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Graphene covered SiC powder (GCSP) has been fabricated by well established method of high

temperature thermal decomposition of SiC. The structural and photocatalystic characteristics of the

prepared GCSP were investigated and compared with that of the pristine SiC powder. Under UV

illumination, more than 100% enhancement in photocatalystic activity is achieved in degradation

of Rhodamine B (Rh B) by GCSP catalyst than by pristine SiC powder. The possible mechanisms

underlining the observed results are discussed. The results suggested that GCSP as a composite

of graphene based material has great potential for use as a high performance photocatalyst. VC 2012
American Institute of Physics. [doi:10.1063/1.3676042]

Graphene, a novel two dimensional material, has

intrigued enormous research interests1–4 owing to its fascinat-

ing physical properties such as the existence of massless Dirac

fermions1 and the observation of quantum hall effect2,5 since

its discovery in 2004.6 Meanwhile, another research branch

on graphene based nano heterogeneous composite materials is

rapidly expanding in the field of materials science recently to

explore interesting photocatalystic materials.7–10 For example,

Zhang et al. reported the synthesis of graphene-P25 TiO2

composites and showed their enhanced photocatalysis for deg-

radation of methylene blue in aqueous solutions.10 Among the

researches, graphene acts as electron conductive channels to

separate the photogenerated charge carriers and, consequently,

to enhance the corresponding photocatalytic activity. How-

ever, it should be noted that the compositions of graphene and

relevant photocatalyst are synthesized through physical or

chemical methods where contact of photocatalyst and gra-

phene is randomly happened on partial surface of the catalyst

and photogenerated carrier transfer is critically depending on

the synthesizing method and procedure.7–10

SiC is a harmless environment-friendly material, remark-

able for its very high physical and chemical stability and very

large difference between its conduction band and the chemi-

cal potential of the redox systems, which renders SiC an out-

standing photocatalystic activity.11,12 On the other hand,

epitaxial graphene on SiC wafer has been rapidly progressing

recently since SiC offers an exclusive choice for graphene

potential applications such as RF devices4,13 and IC sys-

tems.14 An enormous amount of research has been concerning

on growth mechanisms,15,16 structural,17,18 and electronic

characteristics19–21 of graphene grown on SiC wafers. How-

ever, graphene covered SiC powder (GCSP) or grains, as a

micro-size graphene-SiC heterojunction powder, has not

reported on its structural nor photocatalystic characteristics.

GCSP as a composite of graphene and SiC, prepared by high

temperature thermal annealing as used in growing graphene

on SiC wafer, possesses heterojunction interface between

inner SiC and outer graphene layers. On the exposed SiC fac-

ets, the graphene layers are continuously covered on the outer

surface of SiC powder. Especially on the exposed Si-face fac-

ets, the neighboring carbon layer (usually named as buffer

layer) is covalently bonding with the SiC.21–23 Thus,

photogenerated electrons in conduction band of SiC are more

efficiently transferring to graphene through the near perfect

heterojunction interface, which facilitates separation of elec-

trons and holes in space and leads to an enhanced photocata-

lytic activity. Therefore, the GCSP is completely different

from the reported graphene based heterogeneous composite

materials. In this letter, we report the photocatalytic charac-

teristics of GCSP by showing the degradation of Rh B in

aqueous solution, which is a popular used dye for studying

photocatalystic activity of a material.24 An enhancement

more than 100% in photocatalytic degradation of Rh B was

observed using the GCSP under UV light irradiation com-

pared with the pristine SiC powder. The results indicate that

the GCSP as a photocatalystic material has potential for pho-

tocatalystic applications ascribed to its high performance pho-

tocatalystic activity, relatively mature fabrication method,

and low cost of pristine SiC powder.

In a typical run, the GCSP is synthesized by high tem-

perature annealing SiC powder at about 1600 �C under pres-

sure of 10�3 Pa for about 10 min. Before fabrication of

GCSP, n-type 6H-SiC powder of 150-300 mesh (in size

about 60-120 lm, TankeBlue, Beijing) was carefully cleaned

according to a standard degrease cleaning process for semi-

conductor wafer by using acetone, ethanol, and deionized

water in sequence. Then, the SiC powder was heated to

130 �C in a bake oven over night to remove the absorbed

water on the surface of the SiC powder. After the cleaning

process, SiC powder was loaded into a graphite crucible and

put them together into the furnace for GCSP fabrication.

Finally, the heater was turned off and the samples were

allowed to cool down to room temperature naturally.

The obtained GCSP was characterized and analyzed by

using field emission scanning electron microscopy (SEM)

for surface morphology, high-resolution Raman scattering
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spectra for checking typical scattering peaks of the graphene

(Raman spectrometer is HR800 with a 532 nm laser focused

to a spot with diameter about 1 lm), and optical absorption

spectrum for monitoring the photocatalytic activities of the

as-prepared GCSP under UV light irradiation emitted from a

150 W high-pressure Hg lamp.

To test the photocatalytic activities of the as-prepared

GCSP, 0.1 g of the as-prepared GCSP was dispersed into

100 mL Rh B aqueous solution (0.02 mM). Prior to photoca-

talytic reactions, the suspension was vigorously stirred in the

dark for 15 min, which was long enough to make the Rh B

aqueous solution approach a stable absorption equilibrium to

the dark ambience. The GCSP sample was then irradiated by

UV light at room temperature and ambient pressure, while

keeping the solution stirred. Blank experiments at the same

conditions show that no photocatalystic activity is observed

in the absence of catalyst or light irradiation. During UV

light irradiation, about 3 mL of the suspension was taken out

from the reaction cell at a given time intervals in sequence

for subsequent analysis of target dye concentration after cen-

trifuging. The photocatalytic activity of GCSP is evaluated

from the intrinsic absorption band (centered at 552 nm) in-

tensity ratio of the remnant Rh B after UV light illumination

to that of the initial Rh B under the dark condition. The pho-

tocatalytic activity of the prinstine SiC powder was also

tested under the same conditions as a reference.

Morphologies of the GCSP and the pristine SiC powder

were analyzed by SEM as shown in Fig. 1. No discernible

difference is observed in low magnified SEM images of Fig.

1(a) for pristine SiC powder and Fig. 1(b) for GCSP. How-

ever, a clear difference is observed in the magnified SEM

images of Figs. 1(c) and 1(d). There are wrinkles on the sur-

face of GCSP as shown in Fig. 1(d), which are usually

observed on graphene grown on SiC surface25,26 due to the

large difference in thermal expansion coefficient between

epitaxial graphene layers and SiC. Close examination of Fig.

1(d) reveals that the wrinkles are continuously curved across

the SiC step edges. It thus can be indicated that the graphene

layers are continuously covering on the SiC surface without

interruption, which is similar to the case in graphene grown

on a SiC substrate.25

The observed graphene layers are further confirmed by

Raman scattering measurement. Fig. 2 shows the Raman

scattering spectra of the pristine SiC powder and GCSP as

presented by the solid and dot dashed curves, respectively.

Raman fingerprint peaks of graphene, D, G, and 2D peaks

are well identified located at 1353, 1582, and 2716 cm�1 on

the curve of the GCSP. The weak D peak indicates few struc-

tural defects exist in the graphene. To determine the intensity

ratio of the G and 2D peaks, we subtract the signal due to

SiC from the measured Raman signal of GCSP. The inset of

Fig. 2 shows the Raman signal of graphene. According to the

intensity ratio of G and 2D peaks, number of the graphene

layers is estimated to be about 5-6 layers.

The photo-degradation of Rh B was employed to evalu-

ate the photocatalytic activities of the GCSP and the pristine

SiC powder. The characteristic absorption band of Rh B at

552 nm is chosen as the monitoring parameter. Fig. 3 shows

the absorption spectrum of the Rh B aqueous solution after

different photocatalytic degradation durations in the pres-

ence of pure SiC powder (Fig. 3(a)) and GCSP (Fig. 3(b)). It

is seen that the main absorption peak of Rh B at 552 nm is

monotonically decreased with increasing irradiation time in

the existence of the two kinds of photocatalysis materials.

However, it is noted that the absorption peak intensity

decrease even faster in presence of GCSP catalyst than in

pristine SiC powder catalyst. As the UV exposure time

approaches to 2.5 h, the absorption peak of Rh B disappeared

completely in presence of GCSP catalyst, while remaining

30% intensity in presence of the pristine SiC powder. The

result indicates graphene covered on the SiC surface

improves and enhances the photocatalystic activity of the

SiC powder.

The relative remnant concentration of the partly degra-

dated Rh B aqueous solution under various UV irradiation

durations is summarized in Fig. 4. The figure and the inset give

the relative remnant concentration variation in linear and natu-

ral logarithmic form versus irradiation time, respectively. The

relationship of ln(c/c0) versus irradiation time fits 1st order

reaction well, i.e., ln (c/c0)¼�ki t, where c is the remnant con-

centration of degraded Rh B, c0 is the initial concentration of

FIG. 1. SEM images of pristine SiC powder (a), Graphene covered SiC het-

erojunction powder (b), as well as magnified SEM images of SiC powder

(c), and GCSP (d).

FIG. 2. (Color online) Raman spectra of pristine SiC powder (solid line)

and GCSP (dotted line). The inset is Raman signal of graphene after sub-

tracting SiC’s signal from GCSP.
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Rh B, t is the irradiation time, and ki is the photocatalystic reac-

tive rate constant. The lower index i in ki is 1 or 2 correspond-

ing to rate constant of GCSP or SiC powder, respectively. It is

inferred from the inset that the rate constant k1 is 0.021/min

and k2 is 0.008/min, which indicates the degradation rate con-

stant of GCSP is about 2.6 times of that of pristine SiC powder.

Clearly, more than 100% improvement in photocatalystic ac-

tivity is achieved by using GCSP catalyst than pristine SiC

powder. In the inset of Fig. 4, it is noted that the data point for

irradiation 2.5 h is little deviated from the quasi-linear variation

trace. The reason is that the remnant concentration of the

degraded Rh B is too low (about 5% of its initial concentra-

tion) to be degraded effectively by the catalyst. The phenom-

ena had been observed in other photocatalyst experiment.27

The enhanced photocatalytic activity of the GCSP could

be schematic illustrated by Fig. 5. Under UV illumination,

the photons are absorbed majorly by SiC inside of the GCSP

and scarcely by graphene layers outside of the GCSP,

because band gap of the 6H-SiC is about 3.0 eV (correspond-

ing to an absorption edge about 410 nm) and optical absorp-

tion of the few-layer graphene is less than 15% since a

monolayer graphene absorption is about 2.3% to the irradi-

ated light no mater what wavelength the irradiated light is.

Accompanying the absorption of photons by SiC, electrons

(e�) are excited from the valance band (VB) to the conduc-

tion band (CB) of SiC, remaining holes (hþ) in the VB. In

the absence of the graphene layers, most of these excited

electrons recombine quickly with holes. Usually, only a

small portion of electrons or holes participate in the photoca-

talytic reactions,28 resulting in low reactivity. It is know that

the electron affinity of 6 H-SiC is about 3.45 eV (Ref. 29)

and electron work function of graphene is about 4.5 eV,30

taking vacuum level as a reference. The large difference

between conduction band of SiC and Fermi level of graphene

allows quick transferring of the photogenerated electrons

from SiC to graphene, avoiding recombination of electrons

and holes in SiC. Furthermore, the perfect hererojunction

interface and large contact area between SiC and graphene

result in a strong coupling between SiC and graphene, which

also benefits the photogenerated carrier transfer. The advan-

tages of GCSP are well supported by the enhanced photoca-

talystic activity of GCSP than pristine SiC powder as shown

in Fig. 4. We attributed the advantages of the GCSP to the

perfect combination of graphene and SiC, where interface

contact is completely different from that of the graphene

based nano heterogeneous materials which is becoming one

of the hot topics of materials physics currently,7–10 where

surface of nano particles is partly contacted with graphene

through van der Waals force or other interactions and the

contact coupling critically depends on synthesized technique

and procedure. These important structural and energy band

FIG. 3. (Color online) Absorption spectra of Rh B after different photo deg-

radation durations by SiC powder (a) and GCSP (b).

FIG. 4. (Color online) The relative remnant concentration of the partly

degradated Rh B versus irradiation duration. The inset is the natural loga-

rithm of the ratio between the remnant concentration and the initial concen-

tration of Rh B versus irradiation time.

FIG. 5. (Color online) Schematic mechanism of photocatalystic process of

GCSP for degradation of Rh B.
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properties of the GCSP, combined with the graphene’s

advantages of high carries mobility and strong absorption to

other molecules together, make the GCSP have great poten-

tial in photocatalystic applications. We believe that further

decreasing SiC powder size (increasing redox reactive sur-

face) and optimizing graphene layers will render the GCSP

an outstanding photocatalyst activity.

In summary, we have synthesized graphene covered SiC

heterojunction powder by high temperature thermal anneal-

ing. This composite of heterogeneous material shows an

over 100% improvement in photocatalystic activity com-

pared with that of its parent SiC powder. The great enhance-

ment in photocatalystic activity is ascribed to the

advantageous carrier transferring in this unique structured

material. Our results suggest that GCSP has great potential

for use as a photocatalystic material.
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