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Abstract

method with iron, nickel or a mixture of nickel and lanthanum as catalyst. The SWCNTs were

Single-walled carbon nanotubes (SWCNTs) were prepared from coal by the arc discharge

characterized by scanning electron microscopy. transmission electron microscopy, energy dispersive X-ray
analysis, X-ray diffraction and Raman spectroscopy. The results showed that the purity of SWCNTs
derived from coal was quite good, of which the diameters were closely related to the catalysts used, which
was around 1. 2—2. 2 nm for iron catalyst; while in the case of nickel and La-Ni mixture catalysts, the
diameters of the as-grown SWNTs were similar and in a range of 1. 26—1. 50 nm. Trace amounts of other
elements such as Al, Si, Ca and K were found in the SWCNTs, which were believed to be from mineral

matter in the raw coal.
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1.1 RERBEHHE

JIT VA, SRy 3 R VG TC IR, LA A Bt
AT (daf FTRTHRTCIKID . JFR I 25
ANF 150 pm T A . B TR BB 5 5 AT
FEANR G YA, a5 HEme 1 4
JEREH), SRIGTE 2.0 MPa [ & 71 T il BUAME 10
mm, W& 5mm 25O, B G id 25 O A
BE TR N, ERRY T #17 mfid
#, PL10 C « min ' FHREETE R 900 C, IFAE
BCRETEE 4 by [HESSHRE, BARARHZERR
BPAS 3 0 5L s 0 e B T XA R 96 Ot O 3% X
(XRF, SRS3400X %) X} b J5 5L e i 47 T
oyBr, BEARFUCRM G E REIM k2 i
e XEEZR ST R TS Ca, Siv Al Mg, Fe flI
S, HHITE Fe F1 S XK A 1A & A R .

K Hp i) 2 G 1) — T 23 250 R R B R R EE /N T
150 ., I ARIRDRLEE i 6 J AL R % 2 ¢ 1 9L
Pl B ED) A5 SRR R 4 A AL
AR A P E RN 25 DR AR . R P i A 258 28
B T IO ] o SR AN R A

Table 1 Analysis data of coal sample

Proximate analysis/ %} Ultimate analysis/ % (daf)

Mg Ad Vaat C H N S (o
2.78 3.92 15.18 87.86 3.66 0.73 0.36 7.39

@ by difference.

Table 2 Impurity analysis of tube-like
carbon electrodes from coal

Element Content/ %
Al 0. 475
Si 0. 464
S 0.232
Ca 0.577
Fe 0. 460
Mg 0.106

1.2 BREEARRENH &

BRBEAN KSR 1 ) A SR A FL AR B R 2 R I
N BRI, SEgRid AR, DUE SR B
TR HAE R A, el A (RN 16 mm)
B FESIOICHR B DA R eSS E N v R, T
YER:J324 0. 065 MPa, & HLRAE 50~T70A, HLJE
TE 40~50V Ju N, IS A i FRBE QK A
BEs FER NS NCE— RS 300mm (L) X200
mm (W) X200mm (H) #5842 M), ey
W) IR RST 29 28y 16 ~20 mm ZiAy s B H AR AR
BT 2 [ K5 97 [ O ATRRZE b e
T WU R 2 ) AR S (O o IR
Py, oy 6 2 0 T FE e B T Y 2020 iEAT
g3 Hr.

1.3 BEHRRENRILE

FH T RAEHBEGUA IR AR B A . A4
% (SEM, JSM-5600LV); figf#U X 4ok
HrEEE (energy dispersive X-ray analysis, icN
EDX, Oxford Instrument, Model 6587); % 5 Hi
B (TEM, JEM-2000EX, TffEHLJE 100kV); %
YL B S5 % (Raman spectroscopy, JY LabRam
H R800, He-Ne i Jt#%, 1.96eV, I K 632.8

nm).
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(a) low magnification SEM image of

film-like sample from coal

(b) high magnification SEM image in which

a large amount of SWNTs bundles can be seen
Fig. 1 SEM images of single-walled
carbon nanotubes (SWNT's) obtained

from coal with Fe as catalyst
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Fig. 2 EDX spectra of film-like SWNTs

obtained from coal by arc discharge
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WISERR bR R AR (W BB IR, 5 BB SR AS 1
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RAALE 20 nm 247, EDX 43 H ik 525X 28 4 Ja ok
(A2 DL Fe B, T AR S 56 6 FH 19358 B H
BRI BERANE [, O T K L BB 1A AL
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70 I FH BB i A 1) ST R A DA R RE A
KBAE A REI A S . b, EEIRRTHL
TR AN B A5 ) X B4R 2 75 Ol B
REBCAE o FEIEMAG T4l R BAURE IR 45 B 25 i

LA AR A5 2 B 40 K A P T R
TJHE 4, AT WAE 1590 em™ !, 1340 em [T A S AE
100~250 em ' 2 [a] H B A S5 i 7 2 R i e, H e
100~250 em ™" 22 [1] {1 I AC e 2 Y 1 BALBE 40 K e A
ZAR T RE IR SRR AR 0 3 A R B b R A5 Y
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A2, R XIS E AR 0 =238/d"7,
AT S8 115em !, 138 em ' & 195 em !
AHXT N Y BABE 7% A A B4R 4 A 2019 nm, 1,79
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(b) high magnification TEM image
Fig. 3 TEM images of SWNTs synthesized from

coal by arc discharge with Fe as catalyst
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Fig. 4 Raman spectra of SWNTs obtained
from coal with Fe as catalyst
(inset is amplified Raman spectra in

frequency region below 250 ecm™1)
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Fig. 5 Raman spectra of SWNTs prepared

from coal with different catalysts

Table 3 Diameters of SWNTs obtained from

coal with different catalysts

Raman frequency Diameter of

Catalyst Jem™! SWNTs/nm

e 163 1.50
180 1.35

190 1.27

La-Ni 165 1.48
170 1.43

184 1.32

191 1.26

Fe 115 2.19
138 1.79

195 1.24
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