553245 3 1] FEHEEEFIR

Volume 32 Number 3 The Chinese Journal of Nonferrous Metals
DOI: 10.11817/j.ysxb.1004.0609.2021-42399

2022 4 3 A
March 2022

BB BRI TR R 2 %
Ti-5.5A1-2Zr-1Mo-2.5V & & &t
20 20E 1 M R M RO =2 )

EIAR, LB, B R BRES HAH

(1. R FLHB TR, Kb 410083;
2. FERYE MERES TR, KD 410083;
3. TR R MARBESERE KRS, KD 410083;
4. PEA MR LR AR EMPIRT, 1% 710065:
5. BRIGE RS A IR AR 22 5HIE RS, M 710016)

T8 O RSCHEAL T R [ TR A R RO B RS Ti-5.5A1-2Zr-1Mo-2.5V £k & & M TiOM 20 243
AL MRS IR S R . R SR ENAS AR, R o b R 9E L R R IS B R R
AL HE BRI, JET T O d A, = A8 U i P VA RS I i iR o AT o [RIE, 93k BLRG iR K
JE TRBLAR 51 N YR B R B A i B B 280 PR R A o AT S BT AZ A 0, T 5 5 2 o MBI . RT
AN o VEKAFELE 450 "CIF AL 2 h 5 Z i 8 IRGRE 52 5 30%, 1451064 MPa, [AlI & A7 10.5% W85
K T 2.5% T 6 T RORE ot e ARG EE B T 53%, 1531 1260 MPa, {HAHK R R 4% 4.8%.

KB Lok AGEEM: FEENAG MR MWL s

NEHS: 1004-0609(2022)-03-0741-11 FESES: TG146.23 NHAFERS: A

SISCH&R: AR B, XIS, 1A, 55 . [ I 20N T AR T X Ti-5.5A1-2Zr-1Mo-2.5V & i M A s L
S VE RS ). T E A 4 2Rk, 2022, 32(3): 741-751. DOI: 10.11817/j.ysxb.1004.0609.2021-42399
WU Gui-cheng, LIU Hui-qun, FENG Chun, et al. Impacts of solution aging treatment and prestretching on
microstructure evolution and mechanical properties of Ti-5.5A1-2Zr-1Mo-2.5V alloy for petroleum pipe[J]. The
Chinese Journal of Nonferrous Metals, 2022, 32(3): 741-751. DOI: 10.11817/j.ysxb.1004.0609.2021-42399

Wt 2 e B Y ] PRI B T AR LRI G N B
FOPR DA R, BRI A2 1A
WIS IR S AR I S
ke, SULER, whFEWE. mE. B8
T 1 PO IR A% A 58t 1 38 9511 B AR AN LT I
I e S 0 AR, i HIE = 2R CO,n H,S
AL R JBE 1Y) CI L 2 B 5 S S5 JR ER A J e, X

BT (R T PR R B H T IR R, R E B R
iy B (1 3 S VR A 2 6000 m LA E, R E Rk
160 °C, O JE /1L 130 MPa, b CIR A F|
1.5x10° mg/L, CO,% it 1 MPa*™. 1% 4t i) 4K
B AT DU 2 HAT R 20 IR o6 1F, SRE &l T
HARSMmEERE . S0t aRiE . Sy sy
PERE DA K R AP IR E e S — R AR A, RO E

£2EWB: EXRFHEERET(20162X05020-002); H E A RIS E B A R RHF KT H (2018D-5010-08)

Wi BEA: 2021-09-24; {&ITHHA: 2021-11-03

WBIEEE: IS8, BI#EE, 1L, Bi%: 0731-88836320; E-mail: liuhuiqun@csu.edu.cn



742 T A e E SR

2022 43 H

P AT BT AT AR BRI 72 R i 5 6T

B AE AR R R 3 A T R Al B AL 1 R Bl 4
R DA AR AR, BT DA AT 2R 2 BRI
B Sy, WAMNE . L DR R 5 S5 Bl — L
FEIG SRR ERTT A, il SR T P P 458 R T
%5 SRR IR JeE AR S SRR T R e A
Ko ARG SEMEPERE)E, EARMS A
S EBMEARTY, DRI Ja 2 R0 B R VR 45 65 1 SR Al
PR EE B B Ja B M A R 41
N EESH T a il KA a LR B IRAL 2. 4K
HaH ) atl5 B AR ORFFAE A% B LA ¢
P, B {0002 },//110 }, FI[1120]/0111], fR ¥
R SUB L, A A DU I B A AL B R
BR A R AR AN . ZHAO SO K80\ [E 44 i 7
Ti-6Al-4V SR TV I I8 B8 K AP A B R I o 1 2
AR W LRk, SABBAN 2505 3o 4 0k 5 1k
BOCIEAL Ti-6AL-4V PR LE BAHAR s 2218 InFa
A HER M ERG o 2 H BRI, HARIG AR
FAAE o v JR A E N [ R B A LA B AT S T 25 19 11
RIS, X5 3D TN FE b A & SUd A H1 G 6.
IR, IR o FR AL N & K i 45 o A ]
DL It FAKE SR S o PR TSR AL H AR . — LEHF
FONAER G SRS AL BA R g e, Ap
T3 72 v 55 B o AHZRSZ R BB YRR T, T A AR 4H.
VRN A o AR HIAL 4 s S R s
WU SRR 5T TALS A & AR HET R, XA EL
B AL E IR AR, R RS
T )2 a (15 BE DA Bk S5 il o 5 5 31 20% A A T

FFPERE . SONG ZEU5h TB3 4 4 [ 1 5 b fif =
O
OD: 89 ID: 69 O pipewall
WT: 10 O:D\
; RS —
| |
— E
le— 25 —»| |
- 73 -

Tensile specimen
El1l Ti-5.5A1-2Zr-1Mo-2.5V &4 &M

KRB, BRI o i RIS TE SRR AL A% T
(A I ORISR = I e B S BB . ZHU 250 I7E R
% Ti-5Al-4Zr-8Mo-7V & < I, 3l 1 i i I 2%
(530 “C) = A= i % FE AN K G AR o BT AR 3
1630 MPa [ MR BR 5 . AT WL, e Jok [f] 7 B 2k Ak 2
REEIA BT a SR & S B AL BR B PEL AL .

AR PAFF B A Ti-5.5A1-2Zr-1Mo-2.5V & & H4
NRIEERT G, ERTT T 920 °C [ i RO AL 2R 1 15
1k, 450 CIF L2 WA AR a AHTEAZ BT AT N, A
[F) A PRPLARN IR AR a AHTEAZ 52, A2 2350
B h A AN (R

1 I

RI6FH Ti-5.5A1-2Zr-1Mo-2.5V (k& &b Rl 25t
SBIE . BRSE TEHISREM, o RERE R
(WT)10 mm, % #144%(0D)89 mm, W4 (ID) 69
mm, WE 1R, &85 MLt (i &
¥ %) N 557 Ale 1.8 Zr. 0.83 Mo. 2.5V, 4
B Ti, HAZERSIEINGREEEMI AR SN
970 C. EMHWIUEHLF N EA & T o tHEEL LK
ML, B 1(b)FTR, JRIG B &KL PB4 AT 2
WA —1 a0, ERNHIIE FRatl, 1Y
B ELN 5.4 ume AP ST R RSP SE G 45
B, R N AR B S D s, FLEE A
RARHL AT IR = A R, DR
Al FRATE920 CRIELRIR 2 h 7KV, 450 CTRFAL
RIE2 h 7% . G Th A T 75 %R N BL2.5%
107 s AR TR R AT, 40 AAE 1.5% 2.5% K
3.5% MG E R EIE, AR AL B R R 1 BT

Fig. 1 Ti-5.5A1-2Zr-1Mo-2.5V alloy pipe: (a) Sample size (Unit: mm); (b) Starting microstructure
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Table 1 Parameters of sample under different heat treatment and pre-stretching deformation

Sample Solution treatment Pre-stretching Aging treatment
Extruded - - -
ST920 920 'C,2h, WQ - -
ST920A450 920 C,2h, WQ - 450 'C,2h,AC
ST920S1.5A450 920 C,2h, WQ 1.5% 450 'C,2h,AC
ST920S2.5A450 920 C,2h, WQ 2.5% 450 'C,2h,AC
ST920S3.5A450 920 C,2h, WQ 3.5% 450 'C,2h,AC
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Dislocation structure evolution during solid

solution treatment: (a) Extruded; (b) Treated at 920 ‘C for
30 min; (c) Treated at 920 ‘C for 1 h
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Fig. 3 Microstructures of alloy treated at 920 C for 2 h and water quenching: (a) SEM image containing intermittent
lamellar a and acicular ' martensite; (b) TEM image of ' martensite; (¢) HRTEM micrograph between matrix 4 phase and
a' martensite; (d) Schematic diagram of diffraction pattern; (e) IFFT image indicating mass of dislocations, stacking faults

and lattice distortion
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Fig. 4 Microstructures of ST920A450 sample: (a) SEM
image lamellar o and

incorporating  intermittent

discontinuous aqp; (b) TEM image of secondary a; (c)

Width distribution histogram for secondary a phase
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red circle (b) and width distribution histogram of
corresponding secondary a (c)
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Fig. 6 Mechanical properties of extruded and different
heat treated samples: (a) Tensile stress — strain curves;
(b) Yield stress (YS), ultimate tensile strength (UTS) and

elongation (EL) curves
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Fig. 7 TEM images in necked region of ST920A450

tensile sample: (a) BF image within lamellar a interior;

(b) Diffraction spots of lamellar o along [1213], zone axis;
(c) BF image of p, structures showing highly tangled
dislocations piled up at a/f interface
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Fig. 8 Microstructures in necked zone of ST920A450 sample: (a) BF image showing lamellar a and secondary a;

(b) HRTEM image displaying orientation relationship between matrix £ phase, lamellar o and secondary a viewed along

[2110], zone axis; (c), (d) Corresponding FFT patterns of panel (b) and key diagram of panel (c); (), (f) IFFT image of

regions I and II in Fig. 8(a)
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P JEAESE, NJE SR BOS R IR A o AT HE HR A
TERAL L, HIRAE aHEER 2, RPN

3) ST920A450 FF i 3 15 AL AR (1) 98 FE 5 9B P T
e, e R o FE S i 5 B2 2 7 21 1064 MPa £ 1256
MPa, 3 5 32 -SRI 4H /N TR BUR A a XS A 4 12
PRGN 10.5%, RIET W4k AR o fH &
NS a FHEITEH -

4) ToH A S R o FE B A AR L 2 3, ST920S
2.5A450 FE ST T3 53% FIA 1260 MPa, {HffK:
RRFEE4.8%.
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Impacts of solution aging treatment and prestretching on
microstructure evolution and mechanical properties of
Ti-5.5A1-2Zr-1Mo-2.5V alloy for petroleum pipe

WU Gui-cheng', LIU Hui-qun®*, FENG Chun*, LI Rui-zhe’, YI Dan-qing®

(1. School of Mechanical and Electrical Engineering, Central South University, Changsha 410083, China;
2. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
3. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China;
4. Tubular Goods Research Institute of CNPC, Xi’an 710065, China;
5. Department of Safety and Environment Supervision, Shaanxi Provincial Natural Gas Co., Ltd.,
Xi’an 710016, China)

Abstract: The influence of solution aging and pre-stretching aging on microstructure evolution and tensile
properties of the extruded Ti-5.5A1-2Zr-1Mo-2.5V titanium alloy pipe was investigated. The results indicate that
the tangled dislocations within the lamellar a phase evolves into dislocation arrays through movement and
reaction, then forms into the subgrain boundary, and the thermal groove develops at the triangle boundary of the
subgrain gave rise to the lamellar o phase breaking during the solid solution treatment. Meanwhile, a large quantity
of defects introduced by quenching and pre-stretching become nucleation sites of the precipitation of secondary o
phase during subsequent aging, which induces the increasing number and lower size of secondary a phase. After
aging at 450 C for 2 h, the yield strength of the quenching sample increases by 29% to 1064 MPa, and the
elongation remains at 10.5%; while 2.5% pre-stretching brings about 53% increment of the yield strength, but the
elongation decreases to 4.8%.

Key words: near alpha titanium alloy; solution and aging; pre-stretching; microstructure; strength and ductility
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