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E L Sig, SiyM, 1 Siy; M (M=Fe, Co 5 Ni) HIfE R R % 17 o218 (DFT) M52 T Fe, Co & Ni
Yk SRR RIS LN SiC RUPLER. R EI, Fe, Co K Ni 9KMEALHIES Si A 4, PiKIFE
1k Si—si #ERYSEEE, AL St MNTER; & E&rIERA FIT C EF M 2 Si R A C IR ) /Y B
Fe M fifbBE J13R T Co F1 Ni. ZEUCEERN |, UL Si By MIBRIERTIG J J5RE, LA Fe, Co J& Ni TMRE: Jyfittfb 7] 54K
M, T8 OB AR il A T 3C-SIiC AR A, BIFEE T AL RIS | RN | Ak A SR B e [ S R
il 4% 3C-SiC GUKMHARY T, 450K, L7 Fe, Co Al Ni S9N A LAl 3 A 3C-SiC B4 MR EE. 241U
2. 0% (Bt 5050 1Y Fe A AEFIES, Si ¥i7E 1100 °CF KA 30 min J& BIAT @556 40 0 3C-SiC KB4 Ti7E
FARZEAET, TCHEALFIAT Si 3y 58 252 (LR B 1250 °C ;5 Fe MUMEALBCRIE T Co 1 Ni, 5 DFT i+545
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KR BT RIS IRCREGURIM AR MEIEIAL RN ; TR ; B
RESES 0641; TB3S XERERERTS A

A RE HAT A s BERE R R B | BURASMERR LT | WS | WAl Bk R AU K&
PAL PREEML, NIERS . ZA PR i B AR R b S B )2 W A w2 H AT,
AR B 45 i R A IR L k| AR DT RE Y | IR D | R EREE ST BRPGA R
TR R BB R0 A IO VA Rk A SR DR AR B AR A A S AIUIR (R
BAR. FoB LRy B el 2 ORI B A it W RE T & S AR AL ik, BAERTRIRR BE L ¥ A 7 ™
AR BRI ) LA SO = A Bl RERR ELHE RN B B B B IS ™ A R AR A, S i
FERE R AR I FRAR 7.

ISV EE A DAY R B R TR, IERERR SR M RETR , WSS ML & T 3C-SiC Rk, ZERE
HEALEE I 5 I ACH 3C-SiC A KARME T R A K 05, Wang 251 DU ERZ R AL 70 il 25 1 2 JA )
25 FhEE M) 3C-SIC Ak Zk. PRI ZEAED LUEREBR C 1R S 3R £ ML eI A 2 07 RTIRAA , DA R Ak o e
TR, SR VA e - e/ T AR SR R 45 T 3R 3C-SiC gk, DL AR 4 S, b 3 i 7EAE vl
FAR VR AL RE AR P A R, B E B 3C-SIiC e AR, FRATT R A A AR O JEORE, LU
Ni R A, 7E 1300 °C Tl T 4iAi) 3C-SiC Mk ; miRmAEfLFIET, 4iAH 3C-SiC 15 B B
1350 °C. EERBEAE SRR BRI, IERERR 26 (TEOS) SRR, 435 AR R B AN s R Ry fi Ak 57
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AURT LAAS B AL H F 2548, 30 P AT S g0 04, 8 /s AL B A BILER 10>

FT M, AP Sy, Si M, Sip, M (M=Fe, Co B Ni) 4K #E A it DFT HEM 58 T
Fe, Co J¢ Ni K BIEMEALEE Y AL R SiC MIMLEE; JFAEMLEERN [, DL Si By R R B A kL, DA Fe,
Co B¢ Ni fiF§RER J AL HTORAA , 38 2o S B4 B R i) 4 177 3C-SiC 9K AIR. BT T fE AR A b 2
SRR | A AR P A R B [ S5 6T ] £ 3C-SiC AR R 1) 5 .

1 SLIGERS

1.1 EigiH&E
THASR 0 42 8 R S5 A 24 g+ Du A (111) A1 100) m2E ). B T . R Sig,
K AT K Si M, il Sip, M (M =Fe, Co 5% Ni) & &40K BN A TTHRAAL, {8 Dmol’ #2)3 Ai#F 1711
B FACHR AR SC BE A T OB BE I ARl ( GGA) 72 PR PBE 78 £ 75 FH X 18 2000 WUEK (i W Ak o B 3 21
DNP 7K b AT, B Ao R B R 24 1000 4% 5, BB EWIE S 0.45 nm. A
(SCF) HE W SbR i Ry Fa T 25 BE AR Ak /N 1x107° eV, 76 PBE/DNP BRiE K % 3R S5 A1 5 1 45 44
BT EARIT R, BARSEANT . GERAIEARIE R 5. 44x107° eV, IS EOREFRHEH 1. 088 eV/nm,
RO HEN 5. 0107 nm. 43 FIHE T Si Ak FAIFE | Si M, FlSiy, M, B4 48 K 155 1) 9 B2 g
K1) [ 4@ AR (1) o B FE R 2 2 ] g 8 Si—Si B ps. JEfEIL R, &
ST CJRFTE Siss, SigM, Fl Siy, M AOK A FRWRTRE. AR AR RE A TR AT .
E,, =nE(Si) + (55 -n)E(M) - E(Si,My,_,) (1)
E, =ECC) + E(SinMss—n) - E( Si,My,_,C) (2)
Kb £, NNERAE; £, AWINRE; E(SD) HEA SR TRIRER; E(C) NEA C HTPRIRER; E(M) N
A M JRFRRER; E(Si, My, )R Si, My, ARREER; E(Si My, C) R CJRTFIHT Si,M,,_, %5
BYERE TR ; n A HFERAIR Si 55
12 RAFIEMEE
BRMER AR [ 2221, FHEE=10~30 Pa « s, & =75% (B o080 , Gk =42% (iR 240 , Ui
B <10% (FEM) , K3<5%, pH=6.0~7.5], SIS KAF]; Si H[ <2 pm, BTH T35 ( -
) FRAF]; SR Fe(NO,), « 9H,0, /rHr4li] | ifR%: [ Co(NO,), « 6H,0, /rHrali] | MR
[Ni(NO,), « 6H,0, sr#r4li ], EZ5ER AR RA R JoK Ol KL TR A RAF).
X’ pert Pro %! X &7 5+ ( PANalytical, Netherlands, 40kV, 40 mA) ; ¥ &k $HAH o 7 W4
(FESEM, Nova400NanoSEM, FEI Co., USA, 15 kV); & & H 7 %% 8% ( TEM, JEM-2100UHRSTEM,
JEOL, Japan, 200 kV).
1.3 H&Efl&E
SiC ZPKRBHA I HI % (1) K Fe(NO,), + 9H,0, Co(NO,), - 6H,0 FI Ni(NO,), - 6H,0 735l T
60 mL JC/K BT, SRIEH Bk 3 Vo Bl nE] 60 ¢ #EM [ M/Si=0.5%, 1.0%, 1.5%F1 2. 0%
(FRESH) , M=Fe, Co B Ni], #HE 24 h JFBA AP F 80 C FHE 12 h, MEHERTLTIUA TS
600 CHALIE 1 h 15 BR A BAMATINEER ; (2) #0EE MR PSS 5 200 g BERIIE
WISNRA, S6TE 80 C Tk 12 h, FF7E 120 °C T [E1k 24 h, $BALSE AR 7E R ST 900 °C T Ik
U2 h TRANEE; (3) SR MET (HAMiLab-V3000, 3 kW, 2.45 GHz, KIPREZRMEM T AR R)
B FHAL BRS AORE S THELE 1000~ 1300 °C, F43HIR 10, 20 130 min.

2 #HERE{TR
2.1 Fe, Co E Ni #k &7 EL Si #E]& SiC B & B IE

K FH 4 JB K BRI Sio# I 48 Sic fYid R R, SR 9Kk S Si TERLA 4, gt 2]
ARV 27280 Si 0 C RO AE IR SiC i FR R Si—Si SRS A Si—C BRI L. I, Fe, Co
1 Ni AL Si By Al C ROV AR SiC A RN . — 7 T, Si—Si BEAFAEAE Si K DR IR MEfR 2, H2 Si
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TR R B L TR 1 4 B AR R A ), Si RS Si IR T2 8] BB K AT B iR I, AT 1l
55917 Si—Si BERLE SR, f SiRTE S D — i, SR Si BURAELE, A RIE AT ESs
PRI AR, SR Si RS C R R B AR Sic R

FEAELL FHES, DL Sig 4K IAFE R Si—M(M=Fe, Co 8% Ni) & 44k HI#% (Si M, il Siy, M) fF
AR (L 1), SRA DFT TS Tk e HRR AR e M, THASS RS T3 1. S5, XF Bl
Sigs MM, HNERAEH 582. 458 k)/mol; *4i% Si HIFE T B A 12 4~ M FFIEHL SiyyM,, & 40 (Siy ey,
Si,;Cop, & Si Nij, ), L ERAESM BIBEANZE 1547, 250, 1026. 045 1 940. 142 kJ/mol; 4R fE hit— 45
A 184 M BTl Siy, My & 4 I (Siy; Feyg, Siy; Coyg & Siyy Nijg ), PR BE Sk — 25 70 548 i =
1608. 136, 1108. 224 F1 1165. 307 kJ/mol; PiA7 & &M N R BEZE KT Sis BIEMNREE. T W
RAREHRIR R MR E ™, R Si—M A4 Si A ERE, IR M e & T, Si—M
MG R, TR RIEELEN, 78 Si—M & &% , Si—Fe &4 b Si—Co Al Si—Ni # 5}
TE L.

Fig.1 Calculation models of Si;;(A), Si;M,,(B) and Si;,M,;(C) (M=Fe, Co, Ni) nanoclusters

Table 1 Cohesive energies of Si;, Si;;M,, and Si;,; M, nanoclusters and adsorption energy of

C atom adsorbed on(111) face of Sig, Si,;M,, and Si;; M, nanoclusters

Clusters composition Cohesive energy/ (kJ - mol™") Adsorption energy/ (kJ + mol™")
Siss 582. 458 —
SiyzFey, 1547.250 —
SiysCoyy 1026. 045 —
SigyNijy 940. 142 —
Siy; Feq 1608. 136 —
Siz; Coyg 1108. 224 —
Siy;Nijg 1165. 307 —
C—Siss — 13. 6526
C—SigFe, — 37.2821
C—Siy;Coy, — 15.7530
C—Si s Nij, — 19. 9538
C—Siy,Feq — 36.2319
C—Siy; Coyg — 18. 6411
C—Siy; Nijg — 41.4829

JFFE Fe, Co FI Ni 42 Jm A K BURLAELL Si by ff BT AOHLIE, T13E T X ek A g b AL T (111) 1w |
NGALE R ST E B (8] 1 BEZ PR ), THRERS 3% 2. 45K, Si gk (111) 1
% Si JET2Z a5 KA 0. 4619 nm; Si, M, &4 H#E (111) 1 B % Si B 2 18] i f K20 510
0. 4950 nm(Si, Fe,,), 0.4738 nm(Si,;Co,,) 1 0. 4625 nm(Si,;Ni,,); Sisy M, ZHKEFE(111) 1 %% Si
JRF 2 [] BB A B34 & 0. 5384 nm (Siy, Feyg ), 0.4989 nm( Siy, Co,g) A1 0. 4990 nm ( Siy, Nij, ). 0
Si—M G4 RIE AT Si J5 7 Z A S B E 4, WIS 1 Si TR SR, BAEdE 1 Si i
REAE IR T AR . TS RIE R, Fe AL SIS AR B8 T Co A1 Ni

T B Si—M &4 IR T LM #E C 7R AR, 235k DFT 358 1 C R F7E Sigs f
Si—M &4 B AR (E 2 & 1), AfhL, C JRFFE Si—M &4 LW HRE R T C JRF7E Si Bk
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FirRE. AT Si SHEATIDE G &S, X C Mg R8G5, [M4fEdE 7 Si Fl C M. K 1
WAL, C JEFAE Si—Fe 54 (Siy,Fe, M Siy Fe ) FAIWBHAE S C JRFFE Siy,Nij, L AW B RERCE AR 22
AR, HIZ KT C JFETAE SizCop, Siy,Co o M1 SiggNiy, FEIWZFTEE. 25 Si—Co A1 Si—Ni &4 1L,
Si—Fe G4 Xt C JEF W5 /E TR, XA RETEA A T HAEML Si 5 C &AW A AL SiC.

Table 2 Bond length of Si atoms at edge sites on (111) face of Si,;, Si,;M,, and Si;;M,; clusters

Bond length of Si atoms Bond length of Si atoms at
Clusters composition Clusters composition
at edge sites on (111) face/nm edge sites on (111) face/nm
Si55 0.4619 Si37Felg 0.5384
SigzFe, 0. 4950 Siy; Coyg 0. 4989
Siy3Coyy 0.4738 Sig; Nijg 0. 4990
SigzNij, 0. 4625

Fig.2 Adsorption models between metal nanocluster and C atom, C—Si;(A), C—Si,;M,,(B)
and C—Si;,M;(C)

FRIE L aRgh B I Fe, Co A1 Ni Gk Pkl Si M bl Sic Rl REUNR . 15 Si ik 5
TR TH A Fe, Co M Ni QKPR K 3(A) J7E T FIEAL Si—M &4 [ K 3(B) ], Si—M &&=
AR TG Si R, i ELAR R T X C RG] . EiR R, Si—M A A Ak Si TR
T 5 C JEF OB AR SiC fi%[ B13(C) ], BHABEA KK E BCY SiC gk, ik L T ik
Si P Si—M A akei I\ Si ok Ab7E Si JRF, RS A TEYE St T Si—M A4 [’ 3(D) ],
P E R LR B A SiCL B 3(E) | ZIEH)E, T M BFBEAKI A Si 0k 3R B Si JiFIE A
4, Si FORIRARKE AR W, HE AN, BUa = A TR L T i Si T Si—M A & A
AR SiC OB B 3(F) .

f &

é Si powder: . M catalyst: ﬁ Si::M s alloy: Oﬂ. Si1:M5 alloy: G-. SiC: o Si: @C

Fig.3 Catalytic mechanism of SiC formation using Fe, Co and Ni nanocluster catalysts

22 EUFIFSEXEL SRR
P 4 SHESAN 2% 1 Fe, Co Hl Ni KBRS, Siob-5 ByRER IR 7E 1100 “CARAL KN 30 min
J5 PR AR A XRD 3518 0] UL, % FIA R SRS B OB AL, 79069 XRD 1% A R Z A 1)
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Zhb. (1) BT ARSRAY 3C-SiC(JCPDS No. 01-073-1708) 5 I | F B K EB/M 19 Si B &R 4k
3C-SiC; (2) 722040 3 T 55 9 Si0,(JCPDS No. 01-027-0605 ) BIATEFIE | 1 BIARE 5 i AR 7E 18035 4R
TR, X ATRES W IARAF IR A 5% ; (3) FE 26°4b i EE T 441 8 (JCPDS No. 01-075-1621) T i1,
B Fe, Co A1 Ni 7EMEAk Si By LR SiC )[R, 38 18 A0 B B AW B A= m T A e fb e, X 5 SCik 45
SR SRR EL Y XRD B A — SR FEZ AL (1) DL Fe AEAEFIRT, 724 XRD % $
MEEAE] Si PIATHIEE ; LA Co FT Ni LRI, A4 1 XRD 35 & 8L T 155 19 Si(JCPDS No. 01-
077-2109) Wfitiitid , RWILL Fe fEALRIET, ATLUH Si ¥y 2385 C RO AR 3C-SiC; LA Co Fl Ni 2
ALK, F=Prhic D Si RS 52RO, 245 R R Fe MAELIE IR T Co FINi, 5115
R —E (2) Dk Fe MAEALFIET, FE5L XRD 35 45. 6° 4L f77E Si—Fe /42 (JCPDS No. 03-065-9131)
BIRTEFIE 5 TTLA Co FI Ni AEALFAI , Z0OREEH] Si—Co Tl Si—Ni 54 IIAEAE. FITELL Fe AL
B, RMWARRHIE T Si—Fe &4, H Si—Fe &4 BB LLAH R Y Si—Co Fl Si—Ni &4 5. iX
seszah 2t B SR LS AR A

< Si 120 L
= SiC
aFeSi " & 100
v Si0 2 T 5
*C o ve )= \__» 2%Ni 2
J g 60
o
a® R A y 2% Co = 40
5
v = 00
" ) y 2% Fe
1 1 1 1 1 1 1 {]
10 20 30 40 50 60 70 80 90 Fe Co Ni
20/°)
Fig.4 XRD patterns of samples fired at 1100 °C for Fig.5 Crystalline phase contents of samples fired at
30 min with 2% different catalysts 1100 °C for 30 min with 2% different Kinds of
catalysts

K5 BRI 2% 1 Fe, Co A1 Ni AEALFIEE, 1100 °C I 30 min J& ke 5o 40 A 0 & B8k
(PR AR AR XRD ~FE i aa R, HAUEIE Si Ml 3C-SiC 2 FAH) . 451301, 53 2% 1Y
Fe LIS, #Ef R Si Fll 3C-SiC A 43310 0 Fl 100% ;5 241 2% Co 1 Ni MAEALFFIAT, £ 5 Si
HIFR RN 2%, 3C-SiC W& N 98%. 25 KW, LL 2% Fe F LRI, 28 1100 °C [ 30 min X
NI B RTfifE Si oy 58 4 fb Az B 3C-SiC.

2.3 RMIREX Fe AEAFERBRLENI M

B 6 ML 2% e AL, AR EE T RERH AL O J5 B XRD 5 &l. AT UL, 1000 CH, XRD i
B T8 B9 3C-SiC IATSTIE , DERIRRIL I I B e FF AR 0k AT Bl S I BE AL 1000 °C 7+ & 1050
°C, XRD & 3C-SiC BIATETIEAS WG58, T Si A9 A7 S 05 B 0 95 5 24 S 0 iR B 4k £ F+ 2 1100 °C

120

* 5 - b
= SiC s " oy g Q 100 |
: Z 80}
T NSV E
i | e L g 60}
P ea | R ! o
S En A c Z 40F
I b =
§ = & 20+
l L1 - as 0k -
10 20 30 40 50 60 70 80 90 1000 1050 1100 1150 1200 1250 1300
20/(°) Temperature/'C
Fig.6 XRD patterns of samples fired at various Fig.7 Crystalline phase contents of samples fired at
temperatures for 30 min with 2%Fe catalysts various temperatures for 30 min with 2%Fe
Temperature/C ; a. 10003 b. 1050; c. 1100; catalysts

d. 11505 e. 1200, f. 12505 g. 1300. a. Si; b. SiC.
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BF, XRD 3% F b B Si AOAT TG sE a2k, R LR Si 8B sg ek AR AL RN . 4kZETHE 2 1200 ~
1300 CH, PHyrh Py AHZH B A2 1k

7 R T L 2% Fe AL, ASERE SOV 30 min J5RE & R4 A 0 & AR k. 45 5R %
MR BE R 1000 CHE, FEGH Si F 3C-SiC B & 550 BN 92% F1 8% 5 >4 ) i iR JE T i85 & 1050 C
W, Si B FIEE 12%, i 3C-SiC A& E 8 2 88% ; AkLLTHE W IR E 2 1100 C I, Si i 2 ik
— R 0, 1 3C-SiC Y& IR 100%. DL E45SREE, MMM, A 2%Fe FAEAFIR,
1100 °C i 30 min J& BIT it Si 58 4 &k At Ak S i A= G 3C-SiC. S5 InfiE AL IS f9 45 A0 1, R
PEAL IV AT fif 3C-SiC A& R PR AR 150 “C.
2.4 Fe AT & R iE Xt & R AL iR B9 2200

YN RIE A 1100 °C, fE4LF] Fe BUNIMASR Jg 2. 0%, AW [] B2 7 5 BT A94E 9 XRD 1% 14 4
K8 Fizs. IO, 4 RiAsHE] R 10 min B, KRS XRD 3% B PSR AT RS AY Si fiThTig, AR A TRZ Si
WARS SRR ; 2 HE A 20 min B, BT Si AOAT ST IG5 R, ULRH LR KR4 Si B
GRES T RRALEE ; PE— A SE K ARALIHE] 2 30 min B, AR5 AR BATR Si AT BTG 25, DI FTA A B Si
WMESLRARMAER T 3C-SiC. FRMLEZM T A B 3C-SiC AR e fd R BB 24 30 min.

- oS 120
= SiC —_ L b
. sFe.Si g 100
s = i &= vC 5 sof
c é 60
o
. é 40 |
R L—L-..g__.._.._JL__J\...‘L = ,
. ¢ .z ~ 20}
- . a e 0k a
30 40 50 60 70 80 90 10 20 30
26/(°) Holding time/min
Fig.8 XRD patterns of samples fired at 1100 °C for Fig.9 Crystalline phase contents of samples fired
various holding time with 2. 0 %Fe catalysts at 1100 °C for various holding time with
Temperature/min; a. 10; b. 20; ¢. 30. 2.0%Fe catalysts
a. Si; b. SiC.

K9 ALk 2. 0%Fe JHEALFIRT, 1100 °C KA R B 8] 5 7= 4 o 45 W0 A B & A8 k. w0, 24
A 10 min B, AR 3C-SiC A& EALHR 67% 5 1024 SO B[] ZE 48 20 min B, FE 5L 3C-SiC )
SEWE 99% ; JE— B IEK B E 2 30 min B, FEE T 3C-SiC 1A RN 100%.

2.5 EAF Fe MAEXTERBRAERNZE

AL Fe I ARARIRINE, 1100 CF N 30 min J&5 Fr A AL & 19 XRD 3% E an & 10 . 2444k

IMATEH 0~0. 5%MF, FEih XRD 3K BT 3C-SiC BYfF ST, [H I Si AT ST AR AR 38, i

T 120
. 81 =
*Sic | S < 100} b
s o P Z s0f
. g 60 -
[+]
i 3 - 40+
i ’ 2 20}
| 3 L 0 a
1 1 1 1 1 I 1 1 1 1 1 1
10 20 30 40 50 60 70 80 90 0 0.5 1.0 1.5 2.0
26/(°) Mass fraction of Fe(%)
Fig.10 XRD patterns of samples fired at 1100 °C for Fig.11 Crystalline phase contents of samples fired
30 min with various contents of Fe catalysts at 1100 °C for 30 min with various contents
Mass fraction of Fe: a. 0; b. 0.5%; c. 1.0%; of Fe catalysts

d. 1.5%; e. 2.0%. a. Si; b. SiC.
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Si B3Rk ik B By B ELF IR, (H RS Si iR = 5 i KL FIHER 2 1.0% ~ 1. 5% B,
FEd XRD P HR R 3055 A R Si AT S U s 1F— 2D B AL R T 5 2 2. 0% ), FE S BT Si
FIRT SIS 2TH 2%, FF 1100 °C KM 30 min FIZRAFT, A 2. 0%Fe #EACFIRIFTfE Si 855 42 S5 i 2B i
3C-SiC.

B 11 AIMAAEHE Fe AEALFIRT, 78 1100 °CF S0 30 min JEAE S P4 HIAH G & . AT 0L, PR
Si B R Fe FHE AR INTZE ST R, 1 3C-SiC BY& & WA RZ @ T s S e A& M 0
B 1. 5%}, BEgh R 3C-SiC At N 5% 38 & 98%. 4 Fe MM A IE—E1 % 2. 0%, FEfh
3C-SiC & HALE R 100%.
2.6 VL Fe ABLKFIETB=HMHNHULEN

B 12(A) ALL 2. 0% Fe AN, 78 1100 °CF W 30 min J& i =2 LS. ol WL, F=4 K3
I3 RHARLAR KISk 30~60 nm; BLAL, AR ARG DR AT, EARZH 30~50 nm. 1 AR
EDS Z55[ & 12(B) 1, b Si Al C ooz, FILHIK =9~ SiC(EDS Fiyg AL Al Au 4351
JRT SEM FEAh ) AL JRIEAR AR 5L R I BHR A Au FHUE) . ik — BT & S AR IO S5 4, R
FH TEM X ras =ik AT 17 RAE, 455 WA 13.

(B)

LC\ Al Au

L 1 1 L 1 1
0 05 10 15 20 25 3.0 35 40
Energy/keV

Fig.12 SEM images(A) of the as-prepared 3C-SiC(1100 °C/30 min) with 2. 0%Fe as catalyst and
EDS results(B) of selected point 1 in Fig.12( A)

Fig.13 TEM(A, B) and HRTEM(C) images of as-prepared 3C-SiC whiskers
I 13(A) FI(B) AT WL, BURCIR =By RARAE 100 nm VAR, Rl A F R4 L4k M HRY
30 nm. AFE—ATIR AN LR, X HSEAT T HRTEM 4347, 258K 13(C) Fras. Al L, i
[ g SRS AR 2 0. 25 nm, 5 3C-SiC(111) & Y & A EE (0. 252 nm) AR —3; HiZ(111) f
T PR AN ) T 8] P9 SR £ A 70. 50, RZGR A 3C-SiC @it JFIT[ 111 ] 5 2k K.
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3

& it

K% 7 MBS (DFT) 55 T Fe, Co K Ni AL Si #3564k h SiC AIHLER, 258K, Fe,

Co M Ni LRI oS Si LA 4, dEimiffl Si Mg WL F A et T C JRF1E Si
¥ LB RE. Fe MIMEALRCRILT Co A1 Ni 1. DABREERIAE MARIE | ERY MEETR, Fe, Co J& Ni 9K AuikL
AT, R A I AR S B T RS T 3C-SiC KA. Ha B A A R . L 2.0% ) Fe
AR, £E 1100 °C T R 0.5 h. AL Fe (00 A AT 83 58 42 O AR B 3C-SiC A L BE R IR 24
150 °C. DFT i+ LR 5L EERE 25,
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Density Functional Theory Calculation and Experimental
Study of Catalytic Synthesis SiC Nano Powders’

WANG Junkai, HAN Lei, HUANG Liang, ZHANG Haijun” , LI Junyi, LI Saisai
(The State Key Laboratory of Refractories and Metallurgy, School of Materials and Metallurgy ,
Wuhan University of Science and Technology, Wuhan 430081, China)

Abstract Taking Sis;, Si;;M,, and Si;;M,;(M=Fe, Co or Ni) cluster as models, density functional theory
(DFT) was used to investigate the catalytic mechanism of Fe, Co and Ni catalysts on the formation of SiC
using Si and C as starting materials. The results show that Fe, Co and Ni nano catalysts will form alloy with Si
first, and then elongate the bond length of Si—Si and weaken its bond strength, finally activate Si powder. The
formation of alloy is favorable to the adsorption of C atom, and then accelerate the reaction process between Si
and C atoms. The catalytic performance of Fe is better than Co and Ni. On this basis, 3C-SiC nano powders
were synthesized by a microwave reaction method using silicon powders and phenolic resin as raw materials,
and ferric/cobalt/nickel nitrate as catalyst precursor. The effects of catalyst type, heat treatment temperature ,
catalyst content and holding time on the preparation of 3C-SiC were investigated. Results indicated that the
addition of Fe, Co and Ni significantly decreased the synthesis temperature of 3C-SiC. Si powder can
completely transform into 3C-SiC at 1100 °C for 30 min using 2. 0% Fe as catalyst. In contrast, for the sample
without any catalysts, corresponding temperature was as high as 1250 °C. Moreover, the experiment results
also indicated that the catalytic performance of Fe is better than Co and Ni, which is in consistent with the
DFT calculations.

Keywords Density functional theory( DFT) ; 3C-SiC nano powders; Catalytic carbonization reaction; Silicon
powder; Phenolic resin
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