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# X. A XRD. EPMA # SEM &K T SiC/Fe FEBHARN=WHHERN, REK
HBREWURRNR PRI R FHRESH. SiC/Fe FREMHRIFHAL Feadi . Fe(Si)
MERS CUHRY, FeaSiMEBRIZRMBHT REHRAFES A, 1160°0 2k #abHE
B, REEKHEERN CRBYR /H898 CHEYE / % CHMHE (M SiC MZE Fe M) #
AL B3I SiC/Fe F 1 B AH KA LB R 5iC/Fe FRRIHE V9 ML, £ SiC/Fe R
BMHRMERY, SiC AR AEEy, NWHE SIS ATMEERIFRY C FIBY XK miFs
.

X @ 9. REEN; SiC4aM: BEY#
hESES: 0643 TWRIFIRE. A
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REFAA, SICERBEHBE. EREZSHEBSIRAE RO HMR. Sic/
CRFEEHMERRES SIC/ ERRBESWHEHLSIC/ EREAMBH HEHERE
AkeE 3 R EY, SICHELARSEALEELR Fe. Ni, Co. Ti%) BEKRWBER
NTEE, REASEK mEMHMAT SIC/ EREERESHWEMSIC/ EBRASHNNE
B 145 BFc eIk A R SiC/ £ BMATEME M HARREH SiC 7 LR FHA N
FdIREE, i, HAEXSIC/ERAEEMRNIRAE RSHINR.

SiC/Fe fEh— AR SIC/(E ) €R AL, HARBEMRMEHHREE LHHEXT4
RRFFET, BERXBEATRIIEREXTF SiChp) /Fe BEXEMHAKN I EIREFR
B, 2. BRRBEE., RS E RS MAMMT BFRAEE 457, YL E T4 3¢ SiC/Fe
AHEMRNIR, ENRKEHERNHHMILHSXBRENGEZH2EHIAR. &3
PR SIC, Fe e R, UFHEHFEA SiC/Fe I BUBENLREH, UEN
HBH TR FERR SIC/Fe AHBHENEHHERESKK, RENEMNBEMEHURRN
SRPENYRFEST BAME, B SiC/Fe FHEMRMER.

> TRHBES
FASRR LSRR R R LN RBE RS a-SiC(ﬁ’EE}QB%, EH 1.5wt%h EH

B C . B S Zu5R) ML EE R 99.99wt% MR 4 Fe /e Lm k8. SiC ¥ Y1AL 10mmx 10mm x2mm

U H B 3. 2002-06-03, Y Bl i MBI - 2002-09-12
ZQWB.: BRIVASRENERESFHHARESAZRZHE (KIS02066)
BEMN. BHXW (1969-), B, ¥+, BI#E. E-mail: wmtang@hfut.edu.cn




886 E W # B ¥ # 18 %

WA, #4543, 1um SiCBHFEE, RIRTE Fe F 4514 400 . 600 H SiC &) I HE.
MEERREN A lum &RIAWMIEENYE, BB PFEE 8 A B E % Smin, 215K =%,
%K T

¥SICHEFe FHMXEEAE—RBURTERAEMNRENMB. ZENBAREFERY
1, 7F 800~ 1100°C R EEEAETREMLE, P EFHEA Ar+20vol%H, 1B &S /E X
PRA, SAPFHHRSENENBERISASEHEFEETRE TR EilELBF,
REREMME 2MPa MIEEDUBR SIC 5 Fe FHEBELES. HAEIFH SiC/Fe K
NERFENGEERGHREERENFAHERETRBENF. RN BHARELHE,
WIS, B2 3vol% HNO; BB MR . FX# B % (PME, Olympus, Jpn) . {8 F
B 4% (SEM, X650, Hitachi, Jpn) YL %% SiC/Fe R HE MR VX B W, BRI BH
X (EMPA, JXA-8800M, JEOL, Jpn) AR EH Fe . Si TXMEELFE. MK
MEMHEAR, BEAEBRNEARNBFEREBHE, FBEAKE X 545 (XRD,
MXP18AHF, MAC Science Co. Ltd., Jpn) Xt B T 3 5. & X 50 Y T #5457 S $E 2 47
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3.1 SiC/FeRtEE MR

B 1 4% 1100°Cx3h # ALY SiC/Fe H
HEAREXHABEREL. SiC/Fe REEM
RN+ 8%, FERLH FesSi . Fe(Si)(Si 7E Fe
T ) A RS C TR BRI AL R
MR (H 2). ZRMXHE EMPA 2047 (B 3) %
B9 : M\ Fe % SiC M, KM K Fe KBS
i ZH AR, T Si 892 M SiC i1 Fe
MZE MR, HER “THY W WFE. &
: ‘ SiC —MIE R MK, Fe, SiyoR¥KE &K
1 1100°Cx3h BABEMENK SN T, RERbAEMMER Fo/Si 1B L,
Fig. 1 Overall view of the reaction zone after FYE SIC —ME R X o A& H —Fp Fe i
annealing the SiC/Fe couple at 1100°C for 3n ¥, Bl FesSi. Fe MR K iy Si T %
BRI X 1] Fe U757 (01 2 8 (4K, 09 Fe(Si)

B P R X
£ SIC gy &5HI s, Si, C RFEN sp® b, BRRM LM (§ 88% g3t @AMD),

SiC &k Si-C @ A& A8 (29 452kI/mol) R, SiC HMAE+ARENILEY B A TH
REHRAEMFTTUEL, SICRAMBRYVAEBLAMRE, B SiC/Fe AEBEMENKE
EHEA.

SiC—Si+C

AGY = 113400 - 6.97T(25°C < T < 1410°C)

AGY. = 160860 — 34.99T(1410°C < T < 1527°C)
E i, SiC/Fe REEMRENEBEANTRBHEER, RUEEBANWREIES . MF 1R,
BTSRRI EERANERL, Hit, ek aE R rT LY SiC/Fe 5 1 B AH K M 2
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Fig. 2 XRD pattern of the reaction zone
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Fig. 3 EMPA concentration profiles of Fe, Si cross the reaction zone
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C RBRYBRLIL AT = 1 57 T R B R R U R R AN B BB BTLL, IR SiC/Fe
7 B AR R FeSi, HEURBREUTMREEAMES 1, REMRDERERR
£. T SiC/Fe AW E AR FesSi b, REBERRMBRAR/D REMBAZERER
SEETLUWER.
1 ABRAWHTAR (kJ/mol 5i) RES SiC R KEHE
Table 1 Formation enthalpies(kJ/mol Si) of the Fe silicides and the differences between
the values and that of SiC

Fe silicide AHRs re siticide AHgg pe siticide — AH3gg sic
FeaSi -94.1 -22.7
FesSis -51.7 19.7
FeSi -73.9 -2.5
FeSi2 -36.5 34.9

% LB, SiC/Fe R EH KR BN TR .
SiC+3Fe—+FeQSi+CGr
AGS = —38220 + 5.041, HGYgge=-31.3kJ /mol

A 4 1100°Cx3h #ibE 58 RN XEHR
Fig. 4 High magnification views of the reaction zone of the couple annealed at 1100°C for 3h
(a) SiC and M-CPZ; (b) Transition zone from M-CPZ to R-CPZ; (c) R-CPZ; (d) C-PFZ and voids; (e) C-PFZ/Fe

interface and Fe
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SiC/Fe AHBEMENBTEMN - ERRY, XMENUEWE / £BRAEEMRNF
BEEM—FHAR DO SiC/Fe F 1 B AR N BRI EN FesSi FERMEHHERFS
B — B K s R — Bl L
3.2 SiC/FefABEMRERMERMEN

B 4 X%t 1100°Cx3h #ibH 5 SiC/Fe FEEHR M X P &M XM IFMERHK. SiC
MR B X 8372 N B A1 FesSi 2, BRI R B FesSi 1 C YT 4 BURLM AL 7 4B SiC By
R, REMEEXHEHISKFES CURYE (BE) ERNEDHABESFER “=
IR RSB, RZAARKBITEM X (modulated carbon precipitation zone, M-CPZ) (/&
4(a)). M\ Fe-Si-C ETHEMWSERTE LTUEY 12, C LG FesSi AR, U,
SiC/Fe AHEAMR MK FH C LR — BN, MSTEELEN FeaSi kPR BHEE, B
1, FesSi+Coq, IR G E (I M-CPZ 9 BE JR); SiC R B85 FesSi BAHILTE, B4 5 FesSi+Car
ZASE, B, SiC/ REEFE AR SR SiC/FesSi, T HAER SiC/(Fesbi+Cer). X5 ER
MEFH SIC AEMIFEREENERER (H40) Be—H.

EEE SiIC R MR EA M-CPZ F. REAEZWREEZHE/D, CUHRYWBNESR
RAKAHESSAWER, CERHFRSRIZEHER, KRR/, BTREK, H
BAFEMB S (E 4L), B R -1 C LB Y BORTE FesSi ik m&B 40 W1 K,
PR N 58 B 0T FAY X (random carbon precipitation zone, R-CPZ)(H 4(c)). X — 3 B##4T
HHTRECHBYBERIE Fe:Si AT EMWRER, FABBRMEEN, RTLUARHE
78y, FelIWENRHBAREH CHABRYWB LR, HWHLBITRYK (carbon precipitation free
zone, C-PFZ)(H 4(d)). R, MWEZLEYY 30~ 40um MRUNXIR (B 1) FHEHR, SHARE
BIFLER, M FI4rA. EH b Fe(Si) Ml Fe Wt ti¥: RFl, C-PFZ/Fe F MMl H (B 4(e)).

RENVERREMERITEETTHNREA: 1) #ET C-PFZ i ZRER C-PFZ/R-
CPZ R MBI, HEBERIE, 2) BT R-CPZ M C-PFZ HARKRR, #WkRZEF
EER, EAHIBRPHHEEHN HERERETRIWERST R,

3.3 SICREH I MRE SiC/Fe REEBR FEE

M-CPZ £ SiC/Fe 51 H A0 K B X B M4 # 8 — M EERFE, HARFFH SiC/GLH)
&R R B AR R # 6ET  M-CPZ. Wagner % ['*] B fj Ostwald AR B4 T B
ERNERANHEEMENRMEE BREATSIC/SRAEEMERNLRE, NEXRN
KR M-CPZ B HEE=A%ME: )ERETESIAEMELR, 5 CHFEMEN U
BREEWESBELY; 2SCRNATLERETFHIRERSR, LI SICH®, 3)C
ELBRAMTPHBRAER BA SCELELBEIHNHRADERTR (WMo, Nb,
Ti. Cr) RV FAEEE R M-CPZ. Hh Fe;Si N A, T Fe BB A REL
&% (m A Hrpeyc=25.2k /mol)®, fif Lk Fe & Si WEMEAXXETHES CHEME. BT S
NIRABTR, KBS ARMMI, Fepfy C HFREME ESI E&BAT 15at% M E B
BRI BT A B Sk RE R C Y& BARME U2 Bk, 3t SiC/Fe REEMRNEME, &M 1) .
3) B2,

W SiC/Fe RA EAHK N & 4R, Fe [ SiC g, {2fF SiC 4HERLSi, C.SiJRTMR
e 55 Fe LR AL FesSi, FIBTEAR C (1 Fe shag i #, ¥ M C 7 SiC REFERIHHER,
REBRK, RiEEb¥inT FEXEREFMT #ES, #ESiC RERHH Fe A BER¥
B, AREWELME 2), SIC A REHEIL (8 5(2). W5, K Fe i SiC FrE#IRBT
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B, SiC A EHTHTH Fe [IRFREZAER, EWLT SIC BT Fe [RTWER, SiC
SRR NEFHET. B, ESC/Fe AHMEMENIR Y, SiICHBERNELE,

&5 SiC/Fe AW EMHRYEERER
Tig. 5 Model of the solid state reaction between SiC and Fe

ERAE CUBRYNGHAYE RRE) MES CH&kRLY + RIIBEYE BRE) ERKN
RepX#FHES, B M-CPZ(E 5(b). EREMPERMR N R, EBF CEFHP &%, &
B EMEEAY + RUTFY BN R R A SRR EY, RYKZ#HE R-CPZ T (B
5(c)). TR H TR A, (LF Fe fl#Y C-PFZ v FesSi iy Si 14 Fe -8, RN, HE
W SiF B, B Fe(Si).

BT Fe JRF7E FesSi T HERTE R T Si KT EH P M BOERK AR Fe 7 Fe(Si) &
W9 BOE 2 (1100°C Bf Fe . Si 7E FesSi FHT RN Tx1071 | 3x1073m?/sl14], Fe 7£
& 18at%Si #y Fe(Si) FHIT B R BN 3x10~2m? /s18]), H i, M C-PFZ 741 SiC A E 8
HE5Z RN #EY Fe R0 EZ KT R-CPZ th 38 E C-PFZ x5y Si BEF W
UE M Fe 8 E C-PFZ R FTH Fe R TFHE. KNYEFHREEY 8K E C-PFZ
BB RLFLBR, X FREL L R0 Kirkendall 205, % 7L ALK K Kirkendall FLPE. SiC/Fe
SRR NXERE RN SRS REFP SRR ENE 5(d) Fix.

4 it

1. SiC/Fe 5 T B AH IR R JE RE FesSi . Fe(Si) MG C YLHY.  FesSi BN ER
PRBET REHIMAEEKE . REFERXNY

SiC+3Fe—Fe3Si+Car, AGY; ggec=-31.3kJ/mol.

2. 2 1100°Cx3h $ AL F Y SiC/Fe R H B AHR Y X 1AM C HBRYK / HSK C K
BRYARK /K CHRBHK (W SiC M E Fe fil) k- BHNRYIRS, REMEFHRPFEY
HEHSN CURRYK / X C B KAEE R —FILT S SiC FE F1THFLBR.

3. BT SiC/Fe RHEEARR WMRAY. 7F SiC/Fe FHBEME N LR P, SiCHBEER
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A Model of the Solid State Reaction of SiC/Fe

TANG Wen-Ming!, ZHENG Zhi-Xiang!, DING Hou-Fu!, JIN Zhi-Hao?, TANG Tao?
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2. Department of Materials Science and Engineering, Xi'an Jiaotong University, Xi’an 710049, China; 3.
Department of Materials Science and Engineering, Nanjing University of Technology, Nanjing 210009,
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Abstract: The phase components, microstructure and Fe, Si element distributions of the reaction
zone of the solid state reaction of SiC/Fe were studied by employing XRD, EPMA and SEM, etc.
The reaction products of FesSi, Fe(Si) and graphitic carbon precipitates were generated. The
reaction zone is composed of the band structure, i.e. the modulated carbon precipitation zone (M-
CPZ)/ the random carbon precipitation zone (R-CPZ)/the carbon precipitation free zone (C-PFZ)
from the SiC terminal to the Fe terminal, when the couple annealed at 1100°C for 3h. A model
was established to explain the mechanism of SiC/Fe solid state reaction. During the reaction, the
decomposition of SiC is discontinuous, which results in the formation of the M-CPZ of the reaction.

Key words solid state reaction; decomposition of SiC; solid state diffusion



