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Synthesis and Mechanism of One-Dimensional SiC with Different
Morphologies Catalyzed by Copper
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(The State Key Laboratory of Refractories and Metallurgy, Wuhan University of Science and Technology, Wuhan 430081, China)

Abstract: To investigate the effect of CO gas partial pressure on the morphology and quantity of one-dimensional SiC catalyzed by
copper, one-dimensional silicon carbide (SiC) with different morphologies was synthesized by a catalytic reaction method with silicon
powder and phenolic resin as raw materials, and copper tartrate as a catalyst precursor. The samples were characterized by X-ray
diffraction, field emission-scanning electron microscopy and transmission electron microscopy. The effects of catalyst, atmosphere
and temperature on the morphology of SiC were investigated. The results indicate that the worm-like one-dimensional SiC is formed
without a catalyst at 1400 ‘C. The Cu-catalyzed one-dimensional SiC with a chain-bead structure was synthesized under an argon
atmosphere at 1 200 C, and the Cu-catalyzed one-dimensional SiC with a core-shell structures was synthesized under a CO
atmosphere at 1200 ‘C. The growth mechanism of worm-like SiC is the reaction of gaseous phase CO and liquid phase Si to form a
solid-phase SiC (i.e., V-L—S mechanism), and the growth mechanism of SiC with a chain-bead structure and a core-shell structure is
the direct reaction of vapor phase SiO and CO to form solid-phase SiC (i.e., V-S mechanism). The results of this work can provide a
theoretical basis for the in-situ formation of one-dimensional SiC ceramic reinforced phases with different morphologies in
carbon-containing refractories.
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Fig. 1 XRD patterns of samples calcined at different temperatures
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Fig. 3 SEM images of the samples with a catalyst calcined at different temperatures in argon atmosphere
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Fig. 4 SEM images of the samples with a catalyst calcined at different temperatures in CO atmosphere
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Fig. 5 TEM images of samples calcined at 1 200 “C in argon atmosphere with a catalyst
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(c) TEM image of the core-shell structures
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(d) HR-TEM image of the core-shell structures
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Fig. 6 TEM images of samples calcined at 1 200 C in CO atmosphere with a catalyst
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Fig. 8 Schematic diagram of growth mechanism of the chain-bead and core-shell SiC

Y

EREELEIIG—4E SiC A RMERM R &SR
T, N EER T BB IETE 250~800 C A fEILFE
i A i CHy (2)~ CoHg (2)~ CO ()F1 CO, (g)555 4k,
ToANFE CO Sk, BEIF= A/ Sio S ARAEXT CO it
i, S10 AU CO AU S WAE i SiC AT Si0,[2(8)] .
Si0 5 CO i Si0, 7 i fE SiC (IR, M
FHFIAFRE MR SiC 5 Si0, 2 [ 2 HiER
MNTTTAE Si0, HAH IRAR G KIR - [FIINF SiC 1) 3
PR 2250 Si0, BRI,  SiC HE N 5 2
(R HELE 24 22 S SO R THORARS , 17 R T (1 S T Be,

MERIR 1 Si0, M B A e/ MR RS, WIS ER
I SiO, BT MIRARGK R, SiC HEHES 2R
Z N Si0, FIEAAH AR . &R T RMNAE R R A D
1 0y, RIILAER Si0 SRR CO H IR, NAEF"
WIFLBR AL AR /> S EREE SE M —4E SiC,  [RIR A ik
(1) SiC e 5 R /DRI 0, RN Si0, JE
R 9)~(10)) 22, B A KL V-S
A=K AL

3Si0(g) + CO(g) = SiC(s) + 2Si0, (s) (8)

SiC(s) + 20, (g) = Si0, + C(s) )



5055 7 H

LR S WML E RN F RS YRR I S LR

° 2003 -

2SiC(s) + 30,(g) = 2Si0, + 2CO (10)

s —4E SiC A KHLER AN T« R ZKAF T,
BFE AR KRR CO Ak, R4 4 e AR X
o, RiE s R (3)~2(7)E ) Sio AR
%, JAd RN Si0 Afkte S CO RMARL SiC
F1Si0,[5K(8)]. AT SiO At ] B -5 1y 18 4 g 4
fif R [ S AR R SiC AT SI0,[(11)]. R Sio 5 €O
FONA R SiC Al CO,[3(12)], TSR Si tal Ly
CO A% SiC A CO,[2(13)].

25i0(g) + C(s) = SiC(s) + SiO, (s) (11)
Si0(g) +3CO(g) = SiC(s) + 2CO, (g) (12)
Si(1) + 2CO(g) = SiC(s) + CO, (g) (13)

T [ N A B S10, 7 1 7E SiC 3T, 3L Reilly
AFEEME K SIC A SiO, Z [A FRIEIEE, Si0, 5
SiC R & RN F2A A Si0, i SiC 44
KR AEKTT M), HER TR, [N
HEIR SiO, Ll NI SiC LA AHGT B B i AR Kl %,
M Si0, 584> HEEAE SiC Fifl. M SiO, B
1E Si0 5 CO 4k B,  Fir AAE R —4E SiC 1%
MEAERBER K. oh, SENES ERK,
Cu—Si & &0 E Z 40, BT Si—O M mtRe,
ISR 1AM Si0, 2. H HAR R Si0 S A4 FI
AR SIC e 5K A RN, AR Si0, 24k 4E
B BRI, MTAESMNZER Si0, JZ it — S =,
TER T O IRZ TS5 M —4E SiC. ML AEKALEE
e V=S A KL,

3

1) THEATRI, MyRER G Si k3 7E 1400 CHY
SN A e BRI —4E SicC, HE A2 70~210nm,
0% HUIR— 4 SiC AR KALEL S CO 5ifiAH Si x
AR R [ A SiC AR K AL (V-L-S HL).

2) DAVES A T ) g e A 700 T R A, Ty TR A I A
Si M 7E 1200 C xS AE R —4E SiC, HAAEASA T
A IREREESE M —4E SiC, . SiC 9KRBEMERZZ
50~70nm; CO S5 F ARt e &5 f i —4E Sic, H
SiC ZK LR I EARZ) 20~40 nm. BREESE My FIAZ e 45
P —4E SiC FIAKAHLEL &S Sio fS4H CO B
B AR R AH SiC AR KALHI(V-S HL).

3) Cu AB¥A T Si A2k Cu-Si &4, — k4
KT Si I s 9G4k Si MokE, 390 Si X Bl C R
TS 77, Wi Si 55 C 838 CO J M A Bk
—4E SiC; H—HHREE 2 SiO SR AR, SiO
SRR C B CO WA Rl —4E SiC, i —4E SiC

KM V-L-S HLilEEAR A V=S Bl

4) AT Cu fF—4E SiC A4 i E BRI L
200 C, AR —4E SiC TESR, b
TR REE R 3 & i SiC RN IREAT

SE R
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