553245 3 1] FEHEEEFIR

Volume 32 Number 3 The Chinese Journal of Nonferrous Metals
DOI: 10.11817/j.ysxb.1004.0609.2022-36691

2022 4 3 A
March 2022

THEEEXNKLEHTHETAISES
e vl =0 A 0

R &R, ERRL F R, HER, s

(1. IR R #RRS%E TR, A8 230009;
2. BTV RE MU CRR2ERE, AIE 230009)

# E: 1£600~800 CFZIX AN TALS & & HEAT 2 [ iR s, FH SAH REIOM). ZH 1 2 fsE
(TEM) A SR il ge it 78 1 2 T IR X OW AL 205 2 MR RE AR . 45 SR 3E 0T &3 TEIR 2 [m) iR RIS 5
TALS &4 KAEMNABRAL, BEASTE LR T &, 55k o HUBRBE R A0 A0 RSS2 04, 1 R o 4840 58 I Be
5, ANESEEN S LS G (ADRX)BLHLZE ST R « 1E 800 CINF, AR FAK Py [A] I & A 42 50 45 F 45 i (cDRX)
FADRX, HAERFE R RIZUEAL XU A T AR S oIS . BEARTRIRFERIT &, MORHTRL R
WS R AR A e, BARE TS, Hprhing e R AR, 7£600 C 2 mBus kM4 T H
PLbRIE . E, B MERE R BT, TESE T TALS & 4 2 n S IR0 i L5821 4w b
ST R RIS SR AN, SRS L 045 R B R BV AR T2 (SPD) T BRI RF Bk i 57 45 )tk ot A ek 1) i
SRS A

XA TAIS &4 DRIEE; RBUHAER, BMASR; Jittae

NEHRS: 1004-0609(2022)-03-0752-11 FESES: TG379 SCRRARESARD: A

SITAE: 20/NE, ddk, MR, &5 AR TRIR N RIEPEARTE TA1S & <4 WAL U g 2 PR RE RO SEma[T]. Hh [
4 Jm 4R, 2022, 32(3): 752-762. DOIL: 10.11817/j.ysxb.1004.0609.2022-36691

JI Xiao-hu, MENG Miao, YAN Si-liang, et al. Effect of deformation temperature on microstructures and
mechanical properties of TA15 alloy with severe plastic deformation[J]. The Chinese Journal of Nonferrous
Metals, 2022, 32(3): 752-762. DOI: 10.11817/j.ysxb.1004.0609.2022-36691

TALS & B AR MR A . GV RER IR
SEME, TN T AUENURSUK, JCHGE AT G

e FE T KIBMEAZ I (Severe plastic deformation, SPD)
R KRR —FMMAISPD T2, % LZiEI AL

LU AN A B ML S B 45 K 1 AR SR AR DR 1
A0 RHLBERR . FRAE . AL Fr . LS. B
EMENRERI RIS, 2 RISHI S TERER)
e, X TALS &R 7 Ak R SR 1 T s
Ko

% A 1% (Multi-directional forging, MDF)$ R

ARl ) AT ), DR EOH SRASHITT ST AR
WHEE RN AS S, (e fldiohi & Edifl, HEmik
R RMERE R B . AR EE T2
B B B AL, T HE TR R LA R k2
o SKEUMPEHEREMI BGES. Rk, &iz M
TRB R ARt T, JERA R

EEWH: EFARRAREGRIE (51975175); 1 E 1 L5 R G BB H (2020M681982)

Yis HEA: 2021-02-25; 81T HEA: 2021-08-10

BIEES: R, YRR, i #iE: 0551-62901368; E-mail: yansiliang741@163.com
W, #%, A HIE: 0551-62901368; E-mail: 1i_ping@hfut.edu.cn



H3REH3IN

AN, AR BIIREEX RIS TALS & & LSV 1A ML AR K 2 R 753

(1 ol A= 7= R R AE

X P AR AR AR A B TALS Bk & G dk AT 7
SERMPTESLS, A5 T A AR, R O
A T AR IR 23 A AR AT TR . FNERNE
U TALS AR @ AT 1 R S5, IREE Xt
HRMPERS I FE O L B, .45 W e AR T 2R )
AT TR A FL . ZHEREBTSOV 45718
it MDF £ AR ¥ TC4 &4 1 f Fi 46 2 0.3 um, 71
$75% 5 1 1100 MPa #1542 1360 MPa, 1 i 24
FFE1%. HUEEAT L, ST TALS &8 KIBHEAZTLT
WA 2R m R . SR AFES SPDEA,
TM&E%F TA15 44 MDF L. 2280 0o 4 40 )y 2
PEREHI F0 I 6 WARE o

BTk, A SCEFF AE 600~800 C X [A] H J
TA15 & 4 % [ %55 8%% (Multi-directional isothermal
forging, MDIF)SZ IS 7, R 2 A8 T8 i B2 0 Aoui 28
U RS U, 87 5 2 AR AR AH 2R 1)
e RLAH AL RIS HLER, O TALS & 4 Tl AR ™ N H
AT S .

| QS

SEE i FADRE R A6 5 A 23 A REIE S B 4 Ak 11
TAIS KRGS, WA T R 1. FIHAEX
L VBN A V12 % 15 mm>15 mm>30 mm [
K R, 78 H il RZU200HF 288 AL adk
17 MDIF %, T2 RWE 1 iR, BRIERERN

60% reduction

Specimen
Section
<
)

@Q\/v L&o'
O,

60% reduction

F=1 TAISERE E&RIL2ES)
Table 1
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Chemical composition of TAILS titanium alloy

Al Mo V Zr Fe Si O N Ti
6.78 1.70 2.31 2.00 0.04 0.017 0.11 0.011 Bal
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Fig.1 Schematic diagram of MDIF for one cycle

Multi-directional isothermal forging for one cycle
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Fig. 2 Microstructures of initial state TA15 alloy and TA1S5 alloy deformed at different temperatures: (a) Initial state;

(b) 600 C; (c) 700 C; (d) 800 C
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Table 2  Size and refinement rate of equiaxed a and lameller o for deformed TA15 alloy at different temperatures

Size of equiaxed a

Size of lameller a

Refinement rate of Refinement rate of

Temperature/C )
phase/pum phase/pum equiaxed a phase/% lameller o phase/%
600 5.1 48 50
700 6 39 62
800 6.7 32 69

Initial state 9.8
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Fig. 3 TEM microstructures of deformed TA15 alloy at 800 C: (a) a fragments; (b) cDRX grains; (c) dDRX grains;

(d) DTZ and acicular a’
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TA1S alloy at different temperatures
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Table 3 Mechanical properties of deformed TA15 alloy at

different temperatures

Temperature/ R/ R,/

C MPa I\/l;(l):a &l v
Initial state 1027 900 14 41
600 1665 1610 6.7 30
700 1306 1100 16 46
800 1083 990 18 48

TA15 &1 1A PR RERUL R -

BT oRAUALHI AR B ST BT 208 7 ) DT R
AIEE RN, BT E 0 R R nT R R (1) :
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e % BEL T HE SR 82 0 5Tk 0 AT 9 a(2):
00=Kexp<—£) 2)
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B, AT EUE 130 KPS
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FOLAE, AR R R R K AT R xR 3):
lg (K/K,) = 0.0814w,,, 3)
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Fig. 6 Variation of dislocation density of MDIF deformed

TA15 alloy with temperature
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Table 4 Dontribution of various strengthening mechanisms for deformed TA15 alloy at different temperatures

Calculated stress/MPa L.
Temperature/ Measured stress, Deviation/
o
C o, HF Ogis o o/MPa %
HAGB LAGB
600 453 506 84 201 1244 1610 22.7
700 453 388 69 61 971 1100 11.7
800 453 274 60 48 835 990 15.6
R ETRIOKEREREN BRI R, AW Sk,

WAL B R TIME TR . Ak, AR A T A
T J5 [ TALS & i A RE 22 WL 1 27 4 X AN BY 1)
JEHRFHETT LUK, 2 4 X T AR B AR T L E T Bk
AN AR AR T ST IR (e AR T T
AR M AAIEAR — 2. — IS, ARRI
ORI ARIS ,  FLT 1 212 XRS5 ARk I
REIEHRAR, BRI A4 X mBN, EH S

P 8(a’ y~(c" )T 43 Al R BT ot IS PR ARORE W 11 78
S, SOWINT O P35t 3 R BRI I SRR A, T
HA W 5, 800 C I 55 &Ik, 700 Al
600 C Iy, TMfE 600 ‘CHF, FIEhL =4 T M
B IR, T WV AR W SRR S I
MR ) JYE PR R AR (a3 . X SIS T s
K R BT AR A — 3, IR Sk
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Fig. 8 Fracture surfaces of deformed TA15 alloy at different temperatures: (a), (a’) 600 C; (b), (b’) 700 C; (c), (c') 800 C
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Effect of deformation temperature on microstructures and
mechanical properties of TA1S5 alloy with severe plastic deformation

JI Xiao-hu'2, MENG Miao', YAN Si-liang', LI Ping', GANG Guo-giang', XUE Ke-min'

(1. School of Materials Science and Engineering, Hefei University of Technology, Hefei 230009, China;
2. School of Mechanical Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: The multi-directional isothermal forging (MDIF) experiments of TA15 alloy was carried out at 600 -
800 C. The effects of deformation temperature on microstructure and mechanical properties were studied by
metallographic microscopy, transmission electron microscope and quasi-static tensile test. The results show that
the grains of TA15 alloy are refined and spheroidized after three cycles of MDIF. With the increase of deformation
temperature, the refinement effect of equiaxed « is restrained, while the refinement of lamellar o is more obvious.
Additionally, the discontinuous dynamic recrystallization (dDRX) mechanism was gradually dominated. At
800 C, both continuous dynamic recrystallization (¢cDRX) and dDRX occur during deformation, and the
deformation induced a— f phase transition occurs in the severely deformed region. The tensile strength and
elongation of TA15 alloy show the opposite trend with the increase of deformation temperature, and the tensile
strength decreases significantly compared with the elongation. Resultantly, the comprehensive mechanical
properties of TA15 alloy are the best at 600 ‘C. Through quantitative analysis, it is found that the increase of yield
strength is affected not only by Hall-Petch strengthening and dislocation strengthening, but also by grain
morphology, substructure and special grain boundary structure induced by SPD.

Key words: TA1S5 alloy; deformation temperature; severe plastic deformation; microstructures; mechanical

properties
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