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Table 1 Parameters for different fuels *
Densit; Combusti
Fuels Molecular formula Carbon content ensi y3 ombustion (fr:ergy
w/ % p/kg: m’ E/J- m~’
Methanol CH,O 37.5 1.430 3.4 x10*
Ethanol C,HO 52.2 2.057 6.3 x10*
Acetone C;H,0 62.1 2.593 8.1x10*
Liquefi Propane C;Hg + Propylene C;Hy +
iquefied pane =T P e 81.8 ~85.7 10.1 x 10*
petroleum gas Butane C,H,, +Butene C,H; etc.
2 w/ %
Table 2 The chemical compositions of the substrates w/%
Substrates C Si Mn Cr Ni S P Mo Fe
Q235 0.100 0.120 0.400 0.020 0.073 Bal.
Type 304 0.080 1.000 2.000 18.50 9.70 0.045 0.030 Bal.
YUS701 0.116 2.463 2.165 24.20 13.60 0.026 0.032 0.856 Bal.
Ni-based alloy 0.063 0.160 26.00 Bal. 6.000 14.0
Pure Ni 0.070 0.120 Bal.
2
10 min ~ 20 min
FEI Sirion
20 21
SEM JEOL
JEM-2010 TEM
Renishaw 3
RM-1000
3.1 20 % ~30 %
1~ 3
1
3.2
4 SEM
1
950 C ~1050 C
1150 C SEM
TEM
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Fig.3 The temperature distributions on low carbon mild steel substrate in the flames. a Methanol flame

b Ethanol flame ¢ Acetone flame and d Liquefied petroleum gas flame
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Fig.4 SEM image of combustion products. a Methanol flame b Ethanol flame ¢ Acetone flame and d Liquefied petroleum gas flame
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20nm ~ 30 nm

Soot

5 TEM Bar=200nm a b
Fig.5 TEM micrographs of combustion materials from methanol flames. a On low carbon

mild steel substrate and b On Ni-contained stainless steel substrate

6 TEM a Bar=1pm b Bra =100 nm
Fig.6 TEM micrographs of combustion materials from ethanol flames. a On low carbon mild

steel substrate and b On Ni-contained stainless steel substrate

7
W p
"
> :
v = e
S 4 >
\ 50 nm
7 TEM a Bar =200 nm b Bar =50 nm

Fig.7 TEM micrographs of combustion materials from liquefied petroleum gas flames. a On low carbon

mild steel substrate and b On Ni-contained stainless steel
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3.3 Raman
Raman
'#100 nm
Raman D
8 TEM Bar = 100 nm G 9
Fig.8 TEM micrograph of combustion materials from acetone flame Raman
3 TEM

Table 3 Morphologies of one-dimension carbon nano-materials

Fuel

Carbon nanotubes

Carbon nanofibers

Methanol

Ethanol

Liquefied
petroleum gas

Small inner-diameter
thickness and defects

no-straight wall with non-homogeneous
outer-diameter around 50 nm
several microns as shown in Fig.5 b .

length in

Better quality with even wall thickness diameter in between 20-
50 nm and length in several tens micron as shown in Fig.6 b .

The best quality with well tube walls and small diameter in be-
tween 10-20nm  and length in several tens micron as shown in
Fig. 7.

Solid-cored with disorder graphite layer homogeneous
diameter in between 70-120nm as shown in Fig.5 a .

The same morphology as above with different diameter
size the smallest about 20 nm the largest reach to 250
nm as shown in Fig.6 a .

The same morphology as above with smaller diameter
variation the smallest about 50 nm the largest reach to
110nm as shown in Fig.7 a .

Acetone No any fibrous materials observed only soot particles with diameter in 20-30nm as shown in Fig. 8.
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Fig.9 Raman spectra of combustion senerated materials from methanol flames. a On low carbon
mild steel substrate and b On Ni-contained stainless steel substrate
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lecular dynamics research on high temperature thermo-stability

Influence of fuels and substrates on flame synthesis of
one-dimensional carbon nanomaterials

CAO Feng' YANG Han' FU Qiang'>  PAN Chun-xu' >’
1. Department of Physics Wuhan University Wuhan 430072  China
2. Research Center for Nano-Science and Engineering Wuhan University Wuhan 430072 China
3. Center for Electron Microscopy Wuhan University Wuhan 430072 China

Abstract  One-dimensional carbon nanomaterials involving carbon nanotubes CNTs and novel solid-cored
carbon nanofibers CNFs were synthesized from flames by using methanol ethanol and liquefied petroleum gas
as fuels and low carbon mild steel and Ni-contained alloys as substrates. The nanomaterials were characterized
by field emission high resolution scanning electron microscopy transmission electron microscopy and laser Ra-
man spectroscopy. It was found that the morphologies of the nanomaterials were determined mainly by the sub-
strates. A substrate containing Fe tended to produce the solid-cored CNFs on low carbon mild steel substrates
whereas a substrate containing Ni tended to produce hollow-cored CNTs. This was because Fe has a stronger af-
finity for carbon than Ni. The fuels also influenced the morphologies of the nanomaterials due to the differences
in carbon content and combustion energy etc.
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