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Preparation and Interfacial Behavior of Continuous SiC Fiber
Reinforced Ti—Al Intermetallic Matrix Composites
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Abstract: In this paper, the development, the advantages and disadvantages of performance and application of several
main Ti—Al intermetallic compounds, including Tiy Al, TiAl and Al;Ti, are briefly described. Several fiber reinforcements
are summarized, and compared with other fibers, the performance of continuous SiC fiber makes it have good application
prospect. Preparation methods of two kinds of continuous SiC fibers are summarized, containing precursor conversion method
and physical vapor deposition method. The properties of bundle SiC fiber and monofilament wire SiC (W or C core) fiber are
reviewed. Preparation methods of SiC fiber reinforced Ti—Al intermetallic matrix composites are also summarized. This paper
also deals with the interfacial reaction between the fiber and the matrix of SiC fiber reinforced Ti—Al intermetallic matrix com-
posites and modification processing of the interface property. The direction of the development of continues SiC fiber rein-
forced Ti—Al intermetallic matrix composites is also pointed out in this review.
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Table 1 Types and properties of SiC fibers'*’

Properties SiC (W) Sic (C) SiC (W) (Made in China) Nicalon
Diameter/ j.m 100 ~ 142 102 ~ 142 100 ~ 102 10.0 ~15.0
Tensile strength/GPa 3.30 ~4.46 2.41 ~3.40 3.70 2.45-2.94
Modulus/GPa 422 ~448 351 ~400 400 176-196
Density/g cm™ 3.46 3.10 3.40 2.55
Coefficient of thermal expansion/°C ™! 4.90x107° 1.50%x107° 4.30%x107° 3.10x107°
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Fig. 1 Schematic diagram of the stacked arrangement of the raw material (a), cross section of the stacked raw materia in die (b),

and sintering system diagram of vacuum hot pressing sintering furnace (c¢) of fiber reinforced composites prepared by the FFF!
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Interfacial reaction kinetics curves of SCS—6 SiC/Ti-25A1-10Nb-3V—1Mo (a) and SCS—6 SiC/Ti, AINb (b) (4’

4.2 SiC/Ti- Al RELL
4.2.1 Hhk@mirE

£ SiIC/Ti-Al A M RHR & f rh, B TS — R
B, FEARY SIC LR Y kA FUE ROV ;T H SiC 2R 4
SR MBI R B 22 5 2 R BENRR NI 07 . SR 4
FIAVR)Z O T AR AP bR Uk 2SR, V)2 ] L BHL I 41 4
SRR E R, AP 2 R [, 2
RN TFLGE S SR Z RGP 2, v SR S £ 4R 3
IR REIAVE B, FEARHAGR AN ) 3 i A i 2, AT
—EFRE L T E A MR ERE. Suzuki T SERFSE T LA
TRIURP R X A R NV RS B EUAREI. BH. R
RS AT, I SIC ZF 4R TiAL 22 8] Y AL if



224

Hh AR

%536 &

Lo CURJEXS S MR ATy ik 1100 K, 7E T 1200
K BT, W4 & Bt e e MERCR S AR TR 2 AR
4.2.2 RkiRse

1 SiC/Ti, AINb 4540k, Bl iminG &0k,
TEUGE Tig Al AR S PERR A [FIRT, Wk AR BR S SiC 2F
e ik AR M, B RO OE R, R AR I R
iy, MR EF4E
4.2. 3 iR &Lk

iz A A 7 A LA SO A7 4 5 3R 2
N RS . TEW R 4E 5 RIAZE G RIF, EAMEE
BRI, BRARH AIREE  4ie vs Tat DX TR PR IR 1], DA
T REAR A T S R AW 5 s o AR, %o R 4 ) S B 545
U ISR Tl 28 TR AR P A T RS R 1 T VR S AR 4
AL YEReEs ARt &, AN H SOV AR R

5 # &

ARION H AT ZE SiC £F4ER 5 Ti-Al R B E Y
S BPORHODITAE 1 R4S, KRR EGPRAE /N
PUaRBE . OB DA R RER | I phk A SR O
o fipR LR ST S ) AU TG AN A A 200 Al R A3
ALK A R S5 bR A e FA ORI B S, B
AT LA ELR J7 AT e — PR -

JUEENC 2 RERELE ™ & MR RE LU S OO . W
A SIC2P4E, H5EE, HASEEZ A IR TEReL 4t A
—REMIZER, NIRRT A AT AR RIS

SiC £F- 456 52 & 4Rk Y St 10 1] RELAT) )2 Bk 5 e = o
ZHL, PYERMALBRER | BT S AL 23 B A 5 T
SFATRBITE AT ALE SRR 185 T3 ST 4 1 2 S PR
ABAZ A BRI A il 2 B AT Fr it — P G

SEXH References

[1]  Fu Hengzhi (f1EH). Journal of Aeronautical Materials (fiiizs#1K}
#4%) [J], 1998, 18 (4): 52-61.

[2]  Tang Jianmao (JEULK). Spacecrafi Environment Engineering (iR
FRMEETAR) [J], 2013, 30 (4): 352-359.

[3] LiAilan (Z£%2%), Zeng Xierong (Y% 4%), Cao Lamei (T Jif
), et al. Materials Review (FEFF4R) [J]1, 2003, 17 (2): 26
-28.

[4]  Zhang Wei (3K ). Thesis for Doctorate (1+i£3C) [D]. Xi’
an: Northwestern Polytechnical University, 2014. 1

[5] Cao Yang (& BH), Li Guojun (ZE[E%). Materials Review (#1¥}
SR [J], 1994, 4. 14-18.

[6] Subramanian P R, Krishnamurthy S, Keller S T, et al. Materials
Science and Engineering A [J], 1998, 244. 1-10.

[7]  Yuan Meini (J5iAf98), Yang Yanqing (#%Ei), Ma Zhijun (2
%), et al. Rare Metal Materials and Engineering (/6 4:J&#1
EHSTR) (1], 2007, 36 (6): 1115-1118.

[8]  Lhymn C, Tempelmeyer K E, Davis P K. Composites [J], 1985,

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[27]

[28]

[29]

16 (2). 127-136.

Dai Zhiqiang (WAGHE) , Yang Yanging (HEW) , Zhang Wei (3
ffi), et al. Rare Metal Materials and Engineering (¥ 4@ A1 H}
5THE) [J], 2012, 41 (5): 790-7%.

Feillardt P. Acta Materialia [J], 1996, 44 (2). 643-656.

Li Zhigiang (Z=355% ), Han Jiecai (37547, He Xiaodong (il
%), et al. Rare Metal Materials and Engineering (¥ 4 )@t
5T/ [J], 2002, 31 (1) 4-7.

Sarala Djanarthany, Jean—Claude Viala, Jean Bouix. Materials Sci-
ence and Engineering [J], 2001, 300 (A). 211-218.

Yang Yanging (#4E]), Zhu Yan (4 ), Chen Yan (BRE),
et al. Rare Metal Materials and Engineering (% 4@ R 5 T
) [J], 2002, 31 (3): 201-204.

Qu Haitao (Hfif#¥%), Ren Xueping ({F2%F), Hou Hongliang ({3
215%), et al. Rare metal materials and Engineering (%G 4@
H5TH#) [1], 2014, 43 (2) . 351-355.

Clemens H, Kestler H. Advanced Engineering Materials [J], 2000,
2 (9): 551-570.

Yamaguchi M, Inui H, Tto K. Acta Materialia [J], 2000, 48. 307
-322.

Zhang Di (5K 1), Sun Yanbo (#pEEiK), Zhao Yeqing (#X )l
), et al. Rare Metals (FiF4:)®) [J], 2011, 30: 524-528.
Hiroshi Fukutomi, Mizuki Nakamura, Tetsuya Suzuki, et al. Mate-
rials Transaction [J], 2000, 41 (9). 1244-1246.

Hiroshi Fukutomi, Masayasu, Mizuki Nakamura, et al. Materials
Transaction [J], 1999, 40 (7). 654-658.

Lee T W, Lee C H. Journal of Materials Science Letters [J], 1998,
17. 1367-1370.

Fu E K'Y, Rawlings R D, Mcshane H B. Journal of Materials Sci-
ence [J], 2001, 36 5537-5542.

Sun Yanbo ($PMEZ %), Chen Jing ([ &), Ma Fengmei (hJX{
), et al. Materials Characterization [J], 2015, 102 165-172.
Peng L M, Li H, Wang J H. Materials Science and Engineering A
[J7, 2005, 406: 309-318.

Cheng Yujie (F£E ), Guo Chunhuan (SEZM), Zhou Peijun
(JA58) , et al. Materials China (FPIEAFENIERE) [J], 2015, 34
(4): 317-325.

Cao Yang (# PH), Zhu Shifan (ZR1H305), Guo Chunhuan (i
M), et al. Ordnance Material sSience and Engineering ( SEg$#1%}
Bl 5 T8 [J], 2014, 37 (6): 122-128.

Chang Yunpeng (% M), Ha Jinfen (M34:%5), Jiang Fengchun
(ZXE). SBEEYIEZRE GHR Ti-AL T 4 X H )
247 [C]. 17" National Conference on Composite Materials (%
17 JHAEEE G MR ARSUOECER). Beijing: Materials China,
2012 950-954.

Cao Yang (' [H), Guo Chunhuan (E#4t), Zhu Shifan (1
J8), et al. Materials Science and Engineering A [J], 2015, 637
235-242.

Li Tiezheng (Z54J:44), Jiang Fengchun (22X #%), Olevsky E A,
et al. Materials Science and Engineering A [J], 2007, 443. 1-15.
Price R D, Jiang Fengchun, Kulin R M, et al. Materials Science



F3H

AR A5 . JESE SIC 2 4ENG R Ti-Al R GR84S W) G BRI ] 25 A0 A T A5

225

[30]

[36]

[37]

[38]

[39]

[50]

[51]

[52]

and Engineering A [J], 2011, 528. 3134-3146.

Peng Chaoqun (##A7f), Huang Boyun (#{f1=), He Yuehui
(BRAE) . Powder Metallurgy Technology (¥R ig4a4iA) [J],
2001, 19 (5): 297-302.

Wu X. Intermetallics [J], 2006, 14; 1114-1122.

Appel F, Oehring M, Wagner R. Intermetallics [J], 2000, 8.
1283-1312.

Edward A L. Intermetallics [J], 2000, 8. 1339-1345.

Dimiduk D M. Materials Science and Engineering A [J], 1999,
263 281-288.

Yang Guanjun (5% ), Zhang Taixian (5KK¥E), Deng Ju (X
JE), et al. Rare Metal Materials and Engineering (Fifi 4 J@ Ak
5T/ [J1, 1992, 21 (4): 1-13.

Zhou Y, Wang Q, Han X L, et al. Composites Science and Technol-
ogy [17, 2013, 83 72-78.

Mackin T J, Yang J Y, Warren P D. Journal of the American Ce-
ramic Society [J], 1992, 75. 3358-3362.

Xun Y W, Tan M J, Zhou J T. Journal of Materials Processing
Technology [J], 2000, 102, 215-220.

Fromentin J F, Debray K, Petitcorps Y Le, et al. Composites Sci-
ence and Technology [J], 1996, 56: 767-775.

Ly Xianghong; ( EvREHS) . Yang Yanging (FA2EH) , Ma Zhijun (T
%) , et al. Trans Nonferrous Met Soc China (W [EAG 04 &~
) [J], 2006, 16: 77-83.

Guo Z X, Derby B. Progress in Materials Science [J], 1995, 39.
411-495.

Yu Yixi (43/845), Cao Feng (H %), Li Xiaodong (Z%(%).
Acta Material Composite Sinica (Z-GMEFH) [T, 2004, 21
(5): 79-82.

Lin Haitao (K1 %5). Thesis for Doctorate (1 4i&3) [D].
Changchun: Northeastern University, 2007.

Feng Chunxiang (%#%f), Xue Jingen (FE4:HY), Song Yongcai
(RIKA). Hi-Tech Fiber and Application (&R 214 5 5 )
[J], 2003, 28 (1): 15-19.

FuY C, Shi N L, Zhang D Z, et al. Materials Science and Engi-
neering A [J], 2006, 426. 278 - 282.

Yongning Liu, Wei Kang, Jiawen He, et al. Materials Science and
Engineering A [J], 2003, 343 243-250.

Brendel A, Popescua C, Schurmannb H, et al. Surface and Coat-
ings Technology [J], 2005, 200: 161 - 164.

Long S, Flower H M. Composites Part A [J], 1996, 27 (A): 703—
708.

Zhu Yan (% #1), Yang Yanqing (H7Ei%) . Ma Zhijun (T
%), et al. Rare Metal Materials and Engineering (¥ 4 )@}
5T [J], 2002, 31 (6); 410-414.

Yang Y Q, Dudek H J, Kumpfert J, et al. Scripta Mater [J],
2001, 44. 2531-2536.

Chen Yingchao ([4#EE). Aerospace Materials and Technology (5
AR (1], 1995, 25 (2): 56-61.

Yu Jiakang (FZHE). Rare Metal Materials and Engineering (¥t

[53]

[54]

[55]

[56]

[57]

[58]

[59]

(61]

[62]

[63]

[67]

[70]

[71]

[72]

[73]

BEMBETR) [J], 19%, 25 (6): 14-18.

Leuch R, Dudek H J, Weber K. Journal of Materials Science Letters
[1].199, 15. 1315-1318.

Keizo Hashimoto, Yoko Fujino, Tomoyuki Kuramata. Solid State
Phenomena [J], 2007, 127. 109-114.

Joshua Pelleg, Sofer S, Alkoby M, et al. Materials Science and En-
gineering A [J], 1995, 203. 305-313.

Ma Xiaomin ( Zy/NR), Feng Chunxiang (V474%), He Lijun (fi]
SLE), et al. Aeronautical Manufacturing Technology (fizs i+
A [J], 2014, 6; 104—108.

Liu Cuixia (X228 ), Yang Yanging (#7E¥%5), Xu Ting (15
1), et al. Materials Review ($BFF4R) [J], 2006, 20 (8): 35
-37.

Yang Daxiang (#%K4f), Song Yongcai (A27KA"). Ordnance Mate-
rial Science and Engineering (FEg§AP RIS TA#) [T], 2007,
30 (6): 64—69.

Peng H X. J Mater Sci Technol [J], 2005, 21 (5): 647-651.
Yang R, Shi N L, Wang Y M, et al. Titanium Industry Progress
[J], 2005, 22 (5): 32-36.

Miriam Wood, Malcolm Ward—Close. Materials Science and Engi-
neering A [J], 1995, 192. 590-596.

Leucht R, Dudek H J. Materials Science and Engineering A [J],
1994, 188. 201.

Qu Haitao ([Hfi7#¥%), Hou Hongliang (f#£L%:), Zhao Bing (#X
7K), et al. Rare Metals (FiiA74x)8) [J], 2015, 39 (7). 594
—-598.

Brindley P K, Draper S L, Eldridge J I, et al. Metallurgical Trans-
actions A [J], 1992, 23 (A). 2527-2540.

Yang Yanqing (#%%E37), Wen Qiong (3C 3it), Ma Zhijun ( B
%), et al. Rare Metals Letters (#5784 /@ HR4R) [J], 2004, 23
(7). 22-25.

Beijing University of Aeronautics and Astronautics (USRI
%), China, 103879065. A [P]. 2014-06-25.

Zhao Bing (#X ¥K), Hou Hongliang ({#£1%%), Li Zhigiang (25
5R), et al. Aeronautical Manufacturing Technology (i il +
A) [J], 2015, 3. 78-81.

Sanguinetti Ferreira R A, Arvieu C, Guillaume B, et al. Compos-
itess Part A [J], 006, 37; 1831 - 1836.

Sanguinetti Ferreira R A, Arvieu C, Quenisset ] M. Scripta Materia-
lia [J], 2005, 53. 329-333.

Nourbakhsh S, Liang F L, Margolin H. Metallurgical Transactions A
[J7, 1990, 21 (A). 213-219.

Yang Y Q, Dudek H J, Kumpfert J. Materials Science and Engi-
neering A [1], 1998, 246 213-220.

Tangzhiming (1%7E15). Dissertation for Master (Bi-1530) [D].
Hefei: Hefei University of Technology, 2007.

Yang J M, Jeng S M. The Journal of The Minerals, Metals & Mate-
rials Society [17, 1989, 41 (11): 56-59.

(i ZR)



