H137% 4853 T‘ﬂImﬁﬂE Vol.37 No.3
202045 6 A ITANIUM June 2020

SRS REMBRESAMBE SIS
S 330 70 T H RIS it IR

Rk ED ) g, Bk, BN F 2, sgiE’

(L. Wz emAHLA RN, WL P 314200)
(2. bBlEsCiloReyY: @R SMRHE R E A, LifE 200240)
(3. b EBAHAIRAR, L 200240)

B E: Zu2 OSSR ARG . SR . TR0 5 00 BB AR AT 4 A0 R 45 B B AR TS EL A TR 4 15
s MNZmZ R R, edbin THA . TRMHET LR TIEM A AR EE AR sk, 18
T ST P B AR S S S AR R I, IR T ARG r I, B SR Z N2 RERIHMA R, 54
MBI EERR T, SRR EHNLEETERE; I — RN TR R 538, BEESREE MR T, i
Bl T R R R AT A AR E T R 28 SR AT A N

KR REEAME; JEAAAE; TRMA

HmES XS, TC146.23 SCERARIRAD: A TEHS . 1009-9964(2020)03-040-09

Progress on Composite Design and Development of Advanced Processing Technology of
Multi-phase and Multi-scale Reinforced Titanium Matrix Composites
Lai Xiaojun'", Li Shaopeng®, Han Yuanfei', Qiu Peikun®, Fang Minhan®, Lii Weijie'"
(1. Zhejiang Jiatai Metal Technology Co., Lid., Zhejiang 314200, China)
(2. Shanghai State Key Laboratory of Metal Matrix Composites, Shanghai Jiao Tong University, Shanghai 200240, China)
(3. Shanghai Taiyou Metal Technology Co., Ltd., Shanghai 200240, China)

Abstract; Multi-phase and multi-scale reinforced titanium matrix composites have a broad application prospects in the
aerospace, and other high-tech fields due to their excellent properties such as light weight, high strength and high
resistance in the elevated temperature. In the paper, the design idea, current status of advanced processing technology
and engineering applications for the multi-phase and multi-scale reinforced titanium matrix composites were reviewed.
The solved problems and remaining problems were pointed out, and the further research ideas were also proposed. On
one hand, further optimize the existed multi-phase and multi-scale design systems and dig out the internal structure
design of the titanium matrix composites in order to improve its comprehensive performance. On the other hand, the
thermal processing theory and advanced thermal processing technologies should be developed to improve the processing
performance in order to promote the application of lightweight high-strength titanium matrix composites in the military
and other major fields.
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Fig. 1 Micro morphologies of multi-phase and multi-scale reinforcements for in-situ composite ;
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Fig. 2 Microstructures of bionic structure strengthened titanium matrix composites: (a)layered; (b)network; (c)layered-network

2 SEFEEARKNA

15 58 e AL R AR I 2 KR B AR B G b A 1
P TrERE,  DRME DA AR S8 U BR SE R B A
PRI B R A 7, ISR BB R . 4
B HAR S WOE G E HAR ARR  SE E BUE
B, Ao BIAASTR] B A DBk I 5 B d R R RS
BAERTE R, Z 3] TR E )2 E
2.1 FERBEEHIEHT

L TEORS B 1T LU R AR A R A AR T B
SRS FRES T, HBRRLRA L, 2351k,
AR AR R R, O A T AR
U, A TR 2 B s A R R I A A R R RS
P 2% B EL N A S A #0m TH AR . R 1 5% vk
O 2% &l o IR 45 52 564K 45 T (TiB,, + La, 05)/
IMI834 & AP RH AR TRAE T 28 0™,
22 R R BRI B A A A 5 TR 8 B o TR
THISHE S it RIS E A M EHY
SRR T, BRI RO R A ) 4R 41 23 461 R G 24
T PERE 5B AREHLBR AT T B R A RIBFSE
2.1.1  ##eh o TG

AR TE P B 2 R i SR AR T AR
HZ, DRAE%APIRE T 5vol% TiC/Ti-1100 &4
MRHASTEAT R, R TiC ki Ll & o/B A
Fer AR e 25 R TR RE AR 1k, DT 530 A w1 AL
FA AR B2 TEALH . Zheng 25 N B8 T (TiB +
TiC)/Ti MPEGRPERE, KB SEKGEMIL, B4
MR R AR N o . R 2 TAERRE P e
& TiB Fl TiC (EKIL S AR I, (HIX SE B o (A 3
KRR, e RETTTH, B h 2 A0 jE 5

T HARCK TiB FIGK La, 05 1T o-Ti 4 42 B GO0
A, JEbERe iR e e, R ROE R SRR R
FEE AR B A LS AT R, AT IR ok i 204k .
WS TAE BB EG SR, SRR 46 412
AR R 45 47 Sk B 4 203 AR BIL B A A 9T 8 D
B. Poorganji 25 A7Vl 1k s B [V TR 1 ¥4 ) o
FIGENEHA ARRWG S5 H Ti-1. 5Fe 545, BT
PASE S R AL AN, R A & TE B M
X A5 T L2 A 22 0 D) B R s R F [ i g
PRI AR B A T ES o BXFP 2 AL 48 s o 2
B ERBEIN TH AR KSR T 5Tk, ZESLSERE I
XFEA AN [ 9] 46 45 4 1 2 RO (TiB, + La, 05)/
IMI834 & & A BH PR AT o0 55 4l 2 AR AL i 47
THIFE o BFTCRBL, AR e i 3 A% I g 4
IR BN UK, #E 920 CARTE Y, S5V K Hn
A RIAH L ¥ 4R 6 378 30 BE T KR IS, PRI i
T AL FRAR AR 1 R 2 RT3 R 101 4R 41 40 mT DAAE
AR AN T T PR A0 Tk BE .
2.1.2 MAehAe BT AL

AR, EPAMAGE IR T e ek ik 3 2
AR M OY B R 5T . FE B TR SRR
V. Sinha 25 A" BF58 T Ti-6A1-4V-0. 1B 14 £ (1 48 %
PEASIE , KB TiB 43 A 76 FERTA A, el T
PASTEHIMLE], 75 & TiB Bk & 4 F 48 98 1 A5 T
A PRI SR BN B kA A% SEEFEK
2 E. Alabort 25 A\ 8 it 4 4 B 4 B ot Rk
PG &, ZAESEA T IIRREEME, 78550
~600 CABFRIH R4 ¥ etk RE . 1 258 K
S F A X 0 TiB | TIC & 4 R Y Ti-
1100 24 M EHB IR 31T T R M5, 1



BTk # R
44 Titanium Industry Progress 37 &

800 °C, 0.001 s~ 'AFJE 451 T 3KA% T A0S A A 9B b,
FEMPZIRF] 659% . FHAE A FWFSE T AR RBI LG4
ZLTT15D R G AR I, e LAl 21 21
(5 AR RHR R IE AR AT 3K 802% , KL E &
MR KM I35 625% , MR EZ T LR ERZ
BRILSG AR B A AR I ()8, X (TiB + La, 0, )/
IMI834 YA SHPEASFE ML AT T 0F 58, WF9E &R BH,
FRIAPEARIE (4 B A 4546 R 900 G| 0.001 s~ FEi%
SR REMFRTT A 501% o AR EHE 900 C R A
IVEAS B AL R B SR s, s 5
ghiho Hb, Z RS SR AT DLFEAR I v BEAR 0 45
B8, EMHER RE SR, N RIEE
PRALIKBN Ty, TESCGE MR M . R SR
WA T EEMEM. Wik, LR 548
ESEWik, hEme RIESRILE &M EEIRE
SAPE UYL SRR SR AL T B A SR
2.2 REEHERTE

i 8 5 i R I il 4 52 2 W R A 1 1 — A1
AL MR T2

& @ W I Bl P S e 5 1 Y B e bR,

FPBRT AR R . BEEHLE] . kS, R
TEBCRE AR R ORL A 3R TR R S IR B R T A
N B AR R A S AL Gk S AR
BRIES . RESERDII RIS, BRI T
SIHUMIEPRIORERE , (5[5 72 p R SR AR B AT Hh 2
BRI 3h, FEIRESARUEMR RS, &
AERFERIM SR . i X — ), Vi Sl ok
A TSI AT A b R B S R AT TR AR
KB B, C TN IR SO T S5 R RE 0 [ 45
12, BEMC TR S e, (ER S IR SR,
HERR IR A B L A, ISR Y TiB
KA LIS SR HORA 1, SRR AZL, BRI
AR BN , SR AR e R R R RE ST .
FLVLA S22 A S0 I A s PR BE A 2 R, 455 41
BHORFEELT T 2GR R R s 75 f, JF il ad
SLIRGERE L, ARG T A SR E SRR,
Wl 3a fiis . B 3b. e 5N A BRI R EE (R
FEMRHMALN, nTREL, MRS
STEOERG SRR 1B IR ST 450 C i
SRIEEIRE 575 MPa, BHEARGGARE T 25% LI 1,

B3 WHEHEREL S AL SMA L RS20k Ean

Fig. 3 Precision casting titanium matrix composites: (a)demonstration components; (b)microstructure of as-cast composites

('¢) microstructure of as-cast matrix alloy
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