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M B AXFRTEM SiC BRHE MoSi: EEAMRIALEHM L. SRRY: ELMHHNALY t-MoSi,
Btk by afi 0-SiC SaiFh, WRMESWREDLMEEMEE SIiC R, SiC FRRTY 2—5 pm. HEHHR
HAERMFTSE, REREFE. AN EREREE. HFRIE. HERERSEAEN AW BETE— MoSiz, HE
SiC BB, RREE. MREERBRIEN AR, THRERELMIERS. SiC EBUMA 1097 ma| 45%,
Kic M 4.34 £%3) 5.71 MPa-m'/2, 58— MoSiz HKEET 25%—46% ; 1400 CH ooz A 20%SiC #y 230 #2
B3| 45%SiC #y 285 MPa, H#— MoSip #2587 98%—146%.
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ABSTRACT Microstructure and mechanical properties of in situ SiC particulates reinforced MoSi,
matrix composite were investigated in this work. The results show that the microstructure of the
composite consists of the /-SiC equiaxed particulates with size of 2—5 pm, uniformly distributed
in the MoSi, matrix. A small amount of sphere pore is located within the SiC particulates. The
MoSi,-8iC interface is atomically abrupt, free from amorphous phase (Si0;). The hardness, fracture
toughness(Kic), compressive strength at room temperature and flow stress at high temperature for
the composite are significantly higher than those for the monolithic MoSi,. As volume percent of
SiC increases, the hardness, toughness and flow stress increase, while the compressive strength at first
increases and then decreases. As volume percent of SiC increases from 10 to 45, K¢ increases from
4.34 to 5.71 MPa-m!/2, by a factor of 25%—46% than the monolithic MoSis; At 1400 T, 0., increases
from 230 to 285 MPa when SiC volume fraction increases from 20% to 45%, which corresponds to an
increasing factor of 98%-146% than MoSi,.
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BN, BRBERE, FHRETHIERH T MoSi,
VENBREMH RN, BANITIERNA, RREY
E_HTENRECHZREFRERE. EXESHBRE
Fr, SiC EAFALEREHE, SRSREMBEEE, /)
R RE, ®AEA, 5 MoSi; FiFribEtAE
MYBEARAE, F MoSi, —HERFMILEME, BN
R MoSi, BEMMHRESZ — MRALERLIZ, 7
WEEENEE. BMAAE, AR BRE4A8RE
#, HTME_MHRB RS AETER, EHERER
GBI SIEYERE, RN TE SR .

HAT, #l4 MoSi;-SiC A &MEMENESTER
XD™ Bl msgE# 4 Ll Rk & sy N R
# B FRXBTETFE, SHMEYER S_HsE
REETER KT NP fE R %, TE RN MAIRE.
HEr, ER3t MoSiy & MoSi, & SH R RRINGE
¥, RTHEMEASGTLZH % MoSi; R GHEDAER
E. AXVEEERLETHH T —FH Mo-Si-C =T
EMRIFNL Y H%& MoSi,-SiC HEE&#rHa RV E & L
" Z, FH3 Mo-Si-C = nR RN A BB 4, AR
RS NEHTTREASGHFR 6. AT {:EBHRE
AR R G S R
1 ZBAHZX

ERETARME RN Mo ¥ (CFHURE 8 pym, 4
B 99.0%) . Si¥ (FHRE 7 pum . —400 H, 44
B 99.0%) A28 (PERE 22 um . 400 H,
i 99.9%). KITEBRERFEHERSE (MoSiy-
10%SiC, BME®B MoSiCl0 ; MoSi,—20%SiC if¥y
MoSiC20; MoSi»—30%SiC, itk MoSiC30 ; MoSiy—
45%SiC, g8 MoSiC45) #rii /g, EAMRURS, 7R3
KXBREYL ERIE 10 h. BEHRMANEBRREF S E—
FEEHTERER 30 mmx15 mm B FiAEE, EEEE
KRS HMEHESEEY 70%. FBiAEL 500 CHEEN
|E, EREQEPHETRAGH, AEFREER.
FEfL A R4 99.91% M4 Ar KAi#fT. ARTE
h: B 1450 T, FHEEE 120 C /min, {RERFE 1 h.
BN & BUS R A RS B R BE AL -80 H ¥
KE, FEREP EHETRESRR. RESBERIIN Ar
ST,

B — MoSi:(LAFRIE N MS) fysl&REdRA
1740 T, 40 MPa, 2 h TZ#ER A MoSiy Ak
81y, B MoSiy WA EMMN t-MoSis, HFHh:
2% 8 um, NEBRTEEN 1.0—30 um.

Fi HZ Rigaku D-MAX # X SHRM75HMYL (CuK,)
XEGHRETES T, RAXZEEME. Cambridge
S-250 FEHHen g & H-800 BlE ST 8 THSTEA
k-3

F TAS—4 BEHERSHT N B8 — MoSiy kL
Rt ot S BRI R RS oA, 55 ARk A BE A R
FAURILERER.

TR T L E R RE R, B MEEEN S H
FHIE.

RABNGORXPEE (SENB) M EHE KR
%, = AZMRHERENRT N B x W x L=3 mmx
6 mmx30 mm, FAXIBERXERFY--KER
a=045 W gyino, REEHE W/B=2, yInEEHR
0.12 mm. EE7E SJ-TA BltrRlsSE@ L L#fr, BEER
24 mm, ELBINEFEH 0.06 mm/min. ERLERH 6
FRAFEREHME.

KHBER 3 mmx6 mm #HESHIAFE, 7F Instron—
1195 AR FREY E#HTERMSE RS LR, E
LBFHHEEN 0.05 mm/min REEHTRE, RER
BE IR, RGN ET YT | mm F1RER,
EERRRLN 5% . Enalk AREEER AlLOs.
FRELWEEY 3 MM THE, SRERER 24
R EHE.
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B 1 R SiC KRR BsRp R AL MoSiz & &4t
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Fig.1 XRD patterns of the composites with different vol-

ume fractions of SiC

&l 2 hH— MoSiy(MS) HURFEFIIH SiC #H3%
FIRAL MoSi, HE AP RIASAHHAR. MS 44 hB6
ik EAFEREIRRY), 5 SiC R AF, £ EDAX #
BN Si02. HAF WAL /ML, FARELAERFE 1-
a=95% BtE(EXHH (1.113£0.110)%, MoSi, kiR
~+ 95% BYBE(Z X% (30.356+4.628) um. FjFI MoSi,
MARREREGRM KRR, B SiO; &, MM SiO2 #
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B 2 #— MoSiz f1 MoSiC30 ¥ &#f ity & 541
Fig.2 OM photographs of monolithic MoSiz (a) and
MaSiC30composite (b) showing SiOz (a) and SiC (b)
particles distributing in MoSiz matrix
F4RRRE, Frils— MoSiy il A & {7 7E Si0,
18, SiOz HHFFAET MoSi; 5 1 75,

MoSiC30 JR{zE &A% HEE MoSip Hefx b
¥y 54 TG SRk SiC Ry, RN 95% EEK
8] (2.7014£1.445) pm, $7-(8]FE (A.)95% &Y B 17 X 16
K (5.716+4.065) pm, LRFEFERE PR, HR
RS, EESE SIC RN, LB 95% fEEE
(E2% (1.113+0.110)%. B4EWEF) BA SiC Ashdif
PHBRDK, SEEFOEFR, #iF (EDAX) figk
M4 helk MoSip M2, SRR RH: SiC BN R i /)
Rt 8iC B R IE Ay, 24 SiC MR RERS, A4
FIBBIRAR/ANR i) MoSip B 3.

& 3 & MoSiC30 X &#%ay TEM HhH. &
i, MoSiy f SiC FEAb 54EN, TR, RE
SR, RAFWLEHTWR (E%¥ D Si02) F. [
#, 7E MoSiy @SAbLl K& SiC WiRr iy fe F b RA LR
Si0; 6] 2HTFLE.

2.2 MoSi;-8iC N&#H RNt
M 4 & MoSi,-SiC J&F*IZEKBEERE SiC &M
SrREALHLR. B PR LI ES], SiC 3| AF] MoSip

B3 MoSiC30 H-a#Ea TEM Bl

Fig.3 TEM image of MoS8iC30 indicating clean interface
between MoSiz and SiC
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Fig.d Curve of hardness va SiC content

EXhREERTESMBAER, 8— MoSi, # HV
# 6.59 GPa, MoSiC10 I MoSiC45 fiy HV 4+5I% 7.67
1 10.61 GPa, 45 MS #2731 16% f1 38%. i3 SiC
EESRAR N, MR RRE Ho RS SIC &
B S B AR AR, AR {RLAR A D0 E A

M 5 & MoSi;-5iC A KM Z BT RAE K
b SiC ey iR hET R, # SIC IAZ
MoSia Hepheb p FGE T #0809 W2 71, MoSiC10 9
Kic {4 4.34 MPa-m'/?, it MS #1% T 25%, MoSiC45
# Kic {ik 5.71 MPa-m*/2, H MS B&T 64%. %
Sh, MESEe &M, HE SIC ARSI Mn, &
AR AT R, X% Bhattachrya % ) 7%
W, B2 MoSiy-SiC K ai%iey SiC & ¥ 50% %
A, BrEHEARIEH, K4% 4 MPam*/?; @ Aikin
A L4 Brggmy XD™ T84 f MoSip-SiC # 4%t
¥l ZE SIiC & &b 20% efWr RS A, Akin
FEWMEH L SIC ERSEET 20% o, P BEKE
B OSIC e ERS. M T R RERES, Hit
T TR T .
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Fig.B Variation of fracture toughness at room temperature
with SiC volume fraction

2.3 MoSi,~-SiC N RHE MM EHTIE

B 6 HE— MoSi; #l MoSiC30 B & #Hlr %
AT O S, B — MoSi; S8)5, SiO; k&
#5 MoSi, WA MEREIEEN, RemEy B (18
6a). JR{TE AR MoSi,-SiC E&H B ZRNOEH
4 MoSi; #HEEARTE. B SIC ERSMATEND, &
& MoSi, RkAEaE, MrAmRKIA Fih&ars s
SiC BUp ey, MR A8 — Modily (¥ WPRT MR
{LE] MoSi,-SiC HABFLY S Mim AR AR, MR
¥ hn.

1T MoSip=SiC [Ffi & M & 4 k8 b sy 4 Al ek
f# 8i02, B__4E SiC 4k s), EERpanik, At
MR et S, Bk AR, 2R, SICHM
B SEHES.

(1) A& R MoSip-SiC H &% 84 MoSi, 5 SiC
FHE A/ Si0, MfrE, B%E T Si0; 5§ MoSi; f8 8 @b
AWML, Bih MoSi-SiC REHIEHH Si02
RS AT MoSip-8i0; RMSE ), MM#ERT
RO RES.

(2) BREY: TRERIMFTHMETREHT
B, @ rE B R EE AR T SRR, — SR,
SRR A T A RS, TSRS T A
4, X RAE MoSip iX i Al SR SR At el
AR RBEREY (7100 28 R b o8 T 24 M 5 8 T
AEEE WM RAT BRE, HREELAEER. EHH
SRR EHEER 1Y), MoSiy HH.LTE A4 (CL1b),
KR Mo, Si RTHHED BABIRGH, Mot
(c/a=2.45) B, # MoSi, BFEEHEEBEEE™
|, AmndEAA MoSiy Shbil Wt iR 28 53T 8 Mo-Si
TR 5 A AR 5 R 2 (P 6a). MoSi,-SiC &
EFPElE SiC R Ba ¥, SiC MR INH MoSi, ¥
Ak, S3 MoSi; BB ML, &5 8 ELTR
. Al MoSi;-SiC M A Kic H#— MoSiy BE
Bifw, mHMH SIC &S HEHN, Kic tilfin

B 6 $— MoSiz # MaSiCI0 ¥ & bl 0 E
Fig.86 Cleavage fractographs of monolithic MoSia (a) and
mixed fractograph of MoSiC30 (b)

(3) Wermys SRATENE: A 6 iR, FAS
1 MoSip—SiC BG4 AP 64 7 IR T T SiC Wik Ay
A, FIRf, MoSiC30 # A+ FERManEMT R
B (A 7) e, WEQUMF| SiC Bk ZA. 4 MoSi;
EEAFHEHT R, 4RO RAD SIC KR, /AH
RSt SiC MR RET B (NERE) B
(B 7 9 A &) RELERELE SiC Bk 4bJE nll 9 PE Hf
(B 7 o B 4b); SiC BORE A FTfE M B o 424 FF (P 7
o C &).
2.4 MoSi,-SiC ¥ euBEnTRRESE

H 8 RARE SIC RESRERHHTREFNT
- WAEEZR. AEFEH, MoSi;-SiC H &+ Mk
ERFH RGN EREN B

B 9 K MoSip-SiC H4HHZ R ERER SiC
FRAELIME. SiC MABRFRAET AR RER
HE, B— MoSiy #) a¢ % 1704 MPa, fiif MoSiC10 &
kY o % 2092 MPa, th¥— MoSiy #2758 17 23%,
MoSiC30 & & #1889 o¢ o 2708 MPa, H.% — MoSi, #
BT 59%. ERE N SiC MR {EaY 5% H % F & MoSi,,
FREY) SiC B MA T EEPRR T E M RRRIL
YER, T E SiC My F e Basiiinl Bk AR ik, A4k
Gk, BIETARBLER. WE 9 E£7E3, HiF SIC
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B 7 MoSiC30 M&HE ERNIELD B
Fig.T Crack propagation path of MoSiC30 after indentation
A: crack defection at the MoSiz-5i0 interface B: SiC particle briZging in tha crack wake C: 8iC pariicle
fracturing from crack plane
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Fig.8 Compressive curves of true stress vs strain of com-
posites with different SiC volume fractions at room
temperature
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Fig.9 Variation of compressive strength at room tempera-
ture with SiC volume fraction of composites

R WA, RaFE R N, = 30% rhis
BIBK{H (2708 MPa) /RIEREA MR, (ERAIERFR—

MoSip. MoliCas M APRAY MM H IR 528
SpmaaTLmaEnm 1% H% RFE MoSi,-SiC B4
AR A TLBR U B MBI T SR A R B B, (W) LB
3R ARFE T, O [14] HHETLRENZ
5% A TL IR R M WL U A BOR R T e, vy
PSR TEh W R, & SiC MBS0 30% B,
M SiC il osin, fLBFEMINAHE, M SiC R
ST 30% uf, FLBRHA AN [, HHk MoSiC4s
B G RPE  BEEE TRE

2,6 MoBi,-SiC N &+ W iR ESsRRE K

M 10 Jy 88— MoSiy M MoSiC30 ¥ & # B4R
BE T8 S8 B ) — VAR 2. o 1R R AR ol A S 0,
BREFHEMFEVNREZENE IRGTEEVH
AR SRR R R A0 T R T IR . IR, A
— MoSi; MEGH M LIRERR. F 1000 TR, H—
MoSi, MESFRERRE T BERHE. R4 10% AR
FLEERATEREIAETRFRK|AE. 71200 C
11400 TR, AREAET KEPHELE. ERLHSR
R ENT, EATR BT, W LR ges) & ma
2. ¥ 1000 T, $— MoSi; ME-5HB ERFN S -
A i SR TEAE 00 B 0 il RS, AHEEE T, E4X
R - WA T BMARKCA. #ill T, #— MoSi;
FOE S HPRIRY BT AL RARAE. 3400 0 T4 il 28 %) i
AE R 77 WA 5 T 48 798 B 3 — MoSiy.

P 11 AFE SiC FRaW S S+ 6led ELE 8 MR g
(00.2) FEREHAILBL. TR, 5 &84 /EREEH
AT H#— MoSip, 1000 ThY, MoSiC20 7 MeSiC45
B BRER AE 4 51124 991 70 1101 MPa, H MS 4+ BB T
76% # 96%; 1200 TEF, MoSiC20 #1 MoSiC45 i
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FRERBESY B K 578 F1 682 MPa, i MS 4515 T 62%
#191% ; 1400 TH, MoSiC20 1 MoSiC45 /& fRi%
BE4r 5% 230 701 285 MPa, It MS 4+5i& T 98%
146%, SiC HIEER T FiRi¥i& MoSi; MfEM, T HIE
BERE SiC AR EBE. MoSi,-SiC EAaHk
BB RSB EREE SiC {5 SRy 3 N 3 hn.
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Fig.10 Compressive curves of true stress vs strain of MoSiz
(a) and MoSiC30 (b)
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Fig.11 Variation of yield strength with temperature for
MoSis with different contents of SiC

2.6 MoSi,—SiC &+t ERRLILEITE

X MoSip—SiC Z&trkl, ik MoSiz FE—PMN
MR Bt (BDTT), RIE TR E—HRAN
WEHENTR, BORAHR SR —HRIIENT R (. Rk
SiC MEBRIBBRAVEERR, SiC RERRBREMR

BAEAEE, WA/ SiC #1534 #7E) MoSip Hikd,
FE B AT BHE BRI RY B IR IER. X FRILVER
FERE;LE SiC Al MoSiy R AT R4 EREE, [
1k MoSiy FfkspfissiE 3R LM, EFTRIEFXNT
SN BEETEAKHIRESES, B HRGRA
— AT LR s RE S, TBRERE, XEERW
MR EEE PR AL 45E 3, (st I BRI AL £ R
&, MATEH Hall-Petch 220 kg g (191

oy =00 + ko A71/?

K, o, HIIEGEIRRE, oo KRR
B, ko WAPRIEEL N N T AHEURIAEE.

i F MoSip-SiC SURHIR S 418, FI I8 a9 JE iR
BRIEAN SiC R B2 H T REEE T oy X A /2
B AE% (B 12) AE 12 MLEY, o, f1 A2
ZHFLERTHEIER, ATHE MoSi,-SiC H &4
B LR AR IR SR, BIEBIRIRE 5 SiC
BFREPEA M Haili—Petch 2 £&.
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Fig.12 Relationships of compressive yield strength (o, ,)

with SiC interparticle spacing under different tem-

peratures

gk AR A RE RS IR AAL L A LB, BB TR
MoSi-SiC R % & M RE TR SiO, WAL,
R SiO; FBAKA BT LAk EER
B (SiO; fEIRERT 1200 CHEREFF ML 19). Hit
MoSi;—SiC & & 41k &I E b MoSiy BiHYIEE.
3 @it

(1) MoSip-SiC JEfIE &R LY t-MoSip %
& ¥ A4 -SIC SHBUEL, SRR A AERIE /N
FLBREE 477 7E SiC BB, SiC BRR-T% 2—5 pm.
MoSi,-SiC BRI E &K AH N EEHRTFEE, Tk
RRTELE.

(2) MoSiz-SiC EAMMERBEREE. WRY
e, PR ERBRREN /18 8B F MoSip, H# SiC
RSB, BRTEE. W R RN HR
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B, MIERERBMERL. SiC HRAHM 10% 1
3| 45%, Kic M 4.34 #£%%) 5.71 MPa-m!/?, 5%
— MoSi, HHIRBET 26—46% ; 1400 THF, 000 M
20%SiC ) 230 #£&EF| 45%SiC # 285 MPa, H#—
MoSi; 8T 98%—146%.

(8) MoSip-SiC JFfir & & Wkt = B EIHLH 5 48
R, REURFEMRENEE; BIBRYL R A ] R
ik, MBERERE S SiC R FRIEER M Hall-Petch 3%
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