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Table 1 Chemical composition of TC11 titanium alloy bar

(w/%)
Al Mo Zr Si Fe Ti
6.65 3.15 1.52 0.302 0.194 Bal.
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Fig.1 Metallographic structure of original as-forged sample
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Table2 Heat treatment process

Sample No. Solution treatment Aging treatment
1 955 ‘Cx1.5h, WQ
2 1015 Cx1.5h, WQ -
3 955 'Cx1.5h, WQ 500 ‘Cx6h, AC
4 955 Tx1.5h, WQ 530 CTx6h, AC
5 955 Tx1.5h, WQ 560 Tx6h, AC
6 1015 CTx1.5h, WQ 500 ‘Cx6h, AC
7 1015 Cx1.5h, WQ 530 CTx6h, AC
8 1015 ‘Cx1.5h, WQ 560 CTx6h, AC
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Fig.2 Microstructures of the samples after different solution (a, b) and aging treatments (al-a3, b1-b3): (a) 955 C, (b) 1015 C;

(al, b1) 500 C, (a2, b2) 530 C, (a3, b3) 560 C
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Fig.3 XRD patterns of the samples after solution (a, b) and aging treatment (c, d)
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Fig.4 Schematic diagram of crystal structure of £ phase, o' phase and o” phase!'®: (a) crystallographic relationship of 8 and o' phases and

(b) crystallographic relationship of f and " phases
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Fig.5 Impact toughness of TC11 alloy after solution aging treatments at different solution temperatures: (a) 955 'C and (b) 1015 C
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Fig.6 Diagram of plastic zone at notch tip of the samples after different solution and aging treatment: (a) 955 ‘Cx1.5 h, WQ + 500 Cx6 h,
AC; (b) 955 Tx1.5h, WQ + 530 ‘Cx6 h, AC; (c) 1015 Tx1.5 h, WQ + 500 Cx6 h, AC
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Fig.7 Crack propagation paths of the samples after different solution (a, ¢) and aging (b, d) treatments: (a) 955 C, (c) 1015 C; (b) 955 ‘C+530 C,
and (d) 1015 ‘C+530 'C

P, Wiy EEAMdrE. W 7c Fros N4 s X [
B E RSy B E, WRHASUNR RS, A
FEAERL ORI B dbkL, RE40Y Fe B4 i) i A 72 BE UK,
B AR B ST e, B AR dh 4 R B K T
AH DX T35 0 T A2 B . an P 7d N4 i Rk B R Ay
Jeik AT, AT a HECEIG I, TR 2 RSP K,
SEHYE pMHIIF R E R R, BORMALES ZER 2
A B YIMT R, ROHEY RN 2 R AT 90°
B, ey 4 e i A s m it 9y
2.5 HEHETOMMF R

5ROy RBATAH B AP X 5 B X
[E] V5 Ak 3L 5 DA S I 240 FEE 2 5300 °C IR b iR AT I
RO TE SR 4 4, B 8 S e 1A 1) oo o T 1 AW T
S, IR WIAR X B, B O S K A
WP ELE A), IR I W R E,
AR A IR R . B8 0 H 2 L o, FHOATISLUZ I
ZoOUE, I RELEZ . KR EREE T A &8
RAZRL, yE. Wi, T VAR A T P A X
(1) o M RSTECR, ARG KRB T 285 A
AR,

G e e PIAR X[ 3 e i A B B 1 AOU
SR & KREWE AL, A —EBE R KRR
B B), —RERGUEE R b iR T 21 4 DR A W R
2L AP ORI K () I N A R AT S D
MUK RIFEAT RS, RIFER IR, B
WEFE AN, G425, A gy, IFT
HAREM N a i, BROGIEY RS FEHIE R o M,
KPR BILR , NS AL T i — IR
[, Wy RS B B s R AR, o i R A
Wi L RE R, o A M 9T ALY R BHLAS 1
Y e AR A, PR LT RO T S 2 I
1o IR AR A R i WX 72 3

= [F VAR 7 T AR X, 5 < B 1 OU T 3 DA
APRNE, JFHIPRHRE (L8 C) , KERNE
/I R BERGE (/N & ) AT A2 A TR SR L RSN
B O PR T BRI o 2 < 20 B DX A AL B S, 4
LUK B BRI T, op M SE AT R, X & 57 58 B
HAFEHK g SRR LR TR, £ R AN ER DA
AT RO PR KR AR e e . AT
ki, BEOYHLIFTE o, H, SECHK B 5



35

TR RS EE RN TCI A S 205 i PERE 5L I

* 1765 -

Pl 8 22 A [ I s b 2ok e A ) ke o DK 11 ARIO0E T 3
Fig.8 Morphologies of impact fracture of the samples after different solution (a, b) and aging (c, d) treatments: (a) 955 C, (b) 1015 C;
() 955 ‘C+530 C, and (d) 1015 'C+530 C

KA de R AR LA T, MM TR RE T, HEh
DAWITE AL, AL RIS R h 2 e il AR %,
TR B s £E W7 R AR = T2 RS B/ HLUR AL
IR KRR

2 B AE A X AR R B S, T RO
FESUANE i Ab B A Bk, LA ARESUN T, IF A
KEMNNE RN, EIRREMYE, X
LTS (0 30 2 U eI 5 b el DI T 22, 5 Sb
SRR A o 5P X VA I AL B B 1 T3 — 2
W L AT IR G, BRILZ AN, W D AE £
WS M2 CALE D), 352 R Dy 28 AR X[ 3 I 2%
WP )5, HAF o AR SR RST S Frigin, 22
SR i BEAT 3 I 2 38 B RST BUK I ag AR, 774
IR B LR E ]2, M SRR LRSIk S R
BES1, ROZHEGE WM, ¥RTFE of it
EFALREAT, XA AT

3 & it

1) TC11 2k & 44 955 CIEH A FE 5 , 2141 DL 25
RAK ORI o N E, S RHACHE S, 0 H I
B FEMTH oM. 41015 CREIEAEE, HLd q
WA, P KE oM ISR M.

2) i@t XRD el 1, £ 955 CHEIELHE)G,

ML a 15 a"HI R, 41015 CHEELHE)E, 4
U o't o R, PNV 41 R IA &4 L
WERE, LU H o MR B AR

3) 2 HIEVAIR B, iR E R 955 CHf b gk
R, BOKMEAN 22 Jem?, KR RLEE, 2 HE41
M EIEY A BT RRAR,  ELBE A B R R ) o 1
FREAIS, A BRI B A/

4) [EVIRE N 955 CRE, W TS LLSE R 5
F, BHPMRIRRE, S RUhE S, WO RS R
BEPEI, EHIRRL SEVERE N 1015 C
i, WIS CUE AR E, SRR B RN, BE
JIfE 1 KT SRR AIE , 8 P AR R S T R SR R A A
i, BREA ZIREGN, 8 H I R A .

S E Rk
[1] Peters M, Kumpfert J, Ward C H et al. Advanced Engineering
Materials[J], 2003, 5: 419

References

[2] Yang Wanbo, Huo Yuanming, He Tao et al. Rare Metal
Materials and Engineering[J], 2022, 51(2): 386

[3] Leyens C, Peters M. Titanium and Titanium Alloys[M].
Weinheim: Wiley-VCH, 2003: 292

[4] Zhang Ling, Liao Wenhe, Liu Tingting et al. Acta Metallurgica
Sinica, English Letters[J], 2021, 35(3): 439



* 1766

GEAE

52 %

[5] Huang Yu(3 %), Chen Jing(f ##), Zhang Fengying(ik X
L) et al. Rare Metal Materials and Engineering(#i 5 & J&#1
BLS T[T, 2009, 38(12): 2146
[6] Chen Junhong, Xu Weifang, Zhang Fangju et al. Rare Metal
Materials and Engineering[J], 2021, 50(6): 1883
[7] Lei L, Zhao Y Q, Zhao Q Y et al. Materials Science &
Engineering A[J], 2021, 801: 140 411
[8] Buirette C, Huez J, Gey N et al. Materials Science &
Engineering A[J], 2014, 618: 546
[9] Xu J, Zeng W, Zhao Y W et al. Materials Science &
Engineering A[J], 2016, 676: 434
[10] Zhu Hong(%k 1), Wen Xin(li %), Wan Mingpan(/j #]2%)
et al. Titanium Industry Progress(£k Tk 3t J&)[J], 2020,
37(3): 1

[10] Zhou Yigang(fil X NI), Zeng Weidong(& T2 %:), Li Xiaoqin
(ZWRIT) et al. Acta Metallurgica Sinica(%:J& % 4%)[J], 1999,
35(1): 45

[11] Zhang Shangzhou(ik Hi#ll), Wang Qingjiang(F H L), Li
Geping(Z= |8 °F) et al. Acta Metallurgica Sinica(%: & %
)[I1, 2002, 38(S1): S70
[12] Yang Yi(#5 X), Xu Feng({® %), Huang Aijin(3% % %) et al.
Acta Metallurgica Sinica(%: J& 2% 1%)[J], 2005, 41(7): 713
[13] Zhang Jin(5K ), Liu Zhenyang(X| 51 FH), Gou Haiming(%
#EW). Chinese Journal of Rare Metals(FiH & J8)[J], 2011,
35(1): 17

[14] Chung W C, Tsat L W, Chen C. Materials Transactions[J],
2009, 50(3): 544

[15] Esmaily M, Mortazavi S N, Todehfalah P et al. Materials &
Design[J], 2013, 47: 143

[16] Xin Shewei( 3 fLff), Zhao Yongqing(F&% 7K [K). Titanium
Industry Progress(¥k T3 Ji#)[J], 2013, 30(4): 1

[17] Xin Shewei(Z¢#:15). Titanium Industry Progress(%k Tkt
J#)[J1, 2021, 38(6): 37

[18] Xu Jianwei, Zeng Weidong, Zhou Dadi et al. Transactions of
Nonferrous Metals Society of China[J], 2021, 31(11): 3428

[19] Lu Kaikai(/#l#l), Zhou Lipeng(JH2M%), Li Minna(ZEH
W) et al. Transactions of Materials and Heat Treatment(#4 ¥}
AL FL R )[I], 2020, 41(1): 44

[20] Lei Lei, Zhao Qinyang, Zhao Yongqing et al. Materials
Characterization[J], 2021, 177: 111 164

[21] Jia Zhiqgiang(%%&E51), Zeng Weidong(¥ %), Wang Kai-
xuan(EJLiE). Rare Metal Materials and Engineering(#i
SE MRS TR)[I], 2017, 46(10): 2895

[22] He D, Zhu J C, Zaefferer S et al. Materials Science &
Engineering A[J], 2012, 549: 20

[23] Nam Koo Hyun, Park II H, Ko Seung Hwan. Nature[J], 2012,
485(7397): 221

[24] Ritchie Robert O. Nature Materials[J], 2011, 10(11): 817

[25] An Zhen(% 7E), Wang Chen(E ), Ding Xu(] JB) et al.
Rare Metal Materials and Engineering(%i 8 & BME5 T
FE)[I], 2019, 48(3): 853

[26] Yang Yi(# X), Huang Aijun(i% % %), Xu Feng(f& &) et
al. The Chinese Journal of Nonferrous Metals("F [Ef 0. & &
24R)[J], 2005, 25(5): 768

Effect of Solution and Aging Treatment on Microstructure and I mpact Properties of
TC11 Titanium Alloy

Zhang Mingyu, Yun Xinbing, Fu Hongwang

(Engineering Research Center of Continuous Extrusion, Ministry of Education, Dalian Jiaotong University, Dalian 116028, China)

Abstract: TCI11 titanium alloy was treated by solution and aging. The relationship between microstructure and impact property of the alloy
after different treatments was studied by optical microscope, XRD and impact property test. The results show that after solution treatment
at 955 °C, the microstructure of the alloy is composed of a, phase and a" phase, and the morphology of a, phase is mainly equiaxed and
strip-like. After solution treatment at 1015 °C, the microstructure is composed of o’ phase and a" phase, and the morphology of a' phase is
fine needle-like. After aging treatment of the alloys under two groups of solution conditions, S appears in the microstructure, and a, phase
is precipitated. The maximum impact toughness of the alloy is 22 J/em® after solution treatment at 955 °C. After aging treatment, the
impact toughness of the two groups of alloys decreases with the increase in aging temperature. When the solution temperature is 955 °C,
the fracture morphology shows ductile fracture characteristics. After aging treatment, secondary cracks appear in the fracture morphology.
When the solution temperature is 1015 °C, the fracture morphology shows brittle fracture characteristics. After aging treatment, the
fracture morphology exhibits holes in addition to secondary cracks.

Key words: TC11 titanium alloy; microstructure; impact properties; fracture morphology
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