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Synthesis of carbon nanotubes and carbon nanofibers on
pulse plated Ni nanocrystalline substrate in ethanol flames

LIU Yue'li', PAN Churxu" >
(1. College of Physics and Technology, Wuhan University, Wuhan 430072, China;
2. Center for Electron Microscopy, Wuhan University, Wuhan 430072, China)

Abstract: It is introduced a novel method for synthesizing carbon nanotubes (CNTs) and carbon nanofibers (CNFs) in ethanol
flames by using a pulse plated Ni nanocrystalline layer on the surface of metal substrates as catalyst. The morphologies of Ni
nanocrystalline layer, CNTs and CNFs were characterized by using metallographic microscope, X-ray diffraction (XRD) and trans-

mission electron microscope (TEM) respectively. The effects of substrates and plating time on CNTs and CNFs synthesis process

were studied, and the growth mechanisms were discussed preliminarily.
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Table 1 Compositions of electrolyte and
pulse plating parameters

Composition of electrolyte

and plating parameters Volue
Nickel sulfate( NiSO,4* 6H,0) 26 ¢/L
Boric acid(H3BOs) 3.5¢/L
Sodium dodecyl sulphate 0.01 ¢/L

pH value 3.80

Output voltage 20V

Peak current 1.5A

Orrtime, fon 10 ms

Off time, ¢ 250 ms
Frequency, f 3.85 Hz

Duty ayde, F= — 35— 3.85%
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Fig. 1 Microstructure of plated

layer on pure Ni substrate
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Fig.2 XRD pattern of plated layer

on pure Ni substrate
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Table 2 Types and characteristics of combustion proclucts and

its relationship with substrates

Substrate Type Diameter Length/ Bm
Mini .
Ni Carbon nanotubes i (Vhameter 3 o, 5-30
average diameter 30 nm
CNTs: minimum diameter 3 nm,
Carbon nanotubes, .
Al . average diameter 10 nm; 530
carbon nanofibers .
CNFs: average diameter 12 nm
CNTs: minimum diameter 5 nm,
Carbon nanotubes, . 5
Cu . average diameter 10 nm; 210
carbon nanofibers .
CNFs: average diameter 10 nm
L b
ow carbon Carbon nanofibers Diameters from 15 to 30 nm >10

mild steel
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Fig. 3 TEM micrographs of combustion products grown on Nrplated substrates
(a) —Pure Ni; (b) —Al alloy; (c¢) —Cu alloy; (d) —Carbon steel
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Table 3 Types and characteristics of
combustion products grown on

pure Ni substrate with plating time

Plating
time/ Type Diameter Length
min
ks Minimum diameter
10 arﬁ«;n 15 nm, mostly in range 210 Um
nanotibers 40 to 60 nm
Carb Generally less
30 arvon than 10 nm, wll >10 bm
nanotubes .
thickness around 2 nm
120 Carbon 10~ 20 nm 210 b
nanofibers
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Fig.4 TEM micrographs of combustion

surface on pure Ni substrate with

: _ different plating times
products grown on Nt plated pure Ni (&) —10 min; {b) —30 min; (&) —120 min

substrates with different plating times
(a) —10 min; (b) —30 min; (c¢) —120 min
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