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Development and Property Research on a New
High—temperature Titanium Alloy

LIU Xibo'?, WANG Fei'?, SUN Hongzhe'%, XU Qun'?, GAO Fuyang', LI Weiting'?

(1. CSSC Luoyang Ship Material Research Institute, Luoyang 471023, China; 2. Luoyang Sunrui Titanium Precision Casting
Co., Ltd., Luoyang 471023, China)

Abstract: To meet the short-term high-temperature requirements for high-speed aircraft in the aerospace industry, a new
high-temperature Ti700SR cast titanium alloy was developed, and the mechanical properties under different temperatures
and technology properties were compared for two kinds of component alloys. The results indicate that the Ti700SR cast
alloy has good mechanical properties under room-temperature and high-temperature conditions and can be used in the
650~750 ‘C temperature range. The 2# alloy with the lower component has good matching room temperature strength and
plasticity as well as technology properties. The casting fluidity of 2# alloy is equivalent to 83% that of the TC4 alloy. Both
TIG restraint welding and repair welding of test plates result in excellent forming quality, with no significant cracking
tendency under rigid constraint conditions. The butt-welded joints demonstrate perfect double-sided formation with
complete penetration, achieving a welding coefficient exceeding 0.9. Additionally, the cylindrical castings prepared with 2#
alloy displays good crack resistance performance. Furthermore, different titanium alloys, namely, Ti700SR and TA15 alloys,
can be combined via electron beam welding.
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) Ti6S A 4 600~650 °C Ay i% A8 47 R 5 AL 5 0K
SIS P R B RS E MR B R TR RS A
KB EZNE, 5o %k s &5 M-S0
T ARG & A — 2 5,600 C R L DL il
JEE A FH 1) o L B s K A 4 A UL AH SE A, X T R R
BK A A 1 A RN AR T AR i Z TR A Y . ARGl i
ALt , I & T —Fl Ti-Al-Zr-Mo-Nb-Si & #7 % fiff
i i B4 & Ti700SR 2K G 4, H X &40 121
e HZUE S M T EMERE AT T X EL A ST .

1 EBMBRSIE

1% BH R EG K 5 Bk Ik 2> 7 AR 77 19 Ti700SR 5
&S (B 738, %) 4 : 6.0~7.5A1 3~5Zr 1.0~
2.5Nb .0.5~1.5Mo .0.1~0.3Si.,0.01~0.15C , <0.150,
FEUL LA BT G R T A& e Rl A 25 m
Ti700SR &4, 1# 1N Ti-7.2A1-4.3Zr-2.3Nb-1.3Mo-
0.28Si-0.1C-0.0570 ,2# %> N Ti-6.8Al-3.5Zr-1.4Nb-
0.9M0-0.21Si-0.04C-0.0680,, i Ff 2 WK E. %5 H #EHL
I 200 kg #5 5, b6 5 B F g L AR D
IR T2 ERRIAE P10 mmx70 mm, B AR
KA A P10 mmx130 mm, ] OLYMPUS 4 4H &
% A JEM-2100 32 5 i 1 2 S8 0 A e i Al ik A 7
RO LA ZIIER, i F§ INSTRONSS587 7 fifi i 56 HL itk
5 7 2 VR e AN Bk B R A, il KR R X
P vk B, OGS B LFA457 #E17 L2
Y HR O & AR AR (P8 250 mmx K
300 mm)#EAT BRI R k2 Bk 2% 1 AL SE b A0k
Top M e R e A 1 SR AL BB T B T3 R HH 4 B R T
KRR BT, RS I RS N R T VR S KT Bl
Jo EAT AR

2 IWERKITIR

2.1 #53& Ti700SR & & HRAF N ZE RS
BRE A AR Y BRI S R N SR
[Al]sm =Al+Sn/3+Zr/6 +100 €))
[Mo] s =Mo+Ta/4+Nb/3.3+W/2+ V/1.4+Cr/0.6
+Mn/0.6+ Fe/0.5+Co0/0.9+Ni/0.8  (2)
1# F1 2# W43 f9 Ti700SR & 4 45 24 48 43 5 Ay
8.5 Al 7.9, 81 M 5/ 51M 1.9 I 1.4, WA IREK S
SRS E—B/NT 9, RES I o, M, 0T DL
UEAR BB AR 1 o T S B A A 19 v I UL RE DT
e, B PR R A A S (2 AR, B2 X i AR A
) B e LR,
WA 14 R 28 IFE S T I R R S, = IR A
e il PERE M I R A SRR LR 1, 1# A
SRR R, R RR AR 28 A 4w
T fIk — 26 PR RE A BE AR, (B 2# & & == R
PR 4 2# A 47 650,700 1 750 °C, RS AKTF
320,250 i1 180 MPa 414 , KA BT TE 0.9 h LA
e A W A AR RN T 1 B SRS
BE AR MR T AT
Ti700SR-2# & 4 AL LUESILIE 1, &R
Ao B & RAEJZ IR o BOREE B dLRY, Hrh g7
B RAF R R , N R AR 2 Rk o 58 BER 58, #F
FEH5 A B S 8 B ) — SO (B 1a); JRLR B Al kL
RAFIREECA UK, ZilR TR R E F 210 a M2,
BN AR SR N AL B TR (BEJE 2~30 wm), Al —
RN )20 AR RO [F] (& 1b)
24 G 4 B i BE AL 2L N W] DL HE B B 55 1
RN SR S — Bk 10 wm AR, @ AL B
A — By BT A () 2a), 45 9 R I AT A

= 1 Ti7T00SR & & /15188
Tab.1 Mechanical properties of the Ti700SR alloy

Strength Stress rupture property Creep property
Alloy Temperature
R./MPa Ry>/MPa Al% Stress/MPa Time/h Stress/MPa A%
RT 990~1 042 904~948 6.5~13.0
600 C 555~610 447~495 13~18 400 12.7~19.6 400 0.4~0.7
1# 650 C 520~555 420~460 15~28 340 3.1~8.9 340 0.7~1.2
700 C 435~465 335~380 20.5~38.0 290 0.9~2.2 250 3.1~5.7
750 C 355~365 277~288 25~30
RT 902~932 807~823 11.5~14.5
550 C 563~585 454~461 14.0~16.5
600 C 524~563 415~460 13.5~18.0 400 4.0~4.7 400 0.7~1.2
i 650 C 502~528 405~429 12~18 320 2.7~3.6 340 1.5~1.8
700 C 424~458 313~355 15~27 250 0.9~1.5 250 3.7~5.9
750 C 330~370 259~288 13~29 180 0.9~1.4 180 4.1~14.2
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B 1 855k + A5 # JEAS Ti7T00SR-2# 5 & HZUE I . (a) MM 2L ;(b) EBSD JE i
Fig.1 Microstructures of the cast+HIP Ti700SR-2# alloy: (a) microstructure; (b) EBSD microstructure
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Tab.2 Physical properties of 2# alloy

Property Value
Phase transformation point 1010 C
Density 4.47 g/em®
Poisson's ratio 0.33
Elastic modulus 120 GPa
Room temperature specific heat capacity 0.53 J/(g-K)
700 °C specific heat capacity 0.68 J/(g-K)
750 °C specific heat capacity 0.71 J/(g-K)
25~750 °C linear thermal expansion coefficient 11.26x10° C"

8 3 R A 4 VA T Bl K B ok AR #5 3 1
A8, AR AN ] B JEE 6% 1 v 24 S0 5 T LA U b 43
BT 5 1 1k R I R 8 IR RN ol 1k 445 23 D &
3. FMZMT ZTCA & & s EK 2 407 mm,
Ti700SR 54 1# F1 2# Wi sl K351 233 #1340 mm,

€ 2 2# 44 TEM B8 H . (a) U414 5 (b) A7 51 BT A5
Fig.2 TEM images of the 2# alloy: (a) microstructure; (b) diffraction pattern

Pl 3 3 it ol s 2 TR R 0 K () 7 3 U 3l M s B TR 5 (b) L 5 M R 1 7 R T
Fig.3 Diagram of the casting fluidity and the casting test: (a) diagram of the casting fluidity; (b) casting fluidity and casting filling tests
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24 A 4 B 1 ST T B T A s 51 BEJR 4~8 mm , FL AR
400~500 mm Y [5 f& BUBG 14 | 1#AL 5 LB 2 (4 5%,
K EE <30 mm), H5 5l o R XS] (3 5K,
I EL A o R RE TR0 5 A 5 24 B3 A% 1 (R
UG R A 2 mm B /D R R L (2 4,
KB <15 mm), B o ELBE L 4% (41 b BB 5 i BE TR AN
Mt S mm AR X ELA BT, 2# B 5 A b
AE T4 3 BT S AR A R M B R ) 4

5 1% G 9N AR (tungsten inert gas welding, TIG) 1
H— AR I v B R AR
238 O VR A R B R R R TEER A AR
1380 T 1z RS R EROR e ok H AR R RN AR
ik, X B M 24 o AR RS S AN RE

B 4 2 R+ M S Ti700SR-2# A 4 i
AR TR B, 18 A U S AR R A L 6k
T AU 5 3 in 000, SR OUIT AR B T A RO
ib 25°LAvs A MR N 7, IR L B AIR S 150 A LA
T U AR R N T DR R AR AT 5 AR
TR 2 TR R, A DL B e A e 0 A 4 Bk
W IREE R AR OO, R R EAIL SRS RaEf
% S AN W, 2 18 B R R X R IR R &
PUBRBG 5 MR 48 TS 1 C B0 A UM R A R A
(BT 24, 78 NI AR 45 A T R 24 80 ) R B

XF Ti700SR A 4 il Ak i T4 Y 3 AR E2 1k
KT TR I A SR GE A0 1] 5 B | 3 AR 0L TT ol 28

RAT R XN SNBSS R R AR e 2 80 Jedt %
WG R ER A6, Rk EALERS,
JRAg W A . e, TIE O AH, AR
NB/T 47013 tr#E T FG A8 2R X SRR G4 5 18
TECY AT AT D AR IV Ry R A R R R BE LA
TR AR SR 2 45 A R A I
AL L Je S B

Ti700SR-2# & 4 il A %t 452 J5 , % 482 3k 47 AN [
TR B P AR RE DU I, 25 SR L6 3. AR Sk IR P
PERE L BEM G 90% , =5 il P B BEAE 1Y 85% LA
b R AR BN, S R T R eSS AR
55 T AR A G

3 Ti7T00SR& & #h B Sk Mk
Tab.3 Properties of repaired weld joints of Ti700SR alloys

Temperature R./MPa R>/MPa Fracture position
RT 852, 866 773,788 Base metal
600 C 446, 463 386, 402 Base metal
650 C 431,433 359, 369 Base metal

700 C 406,408,413 297,303,311 Base/Weld seam/Base
750 'C 340,354,357 241,247,249 Weld seam
Ti700SR £ 4 K #b K 5 1 4% Ko 152 i) X 20
247 ekl OB T BB (K 6), X1 3 v 1] fr) B
PR B BE FT BS 42 B0 Ja AN AN 2k 2 UORM AR AT 9
Wi 24 GGG RAT SRS I N AR T i A R
3~10 mmx650~800 mm(EL#2)x1 500 mm(+ )Y K
U g Uk % A, AR R, T S IR R B R R

4 2# 5 G RO MRS TE AR« (a) 400 3R+ M 5 (b) I TR 550 (28 5 4% 2 41 1) 3 k)
Fig.4 Morphology of the 2# alloy restraint welding and butt-welding joints: (a) restraint welding and butt-welding joints;
(b) cross-sectional microstructure (cutting causing black slits)

&5 24 G 4 AR A AR 4R TE 3 < (a) TIG #MEAM L ;5 (b) K7 4% W7 THE 55
Fig.5 Butt-welding joint morphology of the 2# alloy plate: (a) TIG welding; (b) cross-sectional morphology of the joint
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6 Ti700SR ik AR — UM #w S1 0
Fig.6 Cross-sectional morphology of the Ti700SR alloy plate
after secondary repair welding

T T DA 3 5 o A

4 mm JE [ Ti700SR i FEFl TA15 Bk AR HL 7
X ek 2B SN 7 B, T A T SR 0 A
By AN R 4 TR VS AR PR PG I XA A A Y
BT AT, AN AR A VR 2 S O R A R A AT
TCRERE B . BT PIORE B B AN TR) AR ST A7
FEZ 5, A7 Ti700SR hy #% 1 20 41 A i R R K
M2 TALS Mkt R 5L, SR R 4

P 7 Ti700SR 1 TA15 B4R Y HL T~ 3O #5248 71 40
Fig.7 Electron beam welding joint morphology of the Ti700SR
and TA1S5 alloys
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FEBETHFTIN , 1# 553 19 Ti700SR £ 445 24 & Fl4H
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T =5 P BE 2 T 5 R 5 900 MPa, 700 °C i
a1t 420 MPa 750 C i & i i 330 MPa,650~750 C
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