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Table 1 Heat treatment process of Ti-45651 alloy

Label Solution treatment process

Aging treatment process

ST1 820 C/0.25 h/WQ -

ST2 820 C/0.5 h/WQ -

ST3 820 C/1 YWQ -

SATI 500 C/1 h/AC

SAT2 820 /0.5 h/WQ 500 eC/2 h/AC

SAT3 500 C/8 h/AC

SAT4 500 C/16 h/AC
DATI1 300 ‘C/4 h+ 500 'C/8 h/AC
DAT2 820 C/0.5 h/WQ 300 ‘C/8 h+ 500 ‘C/8 h/AC
DAT3 300 ‘C/10 h+ 500 C/8 h/AC
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Fig.1 Schematic diagram of tensile sample

- a phase
- f phase

Intensity/a.u.

30 40 50 60 70 80 90
20/(°)

B2 sl G e MV AL B G i) XRD &3

Fig.2 XRD patterns of original alloy and solution treated alloys
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Fig.3 XRD patterns of single aging treated alloys
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Fig.5 Secondary electrons images of alloys single aging treated at 500 ‘C for 1 h (a), 2 h (b), 8 h (c), and 16 h (d)
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Fig.8 XRD patterns of duplex aging treated alloys
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Fig.10 Secondary electrons images of duplex aging treated alloys with low temperature aging time of 4 h (a), 8 h (b), and 10 h (c¢)

(O8] B W N 2
(=] (=] (=] (=] (=]
|

Thickness of a Lath/nm

[\
(=]

4 5 6 7 8 9 10
Low Temperature Aging Time/h

K11 AGIERIN AL 4, 8, 10 h IXUN AL BL5 421K a ARS8
Fig.11 a lath thickness of duplex aging treated alloys with low

temperature aging time of 4, 8, and 10 h

4600: -

o~

N

(=]

(=}
I

+4200-

4000

Hardness, HV/MPa
|

3800

0 4 8 12 16
Total Aging Time/h

B 12 B 0 A B R 2 Ak B 4 ) i
Fig.12 Hardness of single aging treated and duplex aging treated

alloys

I35 4 o DAT2 & & IR L SAT3 & 41 8%, LbJA
UG < 16% o AHEL T SCHER[1 7] AEAN RIS R N2 16
h i) TB15 &4, DAT3 & &R LUAE| S 440 C
B RO HE A G AR R K SF, IR 500 CHRTRLE 4

12%. ARIEYIA > B LA K o W 4% 5 5 o AR 25k e 2 i) A%
A4 I RT, RUHS 28504 i 78 PR it DR P IS 28R AL,
R o AHARRR 23 B0 386 it R T 6 x5 94,
BEJS a Ak SR FEI BER R S 30T A bl 2 1 T R

Bl 13 Db e & 4 PRI A0 I K SAT3 & 4 LU
KU RO IS 34 () DAT2 45 4 10 F- 240 it AR it 3, idr
S MR . SIS S5 R, IR B W] DL R A
SRS AR, FLOU 204k B 5 4 B AT e v 19 5
FUAEAR 2 . DAT2 & 45 1035 i 5 5 R0~ 3 BT b i
B4 I A) 3k 1420 F1 1462 MPa, b a8 FE 520 5l & 9%
6%, ik SAT3 &é:m. Bbokh, DAT2 &4
FE A 2 A4 5 2 3.4%

Bl 14 Sk S ORI AR B 4 o ARAARFR S $L
RIS JERERT LG I 14 1T WL, XN Z80E 4210 o A
RSB =T SAT3 A4, RIS 10 h (1) DAT3 &
G o A B BT SAT4 4. [ 14b W], WUR %
MEFEE 410 o BRAC R E XN T SAT A4 o LI ah R W,
FHEC T B R, AU R FE AT A o AHIOATH LK «

. T—— 4
1400 %//’/’::/
1200 112
o]
& 1000f —* Rm 110
2 —— R0
2 800F —a—y 18
o0 <
5 600f 16
? 400( I S
&
2008 — 12
0 - |' Il 1 0
Original SAT3 DAT2
Label

P13 TS0 5 BRI I 2805 <6 1)~ 380 JiE IR i B b o 5 %
%
Fig.13  Average yield strength, ultimate tensile strength and

elongation of original and peak-aged alloys



* 1400 - My S m A RS TR %49 %
80 . — . —
Q\C ==========vv = = -‘5-;0!
E S ————
560 = = = = == = = = =b°F
[T
=] = _ _ = = =
§ 40 = = = = = = = = = =
] L T_. 5. T_ %= == == L
= = =_ = = _ :
[_]'_‘ = = = = = = = H
Qm’ 20 = = = = = = =
= E S = = = = =d
(=9 = = = = = = = = =
0
SAT3 SAT4 DATI1 DAT2 DAT3
60 b
£ 50 i BL1S  (1120)0/(0002), FE i A1(110)4/(0002), S i i
§ 40 Fig.15 Schematic diagrams of a (1120),/(0002), interface of the
3 20 view from [0001], ([1120],) (a) and [1120], ([0001],) (b),
o
@ and a (110)4/(0002), interface of the view from [0001],
g _ __
s ([110]p) (¢) and [1120], ([11 1]p) (d)
= 10..
=
0 SAT3 SAT4 DAT1 DAT2 DAT3 JRF 2R B 15 Fros o ﬁﬁﬁ%ﬂu@ﬁfﬁ(z)ﬁrﬁ””,

Label

Kl 14 SN RORBUIN R A B B 1 o AH 23 BORT o 4% T
Fig.14 Phase fraction of a (a) and thickness of a lath (b) in

single and duplex aging treated alloys

B Antt, MIMHETH & G IERE, B LR e

W RIS, TB1S K& &7E 300 CARIELI 2%
HREFENTH o #, 548% o M. o HA g AHZ R
A (T11)5//(1120),//(0001),, i T HL i) 5% 8 LA [110] 4/
[00011,//[1120], FI S T EL K R . @ AHATLAVE N o A
15 ERIEIR, BRAK o AHTERZIIBE 7, i fi ik 2L
e I A Ak AR 45 RSFUOL, sk 2 o, AHEGTAE
E2EMPOMEE R 4R B T co/a A1 o F 10T W] BE (I HL 1] 6 2
Iext HABRC B REAT T 5. A E2EM A 5 1 2 1 HY
] G FR SR (0 52 50 25 R BARAE R IR BN, HA
T FARM T e wlo (7T IV EEES BC N T Bla, AHTH ]
PRETIC A B AAH S o PR, AN MRE G R I V2 A A6 )
WIS —AH XS o AH ) 7 00 A% BE ) T 54

AR S — PR B TR R T w/a R
Blo S G RE, LAICHIET o AHAT B AN o AH I 5
AL RE DT - R4 E2EM 25 BRI 1 w/a R Bl STHT

2 owlafl e REHENE X R, R F I8 64 B S A0 8 2R §8
i
Table 2 Orientation relationships, interatomic spacing misfit
(fr), and interplanar spacing mismatch (fy) of w/a
and f/a interfaces

Interface Plane Direction f/%  fal%

wla (1120),/(0002), [0001],/[1120], 3.64 1.61

Bla (110)5/(0002),  [111]4/[1120], 4.02  1.11

E;m::Emb—AQEL—AQE; 2
24

o, Ega WSS IR RER, N, A1 N, 2500 1
S5 o-Ti Ml o-Ti S W EUE, E, M E, 5390 8 54~ o-Ti
Al o-Ti JAFAES BT AR, 4 S I, 5
53 w/a T FIHE A 0.079 J/m?. fla FiHHITHE A
A5, FHAEIELE RN 0.157 Jm®. 54
BT, ola FIHAENN fla FIHEER—F, B o M4 o
AL TEAZ B 7 56 /N, co X o K AR S5 SR A% 280K B 5
K o AH AT CAERE o AHRIAT AT H AR 5% S FE ol

3 & it

1) Ti-45651 442 1F 820 “C I 1 #5441l v Ak 3L [1)
h 0.5 he KIS EEE IS, &4 o M 5EREE .

2) [V )54 300 CIRALEE 8 hfin 500 “CInf 24kt
H 8 h A&l 2 T LUAF) 4580 MPa, IfifE 500 ‘CH
I RLAREE 8 h A& A FEA Y 4240 MPa. XU &4 Ak 21
B G A LU BN R U A A P B2 T 8%, AH LU IR A x4
Tt 16%. RN 25005 I 2850 A 4 110 568 55 R0 S foft 2 34 vy T 2
IS 280 I 204 4 DA B st 4 4, FEOP 2 i IR BE | P
G FGE AR R 43 53] 0] 3K 1420 MPa. 1462 MPa 1 3.4%.

3) LI AL EARUN A A 4 o A ERN o
4% 5 58 247 i s 2350 I i) 2 B 186 n Fr R 3. I3
ARSI S BE S 0ERE EF, S5 o BAR R BER I S B0E
S bR R E o XUNT R 4 TE 21 o AH 3 B0 DL 2 T 40 (1)
o MR 4% J3 P A LA 55, o J88 R0 S A R 1) s T B 3

4) o M¥ o ML ST REFH 7 A 0.157 J/m* 9
] 0.079 J/m?, AL HE T B34 S o AR H BL K
o BRA Ik, BEmE & &0 2 e .




4 EREEFREE: XU O Ti-4A1-5Mo-6Cr-5V-1Nb &4 A4 23 R0 7 2 PE B 1R 52

* 1401 -

£E 3k References

[1] Boyer R R, Briggs R D. Journal of Materials Engineering and
Performancel[J], 2005, 14(6): 681

[2] Nyakana S L, Fanning J C, Boyer R R. Journal of Materials
Engineering and PerformancelJ], 2005, 14(6): 799

[3] Jin Hexi(%&: F13), Wei Kexiang(BE 70 itfl), Li Jianming(Z= 22 W)
et al. The Chinese Journal of Nonferrous Metals("}' [E 75 6. 4>
JE 2 4R)[J], 2015, 25(2): 280

[4] Guo Ping(¥8 ), Zhao Yongqing(#X ik JX), Zeng Weidong(
TBA) et al. Rare Metal Materials and Engineering(¥iH 4 )&
FES TR, 2018, 47(4): 1221

[5] Zhou Wei, Ge Peng, Zhao Yongqing et al. Rare Metal
Materials and Engineering[J], 2017, 46(10): 2852

[6] Hou Zhimin, Zhao Yongqing, Zeng Weidong et al. Rare Metal
Materials and Engineering[J], 2017, 46(8): 2087

[7]1 Wang Jian(F+ {f#), Huang Liujie(3¢ZE7), Jin Wei(4: ).
Rare Metal Materials and Engineering(Fi 5 &R M k5 L
F)[J], 2017, 46(S1): 129

[8] Du Gang(#: NI), Sun Xiaoping(#h/N*F), Gao Yushe(/ £ 4t)
et al. Rare Metal Materials and Engineering(#i 5 4= )& ¥ kL 5
TFE)[J], 2018, 47(6): 1941

[9] Ivasishin O M, Markovsky P E, Matviychuk Y V et al. Journal
of Alloys and Compounds[J], 2008, 457(1-2): 296

[10] Santhosh R, Geetha M, Rao M N. Transactions of the Indian
Institute of Metals[J], 2017, 70(7): 1681

[11] Li Chenglin, Mi Xujun, Ye Wenjun et al. Materials Science &
Engineering A[J], 2013, 578: 103

[12] Zhang Pinghui(3K *F#%), Li Chenglin(Z= i #K), Hui Songxiao
(FHABR) et al. Chinese Journal of Rare Metals(Wif3 42 J&)[J],
2011, 35(5): 639

[13] Li Chenglin(ZE B #k), Hui Songxiao(ZL#A5%), Ye Wenjun(iH:
XHE) et al. Chinese Journal of Rare Metals(Wifi 4z J&)[]],
2011, 35(1): 22

[14] Perdew J P, Burke K, Ernzerhof M. Physical Review Letters
[J1, 1996, 77(18): 3865

[15] Li Mengchen, Cai Qi, Liu Yongchang et al. Metallurgical
and Materials Transactions A[J], 2017, 48(9): 4365

[16] Welk B A. Thsis for Master[D]. USA: Ohio State University, 2010

[17] Kent D, Wang G, Wang W et al. Materials Science &
Engineering A[J], 2012, 531: 98

[18] Li T, Kent D, Sha G et al. Acta Materialia[l], 2016, 106: 353

[19] Li T, Kent D, Sha G et al. Scripta Materialia[J], 2016, 117: 92

[20] Zhang M X, Kelly P M, Easton M A et al. Acta Materialia[J],
2005, 53(5): 1427

[21] Guo Yanlin, Li Yang, Liu Bin et al. Journal of Alloys and
Compounds[J], 2018, 750(25): 117

Effect of Duplex Aging on Microstructure and Mechanical
Property of Ti-4A1-5Mo-6Cr-5V-1Nb Alloy

Guo Yanlin', Luo Qun®?, Wang Guoqi2, Liu Bin% Chen Wei®, Li Qian"*?
(1. Materials Genome Institute, Shanghai University, Shanghai 200444, China)

(2. School of Materials Science and Engineering, Shanghai University, Shanghai 200444, China)

(3. State Key Laboratory of Advanced Special Steel, Shanghai University, Shanghai 200444, China)

(4. AVIC Manufacturing Technology Institute, Beijing 100024, China)

Abstract: The effects of solution treatment, single aging treatment after solution treatment, and duplex aging treatment after solution

treatment on the microstructure and mechanical property of Ti-4Al-5Mo-6Cr-5V-INb alloy were studied. The results show that after the

solution treatment at 820 °C for 0.5 h, a phase completely dissolves. The hardness of single/duplex aging treated alloys both increases at

the beginning and then decreases. The alloy duplex aging treated at 300 °C for 8 h and 500 °C for 8 h possesses the peak-aging hardness

(HV) of 4580 MPa, ultimate tensile strength (UTS) of 1462 MPa and elongation of 3.4%, whose UTS is 6% higher than that of original

alloy and even higher than that of single aging treated alloy. The calculation of interface energy indicates that @ phase can promote the

precipitation of a phase and the refinement of a lath by decreasing the nucleation resistance of o phase by 50%, thus increasing the

hardness, strength, and elongation of alloys.
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