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A B S T R A C T

Micro-sized and one-dimensional SiC were synthesized via microwave heating method, without using any metal
impurity. The morphologies and micro-structures of the products were characterized by comprehensive
methods, including scanning electron microscope (SEM), transmission electron microscope (TEM) and X-ray
diffraction (XRD). One-dimensional SiC has diameters of 10–200 nm and lengths up to several micrometers,
while micro-sized SiC was mainly composed of micro-particles with diameters of 500–1000 nm. The difference
on morphology between the two kinds of products may be caused by different growth rates along various crystal
directions of SiC. The photoluminescence properties and band gap were characterized by fluorescence spec-
trophotometer and UV–VIS spectrophotometer at room temperature, respectively. Both the one-dimensional and
the micro-sized SiC can emit ultra-violet light with similar wavelength range centered at 390 nm. The modified
UV–VIS spectra from the Kubelka-Munk theory and Tauc's law suggested that the SiC products were not direct
band gap semiconductors, but indicated that the two kinds of SiC products have different band gap types. The
ultra-violet emission could not be attributed to the quantum confinement effect, while may be caused by the
point defects on the surface or interface of the products.

1. Introduction

Room-temperature photoluminescence properties of semi-
conductors with different morphologies have drawn significant atten-
tion for the practical application in optical devices [1–3]. Owing to the
fundamental properties, including high thermal conductivity, high
thermal stability, excellent mechanical strength [4–6], SiC is a pro-
mising candidate for high-temperature and high-power devices. Parti-
cularly, for the application in high-power optical devices, many re-
searches have been carried out for preparing SiC with excellent room-
temperature optical properties [7–9].

In recent years, considering the probable existence of quantum
confinement effect, many researchers focused on the photo-
luminsecence of SiC nano-materials covering SiC nanowires, SiC na-
nobelts, SiC nanofibers, and so on [10–13]. Most of the SiC nano-ma-
terials emit light with larger energy than band gap energy of bulk SiC.
The blue-shift phenomena can be obviously found in the photo-
luminescence peaks. Besides the quantum confinement effect [14,15],
several mechanisms have also been proposed to explain the blue-shift
phenomena, such as the existence of oxygen vacancies [16,17], surface

defects in SiC [12,18], and so on. Wu et al. [15] suggested that the
emission wavelength can be tuned by changing the excitation wave-
length if the SiC products have size distribution and quantum con-
finement effect play a role in the optical properties. Li et al. [16] ver-
ified the influence of oxygen vacancies on the blue-shift phenomenon
by tuning the thickness of the SiOx layers on the surface of the SiC core.
Liu et al. [18] and Li et al. [12] thought that surface or internal defects
in SiC could contribute to the broad peaks and blue-shift phenomena.
Thus, the relationship between point defect and optical properties of
SiC is widely focused on, but which type or concentration of defects can
play the key role in the properties is still in debate. Essentially, pho-
toluminescence properties of semiconductors are dependent on the
band gap types and values [19]. For characterizing the band gap type
and value of semiconductors, UV–VIS spectrophotometer was often
employed based on the Kubelka-Munk equation and Tauc law [20,21].
The band gap characterizations on SiC systems had been rarely reported
until Chen et al. [22] characterized the band gap of 6H-SiC nanowires
and confirmed the indirect band gap exhibition.

Up to now, the relation between photoluminescence properties of
SiC and quantum confinement effect is still in dispute. Some researchers
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thought that the quantum confinement effect could not contribute to
the photoluminescence of SiC nanowires or nanobelts because the
feature sizes of the nano-materials are much larger than Bohr radius of
SiC (2.7 nm) [23]. However, Wei et al. [19] proposed that the stacking
faults existing in the SiC nano-materials can result in small crystal
segments of which the size can be close to the Bohr radius of SiC. This
indicates that SiC micro-particles with stacking faults could also have
larger band gap energy than the intrinsic band gap energy of bulk SiC.
The contribution from quantum confinement effect to the optical ex-
hibitions will be discussed in the following section.

Another possible origin of violet or blue emission from SiC based
nano-materials is oxygen vacancies existing in the silica layer or the
interface between SiC and SiOx. Considering the effect of silica on the
optical properties, some researchers focused on the optical properties of
silica and observed ultra-violet emission peaks with even higher in-
tensity [24]. In this study, HF solution was used to remove the silica
layer and the photoluminescence properties of SiC were characterized.
The optical exhibition and other functional properties such as ferro-
magnetism of SiC [25] promise SiC to be a good candidate for various
practical applications.

In our previous work, SiC/SiOx coaxial nanowires were successfully
synthesized by microwave heating method, and was found to be able to
emit blue light under excitation wavelength of 325 nm [26]. Mean-
while, trace amount of SiC particles could be observed along with the
nanowires, which may be due to the high reaction rate under micro-
wave irradiation. However, it is found that there still exists impurities
which may affect the functional properties of the products in the as-
obtained samples. Though the impurities can be reduced by complex
post-treatment such as heat treatment, we thought that pure-phase SiC
may be prepared by enlarging the microwave power or employing the
ball-milling pre-treatment. Further more, the size effect of the one-di-
mensional on the optical properties is still in debate.

Thus, we want to synthesize pure-phase SiC with excellent photo-
luminescence and discuss the origin of the ultra-violet emission by
comparing the optical properties of one-dimensional SiC and SiC micro-
particles. In this study, large amount of pure-phase SiC micro-particles
were prepared by enhancing the reaction rate of raw materials sig-
nificantly. Both of the two kinds of SiC systems showed ultra-violet
emission detected under excitation wavelength of 240 nm. The origin of
the observed blue-shift phenomena compared to bulk 3C-SiC, combined
with the results from UV–VIS spectrophotometer, will be discussed in
detail.

2. Experimental

2.1. Synthesis of the 3C-SiC products

High-purity silicon (≥ 99.99%), silica (≥ 99.0%) and graphite
powders (≥ 99.85%) (mole ratio 1:1:2) were used as raw materials. For
preparing one-dimensional SiC, homogenized mixtures were weighed,
mixed, and transferred into a ceramic crucible. For preparing micro-
sized SiC, the mixtures were ball milled with rotate speed of 400 r/min
and 500 agate grinding balls. The SEM images of raw powders mixed
with and without ball-mlling pre-treatment are shown in Fig. 1a and
Fig. 1b, respectively. The products prepared without and with ball-
milling pre-treatment are defined as SCW and SCP, respectively.

The crucible together with the specimens was then placed at the
center of a commercial microwave vacuum sintering furnace with the
type of NJZ10-3 (Nanjing Jiequan Microwave Co. China). Before
heating, the furnace cavity was evacuated below 104 Pa by a watering
circulating pump. The microwave power was in the range of 4–5 kW,
and the applied power is larger than that applied in our previous study
[26]. With the use of the microwave heating system, the temperature of
the raw powders can be heated over 1400 °C in several minutes. The
specimen was kept at the designed temperature (1400 °C) for 1 h. The
temperature was measured by an optical pyrometer (Reytek) on the top

of insulation glass.
All the primary products were purified by air oxidation at 800 °C for

10 h to remove the un-reacted graphite powders. For analyzing the
contribution of SiOx layers on the photoluminescence properties of
nanowires, some samples were immersed in the hydrofluoric acid so-
lution (40 wt%) for 20 h to remove the silica. In our work, two kinds of
samples of which the colors were grey-green and light-green were fi-
nally obtained.

2.2. Characterizations

The crystal structures and phase purity of the product were ex-
amined by X-ray diffraction (XRD), which were carried out on a D8
ADVANCE X-ray diffractometer (Bruker Co., German) with Cu Kα ra-
diation (λ= 1.5418 Å). Morphologies of the product were examined by
a field emission scanning electron microscopy (FEI Ltd., Netherlands).
Further structural analysis of the products was performed using a FEI
Tecnai T20 microscopy (FEI, Eindhoven, Netherlands). Band gap
characterizations were performed using a UV–VIS spectrophotometer
(Agilent, Cary-5000) with a low slit width, response time 0.1 s, and a
scanning speed of 600 nm/min. The photoluminescence spectra were
measured using a Hitachi F-7000 typed fluorescence spectrophotometer
at room temperature, with the excitation light of 240 nm from Xe lamp.
The other parameters used in the measurement on optical properties
were the same for the two kinds of products.

3. Results and discussion

3.1. The morphologies and micro-structure of the as-prepared products

The XRD were employed for investigating the phase structure of SiC.
In the XRD patterns, the peaks at 35.6, 41.5, 60.0, 71.8 and 75.6°
correspond to the (111), (200), (220), (311) and (222) of 3C-SiC
(JCPDS no. 29-1129). From the XRD patterns of the products (Fig. 2), it
could be found that both SCW and SCP are mainly composed of 3C-SiC.
Some other un-react residual raw materials were also found in the XRD

Fig. 1. The SEM images of raw powders mixed with a) and without b) ball-milling pre-
treatment.

S. Liu, J. Wang Materials Science in Semiconductor Processing 72 (2017) 60–66

61



Download English Version:

https://daneshyari.com/en/article/5005780

Download Persian Version:

https://daneshyari.com/article/5005780

Daneshyari.com

https://daneshyari.com/en/article/5005780
https://daneshyari.com/article/5005780
https://daneshyari.com

