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Preparation of N-Doped Long Bamboo-Like Carbon Nanotubes and Their Growth Mechanism
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Abstract: N-doped long bamboo-like carbon nanotubes(NDLBLCNTs) were prepared by DC arc-discharge with
the coevaporation of anode and stainless steel sheet (SSS). The morphology, structure, and composition of the
products were characterized by using scanning electron microscope (SEM), field emission high resolution
transmission electron microscope (HRTEM), energy dispersive X-ray (EDX) spectrometer, electron energy loss
spectroscopy  (EELS), and transmission electron microscope (TEM). The results show that the lengths of the
NDLBLCNTSs are between 640 nm and 835 nm, the inner diameters are in the range of 23~35 nm, and the outer
diameters are in the range of 28~47 nm. In each of the inner cavities formed at the "bamboo joints" there is a
black nanoparticle. Both the diameters of such black nanoparticles and the content of NDLBLCNTs in the
product are related with the melted and evaporated area of the SSS. The temperature gradient between the SSS
and the center of arc discharge zone is about 87.5~94.4 °C-mm™. The coevaporation of the SSS together with the
anode is the sufficient and necessary condition for the formation NDLBLCNTs. The growth mechanism of the
NDLBLCNTs is discussed briefly.
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Images were taken at different magnifications. Scale bars: (a) 1 pm, (b) 500 nm
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Fig.1 SEM images of the product deposited on the inner surface of stainless steel circle placed around arc-discharge area
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(a) and (b) images of the different areas; (c) image is obtained by further amplifying the area in the black rectangle frame in (b). Scale bars: (a) 0.2

pm, (b) 0.2 pm, (c) 100 nm
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Fig.2 TEM images of the product deposited on the inner surface of stainless steel circle placed around arc-discharge area
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Fig.3 HRTEM image of the connected parts of two long

bamboo-like carbon nanotubes. Scale bar: 10 nm



: nL oy o N
1100 TR R A AR =S i %30 &
1000 1000 =3
€ Element wt% at % Element wt % at % C=3)
a b
300 CK 48755  77.445 500 CK 49534 75208
K NK 3.601  4.904 Y NK 7.359 9.628
a 2
g 600 0K 1474 1758 5 0K 1.256 1432
3 P S
E‘ o 3977 1.459 g‘ CrK 2.965 1039
= 4988 1732 & Mn K 0912 0302
36.605  12.505 Fe K 37.935 12387
0597 0.194 wNiK 0 0
i G Mo
~ A S
20 4.0 6.0 80 20 40 6.0
Energy / keV Energy / keV

Bl 4 (a) () 18] 3 i i) 2 (5 98 R 0BT AT 1 P A0 B9 EDX 15 14

Fig.4 EDX spectra of two small areas (a and b) optionally chosen from the black nanoparticle in Fig.3
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Fig.5 EELS spectrum of the walls of N-doped long

bamboo-like carbon nanotube. The inset is a

magnification of the N-K edge
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Fig.6 TEM images of the product (a) deposited on the inner surface of stainless steel circle placed around arc-discharge area

(no stainless steel sheets were placed). (b) image is obtained by further amplifying the area in the black rectangle frame in (a)
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