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Abstract: The trade-off relationship between strength and plasticity (toughness) of titanium alloys seriously limits
its further improvement and wide application. Heterogeneous titanium alloys can simultaneously improve the
strength and plasticity(toughness) of conventional titanium alloys, which provides an important research and de-
velopment direction to obtain titanium alloys with extraordinary strength and ductility. The microstructure, me-
chanical behavior characteristics and strengthening-toughening mechanism of heterogeneous titanium alloys were
reviewed. Based on the current research status and shortcomings, future development trends and research direc-
tions of heterogeneous titanium alloys were put forward.
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Fig.1 The trade-off relationship between strength

and plasticity of titanium alloys
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Fig.2 Schematic diagrams of microstructure of typical
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of typical multi-layer heterogeneous Ti alloys
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Fig.4 Schematic diagrams of microstructure of
bimodal heterogeneous Ti alloys
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Fig.5 Schematic diagrams of microstructure of harmonic heterogeneous Ti alloys

DRI I » 8 9B B S T 4 A R BOPR Oh  B A2 5 6 L

SZ-Fe b k. SHEN T Y 4555 5l 3 by AR Be 4f il 45 T

TiAL/Nb W B8 7 5 K & <. FF I T HE o 04

45 2R S R S B O3 S B e B A AR 1 R A

Tk . PRI e o R A < TR T LA R A 5kt J3E A 2

({0 R A0 O LA WG ) A P R 1 4% 1
140

k.
2 ARG &M T FAT A 4T

IR G BUBR A 4 i1 T AN TR A SOV 4 AR el LA
O3 AN TR 26 1Y 1 S B BR A 4 AEURAE IR A A M A AL Je
HRAE A% [7] I 45 2 BG4 B8 387 35 0 A2 b O R 1 2 2



o5 51 ) 5 U BR 4 4B ) B 5 ok

R

IR G- (g 9 1 D) 255 L s M S TSk A 4 AE A8 TB It
() 12447 R BB M O, U LS 7 o AR 8 AL B B R A7 2
FE T HBTRRE ML, B 6 AR T2 & 5 5 IR
Ti-23Nb-0.7Ta-2.0Zr-1.00 %k & 4= J # [7) J8% 43 1) 35 %)
KAy G ML TR f 7 - 7 7 T £ A 7 R A R i S
R T 5€ H S A ARk 1 i - M T AR T B L 90 %
¥ LR EE (CRO0) B H 58 43R JCIR i FE (CG, fi hr
RAFZ) 73 pm) (1 R F3-07 48 i b gh Ak, mT LA
o VLM E AR R R A IR S S B B M R R e
P [ I LA 3 ) e IR SR B R hL R . M2 R
ST S5 A R 2 B R R A R R AT A A
JEFJ&, HS80 i AF AR 153 1 % & 1Y T ik BE (1 041
MPa) ¥ PE A TE BB Ty CRK 35 21.9% , B 5] ff Kok
Zyh 16.1% ) . UE B T 5 25 00 5 -9 1k B W), . 9
PEASTE B B 7R 5 S 000 45 A aORE A 9 R AR T T IR i HE
e 4 N A GRS i O IR S A A e 3 2
UL 6b, H& R OR F VAR B AL R e T (X
1) SR FEHE N $5 2035 B KAE (KR 1) . SR i, A
ir 257 JORRE A 25 o B Al e B 0T LA 2 (L AR 3
Bl 22 (E AR F) 0.003) . 5 MUK Tl FE (CG) M L » 5 05
SR URE 1 55 Y B ELAT AR T A4 L A 1 R (R R AR S
ZE(HZ R 0.025), 25k CG AL 10 f5, BLAh, HS80
TR 7 T8 I A8 Y B P X3 T 28 30 s S 8 ) o A% i Ak
B e L o N1 7 W U E VA (110 G SO P D O = D A
AL BE ) 0 F R M BRI s R (D MBI E X R E
KEE, MCMBIF A R FEN, 5 A 450 o
3£ R g 0 ) S A i Y 7 A RS b S 3R 0 o ) g AR
W (B 6b A5 T IX 880 A s e i) 98 4 3 2h (&l 6b 11
X,

12001
4000f
1000f s
Ay
=
= 800 33 000F
g ,./MPa d,,,./% 6,/MPa 3,/% g
© oo | CRO0 1024 36 1091 75 1,00
HSS0 969 161 1041 219 i
HSIS 841 99 892 172
0orf msis s00 71 852 128 ool
CG___ 73177 776 151 HsTs

0 0.04 0.08 012 016 020 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16
€ €

(a) B A-p & (b) Fi % AR AL 3
B 6 AR A SRR R A B R A B AR A £
Fig.6 Stress-strain curves of typical heterogeneous

and homogeneous Ti alloys
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