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New progress on in situ titanium matrix composites

Xiao Daihong, Huang Boyun
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Abstract: In— situ titanium matrix composites attracted more and more attention because of their high rations of
strength and elastic module to their weight, especially their good mechanical properties at elevated temperature.
New research progress on in situ titanium matrix composites has been summarized. The characterizations of in situ
titanium composites are reviewed in detail including materials processing, the choice of reinforcement and matrix
alloy, the reaction system of different reinforcements, and the microstructure and mechanical properties of matrix

composites. Moreover, the further research fields of the in situ titanium matrix composites are also discussed.
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Table 2 Tensile properties of in situ synthesized titanium matrix composites at room temperature

RE B (R GiAISRE /MPa BIHIREE/MPa K %E/% BUHERE/GPa  SEXR
aigk 467 393 20.7 109 [23]
10% TiC/Ti : 697 651 3.7 [23]
5% TiB/Ti ) 787 639 12.5 121 [7]
10% TiB/Ti 902 706 5.6 131 [73
15% TiB/Ti 903 842 0.4 139 [7]
15 % (TiB+ Ti,C) /Ti 757 690 2 [56]
25% (TiB+ Ti,C) /Ti 680 635 <0.2 [56]
8% (TiB+ TiC) /Ti6264 V(TiB): V(TiC) =1:1 1329.8 1243.7 2.74 131.2 [15]
8% (TiB+ TiC) /Ti6264 V(TiB): V(TiC) =4:1 1234.0 1160.6 1.35 130.5 [15,65,66)
22.5% (TiB+ TiC) /Ti 635 M 1.2 [26]
10% (TiB+ TiC) /Ti 817 0.55 140 [45]

#&3 (TiC+TiB+Nd0,s)) Ti RESRESHH
KRR R B T HOR e 7]

Fig.3 Tensile properties of matrix alloy and TMCs

at elevated temperature!!”

- HLfiL B /MPa BRE/%
873K 923K 973K 873K 923K . 973K

gk 724 646 593 161 15.7  24.0

HEAoHH 823 748 607  12.2  13.4  21.9

6 %7
FAE R REAMBR BRI EE MBI
BRRE SRR EEAUTILAFE:
D — SRS RKEEAM B R,
RRBRAWREBERMLE,
)REEEHEH R SR ARAEM, ZHA
AR HRASSMARRL RS &R
BRI HR R LR R,
)RR, B R A RKRE &8
FE R AT MK S U, 8 i TP &R AR R
P& R EE AP B HERA LY EB R,

$ % ik

[1]Tjong S C, Ma Z Y. Microstructure and mechanical characteristics
of in situ metal matrix composites. Materials Science and
Engineering, Reports, 2000, 29: 49-113

[2]Maity Y P C, Panigrshi S C. Metal and intermetallic matrix in situ
particle composites. Key Engineering Materials, 1995, 108 ~ 110:
313-328

(3]Srivatsan T S. Tensile deformation and fracture behaviour of a
titanium — alloy metal ~ matrix composite. Composites Part A,
1997, 28A; 365 - 376 |

[4] Merzhanov A G, Borovinskaya I P. New class of combustion

processes. Combustion Science and Technology, 1975, 10(5/6):
195 - 201

(5]Nakane S, Yamads O, Miy
and densification of TiB/a — Ti(N) composite material by self -

to Y, et al. Simul yus synthesis

propagating combustion under nitrogen pressure. Solid State
Communications, 1999, 110: 447 — 450
[6]Yamamoto T, Otsuki A, Ishikara K, et al. Synthesis of net shape
high density TiB/Ti composite. Materials Science and Engineering,
1997, A239/240: 647 - 651
[7]Tsang H T, Chao C G, Ma C Y. Effects of volume fraction of
reinorcement on tensile and creep properties of in — situ TiB/Ti
MMC. Scripta Materialia, 1997, 37(9): 1359 - 1365
[8]1Kunrath A O, Strohaecher T R, Moore J J. Combustion synthesis
of metal — matrix composites: Part I , the Ti— TiC - Al,O; system.
Scripta Materialia, 1996, 34(2):175-181
[9]Kunrath A O, Strohsecker T R, Moore J J. Combustion synthesis
of metal — matrix composites: Part I ,the Ti — TiC — Al,O; system.
Scripta Materialia, 1996, 34(2):183 — 188
[10]Christodoulou L, Nagle D C, Brupbacher ] M. Process for forming
metal ~ second phase composites and product thereof. US Patent,
4751048, 1988
[11]Zhang E, Zeng S, Zhu Z. Microstructure of XDTM Ti- 6Al/TiC
composites. Journal of Materials Science, 2000, 35: 5989 — 5994
[12]Yang B, Zhang E, Jin Y, et al. Microstructure characteristic of
in—situ Ti/TiC composites. Journal of Materials Science and
Technology, 2001, 17(1): 103 - 104
[13]Ma Z Y, Tjong S C, Meng X M. Creep behavior of in situ dusl —
scale particles TiB whiskers and TiC — particulate — reinforced
titanium composites. Journal of Materials Research, 2002, 17:
2307 -2313
[14] B4, %/VR, K, % . RAUAMR TIC A TBHAKERT A #H.
BBGH S SRR . PEHELR¥],2000,10(2): 163169
[151 Li W J, Zhang D, Zhang X N, et al. Microstructursl
characterization of TiB in situ synthesized titanium matrix

composites prepared by common casting technique. Journal of



B BHEIM

HAR4% RAGBKER SRR R 223

Alloys and Compounds, 2001, 327 (1/2): 240 - 247

[16)Geng K, Lii W J, Zhang D. In situ synthesized (TiB + Y;0,)/Ti
compoasites. Journal of Materials Science Letters. 2003, 22: 877 - 879

[17]Yang Z F, Liu W J, Qin J N, et al. Microstructure and tensile
properties of in situ synthesized ( TiC + TiB+ Nd,0;) /Ti - alloy
composites at elevated temperature. Materials Science and
Engineering A, 2006, 425 (1/2): 185-191

[18])Soboyejo W O, Lederich R J, Sastry S M L. Mechanical behavior
of damage tolerant TiB whisker — reinforced in situ titanium matrix
composites. Acta Metallurgica et Materialia, 1994, 42(8) : 2579 —
2591

[19]Srivatsan T S, Soboyejo W O, Ledertich R J. Tensile deformation
and fracture behaviour of a titanium — alloy metal — matrix

composite. Composite Part A, 1997, 28A: 365 - 376

[20]Dubey Y S, Li Y, Reechece K, et al. Fatigue crack growth in an .

in = situ titanium matrix composite. Materials Science and
Engineering A, 1999, A266: 303 — 309

[21]3h75# . G BIRNBRER SN EERRBRBAN
. EE FETEK¥,2001 .

[22]Lin Y, Zee R H, Chin B A. In situ formation of three —
di jonal TiC reinfor in Ti — TiC composites.
Metallurgical Transactions A, 1991, 22A(4): 859 - 865

[23] Yoon C, Rhee S W. Effect of aluminium addition on the
combustion reaction of titanium and carbon to form TiC. Journal of
Materials Science, 1993, 28: 6669 — 6675

[24]Tsang H, Chao C G, Ma C Y. In situ fracture observation of a
TiC/Ti MMC produced by combustion synthesis. Secripta
Materials, 1996, 35(8): 1007 - 1012

[25]Taneoka Y, Odawara O. Combustion synthesis of the titanium —
aluminum - boron system. Journal of the American Ceramic
Society, 1989, 72(6): 1047 — 1049

[26]Lu Y, Li D, Ping D. Microstructure of TiB whisker reinforced Ti
matrix composite, Journal of Materials Science and Technology,
1997, 13: 41-44

[27]Ma Z Y, Tiong S C, Gen L. In— situ Ti — TiB metal ~ matrix
composite prepared by a reactive pressing process. Scripta
Materialia, 2000, 42: 367 — 373

[28]Lu W J, Zhang D, Zhang X N, et al. Microstructure and
mechanical properties of in situ synthesized TiB/Ti composites.
Journal of Shanghai Jisotong University,2000,34(12) :1606 — 1609

[29]Ranganath S, Vijayakumar M, Suvrahmanyam J. Combustion —
assisted synthesis of Ti — TiB — TiC composite via the casting.
Materials Science and Engineering A, 1992, A149: 253 - 257

[30]Nagayama H, Ramaseshan R, Mabuchi H, et al. Microstructure
and mechanical properties of L12 — (Al,Cr)3Ti /TiB2+ Ti2AIC
composites produced by reactive arc — melting. Materials
Transactions, JIM, 2000, 41 (8): 1064 —~ 1067

[31]Soboyelo W O, Lederich R J, Sastry S M L. Mechanical behavior of

damage tolerant TiB whisker ~ reinforced in situ titanium matrix
composites. Acta Metallurgica et Materialia, 1994,42(8) :2579 — 2591

[32] Rangarajan S, Aswath P B, Soboyejo W O. Microsructure
development and fracture of in — situ reinforced Ti— 8.5Al- 1B~
1Si. Scripta Materialia, 1996, 35(2): 239 - 245

[33]Duby S, Soboyejo W O, Srivatsan T S. Deformation and fracture
properties of damage tolerant in — situ titanium matrix composites.
Applied Composite Materials, 1997, 4(6): 361 - 374

{34 ]Banerjee R, Collins P C, Genc A, et al. Direct laser deposition of
in situ Ti ~ 6Al — 4V — TiB composites. Materials Science and
Engineering A, 2003, 358 (1/2): 343 - 349

[35]Banerjee R, Genc A, Hill D, et al. Nanoscale TiB precipitates in
laser deposited Ti — matrix composites. Scripta Materialia, 2005,
53 (12): 1433 - 1437

{3612 T# . BOLFRMAR TICH TiBMBUELSHBMFTR .
Jbx: EEBHKE, 2006

[37]Lu L, Lai M O, Wang H Y. Synthesis of titanium diboride TiB,
and Ti — Al — B metal matrix composites, Journal of Materials
Science, 2000, 35: 241 — 248

[38138 . BN BEKERSHRRRARAR N EHEHTIR .
Jent: B K, 2006

[39]Ronald T M F. An overview of NASP materials and structures
program. in NASP - CP 10082, 1991: 3-10

[40]Liu H, Yao B, Wang L, et al. In situ formation of nanometer size
TiC reinforcement in Ti matrix composites. Materials Letters,
1996, 27: 183 - 186

[41)X890% BRAI, Bk . RO A RERESHHRBFELE BN
HAMNE /BT ZRLBAEAHBERS VG XE .
R, 2004:665 - 669

[42] Gorsse S, Chaminade J P. In situ preparation of titanium base
composites reinforced by TiB single crystals using a powder
metallurgy technique. Composites Part A, 1998, 29: 1229 - 1234

[43]Kobayashi M, Funami K, Suzuki S, et al. Manufacturing process
and mechanical properties of fine TiB dispersed Ti— 6Al — 4V alloy
composites obtained by reaction sintering. Materials Science and
Engineering A, 1998, A243: 279 - 284

[44]Ma Z Y, Tjong S C, Li S X. Creep behavior of TiBw/Ti in — situ
composite fabricated by reactive hot pressing. Metallurgical and
Materials Transactions A, 2001, 32 (4): 1019 - 1022

[45]Ni D R, Geng L, Zhang ], et al. Effect of B,C particle size on
microstructure of in situ titanium matrix composites prepared by
reactive processing of Ti — B4C system. Scripta Materialia, 2006,
55 (5): 429-432

[46]Loretto M H, Konitze D G. The effect of matrix reinforcement
reaction on fracture in Ti — 6Al — 4V base composites.
Metallurgical and Materials Tranactions A, 1990,21A(6) : 1579 -
1587

(F#H%£ 229 ®)



B BEIM

B HS BB SIC/Cu A M BTN SR © 229

the wettability of a — SiC by non — reactive Cu ~ Si alloys. Journal
of Materials Science Letters, 1996, 15(18): 1630 — 1632

[24] g, AL, BUST . BHERNERBHERE . LHEX
K% EMR, 2001, 35(3): 364 - 367

[25] Park ] S, Landry K, Perepezko J H. Kinetic control of silicon
carbide/metal reactions. Materials Science & Engineering A,
1999, 259(2): 279 - 286

[26] Aksay I A, Hoge C E, Pask J A. Wetting under chemical
equilibrium and nonequilibrium conditions. The Journal of
Physical Chemistry, 1974, 78(12) : 1178 - 1183

[27] Kalogeropoulou S, Baud L, Eustathopoulos N. Relationship
between wettability and reactivity in Fe/SiC system. Acta
Metallurgica et Materialia, 1995, 43(3): 907 - 912

[28] Rado C, Kalogeropoulou S, Eustathopoulos N. Wetting and

bonding of Ni — Si alloys on silicon carbide. Acta Materialia,
1999, 47(2): 461 - 473

[29] Eustathopoulos N. Dynamics of wetting in reactive metal/ceramic
systems. Acta Materialia, 1998, 46(7); 2319 ~ 2327

[30] Nishino Toshitsugu, Urai Shigeo, Okamoto Ikuo, et al. Wetting
and reaction products formed at the interface between SiC and
Cu~Ti alloys. Journal of the Japan Welding Society, 1991, 9(4):
55-61

[31] Sundberg G. Identification and characterization of diffusion
barriers for Cu/SiC systems, Journal of Materials Science, 2005,
40(13): 3383 -3393

[32] Zhan Y Z, Zhang G D. The effect of interfacial modifying on the
mechanical and wear properties of SiC,/Cu composites. Materials
Letters, 2003, 57: 4583 ~ 4591

~r

(E#% 223 )

[47]Konitzer D G, Loretto M H. Microstructure assessment of Ti —
6Al~ 4V — TiC metal - matrix composites. Acta Metallurgica et
Materialia, 1989, 37(2): 397 - 406

[48]Choi S K, Chandrosekaran M, Brabers M J. Interaction between
titanium and SiC, Journal of Materials Science, 1990, 25 (4):
1957 - 1964

[49]Lu Y C, Sass S L, Bai Q. The influence of interfacial reactions on
the fracture toughness of Ti— Al,O; interfaces. Acta Metallurgica
et Materialia, 1995, 43(1): 31 -41

[S0)ZTH, %k W, £5E,% . REFHETI A& BRAANTIR.
£ M¥1R,1984, 20(2): A131-A137

(51]FH® MR, HR, % . LAY RRNBRKERSHHEY
HRMERE . A% M ¥R, 1997,17(3):51 - 56

[52]Li G P, Li D, Liu Y Y, et al. Interaction between Nd — Rich
phase particles and liquid — solid interface in as — cast Ti — SAl —
45n-2Zr- 1Mo —~ 0.25Si - 1INd titanium alloy. Seripta
Metallurgica et Materials, 1995, 33(4): 547 - 551

{531Johnson A M, Wright P K. Applications of advanced materials to
aircraft gas turbine engines. AIAA,1990: 90 — 2281

[s4]1B %, KR, KK, % . RAAHE TB A TIC HBKERE
HRBAE . PEEREMEMR, 1999, 9(2): 220-225

[55] Knache O, Kubaschewski O, Hesselman R. Thermodynamical
properties of inorganic substances. 2nd Edition Springer, Berlin,
1991:200 - 205

[561Lu Y X, Bi J, Li D X. Proceeding of the second international
symposium on composite materials and structures. Peking
University Press, Beijing, 1993: 882 - 890 '

[57)Wang L, Ninomi M, Takahashi S, et al. Relationship between

fracture toughness and microstructure of Ti — 6Al — 28n — 4Zr —
2Mo alloy reinforced with TiB particles. Materials Science and
Engineering A, 1999, A263: 319 - 325

[58]Sahay S S, Ravichandran K S, Atri R. Evolution of microstructure
and phase in in situ processed Ti — TiB composites containing high
volume fractions of TiB whiskers. Journal of Material Research,
1999, 14(11): 4214 - 4223

[59]1Cai L F,Zhang Y Z, Shi L K, et al. Research on development of in
situ titanium matrix composites and in situ reaction thermodynamics
of the reaction systems. Journal of University of Science of Science
and Technology Beijing, 2006, 13(6): 551 — 557

[60] B #i%, /D4, ik, F . REAR TiC/Ti ZELA MM EE
MAERHE . &2, 1999,34(5):536

[61]Li D X, Ping D H, Lu Y X, et al. Characterization of the
microstructure in TiB - wishker reinforced Ti alloy matrix
composites. Materials Letters, 1993, 16: 322 - 326

[62]A%#, FE& . RA(TB+ TiC)/Ti &4 ¥ TiB/Ti FH
WBERBR . T BHER, 2001,20(1):56 - 62

[63]Ranganath S, Roy T, Mishra R S. Microstructure and deformation
of TiB + Ti,C reinforced titanium matrix composites. Materials
Science and Technology, 1996, 12: 219 —224

[64]1Kral M V, Hofmcister W H, Witting ] E. Undercooled rapidly
solidified titanium — rare alloys//TMS Annual Meeting Feb 13 —
16, 1995: 27 - 42

[65]taditk, B W, BRR¥%, % . RUSRUEXLSHSNRERS
FHER . SR T RN, 2004,28(3):17-24

[6c1pEnk, B BLE. % . GRENNEMSRKELEH
MHEBNFERNER . EHE¥MR, 2004,21(5):1-6



