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Progresses of R&D on Ti-Alloy Materials in Recent 5 Years
ZHAO Yongqing', GE Peng’, XIN Shewei'
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Abstract: Because of their excellent comprehensive properties, such as high specific strength, good corrosion resistance,
low temperature resistance, nonmagnetic property and good biocompatibility, Ti-alloys are widely used in aviation, space
flight, marine, chemical engineering fields, and so on. Ti-alloys have been paid more attention. In recent 5 years, national ti-
tanium industry’s technologies, techniques and products have been improved and many achievements have been attained. This
paper briefly introduces the main progresses of R&D on Ti-alloy materials in recent 5 years in China, for example, many desig-
nations of Ti-alloys have been used for national key engineering projects, and their melting technology, forging technology,
plate rolling technology, processing technology for big diameter seamless tubes, structural sections and deep processing
products have been improved greatly. Several new Ti-alloys have been designed and developed to meet the requirements and
many basic researches for applications are undergoing. Finally, the problems existed and developing directions are proposed.
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El 1 TC21 & 4Bt
Fig. 1  Die forgings of TC21 alloy

P2 CT20 454 R AL
Fig. 2 CT20 tubes and their applications

B3 Ti3s G4
Fig. 3 A dissolver made by Ti35 alloy

(2) kA & M HR ARG BT, TAkibsk & &%
BERATI AT . — BB AR BIE . TGO R
HBRTAT A F (LUFfRIAR e A E AR ") . skl A
FRITAEA A (LAF AR Pa b skl A/ ™) | PEEE S A A
SESCEL T SP700, Ti-1023 55 fmTek A 4 3~5 t %
VI s BE ) Tk fe il &, %48 7 TC4A (Bl 4 MK 1),
Ti80, TALS %53 HIEk A4 10 t S K MRS = 34 FR 854 1Y
WA EAR . HL T A IR 5 1) 22 4 T Bk A 4 8 114 K
Gy A B AT (ES) |

Bl 4 PORRERILA R4 HY TCA &4 12. 8 « % 8E (VAR Sk, B4R
3 1020 mm)
Fig. 4 12.8 t ingot of TC4 alloy (by VAR melting, with diameter of
1020 mm) made by Western Titanium Technology Co. , Ltd.

Rl 128t TCA HE LR THEARS
Table 1 Chemical compositions at upper, middle and lower posi-
tions of 12. 8 t TC4 ingot( w/%)

Positions Al Fe v (0]

Upper 6.23 0.174 4.15 0.11

Ceme;nze:;j;e”pp 619 0.170 4.13 0.1

Middle 6.20 0.170 4.12 0.11

Ce“terai‘zvizxrmiddle 6.22 0.178 4.14 0.11

Lower 6.23 0.176 4.15 0.10

Range 0.04 0.008 0.03 0.01

Target value 6.2 0.18 4.2 0.11
Scope 6.0~6.4 0.15~0.20 4.0~4.3 0.09~0.12
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Fig. 5 TA19 ingot by electron beam cold hearth melting and its chemical compositions made by Qinghai Juneng Titanium Co. , Ltd.

B HAEEMNBEHREALAKFE ETHEH, BRNE BEhllEsAR, SdR, BOKF, AR 5HA R
RO AT BT TC4(E 6), TC21 (K 7). TC18, BT BERTA,
TC4-DT, TA15 %55 HEKA 4 bl BT KRS £BE 0 B s 1 Y

Plate size: 390 mmx1970 mmx3100 mm  Result of ultrasonic testing: @1.2

B6 PaEsBkll ARG &I 10 Y TC4 &bk
Fig. 6 10 t plate of TC4 alloy made by Western Titanium Technology Co. , Ltd.

7 P A A A I AR 350 mm () TC21 A4 b B 424 650 mm 1) TC4 ELT Beft
Fig. 7 TC21 bars with diameter of 350 mm and TC4 ELI bars with diameter of 650 mm made by Western Superconducting Technology Co. , Ltd.

(4) kA Rl & RSB T ., A0 TC4, A= RCR (T 2 ) KREEEHET, 6 B e i ek
TC4 ELL, Ti70, TAS ZkESRMEEREA TEET SERHEIFHEREE TEMES, WMETERRNS
FERAR IR H . PUEBERL A FIJF R B T &S 2%, R HBRIAR G SRR & T2, 64 h
i TC4 k& &ML= M T2 (F 8), fiy=Miimfie FENR KA K REN TC4 5kE& & EM (B 9), MK
PECEMERT 95%) . UM A (A KFB 1.5 48%) . HEAs TRl | AR 55 25 45 X0 R MAR SR & 4 4 1 19 5 oK
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PSP, WAL E B BT b, IR A F L E
XAk 2 B 45 40 R TC4 F TALS 254k 4 4 3R
WA ARATHE 0 (1B 10 FiEk 2)

PR 23 W & 2 F RIS AR e 5 32 Ti-5322 £k
Bamp AR E 1), BRTREMEN T L8
AR, T RIS (25 AR A, o sipkpe %
PETF TCA BkA 4, IRBIEFRIEHEAKF, Ak Bl 42 £X 5
HIBEM 22— FFR HEEH ] TC4 £k A S b il 1.2,

DUATERBIL TRIRE S A2 FER & S P Rt F PR, i S AL A AL PR 69 TCA TR
JETHRLS IR SR . JFRE R R T R KRBk K , Fig. 8 Middle thickness plate of TC4 alloy with good properties and mi-
FaAl L TC4 & &7t 2 5L, crostructures made by Western Titanium Technology Co. , Lid.

P9 PEFREkL A A5 Y 42 mmx3660 mmx 115 000 mm PEREA LA 1Y TCA £ 4 JFEAR
Fig. 9 Plates of 42 mmx3660 mmx115 000 mm with good microstructure and mechanical properties produced by Western Titanium Technology Co. , Lid.

H Tensile sample

Conventional TA15 sheet
after tensile test

- 885C,1x107%s" -
885C,1x107%"

Fine-grained TA15 sheet

u fter tensile test
after tensile tes =

885°C,1x107%s"

- 885C,1x107%" {

K10 PGA €0 4 I WF 5 B AP 3 Bl 2 7 il 46 A9 0.5~ 4. 0 mmx = 1200 mmx = 2400 mm 4 55 B8 40 & (X SPUE <5 pm) #8587
TAL5, TCA G4 tRbt ML (a), TALS 20k I8 PR AR 28 M R AR50 5 1R B 7 (b)
Fig. 10 Wide sheets and microstructure of TA15 and TC4 alloys with the size of 0. 5~4. 0 mmx=1200 mmx=2400 mm and fine grain size( <5 pum) made by

Northwest Institute for Nonferrous Metal Research and Western Titanium Technology Co. , Ltd. (a), TA15 super-plasticity tensile samples (b)
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F2 XRE 10 B TC4 F1 TA1S BB R HERAI R EEE
Table 2 Tensile properties of TC4 and TA15 super-plasticity sheets in fig. 10

Tensile properties at room temperature

Tensile properties

at 500 C
Desienati
esignation R, /MPa R,/ MPa A% R./MPa
T L T L A T L L
1014 1043 958 997 39 18 14 708
1020 1047 957 1003 46 17 13.5 725
TAILS
983 1027 969 1010 41 16.5 13 710
995 1036 915 950 35 17.5 14 695
Performance index =980 =910 <50 =12 =690
1005 1032 899 945 46 16.5 15.5 740
993 1024 975 1012 37 15.5 15 735
TC4
1014 1088 902 945 43 17 16.5 785
954 972 901 931 30 16.5 15.5 705
Performance index =950 =890 <50 =12 =480

A 11
Fig. 11

PO 2 W) ] 48 B9 A0 AR 5 50 B A e AR b
Low-cost high strength Ti-alloy plates produced by

Western Titanium Technology Co. , Ltd.

(5) K F gk Kk & 4 T 8 b B4 4 i 45 R 15
DIFETE, & AR IR DA O 45 b S 4%, 4 TA2
BI4ME KT 200 mm, KB 3 m UL LA TICEESE, Ti-75.
Ti80 I TC4 fIAMEART 260 mm. 5 3 m DL LI TC4E45
(K 12),

(6) BhA 4 BURE B Jn T b ok £+ AR A5 3 B 4%
Tho FERGERAY 2 5 B 1) JELRE K G 4 BB 1 % T i £
BARZ AR, FEI0A 45 8 07T b 55 2007 4 25 10 Bk iR
JE . KT B, RGBS . 2 28t
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TR A SR RS AR, =2 RS

12

FUER A AP (2 SR WFFE BeiF il 1 ek & 4k 1
TRTCEER (a) I Ti-75 KO TCAE L4 (HME= 630 mm) (b)

Large diameter seamless Ti-alloy tubes (a) and a large

Fig. 12
diameter seamless Ti-75 elbow with diameter =630 mm (b) ,
produced by Western Titanium Technology Co., Ltd. and

Northwest Institute for Nonferrous Metal Research
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K13 PHdbf A Jm T Bl 45 Bk & & 25 B (a) . IRRE (D) |
BRIEAEA AT () . VR (d)
Fig. 13 Some Ti-alloy shaped charge liners (a), diaphragms (b),

spherical tank liners (¢) and high pressure small gas cylinders

(d), produced by Northwest Institute for Nonferrous Metal Re-
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