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Abstract: Carbon fiber reinforced silicon carbide (C/SiC) ceramic matrix composite not only has excellent high temperature
resistance, high specific strength and modulus, good corrosion resistance, wear resistance and low density, but also has good high
temperature mechanical properties. At present, it has been successfully used for the third generation of aero engines, ramjet
engines, the thermal structure of solid and liquid engine, as well as spacecraft heat shield and so on. Interphase is an extremely
critical microstructure of carbon fiber reinforced silicon carbide ceramic matrix composite. It can be regarded as a strong
"bridge", not only to connect the reinforcement and the matrix, but also to transfer the stress between them. It also plays a very
critical role in maintaining the mechanical properties of C/SiC composite. This paper mainly discussed the research status of
interface phase in C/SiC ceramic matrix composites in terms of their functions, types, preparation methods and influence on the
mechanical properties of the composites.
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TR, X e F SR A i 2 A e gy ik, Ho,
T S 2T 2 34 5% B % 3L ] A A B (Ceramic Matrix
Composite, fijFR CMC)iA 7 B2 MIFk I i vk Fig
BB MEPE WS L, B iAT . AR SR
Bl AN ] Bl i ) SR S R B A R Horp i
SReF AR SR SIC P % IR 2 A B RH(LLTE fA R
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ERAEM MR IEE AR . CMC-SIC T B AL Gk
4 4 B 3R SiC(C/SiC) Ml ik 1k kE £F 4k 18 5
SiC(SIC/SIC)MFh By & G G M L. TZf 4EfR A
AR Y LS A AR AL, IS PA R R R
“EPEREAISE IR DL, HORT ATETE M2 1
It 2000°C R R IME T, I0R 3 122 e AN %
R, i FBR AT 4385 SiC P IL 2 Ak, 7Ett
PEN e Buy L L S AT WY BT PuR A X € EA
B BRET Y NEE AR R B HE RTIT 24 56 1 AL EE 7 E
KARIT W ZIRE , XA AT DL 5 g 2 b4 A 1Y)
5l B A M, ICREARFRE SiC PR
e R AR, R B A SR A AR W e it
SER B MR AR i AR ) bk, B TR 4E B
HITH A% AR EL o] LUK & ARE, H i C/SiC B &
MAEC R SiC FEIEE A MEHNIT L . AT
HERSY, B AR R AT dE R 5E SiC PG RE A
Ak b L S 1 S R AU R, LT Bl AR Sk I
R “BFRR”, AU S8 1 eI s AR 2T 4 i 3k
A SiC RZhfE, BB 3 Z RN 11, K,
HX} C/SiC P& IE G BILEG 12 Re iR
CERAE IO SR s AR AR ) L 45 &
55, DUDHELLSZEN ) 0453, MR BRI Y
TR, SR, HmEsSA ke, AL
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SRS AR PR 2L 4544 , v] LIAS A1 C/SiC &
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i =F WA, 15 C/SIC B MR N HE R I8 24
) 22 JZ IR S5

5REWRE A MR 4 E L EZ G MR
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JEAA () 3 PR (B350 GPa)it K T34 S A e 2T
A B PR (Ecr = 230-294 GPa), (AL, 24 C/SiC

BEMBLZ PR, BRI 4ES SiC K
FI AT A= GBI, BREGME. R4 M
SiC AR R AR AR SR, W SiC FARSTERARN AR
B RAREL, R F 3R G BB R B2
A2, QSR BRET4E . SiC BLAAHI AL A A0 25 # 1F
ATAeedt, W) =3 2 [a) n] 7= Az P R %000 DAk 3]
A PEREM A FRUTHES , T fFER C/SiC & A MR e
P U 22 [ O . ok 7 8 R A Bl 2T 4 1 2 )R
WA YRR B FH R, fEeF 2 5 5k 1A
& YA RLRISS A, T SEE C/SIC B A MR R L)
Hi; #aL C/SIC EAMBHEA I 1 PR RERHIE
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BRI, T ELX AR 7 2447 R 7 AR BRI
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R T T KA R A E R, C/SiC B A4
R P AR DA I LA 3 ANER B T, (1) L A
AN HE T SaAF4Er B 6e Tr Z WA KT
0.25; QWAL FHmE ERT = A i BB ) o RAMIG
F 2 MPa H AT 40 MPa; (3)RATNAE: e<3 X
1070, ZER (1) A LAMIAF RHE & AE Wi s fi b, A2
A5 SiC FARZ [4SRG, BOR JR k4T 4
FERRFERAT AR AT N TR SR Bk () AT
VI CR AT R E W 4 R vp (R AT R0 H I K
HOSRAE R AT R () AT LAAH O AE il 25 b4 ki 7
o, SRR R R I N R A A, ff SiC g
IRFREF AN AR TP G . (B, (UKREERT R
RRMEEAS C/SIC B AR R 2 ik =4
BORJBARRMERT, AR SR FHAE Y G AR ik 2 4 5=
T 25 SRR, PR AR RE, DA R AE
RIS SR A A S DA B A
e R IR BE 1) SR LA R s BT A B PR RE, 3k
FNEEMEEANREGETERER B Y.
1.2 C/SiC E &M BRI AR EERIIhAE

g C/SIC & & M Rk X 5L TH A 1) D) BE 1 2L
SR B AR AL BN 1208 2 AN SRS 10): (D) ERAIG
PR AT DAMGERAE S SiC SRSk . B



$40% F o6

HREE % RTEEHRLEREESSMHAEENTARER - 703 -

TR TC AR, e A IR b AR R R A T X i £F- 2
ORI B ; QFAMRAI BT YRR . v LIS
TS AR e, PR B LB E S A
IEWITIRE; Q)R m k2=t e . ANLAEB 1kl
R IAb 2= o 5 AR . AR ER SiC 3
TR R AASE RN, B RE AT RO OR3P i 41 4 1) o 2
PEo R BRI A A BIEAR 2, H
B B R (PyC) RIS 5 E AL (h-BN)
1.3 C/SiC E6M B R mHERIZEE

R.Naslain® {8 P % 3£ 52 & #6159 5L 1 A 25 4
YRR —REEREA, )RR SR A,
SR ZZREA, UL FrAR,
B 1R,

(a) ! (b) | I
M x B M I | |
seal, [ 1 1[ I
|
ih
II ‘ [ I
© F (d]M O"‘fo F

-, -
T
=Ty
H BB B F
% ) 2 | E
E E ) 2
Z Z
Z :
‘W Z
£ E 1 ¥4
Z H
% A |
Z ZI%|
7 Z
A v
B
| 2]
Z
‘v H
s N2 Z
% % E
E 1K
A HE
z = kA
AHE
AU Y ¢
% 3 ) %
E 7
Z -
| |

E 1 AR R EERER
Fig.1 Four types of interphases (a) Type [; (b) Type II;
(c) Type III; (d) Type IV
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Tab.1 Application of PyC interphase in SiC/SiC composites
Material/ . Interface phase Interface  Mechanical — Interfacial Reference
Processing Fiber type and content thickness/nm phase? property/ shear No.
processing MPa strength/MPa
0 80 (FS) /
100 240 (FS) 78
> D-SiC/SIC 150 280 (FS) 50
(Chemical vapor infiltration, Nicalon/42vol.% 200 CVI 340 (FS) 38 [29]
CvD 300 360 (FS) 52
600 380 (FS) 55
1250 340 (FS) 60
50 200-300(FS) 200-350
2D (gl\%&c Nllflall\lol‘;a ﬁ;l}h;;;oé] 1000 oY 600(FS) 350 [30]
3500 200-300(FS) 20-50
2D-SiC/SiC(CVI) Tyranno-SA/43vol.% 100 CVI 570+26(FS) 300 [31]
1D-SiC/SiC(CVI) Hi-Nicalon/40vol.% 100 CVI 171(TS) 17-49 [32]
0 91(FS) 505
100 573(FS) 14
2D (21\(/31/)51(: Hi-Nicalon/33vol.% 150 CVI 723(FS) 212 [33]
220 575(FS) 121
760 503(FS) 71
42 211(TS) /
2D (21\(/31/)51(: Tyranno-SA/35vol.% 116 CVI 233(TS) / [34]
226 232(TS) /
2DE§\%§ i Nicalon nofl(-)?re(:tlr};lzrnt) CVI 241FS) ! [35]
500 356(FS) 370
0 82(FS) 49
2D-SiC/SiC Nicalon/35vol.% 70 CVI SAES) ! [36]
(CVI) 170 420(FS) 43
280 290(FS) 0.6
0 50(TS) /
ID-SiC/SiC Nicalon/45vol.% 100 CVI 233(TS) 3 [36]
(CVI) 1000 490(TS) 14
2500 390(TS) 12
30 210(TS) /
2D-SiC/SiC(CVI) Tyranno-SA/35.2vol.% 90 CVI 220(TS) / [37]
180 230(TS) /
2D-SiC/SiC(CVI) Hi-Nicalon 100 CVI 505(FS) / [38]
2D-SiC/SiC (Precursor
infiltration and pyrolysis, KD-1 / PIP 220-240 / [39]
PIP)
None 307 /
ZD}iiI%/)SiC KD-1 Phez;)jli;rrlesin PIP 279 / [40]
Bitumen carbon 293 /
2D-SiC/SiC(PIP) Nicalon/28vol.% 40 CVI 136(TS) / [41]
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Material / . Interface phase Interface  Mechanical Interfacial Reference
Processing Fiber type and content thickness/ nm phasef property/ shear No.
processing MPa strength/MPa
0 85(FS) /
30 260(FS) /
2D-SIC/SiC Nicalon 130 CVI B0S) / [42]
(CVI) 270 330(FS) /
580 275(FS) /
1270 275(FS) /
3D-SiC/SiC(PIP) KD-1/40vol.% 400-500 CVI 330.2(FS) 105.9 [43]
ID-Mini SIiC/SIC ZMI/60vol.% 0 PIP 1000(TS) / [44]
(PIP) 1000 550(TS) /
2D-SiC/SiC KD-1I 0 PIP 144.1FS) ! [45]
300-500 433.1(FS) /
0 370(FS) 77
100 420(FS) 118
3D-SiC/SiC KD-1/40vol.% 210 CVI 350(FS) 107 [46]
530 330(FS) 109
630 330(FS) 90
50 200(FS) 196
100 338(FS) 180
3D-C/SiC T300/50vol.% 180 CVI 357(FS) 126 [47]
300 417(FS) 38
450 412(FS) 35

Note: FS - flexural strength; TS - tensile strength

MFE 1 ] LIEH . (1)JE PyC FiaiAHiET,
SiC/SiC Z A MR SifikeF4E 5 SiC HARZ [a] (1 7
T BY VI B v, B A PR A i i R A 22
A B K 1T J2 SR BE A 20-259%(29- 3336 42,46 1, (9)
B PyC FLii AR IS R A3, SiC/SiC B &R
il 5im P PRI T, it 5 T AR VR A 4k S
Tl I IR, HEE; (3R PyC FE
FAR A T AR SR AR S B AR RS, (A e
ST I A 2 S B 129 33 36,46, 471 g B[N oy
WA S i) SiC £F dErasm iR g5 R T), R34
T BT R T R
2.2 BN FEHEEEXM EAERESESME F K
Al

BN 57788 HA AL A4 #), ] LAIAE A BEAR
S AREE R . Har, — MR =& b =
SALTIAE B, DLEAE R BRI T I 2= S AR DT
TR 46 BN B, SR, =& ALIA = &ALl a1k
SEIE TR, DABGRAS BN B A & AR
AN, AT LR AR - R Z it PIP T 2004

i BN FHaiAH o ANE T A0 BN Rl & &
MR 2 RE R I AN 2 PR .

M2 AT TRER] . (D)4 BN G,
SiC/SiC & &ML J12AERe A S W B, {AR%
HAGn PyC FiiAH; (2)2kH CVI. Dip-Coating T.
2241 BN FHEAH AR BEAE 100-500 nm; (3)X)
BN FL i A BB 7 A XTHIRAL | 208, A PyC Fhi
WMAEL . WA
2.3 XY EERERMNEEEE SHME F R
A

2 2 R AR T E , B A E RS
T (PyC/SiC)y FI(BN/SIC), 222 5 i AH B ] 471 S
HXF P FE A MR 2= R RE (A5

SRR, PyC FmiAHPT AL RE J18555,
H BN &5 AL B2Os 5%, BT LAIX W L
FHEE SR . A A T AR 7 R 4 A AR
o (B, ZEE A E AT LU v R AR
. HAT, 2A R mAHNGE SiC/SiC B &M A
SEUERE IR REAPIRN —EBUZ A A, A
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Tab.2 Application of BN interphase in SiC/SiC composites
Material / Fiber type and Interface phase  Interface phase =~ Mechanical Interfacial shear Reference
Processing content thickness/ nm processing property/MPa  strength/MPa No.
150 172(TS) /
2D-SiC/SiC . N
(CVI) Nicalon/37vol.% 500 CVI 187(TS) / [36]
2700 162(TS) /
2D-SiC/SiC (CVI) Hi-Nicalon 100 CVI 563(FS) / [38]
2D-SiC/SiC (CVI) Hi-Nicalon 400 CVI 226(TS) / [41]
ID-SiC/SiC (CVI)  Hi-Nicalon/45vol.% 400 CVI 660(TS) / [48]
2D-SiC/SiC (CVI) Nicalon 130 CVI 635(FS) 212 [49]
0 144.1(FS) /
2D-SiC/SiC KD-II PIP [45]
200-300 225.7(FS) /
e g 450(FS)
2D-SiC/SiC (CVI]) Hi-Nicalon 400 CVI 280(TS) 95 [50]
500 CVI 220(TS) 66
2D-SiC/SiC (CVI) Nicalon/40vol.% [51]
300 CVI 310(TS) 95
2nm/h(deposition VI 128(TS) 12
rate)
ID-SiC/SiC (CVI)  Hi-Nicalon/20vol.% 2.5nm/h 167(TS) 32 [52]
3nm/h 137(TS) 20
2D-SiC/SiC (HP)  Hi-Nicalon/40vol.% 400 CVI 240(FS) / [53]
0 / 60(FS) /
2.5D-SiC/SiC (CVI) KD-1/40vo0l% [54]
200 Dip-coating 190(FS) /

Note: FS - flexural strength; TS - tensile strength

2R SiC FmiAl, SN2k PyC FmifH, HNZE SiC
FORAH S L e FANZ PyC MRS, BE
BT THNZ PyC FEA SLF4E L GomiE, Bl
MHGAE PyC FliA kAW, M- 4
HERIANR R s T RXY) ZIRE AR,
(SiC/C), KRB HNZ 28 & A H A, (SiC/C),
LNEN U TR L OE /IR R A= =W A L N %Y 1= L K 3
QIEA IR Z MY etk , 28Tt Sic/SiC E4&
RO . 228 & St Sic/SiC &G
MR 12 PERE R AN 3 By, WTLAEH: (1)
ZIZE G HAHRE R SIC/SIC B AR
JiEteRe; QM £ 2R A AR E G,
SiC/SiC &AM R J1 2R Je e 5 FEAIK; (3)
T AR B ) 22 2 01 T A A 2 ) JER R
CIE; 3= T iy el OE =R a1

3 L5 ER

AR _E 3R [ N AR5 T B e 5 52 5 RS A

WHRIEORINATTLUE W, X SiC M IEE 54
Rhrb FUE AR A5 R BLAE TP AE 2D SiC/SiC KRR,
ST LA RS . 2 1H . HXTTF C/SiC B &Mk
R FHARR I . BEENERRRD, BHA
W R4, ECHIHGE  BARE £ XT 3D
C/SiC A Mk SR AR ST, (HIAT A%
AR SE I I HLOB A 8 AR R R
NRZE (VR VR R B AR 42 R AT WA TR
ST HLAEGE PyC B 1A AH (1) JEE B2 LGN 45 ) Xt
C/SiC B GBI 2- 1 RE RS2 .

FEFHABA B E SR 7 10T, AR BN FHRIAHTE
Sy HA P, AR S i 5 W, PyC
SR ARAT SR R B ETE )iz i S AR A R, 7R
il 85 T 280 T RGP SR, (H R 0 H R B R g
SERPEHIXT C/SIC A MEHERER W B 5T iR A
i4xim, I, BF9E PyC FLiRIAH A SHOWL45 #e) A5
FEXT C/SIC Z A A EHW 2 X C/SIC & A #HkHG HE
WK SR AN SR K BA A A HEsh R .
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Tab.3 Application of (X/Y)n multilayer interphase in SiC/SiC composites

Materia}l / Fiber type and Interface phase thickness/ nm Mechanical Interfacial shear Reference
Processing content property/MPa  strength/MPa No.
2D-SiC/SiC(CVI)  Tyranno-SA/43vol.% F/PyC38/SiC'*/PyC3%/M 520(FS) 450 [31]
F/SiC»%/C125/M 640(FS) 280
- F/SiC»%/C3¥%M 563(FS) 81
ZDEEISI/)SIC Hi-Nicalon/33vol.% F/C3/SiC!39/C7/M S18(FS) 103 [33]
F/C3%/SiC139/CO/M 482(FS) 86
F/SiC3%/C3Y/SiC!30/C3/M 344(FS) 70
F/C%/SiC*/M 227(TS) /
2D-SiC/SiC(CVI)  Tyranno-SA/38vol.% F/C'20SiC¥/M 234(TS) / [34]
F/C27/SiC%/M 241(TS) /
e F/C100/SiC300/C100/M 317(TS 150
QDE?\%S i Nicalon ~ F/C/SiC0/C0/SiC/C/ ) 67ETS; 9 [35]
SiC!3%/C3%M (Fiber non-treatment)
F/C5°/S§iCé‘Iég/5(‘;/5§/1l\C/IIOO/C5°/ 350(TS) 90
2D-SiC/SiC(CVI) Nicalon F/SiC»%/C13%M 645(FS) 280 [49]
- F/BN#00/SiC130(Dense)/\ 350(FS) /
ID(EI\SI/)S ic Hi-Nicalon F/BN#00/SiC130(Porous)/pf 300(FS) / [55]
F/BN#00/SiC130(Porous)/pf 330(FS) /
F/C?''M 356(FS) 102
F/C2%0/SiC3/M 360(FS) 97
2D-SiC/SiC KD-I F/C240/SiC370/C140/M 318(FS) 108 [56]
F/C219/SiC36%/C170/SiC!0/M 339(FS) 98
F/C200/SiC!80/C190/SiC120/C3120/M 304(FS) 110

Note: F - Fiber; M - Matrix; FS - flexural strength; TS - tensile strength
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