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One-pot Catalytic Solvothermal Approach for Carbon Nanofibers Preparation
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Abstract: Carbon nanofibers have been synthesized through a one-pot catalytic solvothermal approach using
tetrahydrofuran as the solvent and carbon source at 500 °C. XRD patterns show that the as-prepared carbon
nanofibers are of hexagonal graphite. Field-emission scanning electron microscopy(FESEM) and TEM images indicate
that the carbon nanofibers have an average diameter of 100 nm and length ranging from hundreds of nanometers to
several micrometers. High-resolution transmission electron microscopy (HRTEM) images reveal that the products
consist of graphite layers with interlayer spacing of about 0.34 nm. The purity of the carbon nanofibers is also examined

1

by thermal gravimetric analysis (TGA). The Raman spectrum has two strong peaks at 1 347 and 1 584 cm ',

corresponding to the typical Raman peaks of graphitized carbon nanofibers.
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Carbon materials are found in a variety of forms
such as graphite, diamond, carbon nanofibers, fuller-
ences and carbon nanotubes. A world-wide intensive
research efforts have been paid on the carbon materi-
als since the discovery of carbon nanotubes by lijima
in 1991" Carbon nanofibers(also known as carbon fil-

aments) represent an important class of graphite-relat-
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ed materials from the scientific and commercial view-

>3 Carbon nanofibers have shown promising

points |
potential applications as hydrogen storage media, semi-
fuel cell application and functional fillers for various
kinds of composite materials® because of their unique
properties, such as high thermal stability, electrical

conductivity and excellent mechanical properties.
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Floating catalyst method", thermal chemical vapor de-

position"”

, and plasma-enhanced Chemical Vapor De-
position(CVD)!" were conventionally used to synthesize
carbon nanofibers. Recently, some convenient ap-
proaches have been developed to prepare nano-scale
carbon materials. For instance, Lee et al.” obtained the
amorphous carbon nanowires by heating a pressed
tablet of graphite powder mixed with nickel. Carbon
materials with different morphology such as hollow
spheres, nanotubes were fabricated in this group using
various methods previously ™", Herein, we present a
simple catalytic route to prepare carbon nanofibers. In
addition, some porous carbon structures are also found
to coexist with the carbon nanofibers. The reaction pro-
cess may be formulated as follows:
4C,HO(tetrahydrofuran) + 3Fe—Ni —
16C (graphite) + Fe;0, + 16H,+ Ni

1 Experimental

1.1 Sample preparation

In a typical run, equal mole of micro-sized iron
and nickel powders and 12 mlL tetrahydrofuran were
loaded into a 20 mL stainless steel autoclave. The au-
toclave was then sealed and maintained at 500 °C for
10 h. After cooling to the room temperature, dark pre-
cipitates and some residual gases were obtained. The
black products were collected and divided into two
parts: one part was washed with distilled water and ab-
solute ethanol several times; the other was washed with
3 mol - L. HNOj; solution. The two parts were then dried
in vacuum at 50 °C for 4 h, respectively for further
characterization.
1.2 Sample characterization

XRD patterns were recorded by using a Philips
XPert PRO SUPER X-ray diffractometer equipped
with graphite monochromatized Cu Ka radiation (A =
0.154 1874 nm), scanning from 10°~70°(26) in speed of
8.000° *min . Field emission scanning electron mi-
croscopy(FESEM) image was taken at 10 kV with a JE-
OL JSM6700F scanning electron microscope. Trans-
mission electron microscopy(TEM) images and selected
area electron diffraction (SAED) patterns were carried

out on a Hitachi Model H-800 transmission electron

microscope. High-resolution transmission electron mi-
croscopy (HRTEM) images were examined on a JEOL-
2010 transmission electron microscope. The thermal
gravimetric analysis(TGA) was conducted using a Shi-
madzu TGA-50H analyzer (purified air stream 50 mL
min~', heating rate 10 °C -min™"). The Raman spectrum
was studied using a French Labram-HR confocal laser

micro Raman Spectrometer with an argon-ion laser at

514.5 nm.
2 Results and discussion

Fig.1 shows the XRD patterns of the as-prepared
products with different treatments. Fig.1a is the XRD
pattern of the products washed with distilled water and
ethanol. The reflection peaks in Figure la can be in-
dexed as face-centered cubic(fec) Fe;O4 denoted as “m”
(PDF No. 19-0629), face-centered cubic(fcc) Ni denot-
“n” (PDF No. 04-0850), and hexagonal graphite
“o” (PDF No. 41-1487). Fig.1b shows the
typical XRD pattern of the products washed with dilut-

ed as

denoted as

ed HNO; solution, which can be indexed as pure hexag-
onal graphite. In contrast to the standard hexagonal

graphite(PDF No. 41-1487), the XRD pattern in Fig. 1b

is weak and broad, indicating its poor crystallinity.

(b) m: Face-cemtered cinoc Fe;0,
n: Face-centered cubic Ni
g: Hexagonal graphite
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(a) Washed with distilled water and ethanol for several times;
(b) After diluted HNO; solution treatment then washed with

distilled water and ethanol

Fig.1 XRD patterns of the products with different
treatments
The panoramic view on the as-prepared sample is
shown in Fig.2, which reveals that the sample is com-
posed of a large number of carbon nanofibers. The car-
bon nanofibers have an average diameter of 100 nm and
length ranging from hundreds of nanometers to several

micrometers.
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Fig.2 (a~b) Field emission SEM image of carbon nanofibers

Fig.3a  demonstrates an individual carbon
nanofiber with a diamter of 70 nm. The SAED pattern in
Fig.3a reveals that there exists a pair of small but strong
(002) arcs, together with a weak(100) ring, which indi-
cates the orientation of the 002 planes in the carbon
nanofibers. A further analysis by HRTEM in Fig.3b
shows that the interlayer spacing of the carbon
nanofibers is about 0.34 nm, in agreement with the 002

plane lattice parameters of graphitized carbon. In the

Fig.3 (a) A representative TEM image of the porous carbon structure; (b) High-resolution TEM image of the porous carbon

process of TEM and HRTEM observations, some porous
carbon structures were also detected. Fig. 3¢ shows a
representative TEM image of the novel porous carbon
structures with an average diameter of 160 nm and
length up to hundreds of nanometers. The SAED pattern
(the inset of Fig.3c) indicates the crystallinity of the
porous carbon structures. Fig.3d shows the typical
HRTEM image, which is similar to that of carbon

nanofibers.
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structure; (c) High-resolution TEM and SAED pattern (inset) image of an individual CF; (d) Typical HRTEM image,

which is similar to that of CFS.

The typical Raman spectrum (Fig.4) shows that
there exist two strong peaks at 1 347 and 1 584 c¢cm™.
The peak at 1347 ¢cm™ can be assigned to the vibrations
of carbon atoms with dangling bonds in plane termina-
tion of disordered graphite!®. The peak at 1 584 cm™
corresponds to an E,, mode of graphite and is related to
the vibration of sp>-bonded carbon atoms in a 2-dimen-
sional hexagonal lattice, such as in a graphite layer"".

The TGA curve for the as-prepared carbon
nanofibers after washing with distilled water and abso-

lute ethanol is illustrated in Fig.5. The curve shows a
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Fig.4 Raman spectrum of CFS with two graphite
peaks at 1347 and 1584 cm™



9% 9 ) ETTAR AR — TRV R B AL S A K Bk 2T 4 1427
110 the growth of tubular structure with flat graphitic sheet
1007 depended on the crystal orientation of the catalysts!""'®,
. :Z: Therefore, it is believed that the carbon source and cat-
; 70 ] alyst play key roles in determining the morphology of
)
£ 60 the products.
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Fig.5 TGA curve of the as-prepared CFS
weight-decreasing profile up to 500 °C. The weight loss
is caused by the oxidation of carbonaceous elements
expect carbon nanofibers in TGA measurement because
the carbon oxides(such as CO, or CO,) will disperse out
easily. When increasing the temperature to 530 °C, a
sudden weight drop occurs due to the gasification of the
carbon nanofibers and other carbonaceous impurities to
carbon oxide or carbon dioxide. The calculated purity of
the as-prepared carbon nanofibers is about 68% from
the TGA curve, which probably contains some undis-
solved iron oxide or nickel formed in the process of car-
bon nanofibers.

The reaction temperature and Ni powders are found
to play significant roles in the formation of carbon
nanofibers. When the reaction is carried out below
500 °C, the as-prepared carbon nanofibers are poorly
crystallized. Ni functions as a catalyst in the reaction.
When the reaction is carried out without Ni powders, the
product obtained is much less than that with Ni.

As for the formation mechanism of carbon
nanofibers prepared from tetrahydrofuran in this study,
it is believed that it is to some extent similar to that
proposed by Baik et al. ", The growth of carbon
nanofibers in this study probably consists of the follow-
ing sequential steps: the decomposition of tetrahydrofu-
ran on the metal catalysts, the diffusion of carbon
species, and the precipitation of carbon atoms from the
supersaturation state to form carbon nanofibers. Carbon
nanotubes have been reported by this group from differ-
ent carbon sources such as hexachorobenzene !,
ethanol " and benzene ™ suggesting that the carbon
sources perhaps have important influences on the mor-

phology of the final products. It was also reported that

In summary, car bon nanofibers have been pre-
pared through a simple catalytic route at 500 “C. As te-
trahydrofuran acts both solvent and carbon source, this
method avoids the separation of raw material from sol-

vent and simplifies the operation process.
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