Vol.44 No.10 FEEHA
Oct. 2023 FOUNDRY TECHNOLOGY <909 -

DOI:10.16410/j.issn1000-8365.2023.3214

Ti-575 SRS ERBRT AL BANAREE

MEELE &L NEE,BEe BFRET L BERL,FESL!
(1. BT RF BEHABRELLLRT,RE 4 710072; 2. 7 BATE H & H KA RLE, LT 100024)

W OE AL TI-575 Bk A & M F T 4, 40 B B ER 2 SUR LS 4 40 Ti-575 Bk A 4 o A1 A 0L 45 S2 06, S0 b
AR 55 BB S -1 A8 th 2 Wl T AR ot M X I B I AR #0740 AR 9T 1 A8 I T B A 0 A kR
X HOW 2L 25 ) 45 AR T A RN ) R 2 7 I R B T T A AT A 7 3 S T T R 5 2 AR RN
0.1 s Lk Rt i 25 728 0 38 13 A T i AR Bl 2 D T ARG S IR B4 . ARl P R 2 8 Ti-575 Bk A 4 7R i 2k A 04
B2 T, 43 B AR oHB A X Y 78 TR G B, 44 2 Arrhenius B AR T A AL B, 7E N R A BVIS TR 410 R BE 5 R TR
T I TR BTG 20 Ti-575 Bk 42 45 F25 i 1 R b K T DU A 21 Ti-575 Bk 4 42 5 il oo, AR AR AL 23 250 R
B W R 5 B 2 R AR TR Y B AIG, B R A1 AU Ti-575 Bk A 3 A5 T A5 00 R B R R T RS A 4L Ti-575 Bk A SE
Al o, MR AR BT IR A 5 B WS AR Ti-575 KA 4 7E 830 °Cuk 1 s B8 R T BRI, WA 4 41 5k W /b i
LR 2 o MBEA RAEMAS B Ml rh 24 REAL Y HT T

KR Ti-575 806 & I s R T S T Al 4

HmES S TG146.2; TG113 SR ARIRED A 3 E %S :1000-8365(2023)10-0909-08

Thermal Deformation Behavior and Microstructure Evolution of
a Ti-575 Titanium Alloy

LIU Kaihua', TANG Bin', LIU Yunxi?, DAI Jinhua', CHEN Xiaofei', ZHENG Guoming', LI Jinshan'

(1. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi'an 710072, China; 2. AVIC
Manufacturing Technology Institute, Beijing 100024, China)

Abstract: Taking Ti-575 titanium alloy as the research object, the thermal mechanical compression experiments were
conducted on both lamellar structure and bimodal structure Ti-575 titanium alloys. The true stress-strain curves under
different thermal deformation conditions were analyzed, the constitutive equation for hot deformation in the a+f phase
region was established, and the influence of the deformation temperature and strain rate on the microstructure was
investigated. The results show that the flow stress decreases with increasing deformation temperature and increases with
increasing strain rate. When the strain rate is 0.1 s' or higher, the flow curve exhibits discontinuous yielding with
increasing deformation temperature. Based on the peak stress of the flow curves of the two types of Ti-575 titanium alloys,
the deformation activation energy in the a+3 phase region is calculated, and an Arrhenius-type constitutive equation for hot
deformation is established. Under different thermal deformation conditions, with increasing deformation temperature, the
degree of dynamic recrystallization in the lamellar structure Ti-575 titanium alloy increases, while the volume fraction and
size of equiaxed o, phase in the bimodal structure Ti-575 titanium alloy gradually decrease. With decreasing strain rate, the
degree of dynamic recrystallization in the lamellar structure Ti-575 titanium alloy gradually increases, while the volume
fraction of equiaxed o, phase in the bimodal structure Ti-575 titanium alloy first decreases and then increases. When the
bimodal structure Ti-575 titanium alloy is hot compressed at a temperature of 830 C or a strain rate of 1 s', a small
amount of coarse lamellar o phase remains unchanged in the microstructure, and silicide precipitates in the (3, matrix.
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Fig.1 Microstructure of Ti-575 titanium alloy: (a) initial structure, (b) lamellar structure



(EEEF AR N10/2023

XEE,E . Ti-5T5 kS AERITARBUARRE

*911-

IS QR U 0.0 e 0 O [ B 3 el S IS B e
;{1 B 72 TR 1R R %) P v T A B 7 7 R 3 g
I TE R o 3 AR R AR kR 3R LUK I Bl
AT ek B 114 32 T T v R A R (W RIS, R
HE AT B B I e 1 1) 1 A8 78 32 BT/ . B ER 41 21
Ti-575 BKG A W A8 2R RR Ik R, YN AR B4y
0.1 A1 1 s Bf,830.860 Fl1 890 “C I A4 i AL Hiy £k 4B %
IR A A WY Sl Q5 1 WA 10 T I RIDAS % 2 T i 3
S8 H 890 C R e M . A, TEBAK A [ AR
FR(0.01 F10.001 s, WA Hh 26 FF 1% A R B0 B i
() AN 32 252 et R B 42, T 2 LT PR 5 - A, 4 R 7
B TR (860 F1 890 °C), HAkfL L i /)

Bl 2d~f BT 78 R A2 T O 60% 11 B2 4 4
Ti-575 Sk & & EARFEIALTE T2 S BUEAF T B 5L
F-Ri AR Lk, SR LY Ti-575 £k A &M L, WS
H L Ti-575 BRA 4 10 AR [ RS T S 80T X5 LAY
AR N S BN BB QA S AR T BT ok,
IS BT T AT, WS 412 Ti-575 Bk A 4 1 T AR il
LR R FA] 43 kg T o 2 Y . — oo 2 A AT g o AR
(0.01 A1 0.001 s, 43 2% il £k 2848 fin TR AR B B
Ik BN AE N F7 05, 8 o A AL BE B RS
B, MR TR AR R B AN 5 — Fh A
2R B Y IV AR B R R (0.1 1 s, 249 AR #h 2k ik
FI AR R 77 J5 80T B Gk 2 56 A e {10 g B B
RRIEAE NI — A PR AR AN 3 2 AR
G190 ot 0 gl £ i0E B Y BOT e &GRS L B
HME 830 CHYZRME T, M4 AE Hh BN % B2 Ik L4
Jei, TR I B NS R R LR IE LR

W 7E 830 1 860 C 4514 T &R [C L 4! Ti-575 4k &
S L HEBRANAS B B iR 2E I S A
A DR 2 A 4 3 A o T £ A s S Ak v R 0
SRR o I A S i IR 3 5 7™ A 1 D PR AR 4 4
R 45 R 490 Uiy AL 4L A T 285 5] A G ) SRk mT 0, 2 £
HETI-575 KRG ST Re RS S 4 i, WS4 L
Ti-575 BK-G 4 W2k I 7375 & 7 A= 1 s A A A2 S 30
Al 3k LEN
22 FWHRE

&2 JE MR IS T R — A SO 1 AR OY ) $iAR
B 2 WLIKG g Q S i 4 JE A4 A AR I ) B b 7
& 3l |85 RN B) A TS A ok AR R R BME 2 R 2
Hiid & @A R S R P R T ZE B4, Arrhenius
T Rz b T A A T A A e AR T B AR
A I RN ) 22 (8] 1 06 R PILL K AR I i e
I TASAT R U)ol TR I R AT B B2 2R3k
FRE IS T AR b 455 A R85 T FLI 7 - A% il 28R
57 B IR SRS H 2 Ti-575 k& & AR B
AR IR R R

&=A F(o)exp (—%) (1)

HRAER KPR, TS LA 3 Fhmna,
&=A 10'n' exp ( _% ) )
&=A,[exp(Bo)lexp ( —% ) (3)
&=A[sinh(ao)]"exp ( _% ) (4)

X, Q AR TEHOE BE ;A ny BT o« BT REEHL,

2,50 250

250

(@) 15" 7=830 °C (b) 7=860 °C (c) 7=890 C
200} 200 gt 200f
a? H n? [\ p‘:s
%lSO 01¢" §1so~ -y . §150-r e
£100f~_0.015" £100 S1o0l " 0 T
L 0.01ls"
-l e S e 30 >
0 . . . . | U . . ol_0.00 s ) )
00 02 04 06 038 00 02 06 08 00 02 04 06 038
Strain Strain Strain
250 250 250
(@) 7-830 C (e) 7=860 °C () 7=890 C
200 s 200 200f
£ f“"_\\ £ = £
S150f 15" - Sisopp—2 S 150t 1
21001 o1 ¢! 2100¢ ol 8 2100y } -
7 %--ﬂ_§\\\\ a o1 & 0.1s
50 . 50 : 50 I
0 . : s s 0 : . s 0 0.001s" : s .
00 02 04 06 08 0. 0.2 06 08 00 02 04 06 08
Strain Strain Strain

2 Ti-575 k& B AEA R RASTE T2 540 I LR 1 - 28 1 48 - (a) BB ITZ1ZN,830 °C,(b) BLIRL14T,860 C, (c) BLICAL,
890 C,(d) AL ,830 C,(e) WAL 860, C, () MALHL!,890 C
Fig.2 Flow stress curves of Ti-575 titanium alloy at different temperatures and strain rates: (a) lamellar structure, 830 C, (b) lamellar
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Fig.6 Lamellar microstructure of Ti-575 titanium alloy at different deformation temperatures: (a) 830 C, (b) 860 C, (¢) 890 C
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