534 %55 5 40 FEEEERFR 2024 4 5 H
Volume 34 Number 5 The Chinese Journal of Nonferrous Metals May 2024

DOI: 10.11817/j.ysxb.1004.0609.2023-44516

e
—

EBASTAIO KA S BT HITARRMIE

e EER', 1!

(1. BfsgimReye meRk S TR e, bifg 200240
2. FINER R AR AR, B 201900
3. FRFFFBESAIRAR, i 200940;
4. PRI EM R AR A, i 710201)

5{1/@.'&1, {%}XZL—\\LZ, %%%37 7};‘7

. DT AAIREB)I B G 1 TA10 K5 & R AE I F 5t %, FH Gleeble—-3800 FAEH R IR AL
FFJE i HL 98 AR I (0.01~30 s71) NI ERRE ARG, B 78 1% A 4 7E 800~1000 C N AZTE 60% I 1) /=1 1L
JIHAT R B RS U AE, BN HE T VR N ) 1) SR B AR 7 HE e HI B RN AR i T, RN
PR REEAEBURCR N T 5 2 W O Jy2m LR 1 I OR R . S5 SRR Bl AR TR P T vy B AR
AR, TALOEKE SR I/ s AR TR B v T B T AH AR S, W AF S ) 5 A8 T iR B ) R 2R 1A
5. Arrhenius 75 FEREBUF LTI Z & &IN5 T ES MM UME. Z8 8 ES BIERATE,
BONE G T 55 HAEE RAS A T RO 77 2, TSR R Sl 2 N E TR T Y . E A S TE
PR DX 18 17 A T 23 TR T B R AR SR A AL D B A ERAG BB PR RN JR B Ak, T v AR S 2 R ) SR R B
FIEBFEFAZWFAR, B HAE A X RAHLE LB B 5o 3 .

KR TAIOEKG & MR IFAT RN HAHLER, SRR #un T

XEHE: 1004-0609(2024)-05-1555-11 FESES: TG146.2 NHEARER: A

O] o

[ayay

SI3HgE: KA K, RN, Bk, 5L EB A TAL0 8k & <6 Sl A AT Jy S oin T IEI]. b A s 24k,
2024, 34(5): 1555-1565. DOI: 10.11817/j.ysxb.1004.0609.2023-44516

ZHANG Qifei, CHU Shuangjie, LIANG Gaofei, et al. High temperature deformation behavior and processing map
of TA10 titanium alloy EB ingot[J]. The Chinese Journal of Nonferrous Metals, 2024, 34(5): 1555-1565. DOI:
10.11817/j.ysxb.1004.0609.2023-44516

TAIOBR & &2 0N T oAb BRE il . MR RASEF k&, IFERITTL. T

S SR JF A BT AR IR K R ThRE T AT
11 Rl (I S AR e N il 9B e i1
REA o8/ I Ti-Pd RS a6
AN R T Z8EE KR, nTH0n kR
R R LR R SR B
M b S AR5 T7 10, TA10 8K & B PR v 24 i

ENREP S a4 YL b2 SRR E RS K2 R A4S P i
FEIE A e ds . SN AR ST LR S G AR A
o EERRI O,

BRI A2 8 Ak e L U H K £ 27
Ko BT TAIOREEN AL ER 2, KH#H
HUBIN Tt 7 H AR RRAE [ AL 2 A e, AR

EEWH . EEKE AR EBSTE (2022YFB3705603); _Eifg iR % B 5T H (22SQBS00600)

IS BHE: 2023-09-27; 1&iTHER: 2023-11-24

BIEMESE: O, #URG S TR, 4 #Eif: 13788909588; E-mail: sjchu@baosteel.com
F O, @EPE, A, % 15821460286; E-mail: bmao@sjtu.edu.cn



1556 T EA R AR

2024 £ 5 H

WM A GUFRTT ISy # 1k RE, it — 29 %
AN NS, 5RALKE S, B
TA10 Bk 4 ik 3E 2 8 v e H i vl PR e g 27
PRERES OISETT I, WO AR RGN 07 i I T A 7 4k
SR5g BP0 BT Arrhenius 5 FE 1 i SR A KA T
TR BN A A BB 1) B T B8 4 A AR e & @i
BN TTZMEZFE. KT TAI0R G,
WA LK TR RE, I iE e IR s Hon T
KIS0 HT 7 ASEAR T 264 R S B HRCR A 1 5L
KEaZHE TA10 4K 6 & WOW H 28] 1) 5% R AN
MW E T iza el T8, LIEPE 7
TA10 Bk A 42 Fk T A5 7 7 1 8Ll TR 5% Arrhenius 5
ISP AR T FE, Rl & B T % T Prasad 2R A2 F140
BT S A AN L B X TA10 8K & 4 AR TEAT A 4
I EEAE T Murty JAS A48 1 52 In#ER -

HET, TA10%K& &R TRAT NI A L2
HI S UGG A BT R, TZRA SA7E dn L
FHOR 15 R RS T PN 8 2 ol MR ke B &5 i R,
FEG A PR R TR . 00 55 TP LAYk 30
B DO Sk, T ERAF BT 7R 2 Rt
el H5MERES S, RESLSIN TFBE
Bk, IR LR Z, MG RERE & i
M e Bl R G ein TaliA, $emH A
R, SRH “mEE. BT fn Lo T
ERG 4 BRI TE b 2244, R E SRR R
77 Rz 0, s g SENOSR AT« DUALARER ™ i n
T AEA N AIEFNLA LA T AR L ZSE00
TAL0 BR & B WOWH I, 1 RE S Ab o & A& A
SEIRFRY], XM L7 ST IR RO SR 6 1 e R
Uf, HAEWEPRHETR R, RGBS

AICAULLEB A TAL0EKA S NN &, T
e H B8 AR 2GR B SRR R 4 e, RN A
el ) 5 R AR S S A AR LI, 45X
il 1E 5% Arrhenius J7 #2 X s AR BAREY , # 57
BTV AE I 7 1 ey U S8 M A T R I 4 ) 25 BB R AR
IR T, DA REAREE 208 Bz A & 28 e n e
BREE TR, AT E SRR T T E, il E
R R KA S S bR AR T R RASA
JRERFE SRS SRR S .

| S

RIS EHE 2 B RO A BR 2 7 B g 1
PR TA10 K& & e, %8502 KA EBIN &
IERINAT . %G 44 L4 4 Ti-0.3Mo-0.8Ni,
Hrr, TR ERIIAN e A 4, T
HAET] LS A B R v feB. R 1R A
58 FTFH EB 74 TA10 8K & & 55 5 Jm) 3 X3 1) 76 25 %
O RE R, e MVE T % X IR AR
885 C. W1 RNZEEMEGHL. HE 1]
A, ZEelREHS YIRS, SRR
ERDAZ a b ESLH T o LA D 25k
AR BAERE o
1 TAIOEKEEITTHR NS

Table 1

(mass fraction, %)

Element composition of TA10 titanium alloy

Mo Ni Fe H C 0] N Ti
02 0.6 0.039 0.002 0.017 0.083 0.007 Bal.

1 EBZATAL0EK &6 1R IA414
Fig. 1 Original microstructure of TA10 titanium alloy EB

ingot
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Fig. 2 True stress—strain curves of TA10 titanium alloy EB ingot under different deformation conditions: (a) 30 s™'; (b) 0.1

s7'; (c) 860 C; (d) 950 C
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Table 2 Relevant parameters of constitutive equation
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Fig. 4 Relationship between of relevant parameters required by constitutive equation under different conditions: (a) n,: In&—
Ino; (b) f: Iné—o; (c) n: Iné—In[sinh(ao)]; (d) O: In[sinh(ac)]—- 1000/T; (e) A: In Z—In[sinh(ao)]
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Fig. 6 Hot processing maps of TA10 titanium alloy EB ingot with different true strains: (a) €=0.1; (b) €=0.4; (c) £=0.7; (d) &=

0916

B2 rh AR AL, 2RI SN JR AL BBl A ER AL
)5 3 Fi% A < PO AR X AR R IR S0 77— 2 A% i 2k
IR A TR o 1 7(d) PR R R
AR R s R AL AT, i N R R B
AR K I S A 2 e A, L A R AR A
W, ERUEIRARES T iZE S T m sl 1 2R
By Ak, JRER Al S A th B AL AR AL G K
MEsh s EZ U R IaRSHIUNE, HILZIR
{10 Ji PR A it AR TR I I 3 R 1o ey 3 B8ORS
P S AU S A=Y, i 7(e) ] LWL 2
THIT AT R R WAL A, X i BT R 47 R
J v B AL AL B, XL R AR A, TR
Bt 2R, LRGNy eE AR R A

ELEEN A P R SRR 2 S IR 2 N
JI-NAHHE AT AL, WA R B R AR 2 3
A B e A AT IR TN H BILSE ) SR R B 51
A2 RN

K 7(b)s (IR RMFIL RN, Hh, Al
# OB RIS R R ASRFE, 1Z XN o i 2T
S RFFIEE B 7(2) R 2REL, AR AT R
TR AR SRR o ARTRL; J5
ARG B R AR AE,  ERE S AR B B A7 A
T BT 46 7 1 R IR AR AR B R R kL, X
6 RS A B A TR B AR R, X
JE B doRE N AT KB IR a A ZER A, B
A SR IE R B L SR N A AL T3 A B .



1562 T EA R AR 2024 £ 5 H

Bl7 EBATAIOBK & SAEAFFM TRV HIEM . AL
Fig. 7 Macro-structures and micro-structures of TA10 titanium alloy EB ingot after hot deformation under different

conditions: (a) 800 ‘C, 0.1 s7"; (b) 830 °‘C, 1 s7'; (c) 860 “C, 0.01 s™'; (d) 880 “C, 30s™"; (e) 900 C, 10s™"; (f) 950 C, 0.01 s7;
(g) 1000 °C, 0.1 5™
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High temperature deformation behavior and processing map of
TA10 titanium alloy EB ingot

ZHANG Qifei', CHU Shuangjie" %, LIANG Gaofei’, YANG Shuai*, WANG Meichen', MAO Bo'

(1. School of Materials Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China;
2. Baoshan Iron & Steel Co., Ltd., Shanghai 201900, China;
3. Baowu Special Metallurgy Co., Ltd., Shanghai 200940, China;
4. Western Metal Materials Co., Ltd., Xi’an 710201, China)

Abstract: TA10 titanium alloy is currently known as the most competitive corrosion-resistant titanium alloy. This
alloy plate ingots obtained from single melting in an electron beam cooling bed (EB) furnace were regarded as the
research object. Isothermal compression tests within a high and wide strain rate range (0.01-30 s™') were carried
out on the Gleeble—3800 thermomechanical simulator to investigate the high-temperature mechanical behavior
characteristics and the as-cast macro- and micro-structural evolutions of the tested alloy at deformation amount of
60% under temperature range from 800 C to 1000 C. The high-temperature plastic constitutive equation based on
peak stress was established. Hot processing maps considering strain were constructed to deeply discuss the
relationship between the energy dissipation efficiency factor and the macro-/micro-structure, as well as the
mechanical response. The results reveal that the flow stress of TA10 titanium alloy decreases with increasing
deformation temperature or decreasing strain rate. The peak stress exhibits a linear relationship with the
deformation temperature when the deformation temperature is above or below the f transus temperature. The
Arrhenius equation is proven effective in predicting the variation in deformation resistance based on process
parameters for this alloy. It is recommended to use this alloy for forming processes with medium deformation
amounts and lower strain rates, while avoiding single-pass large deformation amounts. Alternatively, high-speed
and multiple-pass small deformation amount methods can be explored for forming purposes. Additionally, it is
determined that the flow softening mechanism of this alloy during hot deformation at lower strain rates in the two-
phase region involves dynamic globularization or plastic flow localization. However, in the case of hot
deformation at higher strain rates, the main reason for the phenomenon of stress collapse is macro instability.
Lastly, it is found that the softening mechanism in the single-phase region is primarily due to dynamic recovery.

Key words: TA10 titanium alloy; high temperature mechanical behavior; macro- and micro-structural evolution;

high-temperature plastic constitutive equation; hot processing map
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