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Low-Temperature Synthesis and Photoluminescence Properties of 3C-SiC Nanowires via Co
Nanoparticle Catalytic Reaction
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Abstract: 3C-SiC nanowires were synthesized in Ar atomosphere via Co nanoparticle catalytic reaction with expanded graphite and
silicon powders as raw materials and Co(NOs3),'6H,O as a catalyst precursor. The effects of reaction temperature and catalyst addition
on the formation of SiC nanowires were investigated. The phase composition and microstructure of the as-prepared products were
characterized by X-ray diffraction, scanning electron microscopy and transmission electron microscopy. The optoelectronic property
of as-prepared 3C-SiC nanowires was analyzed. The results show that Co catalyst promotes the growth of 3C-SiC nanowires and
decreases the complete reaction temperature and the formation temperature. 3C-SiC nanowires could be synthesized at 1 573K for 3h
using 3.0% Co as catalysts at C/Si molar ratio of 1:1. The formed 3C-SiC nanowires are approximately 50-60 nm in diameter and
tens micrometers in length. According to the results by the first-principles calculation, the activities of the reactants are increased via
dwindling the bonding strength of C=C, Si—O and C—O bonds. The room-temperature PL spectra indicate that the as-synthesized
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3C-SiC nanowires have a special emission at 307 nm (4.04 eV), which could be used as a potential material for optoelectronic

nanodevices.

Keywords: 3C-silicon carbide nanowires; optoelectronic property; first-principles calculations; cobalt-nanoparticle catalysts;

expanded graphite
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Fig. 1 XRD patterns and relative contents of crystalline

phases of samples synthesized at various temperatures

without any catalyst
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Fig. 2 SEM images of the sample synthesized at 1 673 K
without any catalysts
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(c) EDS results of point B in Fig. 3(a)
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Fig. 3 TEM image and size distribution of Co nanoparticles
on expanded graphite sheets and EDS results
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Fig. 5 XRD patterns and relative phase content of the
synthesized products at different temperatures
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Fig. 6 SEM images and EDS of as-prepared 3C-SiC synthesized at 1 073-1 573 K
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Fig. 7 TEM and HRTEM images with corresponding SAED patterns of as-prepared sample synthesized at 1 573 K
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Kl 8b AT ., Si f O JR-F#BHT 3 A4~ Co J5-F1E I )
W Bt BE N 2.40 eV (K] 8e 1 B1), A Si J& 71 Coss
%A F B W B AN 2.37 eV (B 8e 1 B2), Hiltk
A%, Si M O JETHEA 3 AN Co JR W Bt A X 58
e, WftE Si—O BEEKAR N 1.72 A,

Al(Ews=7.60eV) A2(E,q=4.47¢eV)

(a) C=C HETE Coss BIE 2 FhrT HEAIB L

B1(Eas=2.40 V) B2(Eas=2.37¢V)

(b) Si—O HAE Coss 7% _ L1 2 PTG (I B 3

Cl(Ew—1.81¢V)

C2(Ey=1.78 eV)

(c) C—O HEFE Coss HlfF 1) 2 Flml E A P =
B8 RPN C=C #. Si—O0 #fl c—O 5
Coss IR A2 BB 5 PT RE R B S5 4 P it B i
st e
Fig. 8 Adsorption configuration and adsorption energy of
different structures of C=C dimmer, SiO and CO
molecules on surface of Coss nanoclusters based on
first-principle calculations

C—O B IHTE Coss % I 1 1F O ELRRE R
(K 8c)o 2 R P RERE HA CO o1 C i+
F Coss BIFEAHAE, C1 WA A C R4

AT AL EAANT 3 A Co JRFIER, WkihE
181 eV: C2MREIEEACH C i+ HAT 1 AN S AL
B Co JRFMHEAEH, WtEeHN 1.78eV. C1 W[t
AR e T C2, HEK M KN 1214,
W B X PR A% X AR

#£1 C=CH#. Si—O0 M C—0 #5 Coss WHIFAIIRHE
BEFNGEC

Table 1 Adsorption energy and bond length of C=C
dimmer, SiO and CO molecule adsorbed with
Coss nanoclusters
Bond Adsorption energy/eV Bond length/A
C=C 7.60 1.33
Si—O 2.40 1.72
CcC—O 1.81 1.21

C—C ##. Si—O # A C—O K A LA
FRHEEANEF AN, DA T 3 M
SE MR (] 8t Al. Bl f CHF AN T =
(19 3 A i o

Kl 9 5 Co Gk IAEM T C=C . Si—O # Al
C—O )5 3 Fhmfae WA BT amE,
KRB R R FETFMRBEFRE. HE 9
AIAEL, AN Co R 3] C=C . Si—O
BRI C—O B,

(a) Charge transfers from
C055 to C=C

(b) Charge transfers from
C055 to Si—O

(c) Charge transfers from Coss to C—O

Kl 9 Coss JOKHIEMH C=C #. Si—O #Afl C—O /5
e E S R LT A
Fig. 9 Charge transfers in most stable structure from Coss
nanoclusters to C=C(a), Si—O(b) and C—O(c)
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# 2 NARHE Bader 73 T 151 Co 94K HTAEY Bt
C—C . Si—O %M C—O #)5 % i F %A BT 11
FeretGit. mak 2 ar i, WAWMET, ® 8(a)Al H
Ci M1 G JRF B E ST N: 4.0e Fl14.0e, 5 Co
A HH B B S 23 53 AR FL 4.65 € F1 4.48 ¢, B4~ C=C
UG AE IR B BT J5 1 AR AL N (4.65 e+4.48 o)
(4.0e+4.0 e)=1.13 e, WELZHE T M Coss Hi%IM
C=C QR HEE N 1.13 e. FH, THHMGHE
T M Coss HiEE# 3] Si—O £l C—O 1 HE
7N 0.47 e M 0.48 e. fAFH C JHTAI Si Ji 1155
THT, O JBTA Co T NILE THT. HTH
MABFEIFEUH] Coss #IKBIFEAT C=C #. Si—O
S C—O B A7 B R AR H .

#2 C=CHi(a). Si—O#(b)H C—O #(c)5 Coss WHET

EHHERE
Table 2 Net valence electrons of C=C dimer, and SiO and

CO molecules before and after adsorping on Coss

nanoclusters
Net valence electrons (e)
Bond
Before After
Cc=C (C,-4.00 C,-4.00) (C,-4.65 C,-4.48)
Si—O (Si-2.70 0-7.30) (Si-3.20 0-7.27)
Cc—O0 (C-2.94 0-7.06) (C-3.55 0-6.93)

C;-4.00 means the net valence electrons of atom C1 in Fig.8aAl is 4.00e,

and so on.

K 8. 9. & 1 M2 K —PERIHEL R
FH, C=C #t. Si—O #fM C—O #5 Coss A%
W R R AR, S A BRI . HF A B
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2.5 3C-SiC PKELRIATL St RE
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573 K SN 3 h Ja & 8 3C-SiC 4K 2 152 i
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307 nm (7 BR 4.04 eV) T AL 1 N8 K G,
5 SiC HLE RCRHIE G N 2.39 eV, R IFTTE
KA 518 nm)H LA BTSSR0, B BRI
FIBR R S5 MR 2 51 S 3C-SiC %0 HE W5 7% 11 J5L [
LK RER R A, BAKEUIR(250~320 nm)i, 40
3C-SiC R IE R I B R G IE 5, MR
BPEC, BKIIN(320~400 nm)i, & FRIS N
I 28 b b R IR AR ) e A AR o

KN 254 nm, WEBMEF EER BT 3C-SiC gk
Hn AR AETE R 2 IS i 5280

TEP KN 313nm MHEA 1 AN55RIGREE, FFHE
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Fig. 10 Room temperature photoluminescence spectrum of as
prepared 3C-SiC fired at 1 573K

3 %
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