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Photoluminescence performance of SiC nanoparticles
synthesized from corn
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B-SiC nanoparticles and core-shell nanoparticles were synthesized by sol-gel and carbothermal reduction methods, in which
corn and tetraethoxysilane (TEOS) were respectively employed as carbon and silica precursors, cobalt nitrate as additive.
These particles were characterized by X-ray diffraction, scanning electron microscope, transmission electron microscope
and photoluminescence. The results show that the B-SiC nanoparticles and core-shell nanoparticles with a diameter of 20-80
nm. A possible growth mechanism was proposed for the nanoparticles according to the characterization results. The
synthesized nanoparticles exhibit different photoluminescence properties due to their core-shell structure, quantum

size-confinement, core—shell interface defects and internal structure defects.
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1. Introduction

Silicon carbide (SiC) nanoparticles possess more
promising mechanical, electronic, and optical properties
because of their low dimensionality, quantum confinement,
and shape effect [1-3]. So they have attracted great interest
due to their wide application potential in high-temperature
electronic devices, sensors, and electromechanical systems
[4, 5]. Recently, the photoluminescence properties of the
different morphology SiC were reported [6-9].

Consequently, economical and efficient routes for
synthesizing SiC nanoparticles become more important
than ever. For example, Meng et al. successfully prepared
SiC nanoparticles by plastic waste [10]. Yu et al. produced
B-SiC particles by plasma [11]. Wu et al. achieved SiC
nanoparticles by implantation method and direct etching of
bulk SiC [12]. Herlin et al synthesized small SiC particles
with diameter about 10nm from C,H, and SiH, mixture by
laser pyrolysis [13]. Little work has been done on how to
synthesize the core-shell SiC nanoparticles and whether it
can enhance the luminescence efficiency.

In this paper, we synthesized SiC nanoparticles and
core-shell nanoparticles by corn and TEOS via the
carbothermal reduction method. The experimental results
indicated that the SiC nanoparticles and core-shell
nanoparticles have especial photoluminescence properties
under the different excitation wavelength.

2. Experimental
2.1. SiC preparation

The corn were washed with water to remove the
impurity, they were dried at 150 °C for 1h. Then they were
cooled down to room temperature and comminuted.

The solution preparation is briefly described as
follows. Firstly, 1.5 g of cobalt nitrate was dissolved in
100 ml of ethyl alcohol (anhydrous, AR) and then mixed
with 50 ml of tetraethoxysilane (TEOS, AR) under stirring.
Then, 10 ml of oxalic acid (3.4 wt%) was added into the
mixture under stirring to enhance the hydrolysis of TEOS.
After 24 h, 16 g of corn was added into the above mixture.
After 48 h, 10 ml of hexamethylenetetramine aqueous
(35.8 wt%) solution was dropped into the above mixture
for rapid gelation. Finally, the gel was dried at 110 -C for
3 h to obtain the sample.

The sample were put into the a horizontally tubular
reactor and heated to 1000 °C at a rate of 5 °C/min in Ar
flow, then to 1300 °C at a rate of 2 °C /min and
maintained at this temperature for 7h. The raw product
was collected after the furnace was cooled down to room
temperature and then purified by air calcination and acid
treatment (HF + HCI) to eliminate the impurities.

2.2. Characterization
The crystalline structures of the samples were

characterized by using a Rigaku D/max rA X-Ray
diffractometer (XRD) with CuKo radiation. The
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microstructure of the samples was examined by Hitach
S-4800 scanning electron microscope (SEM). The
structural features of the samples were observed by a
Hitach H-7650 transmission electron microscope (TEM).
The photoluminescence (PL) spectrum measurement was
performed in an F-7000 FL Spectrophotometer with a Xe
lamp as an excitation source at room temperature.

3. Results and discussion

The sample was greenish powders. The XRD pattern
of the as-obtained products is shown in Fig. 1. From the
patterns, all of the strong diffraction peaks can be indexed
to B-SiC (JCPDS, No. 29-1129 a=4.359 A), no other
crystalline phases such as silica, carbon or other impurities
were detected. The low-intensity peak marked with SF is
due to stacking faults [14]. Strong and sharp diffraction
peaks indicate that the sample consists of pure B-SiC with
good crystalline structure.
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Fig. 1. XRD pattern of SiC nanoparticles

The low-magnification SEM surface image (Fig. 2(a))
shows that the as-obtained products are composed of
nanoparticles. From high-magnification SEM images (Fig.
2(b)), the nanoparticles with the diameters lie between 10
nm and 100 nm can be clearly observed. Some particles
look like a cluster agglomerated by small nanoparticles.

Fig. 2. SEM images of the synthesized S-SiC nanoparticles: (a) low-magnification; and (b) high-magnification

In order to investigate the microstructure of the SiC
nanoparticles, the TEM is employed. A large amount of
small SiC nanoparticles had a uniform size about 20-50
nm, as shown in Fig. 3(a). Fig. 3(b) is a typical TEM
image of an individual nanoparticle, from which it can be
seen that the small SiC nanoparticles are typical solid
particle with diameter about 50 nm. With the further
observation, some SiC nanoparticles had core-shell
structure with the diameters lie between 40 nm and 80 nm,
as shown in Fig. 3(c). From Fig. 3(d), a individual
core-shell SiC nanoparticle can be clearly observed. The
diameter of nanoparticle about 60 nm, the outer shell has a
thickness about 5 nm, the inner cores have diameter about

50 nm. Fig. 3(e) displays a cracked core-shell nanoparticle.

The obvious shell has a thickness about 5 nm. The obvious
bumps formed nuclei. The intact outer shell and the
imperfect core structure of nanoparticle are significant
because it verifies the formation mechanism of the
core-shell SiC nanoparticle.
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Fig. 3. (@) TEM image of the SiC nanoparticles; (b) TEM image of the individual SiC nanoparticles; (c) TEM image of the core-shell
SiC nanoparticles; (d) TEM image of the individual core-shell SiC nanoparticle; (e) TEM image of the individual cracked SiC-1
nanoparticle

The results from XRD, SEM and TEM analyses
altogether implied that the growth mechanism of SiC
nanoparticles and core-shell nanoparticles should be
illustrated as follows. In the sol-gel process, the corn
powder was surrounded by silicaand cobalt ions when the
corn powder was added in the system. First, corn was
decomposed into C particles, and metallic cobalt particles
were formed from decomposition of cobalt nitrate during
the carbothermal reduction. Subsequently, melted cobalt
particles react with silica and produce various cobalt
silicide active phases. The active phases exist between the
C-SiO; interface and absorb carbon and silica to produce
SiC. The reaction may occur between the C and silica
therefore the outer shell will be formation. Unde the
reaction conditions, silica layers outside the C particles
will be changed into SiC, which forms the SiC outer shell.
With the reaction proceeding, Si atoms enter into the inner
of C particles, some small C particles completely chang
into SiC. With Si atoms was gradually consumed, the SiC
ceases to grow, so some big C particles chang into
core-shell SiC.

To investigate PL properties of the synthesized SiC
nanoparticles, the corresponding measurement was carried
out at room temperature and a PL spectrum was obtained
(Fig. 4). The SiC nanoparticles show especial
photoluminescence properties under the different

excitation wavelength. When the excitation wavelength
moves from 290 to 330 nm, the peak intensity increases
and the emission peak shifts from 378 to 372 nm (a
blueshifted). When the excitation wavelength continues to
increase, the emission peak disappears. The blueshifted is
rarely observed before in SiC nanoparticles. Some studies
have reported that the abnormal blueshifted when the
excitation wavelength is smaller than 350 nm, which is
likely caused by surface structures [5,8,15]. It is thus
reasonable to conjecture that there are numerous core-shell
nanoparticle with the special core—shell interface which
can affect photoluminescence properties. When the
excitation wavelength moves from 290 to 410 nm, two
strong broad emission peaks centered at 452 nm and 469
nm. The emergence of peak at 452 nm and 469 nm may be
caused by the defects in the special rough core—shell
interface, the quantum size-confinement and internal
structure defects. In addition, a strong broad ultra-violet
emission at 414 nm under the excitation wavelength of
410 nm which exist weakly in other excitation wavelength,
compared with the previous reported SiC/SiO, core-shell
structure nanoparticles [3]. The emission at 414 nm is due
to the core-shell structure effects. Thus, the luminescence
characteristic of the synthesized SiC nanoparticles and
core-shell nanoparticles depends strongly on their
core-shell structure, quantum size-confinement, internal
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structure defects and core—shell interface defects.
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Fig. 4. PL spectrum of the synthesized SiC nanoparticles
and core-shell nanoparticles

4. Conclusions

In summary, we have synthesized B-SiC nanoparticles
and core-shell nanoparticles successfully by corn and
TEOS via the carbothermal reduction method. A possible
growth mechanism was proposed for the nanoparticles
according to the characterization results. The synthesized
nanoparticles and core-shell nanoparticles exhibit different
photoluminescence properties and are expected to find a
wide range of important applications in optoelectronic
devices.
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