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ABSTRACT High temperature titanium alloys and titanium matrix composites (TMCs) have attracted the extensive attention in
recent years due to the excellent properties, such as high specific strength, high specific stiffness, high corrosion resistance, and high
temperature resistance. The mechanical properties of the titanium matrix composites are often related to the reinforcing phase
microstructures. The rapid solidification of additive manufacturing technology can refine particles and improve the mechanical
properties of the particle-reinforced titanium matrix composites. The research progress of high temperature titanium alloys and titanium
matrix composites was reviewed in this paper. The influence of the reinforcing phase on the mechanical properties of the titanium alloys
and titanium matrix composites was analyzed, and the application of additive manufacturing technology used for the titanium-based
gradient functional materials was summarized. The additive manufacturing technology can not only improve the hardness and strength
of the particle-reinforced titanium matrix composites, but also increase the ductility of the composites, which will become the future

development trend.
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Table 1 Grades and components of the high-temperature titanium alloys

EN Gy FRAEiR B/ °C oA ORESED /1%
Ti6242 450 Ti-6A1-2Sn-4Zr-2Mo
E[H Ti6242s 520 Ti-6A1-2Sn-4Zr-2Mo—0.18Si
Til1100 600 Ti-6A1-2.75Sn-4Zr—0.4Mo—0.45Si
% IMI829 540 Ti-5A1-3.5Sn-3Zr-0.27Mo—0.3Si—1.0Nb
IMI834 600 Ti—5.8A1-4.0Sn-3.5Zr-0.5Mo—0.358i-0.7Nb—0.06C
P BTI8Y 550~600 Ti-6.8A1-2.5Sn-4Zr-0.7Mo-0.2Si~1Nb
BT36 600 Ti—6.3A1-2.28n-3.5Zr-0.7Mo-0.15Si-5W
Ti60 600 Ti-5.8A1-4.88n-2Zr—1Mo-0.35Si-0.85Nd
th Ti600 600 Ti-6A1-2.88n-4Zr—0.5Mo—0.4Si-0.1Y
Ti65 650 Ti-5.9A1-4.0Sn-3.5Zr-0.3Mo-0.48i-0.3Nb-2.0Ta—1.0W—-0.05C
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Fig.1 Schematic diagram of the typical additive manufacturing technology devices: (a) laser metal deposition”'’; (b) selective laser

melting"”
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[56].



<60 - BARGEEA

202342 H

JEUAST B A1 15 2% 45 AL T AT A e A B, L
2608 ) Ti—6Al-4V Fl B,C ¥y A N 5ORE, dl b4k
(IE OB T 20, SR A & i T RS0, A %
FE LT 99% (K KB RL R SL gl ok 5 &k kL, 44k
FUBE R 2 /E 120 J'mm° I5F, TiB ¥ [010]B,; 77 7]
F ok AR KT BB, NN TiB 414, B
BCATTESE “BEIR” g5H, AR S, D
AR TiC 2 IUAH /MO ERIREAR, g2
B RN AR E

PR MR RS S EE S iR —,
] P 3= B AR SR il KA 4 oy IR R Al Fal i s
InFs Lot RIA BT FR e SR . # ool
&SRS IRIC R RN, (BT, Hik
SR, R A WA B T IR A T 38 RO A A
ALY, ARG TR, A SRR T B RS A4S
B, R I HR  GRE e RPN W s n A
TCHE AT Ti600 & & FEIE S G HRE™ £ 40 Sh Ak,
A &M A EHAEEYE . Bermingham 251
71 LS b4 o 3 I B8 v ) Ti-6A1-4V H i A\ =
LaBg A, AF 500 A & 4 ZR R A o BE 1 2 i,
R IR ) £ 4 A R M SR T A ) TR R R T
o Feng &1 W 1L WG 7 15 45 il % LaBg+AIB,
9 Ti-6A1-4V SR EE G &M kL, Tt 2 | Nk
2LaB¢+12Ti+30—12TiB+La,05. 5% & B, ¥ N
i LaBg A LR i La,O5 B BmAH, I 76 3 A o
K553 470, A LayO5 f282E T TiB (WA A1,
i TiB dchign ik, 42 s i fE it B 1 R0 e
AT, P ORILAE EE A A LR AR R

h Tl AR 2 R S AR 4 R 1 D e 22 FEAL
LR, T HEEREL D) RER AR E A T N A
e WO E B DU AR AT MURE 1) 328 J2 38 44 1
M, TR RERR M B B T2, W DT EA
Iii] T VR A B9 /) Ti/TiC 8% TiB+TiC+o-Ti f {1k )2
WEEM, IFH BB Bhah, BRI 3E b ek
O3 JEE 6E - 8 ST AR G AR R IR RS T SO &5
FE e S M HAT B S, T SO R g Al
i FHIE 1Y) CAD sk ¥ 2 )2 g/t , DLtk
KGR BHE B R AEAT L ) BEvET, A
&, HATE RO G DU B R Uk 1 53 1Y) BRIk 3 g
B A RHHOM 20 2R AT A7 AE AR H5 Bl 88 ks 23 A1 AN 3
A WIAERSEAH TP AR R BRI AL U R
A B, I ] R TS T BE AR FE AR S
JrpEfe, HE DR T RN

Zhang % AR L A5 1) Ti AN TiC TR 7+

AR A wERE , 43 3] T TIC AR 4 B 1A 40%
(1) Ti-TiC Z& Mk, B SO kL2 56 4
B, WAAATAT TGS . Nartu 25
O TR 1 (laser engineered net shaping,
LENS) T 24 J5iAL Ti-35%B,C (%0 &
HARE, o — 2 il TiB, AR A TiC AH 4L
B o — E RO S KB B 2%, i TiB. TiC.
BB 45 il B,C AN o-Ti AHAL RS 39 00O T 26 nf A
X RE J2 ) ve BE/JE BESE N, AE WO E 700 W4k A
NI B SE S BEBURIAERE, (1T TiB +TiC+o-Ti
DU B P T G N, AR R 1 40 2 X A . IX
R BOCHEDIREARIE M AR EE S
MR R AR TRE N FH 52 S A BHR Bt F I R FRE T
—SHIIEAE

4 BHEERE

B R E R BURT =P E” A R A
FUR DML A RS, il Bk S WU e B L .
PEREERIE A AR Rl Bk & S 0t — D R 1),
R Al FW B T 50 600 °C, WA YRS
SN VB, AR GUiiE T ik RHE A 23 Tl
AR JG AL BRAE DT T DA WA R Z TR . B
M IS BORAERNUE IR AZ O D REFS AP N
K I 2B VR 1 9 BRI B 5 4 e 3 A i R
&G, HE SO Gy i EER . s R
EAEL WU R TR AR 2
X B A Hs A e ] R S i R, AR R R TiB.
TiC WAL BN AR L, AT LS s = A HRHT
M SE AR, 1 HL AT LA = S AR ST R

O 20 B R S A 1 3 5 A AR R 3 5 BR R 52
EAER IR, ATECMWEU R 5 AT WFSTAE Y
A 3 o 0 R PR VAR S I B e AR AT H
I JG A AL R, I A WS AL B 58 R 1
Hill e TZ, 58T ENIE BC PRS0 A f ) 2 R Rt
DL I i A L5 A4 F I ) &5 R Tl e AT
DRI A K RSSO 5 R 2 1 o AT 25 e, T BUR 1Y
SR FA-HE AR o e LU - T 2 S MR 4L 230 22 PE g
(I SCIRRUAHE LAY T T AR PR RE ZE R I3 &, Rl

RAFRAEMZR G TERE

2 % XX Mk

[1] LiuZ Y,HeB,Lyu TY, et al. A review on additive manufacturing of
titanium alloys for aerospace applications: directed energy deposition
and beyond Ti—6Al-4V. JOM, 2021, 73(6): 1804

[2] Blakey-Milner B, Gradl P, Snedden G, et al. Metal additive



541 55 1

[

R 1 < SRR B PRI A 3 BB ST LR

*61-

(3]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

manufacturing in aerospace: a review. Mater Des, 2021, 209: 110008
Huang Z H, Qu H L, Deng C, et al. Development and application of
aerial titanium and its alloys. Mater Rev, 2011, 25(1): 102

(oot e, X, 5. s Bk A B G R R R e BT kL
3%, 2011, 25(1): 102)

LiuY Y, Chen Z Y, Jin T N, et al. Present situation and prospect of
600 °C high-temperature titanium alloys. Mater Rev, 2018, 32(6):
1863

%, BT 3, 4k 53, 45, 600 °C it Bk &
MEHGR, 2018, 32(6): 1863)

Li S, Deng T S, Zhang Y H, et al. Review on the creep resistance of
high-temperature titanium alloy. Trans Indian Inst Met, 2021, 74: 215
Cai J M, Mi G B, Gao F, et al. Research and development of some
advanced high temperature titanium alloys for aero-engine. J Mater
Eng, 2016, 44(8): 1

CRAW], S, w48 B RS HUT St mil Ak & M Rl
KSR METEE, 2016, 44(8): 1)

Khataee A, Flower H M, West D R F. New titanium—aluminum—X
alloys for aerospace applications. J Mater Eng, 1988, 10(1): 37

Wang H, Zhao L, Peng Y, et al. Research progress of TiAl-based
alloys fabricated by additive manufacturing. Powder Metall Technol,
2022, 40(2): 110

CEIE, B3k, 322, 25, M IS TIABE S G I HF L. B ARG 4
iR, 2022, 40(2): 110)

Cao J X, Huang X, Mi G B, et al. Research progress on application

ERIEIRE R

technique of Ti—V—Cr burn resistant titanium alloys. J Aeron Mater,
2014, 34(4): 92

Ol RUEE, B0, 6T, 25, Ti-V-Cr & BLIRER & 4 3 i 5 3k e
WU RRLZEAR, 2014, 34(4): 92)

Falodun O E, Obadele B A, Oke S R, et al. Titanium-based matrix
composites reinforced with particulate, microstructure, and
mechanical properties using spark plasma sintering technique: a
review. Int J Adv Manuf Technol, 2019, 102(5): 1689

Saheb N, Igbal Z, Khalil A, et al. Spark plasma sintering of metals and
metal matrix manocomposites: a review. J Nanomater, 2012, 2012:
983470

Patil C S, Ansari M 1, Selvan R, et al. Influence of micro B,C ceramic
particles addition on mechanical and wear behavior of aerospace
grade Al-Li alloy composites. Sadhana, 2021, 46(1): 11

Kuang W, Wang M M, Li J X, et al. Microstructure and mechanical
properties of In-situ synthesized (TiB+La,03)/TC4 titanium matrix
composite. Mater Mech Eng, 2015, 39(2): 67

(BES, RO, 22U, 45 UL A 2 (TiB+Lay05)/ TCARRHE R 541
BHI WA SR 24P BE. HUBR LR R, 2015, 39(2): 67)
Dadkhah M, Mosallanejad M H, Iuliano L, et al. A comprehensive
overview on the latest progress in the additive manufacturing of metal
matrix composites: potential, challenges, and feasible solutions. Acta
Metall Sinica, 2021, 34(9): 1173

Qi J Q. Microstructure and High-Temperature Deformation Behavior
of TiC Reinforced High-Temperature
Composites Produced by Melting-Casting Process [Dissertation].
Harbin: Harbin Institute of Technology, 2013

CBRARIR. J5 55020 4% TICHY 98 R BK & S AR E A MR R 5 il
ARJEAT A (AR SC]. /RIS M 2R3 kK2, 2013)

Yamamoto T, Otsuki A, Ishihara K, et al. Synthesis of near net shape
high density TiB/Ti composite. Mater Sci Eng A, 1997, A239-240:
647

Liu B, Liu Y, He X Y, et al. Preparation and mechanical properties of
particulate-reinforced powder metallurgy titanium matrix composites.
Metall Mater Trans A, 2007, 38(11): 2825

Durai Murugan P, Vijayananth S, Natarajan M P, et al. A current state

Titanium Alloy Matrix

of metal additive manufacturing methods: A review. Mater Today,
2022, 59: 1277

Shakil S I, Smith N R, Yoder S P, et al. Post fabrication
thermomechanical processing of additive manufactured metals: A
review. J Manuf Process, 2022, 73: 757

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

Ahn D G. Direct metal additive manufacturing processes and their
sustainable applications for green technology: A review. Int J Precis
Eng Manuf, 2016, 3(4): 381

Pototzky P, Maier H J, Christ H J. Thermomechanical fatigue
behavior of the high-temperature titanium alloy IMI 834. Metall
Mater Trans A, 1998, 29(12): 2995

Wang Q J, Liu J R, Yang R. High temperature titanium alloys: status
and perspective. J Aeron Mater, 2014, 34(4): 1

(CEVELL, g2, b, =i kA 4 PR 5 0055, s p k43R,
2014, 34(4): 1)

Wang R Q, Ge P, Hou P, et al. Effects of solution treatment and aging
temperature on microstructure and mechanical properties of IMI834
titanium alloy plate. Heat Treat Met, 2021, 46(3): 96

(CERER, B, M, S5, R 0 I 200 B 0t IMIS34k 7 B4 41
GUIITEREAISZMA. R AAEEE, 2021, 46(3): 96)

Shi P Y, Zhang Y Q, Sun F, et al. Influences of solution and aging
temperature on microstructure and mechanical properties of the
IM1834 alloy. Spec Cast Nonferrous Alloys, 2017, 37(9): 936
CLIHTE, TR, PRI, 25 [ I 2500 X IMI344k 4 4 41 4L
PERERISEM. R BiE S (05 4, 2017, 37(9): 936)

Che J D, Jiang B B, Wang Q, et al. Effects of minor additions of
elements into Till00 on elevated temperature oxidation- and
corrosion-resistance. Rare Met Mater Eng, 2018, 47(5): 1471

(s, 22 UUUL, 538, 55, PR T30 IR Til 100 & < R i U4
A B P e R . B SR M RS THE, 2018, 47(5): 1471)
FuYY, Song Y Q, Hui S X, et al. Research and application of typical
aerospace titanium alloys. Chin J Rare Met, 2006, 30(6): 850
(RFHEHE, R A, SR, 45 s FAR A S IiE L S N e
i 4:J8, 2006, 30(6): 850)

He C Y, Zhang L J. The development and application of high
temperature titanium alloy at domestic and abroad. World Nonferrous
Met, 2016(1): 21

(T4, SRRV ZE. [H P94k il B R e 5 I A (s,
2016(1): 21)

Fu B G. Effects of Alloying Elements on Microstructures and
Properties of Cast Ti-1100 Alloys [Dissertation]. Harbin: Harbin
Institute of Technology, 2015

(R E. &8I0 E X EIETI-11004 44128 R PERE R[4 718 3C].
MR W /R Tl K%, 2015)

Guo J, Yue K, Hu Z H, et al. Preparation of Ti60 high temperature
titanium alloy ingot for aerospace. lron Steel Vanadium Titanium,
2021, 42(6): 138

(S0, T, BB, 25 T R HI Ti6O i Bk & 4 B B il 46 L
. ARERBLER, 2021, 42(6): 138)

Tang HF, Zhao Y Q, Hong Q, et al. Effects of rare earth elements on
the structure and properties of high-temperature titanium alloy.
Titanium Ind Prog, 2010, 27(1): 16

(B T5, B PR, B, &5 Fi L o0 20 il Bk < 2L VR E K
R, Ak TR, 2010, 27(1): 16)

Zhao Z B, Wang Q J, Liu J R, et al. Texture of Ti60 alloy precision
bars and its effect of tensile properties. Acta Met Sin, 2015, 51(5): 561
ORI, AL, XURESE, 25, Ti60 7 GxbEbd vh it SR S Lk feb:
AEISEN. 428~ R, 2015, 51(5): 561)

Zhao L, Liu J R, Wang Q J, et al. Effect of precipitates on the high
temperature creep and creep rupture properties of Ti60 alloy. Chin J
Mater Res, 2009, 23(1): 1

OB, e, EIETL, 55, BT HAHX Ti60 Bk & i A2 R APk B r
FEM. FORMIF 4R, 2009, 23(1): 1)

Zhao H Y, Zhang M, Yu J S, et al. Research on microstructure and
mechanical properties of graphene/Ti60 composites. Titanium Ind
Prog, 2022, 39(2): 29

OB &, IR UE, FAEA, 45 A BIR/TI60R AR 4LZLS )y Mgk
WEFE. Bk Tk, 2022, 39(2): 29)

Xie H Z, Liu G X, Peng H Y, et al. High temperature mechanical
properties and influencing factors of Ti65 titanium alloy sheet. Ordn


https://doi.org/10.11896/j.issn.1005-023X.2018.11.013
https://doi.org/10.11868/j.issn.1001-4381.2016.08.001
https://doi.org/10.19591/j.cnki.cn11-1974/tf.2020100009
https://doi.org/10.19591/j.cnki.cn11-1974/tf.2020100009
https://doi.org/10.11868/j.issn.1005-5053.2014.4.009
https://doi.org/10.11868/j.issn.1005-5053.2014.4.001
https://doi.org/10.13251/j.issn.0254-6051.2021.03.019
https://doi.org/10.15980/j.tzzz.2017.09.003
https://doi.org/10.3969/j.issn.0258-7076.2006.06.028
https://doi.org/10.3969/j.issn.0258-7076.2006.06.028
https://doi.org/10.7513/j.issn.1004-7638.2021.06.019
https://doi.org/10.3969/j.issn.1009-9964.2010.01.003
https://doi.org/10.11900/0412.1961.2014.00451
https://doi.org/10.3321/j.issn:1005-3093.2009.01.001
https://doi.org/10.11782/j.issn.1009-9964.2022.2.tgyjz202202006

062 -

BARGEEA

202342 H

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

Mater Sci Eng, 2022, 45(2): 26

(YRR, M) 85, ik, 45 Ti6SER & S buhA i ) 2 Mk e S
[RIZ. bR Rl TS, 2022, 45(2): 26)

Zhao D, Fan J K, Zhang Z X, et al. Microstructure and texture
variations in high temperature titanium alloy Ti65 sheets with
different rolling modes and heat treatments. Materials, 2020, 13(11):
2466

Liu S F, Song X, Xue T, et al. Application and development of
titanium alloy and titanium matrix composites in aerospace field. J
Aeron Mater, 2020, 40(3): 77

A, R4S, BETY, 45 BRA 4 BRI 525 M RHE T A R IR
FUAVE . ft s bR, 2020, 40(3): 77)

Nyanor P, El-Kady O, Yehia H M, et al. Effect of bimodal-sized
hybrid TiC-CNT reinforcement on the mechanical properties and
coefficient of thermal expansion of aluminium matrix composites. Met
Mater Int, 2021, 27(4): 753

Hu Y B, Cong W L, Wang X L, et al. Laser deposition-additive
manufacturing of TiB-Ti composites with novel three-dimensional
quasi-continuous network microstructure: effects on strengthening and
toughening. Composites Part B, 2018, 133: 91

Zheng B W, Yuan X G, Dong F Y, et al. Effect of La,O; content on
microstructures and wear resistance of IM834 matrix composites.
Foundry, 2021, 70(8): 933

GBS, W, #AR T, 4%, La,05 7% B 5 (TICHTIB)/IMIS34 4 4
FORHH U B PE K500, #538, 2021, 70(8): 933)

Qin Y X, Zhang D, Lu W J, et al. Oxidation behavior of in situ-
synthesized (TiB+TiC)/Ti6242 composites. Oxid Met, 2006, 66(5):
253

Shen X B. Microstructure and Mechanical Properties of in situ TiB
Reinforced  Titanium Prepared by SPS
[Dissertation]. Beijing: Beijing Institute of Technology, 2014
(A 1. SPSTHI# TiBHY IR Tidk 52 & MR AL 25 M A1) 274k RE AT
FUAALR L], b5t JERt TR, 2014)

Attar H, Bonisch M, Calin M, et al. Comparative study of
properties of in situ Ti-TiB
composites produced by selective laser melting, powder metallurgy,
and casting technologies. J Mater Res, 2014, 29(17): 1941

Li Y'Y, Zhu F W, Qiao Z L. Study on mechanical alloying of TiB,
particulate reinforced titanium matrix composites. App! Mech Mater,
2018, 875: 41

Zhang L L, Zhou Y, Liu S F, et al. Research progress in additive

Matrix  Compositre

microstructures and mechanical

manufacturing and properties of die steel. China Metall, 2022, 32(3): 1
(iksEse, AR, X, 5 BORAN GRS G S HC T e BT 70t .
VR4, 2022, 32(3): 1)

Radhakrishnan M, Hassan M M, Long B E, et al. Microstructures and
properties of Ti/TiC composites fabricated by laser-directed energy
deposition. Addit Manuf, 2021, 46: 102198

Attar H, Lober L, Funk A, et al. Mechanical behavior of porous
commercially pure Ti and Ti-TiB composite materials manufactured
by selective laser melting. Mater Sci Eng A, 2015, 625: 350

Attar H, Prashanth K G, Zhang L C, et al. Effect of powder particle
shape on the properties of in situ Ti-TiB composite materials
produced by selective laser melting. J Mater Sci Technol, 2015,
31(10): 1001

Li HL, Jia DC, Yang Z H, et al. Effect of heat treatment on
microstructure evolution and mechanical properties of selective laser
melted Ti-6A1-4V and TiB/Ti-6Al-4V composite: a comparative
study. Mater Sci Eng A, 2021, 801: 140415

Cai C, Radoslaw C, Zhang J L, et al. In-situ preparation and formation
of TiB/Ti-6Al-4V nanocomposite via laser additive manufacturing:
microstructure evolution and tribological behavior. Powder Technol,
2019, 342: 73

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

Sato Y, Tsukamoto M, Masuno S, et al. Investigation of the
microstructure and surface morphology of a Ti6Al4V plate fabricated
by vacuum selective laser melting. Appl Phys A, 2016, 122: 439
Santos E C, Shiomi M, Osakada K, et al. Rapid manufacturing of
metal components by laser forming. Int J Mach Tools Manuf, 2006,
46(12): 1459

Yan L, Li W, Chen X Y, et al. Simulation of cooling rate effects on
Ti-48A1-2Cr-2Nb crack formation in direct laser deposition. JOM,
2017, 69(3): 586

Hong C, Gu D D, Dai D H, et al. Laser metal deposition of
TiC/Inconel 718 composites with tailored interfacial microstructures.
Opt Laser Technol, 2013, 54: 98

Wang L, Cheng J, Qiao Z H, et al. Tribological behaviors of in situ
TiB, ceramic reinforced TiAl-based composites under sea water
environment. Ceram Int, 2017, 43(5): 4314

Ding H Y, Zhou C P, Zhang Y, et al. Corrosion resistance of Ti/TiB,
multilayers in Hank's solution. Chin J Vacuum Sci Technol, 2014,
34(6): 611

(T2re, FAKE:, %K, 45, Ti/TiB, 2 )2 A Hank sAS UL A 1 - i
PERFSE. R HER AR, 2014, 34(6): 611)

Qin L Y, Men J H, Zhao S, et al. Effect of TiB content on
properties of TiB/Ti—-6Al1-4V
composites formed by selective laser melting. Chin J Lasers, 2021,
48(6): 0602102

R Z, T1 gk, B, 45 TiBys & 0F 3 X B 4 1k
TiB/Ti—6Al-4VE A BHA L L Jy A PERERI R . b [E 0, 2021,
48(6): 0602102)

Kasperovich G, Haubrich J, Gussone J, et al. Correlation between
porosity and processing parameters in TiAl6V4 produced by selective
laser melting. Mater Des, 2016, 105: 160

Li H L, Yang Z H, Cai D L, et al. Microstructure evolution and
mechanical properties of selective laser melted bulk-form titanium
matrix nanocomposites with minor B4C additions. Mater Des, 2020,
185: 108245

Fang M H, Han Y F, Shi Z S, et al. Embedding boron into Ti powder
for direct laser deposited titanium matrix composite: Microstructure

microstructure and mechanical

evolution and the role of nano-TiB network structure. Composites
Part B,2021,211: 108683

Xiao L H, Huang S Q, Wang Y, et al. Preparation and characterization
of the anti-high temperature oxidation borosilicate glass coating on
TC4 titanium alloy. J Mater Eng Perform, 2022, 31(1): 534

Ding C. Microstructures and Properties of Powder Metallurgy Ti600
Alloy [Dissertation]. Shenyang: Shenyang University of Technology,
2019

(T8, M ARG A Tie007 S A SR RE M FL 2 A 3], 1077 Bk
FAENE R, 2019)

Bermingham M J, Mcdonald S D, Dargusch M S. Effect of trace
lanthanum hexaboride and boron additions on microstructure, tensile
properties and anisotropy of Ti-6Al-4V produced by additive
manufacturing. Mater Sci Eng A, 2018, 719: 1

Feng Y Q, Feng K, Yao C W, et al. Microstructure and properties of
in-situ synthesized (Ti;Al + TiB)/Ti composites by laser cladding.
Mater Des, 2018, 157: 258

Feng Y Q, Feng K, Yao C W, et al. Effect of LaB, addition on the
microstructure and properties of (Ti;Al + TiB)/Ti composites by laser
cladding. Mater Des, 2019, 181: 107959

Nartu M S K K Y, Pole M, Mantri S A, et al. Process induced multi-
layered titanium-boron  carbide composites via  additive
manufacturing. 4dd Manuf, 2021, 46: 102156

Zhang Y Z, Wei Z M, Shi L K, et al. Characterization of laser powder
deposited Ti-TiC composites and functional gradient materials. J
Mater Process Technol, 2008, 206(1): 438


https://doi.org/10.14024/j.cnki.1004-244x.20211129.001
https://doi.org/10.11868/j.issn.1005-5053.2020.000061
https://doi.org/10.3969/j.issn.1001-4977.2021.08.006
https://doi.org/10.13228/j.boyuan.issn1006-9356.20210661
https://doi.org/10.3788/CJL202148.0602102

	1 高温钛合金的发展及其微观组织
	2 颗粒增强钛基复合材料的发展
	3 增材制造技术制备钛基复合材料研究进展
	4 总结与展望
	参考文献

