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Fig.2 Morphologies (a, b) and elements distribution (c, d) of the joint of TC11/Ti-22A1-25Nb double alloy

after heat exposure at 600 C for different time: (a, ¢) 0 h and (b, d) 500 h
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Fig.3 Microstructures at welding seam center of TC11/Ti-

22Al1-25Nb joint after thermal exposure

AFAEAAL (B3 B #RRdG —Jr it I
LU R I A D Al N TR A o A, AR TE SR
HAL, T AT ZE AL S 38 1 X RO ORI B2 AR, 244
W R AT R A o R, B0 AR R
Wi T . AR B SR I, BRI
o FH 23 38 B S 1) ZERR T BN )4, INITTAE an AH
A1 B BRI FEIH AL 7 AR AR AL, Foe 243 R AT 1 7 22
KA

Kl 4 AN SRR JG TC11/Ti-22A1-25Nb
B G B RE SR BT 07 2 W R O TE S . ER
T AR AE AT 41, 550 °C, 300 Al 500 h Hy gk Rk AT
JE T ZEVEWT S (LI 4a~4d FT7R), 600 °C, 300 Al 500
h FAE B RE R I VAR B KT R (WL 4e~4h TR . b
WG EERAM T, MBI TR RE (K 4
T SRR, IR R IR EE Sk TR B AR
1R P VAR 7.W 5 S e e 7 el ) A S OIS N T PR 7N
ANGERREFR, I R 3 S ] e A T 48 )R FE U 1)
— A, M7 1) AL o AR SR, BRI IR
TVIR A B 45, AT R RS0 U5 Sk o XT L K] 4a~4d
AT LUK I, B A A B I I (9 I, RO X R K
e}k, BIPIEA TN, & 4e~4h b, M
TESURFAE AL 45 IR /N R, 7R G0 X ] DU 21 2
PIFTAARAE L, TEARFAE B 2o H SO BT 1 T S i
A%, 550 ‘CHEEFR 300 h Jo, BHOW T R onT LK
P8 2 AT BRI NS (Bl 4a, 4b i), X5
AR K 550 CHVEFER 500 h 5, {E4F4EX
L 0 R A R AE (] 4e, 4d FTR), IXHEN
hy Bt A AR R I )R R, AR AE X AT HE TR 2 AR
E O A, AEIEITEA TSR3 & . Tl &l 4e~4h
Pz, 600 CHVERFEE S, W& WK &EMFEE AL 7
I Tk B S R SO R R B S B, I AEE IR
o (H de, 4f iR X0 T AR R E 1 &,
oo VRS AT IO, o AHBHAL RS R /D, SR,
HEEM LB —Fh 78, 33U N g 46 rpm = A fif 2
W7

Fz 1 TCIUTi-22A1-25Nb NE S B RAHEAREEARERN =R T4

Table 1 Room temperature mechanical properties of TC11/Ti-22A1-25Nb dual-alloy disc under
various thermal exposure conditions

Ry/MPa

Sample number Thermal exposure condition Fracture position
None 999 956 7.0 18 FZ
550 "C/300 h 1006 958 4.5 5 FZ

0
1
2 550 ‘C/500 h 1010 942 8.5 6 Fz
3
4

Rpovz/MPa Al% ZI%

600 C/300 h 663 - - - FzZ
600 C/500 h 1051 1018 - - FZ
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Fig.4 Room-temperature tensile fracture surface morphologies of TC11/Ti-22A1-25Nb dual-alloy disc under various thermal

exposure conditions: (a, b) 550 ‘C/300 h, (c, d) 550 ‘C/500 h, (e, f) 600 ‘C/300 h, and (g, h) 600 ‘C/500 h
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Fig.5 TCI11/Ti-22A1-25Nb weld zone microstructures after ther-
mal exposure at different temperatures for 300 h: (a) 550

C and (b) 600 'C
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Fig.6. TEM images of fusion zone after thermal exposure:
(a) trigeminal grain boundaries and (b) dislocations
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Fig.7 Stress-rupture fractured location of TC11/Ti-22A1-25Nb
dual-alloy disc under various thermal exposure conditions:
(a) 550 "C/300 h, (b) 550 C/500 h, (c) 600 ‘C/300 h, and
(d) 600 C/500 h
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Table 2 Stress-rupture properties of TC11/Ti-22A1-25Nb dual-alloy disc under various thermal exposure conditions

Stress rupture/h

Sample number Thermal exposure condition

Fracture position

Test value Average value
1 550 ‘C/300 h 36/127 81.5 FZ
2 550 ‘C/500 h 40/125 82.5 FZ
3 600 ‘C/300 h 2/16.7 9.35 FZ
4 600 ‘C/500 h 19.7/129 74.35 FZ
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Fig.8 Stress-rupture specimens’ fractured morphologies of TC11/Ti-22A1-25Nb dual-alloy disc under various thermal exposure

conditions: (a, b) 550 ‘C/300 h and (c, d) 600 ‘C/300 h

DA PR TP 9 o 3 1 o BOM T 1 TR 3 v R L A Sk £
PIs, BIe AR, I N ) E S T 1 3R T ) A
B8y, BRI 3 AN A KRB, T
Hewr 207 O B2 P e A — W B S L. 18] 8¢
BT 7 2 WT TS AT 4, 600 °C/300 h #h% Z5 X FE R I
h P At PRIRT R, aG I BRI RE R T AL A /> =B D) R A
Wi RSP R R — AN e, WA
WETRACRE, XU R R R AR . W
LS 8d v m] LA IR S i DX I T AR IR 17
1 IR B, RS AT LLE 2 8 2 R A A
R R A B b SORT DUWLER 21 RSB0 R i BT, 31X
ST A ) PR TR Je A7 B PR JE R, AR AR ST AR Y ) 4R
SRESEL N AT

i BTk, FR AR A i AL A R 2
Hor, WAL TE A BT A e, ik
HT RN 0 5 B A E b, fitkE
JRR R O 2 i AT S AR, BT
TR B 2 BH, A B ARRN A ST A e A N ) A
WKL, o BB . Rl A AR 2R i 13 =
B K, IRFEA S SRR o/, FHE EIG 2,
b PN A B AT AN EIR =k O M, A1 AEFE A fr i
Firp, LS T B A i 0 R AR A2 52 B BHAS A
MAE of/an AHAH FE AL 7= AR AL, 38 OG0 ™= A, T
AR SR PR Ay e e IR 99, AR AR
I

3 & it

1) Bl A FA5E Fa )R] R RE K, 0 38 F AR B e X 3
(053 A S N3443, G Ti 7638 gy ith 26 3 B 5 0~
2%, WEhtH /N, {H Ti-22A1-25Nb 0K 0 H 45 e 2
1O JGE, ULWIIZM & 42 k.

2) I FR R RE AR A A I, Y W R I A
B, B AR IR R T S R R R G, SR R
SREE AR, YRR

3) & 550 C#EEEfa =R AR R E T
FEPEWTZE, Bl AR BRI IR I, O X W R K,
Y b, BIYIEA TGN 600 CHEER )G IR
PR 0 T 2 8 T G A IR R, T LK R A B
RG22 ) o B Ry OB O R B S Y,
IAFAE ZIRRGL. YU TR .

4) B A AR R U R A T v B T FR) S K, A
o AH f AT AR, 7 S8 BT Jor 6 A 2 FHIEE 1
N JJEE T, XA G g G S AL R A FF A T R R

S 30k

[1] Furrer D, Groppi G, Bunge G. Advanced Materials & Processes
[J], 2005, 163(6): 43

[2] Mourer D P, Raymond E, Ganesh S et al. Superalloy 1996[C].
Warrendale: TMS, 1996: 637

References

[3] Qin C, Yao Z K, Ning Y et al. Transactions of Nonferrous



o5 8

HHE b 2. B EXF TC11/Ti-22A1-25Nb WA 44 11 22 1k RE R s i)

* 2517 -

Metals Society of Chinall], 2015, 25(7): 2195
[4] Liu Yingying(X|%£2%%), Yao Zekun(Bk¥ 10, Qin Chun(Z %)
et al. Rare Metal Materials and Engineering(%iH 4 J& # k5
T[], 2012, 41(10): 1828
[5] Liu Yingying(X% %), Lin Xin(#k #%), Yang Haiou(# i i)
et al. Rare Metal Materials and Engineering(%iH 4 JE M k1 5
TFE)[J], 2014, 43(9): 2197
[6] Yao Zekun(@k¥EH), Zhang Meilin(3K #§¥k), Liang Xinmin(3
B ) et al. Transactions of the China Welding Institution(f5
B[], 2004, 25(2): 125
[7] Yao Z K, Guo H Z, Cui Z S et al. 10th World Conference on
Titanium[C]. Warrendale: TMS, 2004: 715
[8] Yao Zekun(@k¥H), Liang Xinmin((ZH &), Guo Hongzhen
(38184 et al. Rare Metal Materials and Engineering(%i i 4=
JEMELS THH[I], 2005, 34(6): 907
[9] Yao Z K, Liang X M, Guo H Z et al. The fifth Rim International
Conference on Advanced Materials and Processing[C].
Warrendale: TMS, 2004: 445
[10] Zhang H T, He P, Feng J C et al. Materials Science and
Engineering A[J], 2006, 425(1-2): 255
[11] Qin Chun(% %), Yao Zekun(#k¥: ), Guo Hongzhen(F 1
) et al. Rare Metal Materials and Engineering (Wifi & J&
BRLS THH[I], 2012, 41(5): 811

[12] Ning Y Q, Yao Z K, Guo H Z et al. Journal of Alloys and
Compounds[J], 2013, 557: 27

[13] Wang Xiaoyan( %), Liu Jianrong(X#2¢), Lei Jiafeng
T KUE) et al. Acta Metallurgica Sinica(4: )& *#R)[1], 2007,
43(11): 1129

[14] Terlinde G T, Duerig T W, Williams J C. Metallurgical
Transactions[J], 1983, 14(10): 2101

[15] Cao Jingxia(# 5 i), Xu Jianwei(F & £5). Titanium Industry
Progress(ik TLE Ji)[J], 2008, 25(5): 15

[16] Zhou Yigang(J& LK), Zeng Weidong(¥¥ %), Li Xiaoqin
(Z=WR 7)) et al. Acta Metallurgica Sinica(%:J& 2% 4)[J], 1999,
35(1): 45

[17] Su Zuwu(#AH 1K), Yao Zekun(@h& ), Guo Hongzhen(FE
) et al. Acta Metallurgica Sinica(%: &2 3)[J], 1996, 32(4):
377

[18] Wang Jinyou(E4: A ), Ge Zhiming(%&E W), Zou Yanbang
(FEZIK). Aerospace Titanium(Hi = 4Lk 5 4)[M]. Shanghai:
Shanghai Science and Technology Press, 1985: 210

[19] Zheng Shenqing(H Hii5). Physics Examination and Testing
COyERIR)[I], 2010, 28(4): 21

[20] Cui Yuexian( 4 £y %), Wang Changli( F & ). Metal
Fracture Analysis( 4 J& Wi B 4 #7 )[M]. Harbin: Harbin
Institute of Technology Press, 1998: 215

Effect of Thermal Exposure on Mechanical Properties
in Welding Seam of TC11/Ti-22A1-25Nb Dual Alloy

Shen Jingyuan,Y ao Zekun, Ning Yongquan, Zou Shuliang
(Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Thermal exposure of electron beam welded + near isothermally forged TC11/Ti-22A1-25Nb dual alloy simulation disc was
conducted at 550 °C and 600 °C for 300 h and 500 h. Then the microstructures and fracture morphologies at the fracture position of the
samples were investigated through tensile and stress-rupture experiments and observed by SEM and TEM. The results indicate that during
the tension process at room temperature, the thermally exposed sample always fractures in the weld. After 550 °C thermal exposure, the
fracture of tensile samples is ductile while the tensile samples are of brittle cleavage fracture when experiencing 600 °C thermal exposure,
and cracks always originate in surface of the sample. As the thermal exposure temperature rises and the time extends, there is an overall
improvement in room temperature tensile strength, the ductility decreases, the lasting time shortens, and the elements of the welding
connection area are distributed more uniformly, and the composition curve becomes smoother. However, much O element has been found
in the Ti-22A1-25Nb zone, indicating this alloy can be oxidized easily.

Key words: thermal exposure; TC11/Ti-22A1-25Nb dual alloy; mechanical properties; microstructure
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