rate of anode / (mg-s™)

Yield / wt%

P/ MPa
60 A 70 A 80 A 60 A 70 A 80 A
0.01 1 1 1 0.38 0.79 0.56
0.03 1 2 2 0.46 1.28 0.91
0.05 2 2 2 0.48 1.32 0.88
0.065 1 3 2 0.60 1.45 0.74
0.08 2 2 2 0.54 0.83 0.51
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Table 3 Anode consumption rate and product yield at different pressures (Kuche coal)
P/ MPa 0.03 0.05 0.065
Consumption rate of anode / (mg-s™) 2 2 3
Yield / wi% 1.32 1.36 1.53
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Table 4 Yield of products using different catalysts under different atmospheres

12% Ni & Co 12% Ni & FeS 12% Ni & Co & FeS
no 12% Ni
(naine=1:1) (nyinps=1:1) (nnineinps=1:1:1)
He 1.53 5.22 541 22.64 6.21
N, 1.46 3.52 291 12.08 4.02
Ar 1.23 3.60 3.00 10.36 3.98
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Fig.3 FESEM images of CNTs synthesized under different atmospheres
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(a)TEM image of CNTs; (b)HRTEM image for the wall of a CNT;(c)The corresponding electron diffraction pattern of the CNT in (b)
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Growth Direction

(a) Catalyst nucleation process under Ar atmosphere, The inset in the shadow shows the temperature gradient from anode to cathode; (b) Catalyst

nucleation process under He atmosphere, The inset in the shadow shows the temperature gradient from anode to cathode; (c) The growth process of

bamboo-shaped carbon nanotubes under Ar atmosphere
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Fig.7 Schematic illtration of the growth of bamboo-shaped carbon nanotubes from coal under Ar atmosphere



1848 kMl otk

-

2 55 29 &

RO, B | A it JRE B R AR X /I AT A 3 1A AR
BUNBITRANRAE AT RBR AN KA i 72 & 7e
7, Gy Co AR I AT B e DURUE WA i AL 77
al fHEAR TR BT HR A TR, 3 A 7R YR 2R T
B, SR oo T R Al 1 DA A 790 2 T AT HE I
TRRAOKAT IR RE Bl AR T AN W e AL
ST TN BN KA A BE A AN < A7 1 e ol e
ZRAE AT A AR T~ B 2 AN W 1) BT RS 3 e 2
TERLT A AR B i 2 R AE

3 & it

ASCHESE T I F SR FRL T T e 4 0K A
R AR DL R AU X BT AR B A K TR
SURZI P TR TR AR T A KA Y A K
BUHE S 7 SR S e 40 K A8 B 1l 2 4R AL T B R S5,
MR AR WY . (1) KRB 2B L FI 22 3 i OB
iR R T 0 7 S e T R T o A B N K A T
S, H DU RV Ak I 2R TR A 9 S fi Ak
He N, Fl Ar A F =R &E T 10%, 755K
22.64% .12.08% .10.36%;(2) 1E Ar R MR 3| HAE
294 500 nm BIFTARBR 99 KRAT | H R 99 K & BLIG
%R L AR TR 5 4R N, A He R0 0T 45 Bk 40 K 48 (1)
TR 5 BE /DN

SETWK .

[1] JT Li-Jun (42 57 %), YE Chao (" #), LIANG Ji (% ).
Chinese J. Inorg. Chem.(Wwji Huaxue Xuebao), 2007,23,(12):
2007-2012

[2] Fan S S, Chapline M G, Franklin N R, et al. Science,
1999,283:512-514

[3] Saito Y, Hamaguchi K, Hata K, et al. Ultramicroscopy, 1998,
73:1-6

[4] MI Hong-Yu(K£L5), ZHANG Xiao-Gang(7K % MI), LU Xin-
Mei (= 81 58), et al. Chinese J. Inorg. Chem.(Wuji Huaxue
Xuebao), 2007,23,(1):159-163

[5] YE Mao("'7%), ZHOU Zhen(Ji52), BIAN Xi-Kui( % £),

et al. Chinese J. Inorg. Chem.(Wwji Huaxue Xuebao), 2006,
22,(7):1307-1311

[6] WANG Gui-Xin(-E 5 iK), QU Mei-Zhen(# ¢28), CHEN Li
(B H), et al. Chemistry(Huaxue Tongbao), 2004,67(3):185-
191,197

[7] CHEN Li-Juan(¥: i 48). Chemistry Research(Huaxue Y anjiu),
2010,21(5):103-106

[8] WANG Sheng-Gao (E F+ %), WANG Jian-Hua (V£ & 4,
ZHAO Jian-Xiu (& & 15), et al. Chinese J lonrg. Chem.
(Wwi Huaxue Xuebao), 2005,21(9):1367-1370

[9] Dillon A C, Jones K M, Bekkedahl T A, et al. Nature, 1997,
386:377-379

[10]Kowalczyk P, Brualla L, Zywocinski A, et al. J Phys.
Chem. C, 2007,111:5250-5257

[11]Cui S, Scharff P, Spiess L, et al. Carbon, 2002,41:1645-1687

[12]Du F, Ma Y F, Lii X, et al. Carbon, 2006,44:1298-1352

[13]Wang M, Wang X Q, Li Z H, et al. Mater. Chem. Phys.,
2006,97:243246

[14]Sun X, Bao W R, Lii Y K, et al. Mater. Lett., 2007,61:3956
3958

[15]See C H, Harris A T. Ind. Eng. Chem. Res., 2007,46:997-
1012

[16]Bronikowski M J. Carbon, 2006,44:2822-2832

[17]ZANG Peng-Yuan (J& Il i ), XUE Hua (# %), CAI Jing
(B81%), et al. Chinese J. Inorg. Chem.(Wuji Huaxue Xuebao),
2011,27,(8):1625-1629

[18]Kim K S, Moradian A, Mostaghimi J, et al. Nano Res., 2009,
2:800-817

[19]Williams K A, Tachibana M, Allen J L, et al. Chem. Phys.
Lett., 1999,310:3137

[20]LI Zhen-Tao(Z* #& %), DONG Qiang(FE#2), LIU Hong(X1 £L).
CIESC J. (Huagong Xuebao), 2010,61,(4):1040-1046

[21]Saito Y, Okuda M, Koyama T. Surf. Rev. Lett., 1996,3,(1):863

[22]Liu C, Cong H T, Wei Y L. et al. Proceedings of the
Conference on Carbon, 99 (Amer. Carbon. Soc.). 1999:84-85

[23]SONG Tian-You (K K fi), CHENG Peng (T2 I5), WANG
Xing-Qiao(E A 7). Inorganic Chemistry: Vol.1 (RAALF .
L), Beijing: High Education Press, 2004:140142

[24]lijima S. Topics Appl. Phys., 2001,80:55-81

[25]Satio Y. Carbon, 1995,33,(7):979-988





