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Research status and prospect of high-strength B-titanium alloy
Wang Andong', Xiang Zhilei', Zhou Zongyi', Ma Xiaozhao®, Han Jingyu', Chen Ziyong'~

(1. College of Materials Science and Engineering, Faculty of Materials and Manufacturing, Beijing University of Techno-
logy, Beijing100124, China; 2. AVIC Manufacturing Technology Institute, Beijing100015, China)

Abstract: For titanium alloys, the type and content of alloying elements have a great impact on the
properties of the alloy. For B-titanium alloy, the main problem is how to select B-stable elements and
control the addition of B-stable elements. In this paper, the influence of different alloyed elements on f3-
titanium alloy is reviewed, and the development process and current situation of high-strength B-titani-
um alloy at home and abroad are summarized. The American Ti-1023, B21-S, Russian BT22, Ti-5553
and Chinese Ti-5523 are mainly introduced. In addition, from the perspective of controlling the size,
shape and type of the alloy phase by adding small size gap elements, the improvement of the strength of
B-titanium alloy is prospected, in order to further improve the strength of B-titanium alloy. Finally, the
difficulties encountered in the development of B-titanium alloy and the possible development direction
of B-titanium alloy are summarized.
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Fig. 1 Classification of B-stablilizers elements

[Mo]., = Mo+Nb/3.3+Ta/4+W/2+Cr/0.6+
Mn/0.6+V/1.4+Fe/0.5+Co0/0.9+Ni/0.8
(D

[Mo]., = Mo +0.67V +0.44W + 0.28Nb + 0.22Mn+
2.9Fe +1.6Cr+---—1.0(%Al)
2

R E SR E AL, Fa Y BG4
) Mo KT 10% B, 78 B AHIX K G 345 14
Uk H A B AR A 8.5%<[Mol.,<10.8% I}
M BEKA 4. 2 13.8% <[Mo].,<25% i s
JE BEREA, XKGBTE pAH K EIA IR R
HIZHEUEA - A TAR B A Y 25%<[Mo],, HFh
e B kA 4, XX AL IR KRR EIMAHL T
HA BH, EiR T WAL feoE, I H A #EK
m[l‘)fz()]O

B 2 50 T LR W B KA 4 r 8 2 i, Hrp
BT22 MBI f5f B ARG 4, HAA SR IE . L2
PIVE SR p21-S R LRI AR B B GS4, B
SRR RALRE S . kAR MEREY . 27 LTI,
RIS AR, BB G &7 7 il B kG 4. T
R BB S USFAE B kA4,
12 BEEEMME S

XTFERA SR, B E TR MNP & &
S A AW TERE . X T B KA 4, BE IR
Tt B RRE TR LSS B ARE TCR SN



- 48 - N

2023 45 44 45

TEERE P IAR #1Y BFaEToR, i LMEZHA
MrivfRZ W Aa B AH, HE XA 4 r= iR fe Rt . It
LA [ 5 B 350G A v 47 R R A 5 AR
+, NTTRTIEAAE BB R A A A T, (5 415 21k
—amfk, B, HINAG R B RETTE, fEE S
AkE B R R 2 5 BT R AR BT e e 2%, R BFik
Sl FERROE M, TEAR BAHTE SR S RN S 4y
i, W AIHT HaRALRE P FERSR B AR A &
GAALETERINE pFREITTEA Mo, V. Cr. Fe,
Nb. Ni %5,

BT22,
Ti-10-2-3
B21-S
¥
5 1 VTI19
= B BI20VCA
o \otf S~
3 2 [~
™~
C
|Ik | ] Cﬁ
10 15 20 25 30
B 5%

El2 JLMERpHRESHEYLE"

Fig. 2 Mo equivalents of several common p-titanium alloys
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Table 1 Some f-titanium alloys developed by China and foreign countries

2 [E)3EEA 7S gy W E R B i
Ti-16-2 Ti-16V-2.5A1 ESE| 8.4 [T N
BT22 Ti-5A1-5Mo-5V-1Cr-1Fe PSS 8.0 T oA
FREk A4 BT30 Ti-11V-4Zr-6Sn IR 7.4 Rl
SP-700 Ti-5A1-3V-2Mo-2Fe H 4 53 I IE
TC6 Ti-3A1-6V-5Mo-11Cr HTARIR 21.6 P TT
BTI15 Ti-3A1-7V-11Cr PSS 21.6 P TTE
Ti-1-8-5 Ti-1A1-8V-5Fe FEH 19 ENEILE
TB2 Ti-5Mo-5V-8Cr-3Al HhE 182 B
TMZF Ti-12Mo-6Zr-2Fe ESE| 18 HICAEALE
WEPER G 4 B-C Ti-3A1-8V-6Cr-4Mo-4Zr eS| 16 SERE
IMI-205 Ti-15Mo | 15 i il 4
Ti-8-8-2-3 Ti-8V-8Mo-2Fe-3Al FH 15 R
BT3 Ti-10Mo-8V-1Fe-3.5Al | 13.9 B
BT4 Ti-4Al-7Mo-10V-2Fe-1Zr rhE 13.7 S
Ti-15-3 Ti-15V-3Cr-3Sn-3Al FEH 12 Bt | B4R
Ti-35V-15Cr EgE| 47 BEAR A 4
BUEp AR Alloy @ Ti-40Mo e 40 TS
Ti40 Ti-25V-15Cr-0.2Si i 40 PR 42

2.1 SRR KA B KR
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ARAFAIRYE . %A 4 BN FAAE CHLR SRR
ey

20 tH42 70 4404, 3 [ Timet 23 &) AT & 23
AIF & —Fh EL A sk B W . iRkl
PERE AL ST BT E R BE 1 s il B ek
4 Ti-1023(Ti-10V-2Fe-3A1) ™", 1% 4 42 (1055 B AU
4.65 g/em’, B HIZE S5 7E 800 °C+5 °C, F i g
it 7E 83 ~ 110 GPa, LI H 5 A 4 W o
A LA E] 1 300 MPa.  H Fr#fE AMS4983 Y, MIL-
HDBK 5™ AT A [A] )R 5F Ti-1023 484 hi i e TE



50 - N

2023 A5G 44 5

Fil, 20 [ B A BRI R A TR <100 mm (9F- T
Bt o,(BLHIERE ) =1 103 MPa, a,,( it IRIRE ) >
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RS T LR S A EE 757, F14 A
F18 &5

20 42 80 44035 [ Timet 23 7 JF & H—Filk
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Table 2 Mechanical properties of p-21S alloy under dif-
ferent heat treatment conditions

iz E SRR B EA A4, B BT15 /4 (Ti-3Al-
TMo-11Cr), T BTIS & AU EHITR, T
VL BT15 &4 BTl # P BEAIC T B-120VCA & 415
F W] ekt BT BT1S, M2 B O Shirh k5
AN LR SR B kA4, T BT22, Ti-5553, BT32 %%,

BT22(Ti-5A1-5Mo-5V-1Cr-1Fe) & 20 1 22 70
AEAR AT IR BRG] ) —Fh LA i L RS 5
PRI B BR A 4. IR A SR Kb P
Jei, KGR K20 & o AHA B AH, H & & AR,
iR K5 A4 T LIS 214 =558 B (1 083 MPa) Al L 4f
ARSI EEDY . I HLAE 650 °C I A% 3 B B A5
P THRTFEE 3P T BT22 IR AL BRI 3 5
SEVERE)RY. T BT22 AT o, itk RiF
(R AR SRR A, T AE R AR 7= kML R 1
BB AR S T

F®3 BT22 FMALEERIHF ™
Table 3 Mechanical properties of BT22 after aging treat-

ment

IRF A B2
o,/MPa 0,,/MPa /% Y%

HE/ C i [ /h

650 0 1 009+13 1103£30 5.8 2644
650 1 1 120+15 1 194424 10.1 4445
650 2 1165+19 1243426 8.5 51+6
650 4 1219422 1278+29 7.1 56+6
650 8 1247+18 1 298+16 6.8 62+4

py i) PERE
W/ C W/ IR/ (Ks™)  g/MPa 6,,/MPa 0/% ¥I%

500 8 0.25 1400 1340 48 25
520 8 0.25 1489 1435 85 39
520 8 0.03 1560 1547 38 27
520 16 0.25 1533 1481 10.0 48
538 8 0.25 1388 1334 112 46
TZC T#ZC 0.25 1620 1570 9.8 38

T T.Z:C$8300 °C, 8 h+500 °C, 8 hil% .

R T (RUZREE) et A b AT = Bk
HSEMERZ—, 1F 20 22 i, ji R B B-
120VCA A& 4 1 3Lat - Mo 0B v, Ak il

1996 4 M % Wt 55 36 16 I & 2> w) G ) o AR
BT22 A4 1YL ML T — 0B 28 () e i
BEk A 4, HI Ti-5553 & 4 (Ti-5Al-5Mo-5V-3Cr-
0.5Fe)™, Ti-5553 5 BT22 ML hn T8 c K1 &
&, P THOTR & &, UEE T A8
P A et g, B Ti-5553 TE B 7 Rt
P AR 50 B AT LIS E] 1 532 MPaP ™.l F Ti-
5553 A& THE R R, HEA BRI b tae
R S 0 VR B M S A A, BT LA & U T Ti-
1023 F1 BT22 &4, H# HRHiliE AL 3 22 F
o SR AR O 3R 4 R T 4 95 LR
(AR BE & 1 ik B KA & AT Mo i 5
F12# 1R
22 EWNE B H®RAENEIRE

3o R 7EAR LA Mg B 2% i B Ak S 4T
RIEAT THRE, (A HI B L6 3. 20 e
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60 AR, Jbat A (4 8 B9 T LT & Ti-
5583 & 4> (Ti-5Mo-5V-8Cr-3AD™, iZ & 4 o A
T BRAEILE Mo, V., Cr K o FEILE Al HAH
TCER BINAME S S IA B Ar i 88, Ti-5583 &4
TEPERE )T T 526 [F 1) BV120-VCA MR % i) BT5

FAL, TEE NS TB2, & & 7EmS & TS i
HEAT [ A RO T R B BB 2 AR 2] 1 100 ~
1 200 MPa, It 4P if A 42 4f (9 4E i R 129%™, Ti-
5583 H T as S A il i
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Table 4 Mechanical properties of some high-strength p-titanium alloys from USA and Russia

BEE BES PUbH T o/MPa [Mo],,

BT22,, Ti-5A1-5Mo-1V-1Cr-1Fe-1.5Sn-2Zr Bk 1200 9.4

BCEZ Ti-5A1-4Mo-2Cr-1.2Fe-2Sn-4Zr VAL 1506 9.7
Ti-5A1-2Sn-4Mo-4Cr-2Zr Bk 1160

Ti-17 10.7
Ti-5A1-2Sn-4Mo-4Cr-2Zr VKR 1300

pll Ti-11.5Mo-6Zr-4.5Sn VAT EL 1413 11.5

Ti-1 023 Ti-10V-2Fe-3Al VAL 1275 11.1

Ti-55 531 Ti-5A1-5V-5Mo-3Cr-1Zr VAL 1370 13.1

Ti-2041 Ti-4A1-20V-1Sn VKR 1530 143

Ti-15-3 Ti-15V-3Al-3Cr-3Sn VK AR 1475 15.7

BT35 Ti-15V-3Cr-3A1-3Sn-1Zr-1Mo VAL 1275 16.7

bt 4 B ARG IrAE TB2 BYERH I R
LEMGE, B8 T —FMHEMNNET pRE 4
Ti5523(Ti-5Mo-5V-2Cr-3Al), % & 4 &S PERE S
Ti-1023, BT22 A &M 22 A K™, 76 = W1 g5
TB10. Ti5523 ' B Ao Ju 2 M & i 5l FUvk B A
I, X FHEEIA o+ BERG SRITLA, AL E
WAE B BER G ML, A& MU B &
SR | W SLB I R P, T I R B FOm TPERE
DI HUIN T PR, EAh, I TR KA T Sk
oy Toalk Bk A 4 AH L BLAIRAS 22, 5 N FH T a5 A 1
SRS, e KM IES . K shPLANTE
TR, JE—Fh Al EAR R S5 AR R

FBT 2L Lok, 3 B A AT A5 2 K &
J'&, Hp sk & & ot SRR WK T HEKE )

BCARL, BF AR Z2 Y B Aek A4, 40 TBS. TB20,
TB-1300 21 PHbAg {0 4 J& F 53 BT 16 125 5k 7o )
BKA 4 B K05 T UG T SR, B i
TC21 445 (Ti-6A1-2Zr-2Sn-2Mo-2Cr-1Nb-0.1Si) . £
5T & B TC21 B B 5R EE (1 100 MPa) K K4
FIYRTE, AT T CHLEBE SRR . A g
JEINT) A EMER T—RiriEnE B k54 BTi-6 554
(Ti-6Cr-5Mo-5V-4Al), %4 A7 BT fh) 3 B S DT
Bt , 285 $AAh 5 o 3 ] LR #1200 MPa™,
ARG LR E kA ATk & ek, (3 il F
KRS &K RS 3 EMET WA i, Bares
MR —E 22, 36 5 B4 T
I B i B KA A B Ay . S

*5 PEISEEPKEEHNFIERE

Table 5 Mechanical properties of some high-strength p-titanium alloys in China

Hais By PAbH T o/MPa AL
TB15 Ti-4A1-5Mo-5V-6Cr [+ 1350 et R 2 A

Ti-7 333 Ti-7Mo-3A1-3Cr-3Nb [# P+ 2K 1350 TR B2
M28 Ti-4A1-5V-5Mo-6Cr-1Nb [+ 1350 ol iR R 41
TB17 Ti-4.5A1-6.5Mo-2Cr-2.6Nb-2Zr-1Sn [F P+ 2K 1350 TR B2
TB19 Ti-3A1-5Mo-5V-4Cr-2Zr [+ 1200 o DR T ol
TB20 Ti-3.5A1-5Mo-4V-2Cr-2Zr-2Sn-1Fe [+ 1300 ol iR R 41
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3.1 X B ERE AR

ARRAESTIEFEEN—MITER, WkEG4
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08 3 AR s o A i T LAAS B A R ), OF L
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W B D4 DL Ti-32.5Nb-6.8Zr-2.7Sn( TNZS)
XS, EAE T AERELAME NS N (434K, 0.
0.3%. 0.6%) X} TNZS &4 1= 1B X AHOWZH 21 1y
S, G AE R R, 7ERRGE R P DT R AT
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