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Controlled Synthesis of Large Inner Diameter Carbon Nanotubes by
Ni-Fe/Zeolite 4A Catalyst
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Abstract: Large inner diameter carbon nanotubes(LIDCNTs) were controlled prepared by chemical vapor deposi-
tion method using ethanol as carbon source and Ni-Fe/zeolite 4A as catalyst. The influences of Ni/Fe molar ratio
(nxing), carbon nanotubes(CNTs) preparation temperature, catalyst calcination temperature and zeolite 4A support
on the inner diameter of CNTs were studied. The LIDCNTs and catalyst after reduction were investigated by
TEM, SEM, XRD and BET. The results indicated that the inner diameter of LIDCNTSs increased with the increas-
ing of CNTs preparation temperature and catalyst calcination temperature, but decreased with the ny:ng. increas-

ing. The inner diameter of CNTs can be controlled at 10~80 nm.
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Fig.1 TEM image of CNTs synthesized by Ni-Fe/zeolite 4A Catalyst at 600 C
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(a) nyinp=4:1; (b) nyine=1:1; (¢) nyine=1:4
2 600 °C Ni-Fe/4A SEM
Fig.2 SEM image of Ni-Fe/zeolite 4A Catalyst reduced by hydrogen at 600 “C

1 600 °C nang.  Ni-Fe/dA
Table 1 Specific surface area of Ni-Fe/zeolite 4A catalyst with different ny:ny reduced at 600 C

NN e 4:1 1:1 1:4
Specific surface area / (m*-g™) 15.087 12.544 7.807
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a: ny'np=4:1; b: nyinp=1:1; c: nynp=1:4
3 600 °C Ni-Fe/4A
XRD
Fig.3 XRD patterns of Ni-Fe/zeolite 4A Catalyst reduced
by hydrogen at 600 C
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, 600 C CNTs 65 nm Fig4 TEM image of CNTs synthesized by Ni-Fe/zeolite

, 45 nm, da o 4A catalyst(ny:ng=1:1) at different temperatures
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Fig.5 SEM image of Ni-Fe/zeolite 4A catalyst(ny'ng=1:1)
reduced by hydrogen at 800 C
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Table 2 Specific surface area of Ni-Fe/zeolite 4A catalyst(ny:ng=1:1) reduced at different temperature

Reduction temperature / “C 500 600 800
Specific surface area / (m*-g™) 17.899 12.544 2.700
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XRD
Fig.6 XRD patterns of Ni-Fe/zeolite 4A catalyst (nyiny=
1:1) reduced by hydrogen at different temperature
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Fig.7 TEM image of CNTs synthesized at 600 °C by
Ni-Fe/zeolite 4A catalyst(ny np=1:1) calcined at

different temperature
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3 nwng=1:1 Ni-Fe/4A LIDCNTSs
Table 3 Impact of calcination temperature of Ni-Fe/zeolite 4A catalyst(ny:ng=1:1) on the specific
surface area of LIDCNTs

Calcination temperature / °C 400 600 800
Specific surface area / (m’+g") 139.635 139.391 129.865
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Fig.8 TEM image of CNTs synthesized by Ni-Fe catalyst Ni-Fe

(nying=1:1) at 600 C
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