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Constitutive relationship analysis and microstructural evolution of
biomedical Ni-Ti alloy during warm deformation
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Abstract: In order to study warm deformation behavior of the biomedical Ni-Ti alloy, compression tests
were performed on a Gleeble-3800 thermal simulator. The true stress-true strain curves were obtained.
The constitutive relationship and microstructures evolution during the deformation were analyzed. The
processing map was established and optimum parameters for warm deformation were determined. The
results show that dynamic recovery and recrystallization are the main softening mechanism during com-
pression. Dynamic recovery occurs when 30<InZ<42 and recrystallization occurs when 23<InZ<26.
According to the microstructural analysis and processing map, the alloy shows better workability and
fine recrystallized microstructures at low strain rates and high deformation temperatures. And the optim-
um deformation parameters of the alloy were determined as follows: domain 1 occurs in the temperat-
ure range of 935-1 045 K and the strain rate range of 0.001-0.004 s ', and domain 2 occurs in the de-
formation temperature range of 1 045-1 073 K and strain rate range of 0.003-0.03 s .

ks HER:2022-06-02
BB VL 50 I H (2019-5).
TEEBIMN: R, 19884 A=, B, INAKEE A, WL, TRERIW, FEMT T 54 E BT, E-mail:

szzhul2s@alum.imr.ac.cn,


https://doi.org/10.7513/j.issn.1004-7638.2022.06.008
https://doi.org/10.7513/j.issn.1004-7638.2022.06.008

- 52 - N

2022 45 43 &

Key words: biomedical Ni-Ti alloy, hot compression deformation, constitutive equation, processing

map, microstructure

0 Bl&

AT U BRI G & (TRIPR BB )
JZ R T A BT ARk, AR
TR AT A MR R 1 SRS T m] S A 2L
oK, WK e L B U 1 SR TR
LI Ho, SR ATROC U BB ER G 4 A% i
A A A NS SR e A58 B RIAR 1) S A
LABASIRIARWIZ RE ST, Fe U BRI HIRT R,

B A =AU, INT AR AR, &
SEMAERIN T R 5 128, NI B BBk & 4
240 A T BE A B A ) A — R BB o T AR 1 X
S IREURIBTEA TR HL S PEL 22 18] R BE VS

HAREN T HET BAHRELC 20
FATF /NS MEASTE (0 40 ANk 8™ Bl & I,
FFREL T Bl A B R A S AR RS M e e
SERATIY

T SHOF RS 4 B S e B R
M, IRA TG SAEAR AL S50 MASTEA TR, Xt
TAHBIHIN T T 2280, SC A o B ARG 1
P A B L, 25U AR T PR RE Y
BRI, E AT AL 09 SLHNELE — (e 773 ~ 1073
K, {HJ2 H TS X TR G &R N it K24
FiE 973 K UL ERYIEETERE . Morakabati 25" fiff
FE 1 973 ~ 1373 KR E W HIR A& & AT
Hg, HESLA SN T K . Shamsolhodaei %™ /3
9 >k A& 1 /) Zerilli-Armstrong #% % 1 Arrheni-
us FRAIH AR ERER A & FE 973 ~ 1 373 KIREEJLHIN
TAETT A . Mirzadeh %" ST 8RS 4 7E 973 ~
1273 K I FBl 8 4 A2 th 2k, i 764
RSN RS S I AN AR RIS RN 7. A, B
XHERERS B TE 1073 K LUT RO U 5 8520,

SRR A TE 973 KR DT AR TE IO L 2T 5%
B,

H T ANES SERAE S B PR S8, G
PRI E A iR RS M RS T 2S5 4t e
2%, BH RPN GRS ST R0,
IF 58 HAE A8 K 0.001 ~ 1 s FIARTEIRE 773 ~
1073 K 4504 N RIRASTEA TR, ar AR i R v iy

AFIFHER, T O s i e

1 RBRARET &

RS T = R R A S B p AL 2E il o e 1
TR o IR 4 A8 3 %R 0,001, 0.01  0.1s" FlI
1s', 2SR BE N 773 . 873 L. 973 K #i1 1 073 K, /&
ARSI R 0.5, IR 4N Gleeble-3800 AL
RIS PRGSO R b I R 4 4 O 1) 319,
ZJa A H S | PSS bk, R RIEC LA 1 mL
SR . 4 mL BSFRFN 5 mL 7K, SR 4 A0 i 1dces v
FES RO S T 5087 o

®1 BUREENUFERS
Table 1 Chemical compositions of the Ni-Ti alloy %

Ni C N (0) Ti
55.99 0.009 <0.003 0.032 ZN

2 ER 5t

2.1 ENJI-ERNAR 2

BB & R 4R AR Y B D) - AR i 2 an &) 1
Fine BT AT UL, Bl AR RGN, I ) S SR
FI-3k BNEAE (RIS WEAE Y 7 ), 22 J5 ) X% i
N, e JEHE AR IAS BB, IEAh, I T LA B, i
(B 7 RGN AR H4 Rt AR T VLS A e i AR /N, AR
TETRL BB g, JRL T AR sl B I SR, A0 vy 2
B.WBMEHE RS, 5 kA ARt
e AR IR — N, B T AR IR N 773 K i
AT OL, HB ST BB 1 FAE (RN AR 4] Bifi ]
A TR P R TG A o AR SRR, A AH R B 67
AR R T, a8 RS A HAL IR R R,
T IS I 7 3 AR AL B B 4R . (EASE R
(R, AR Ry 773 K, RARHER M 0.1 s $215
P 1s™, W /M 884 MPa I /N3] 880 MPa, U5
{78 DA 0.29 li/NEI 0.16, X AT AE 2t T-7E 25 W 28
HR(1 s ) MATE 5T, A & mbE A T 7= A
(AR AN RE B RE 3 Sk SR AR v, s B
S W R AR IR A, AR A & s AL R, 51k
JRITREBVE AR T, T R AT DA (LI g R (i py A
MAEARR AR R N 1 s ) IS AT, A8 I
[, CHB A3 B AR T AR BB 1 X6 37 A S R AR
1, SRR R A B 2 A1



4 6 1] RIS, 5 BB A R A S R LS - 53 -
600 - © &=0.001 s so0| é=0.01 5
773 K
£ 773K g o001
g 400 H g
=
E = 400
) it
200 873 K
873K 200\““‘“
N hhhdhAsdasa 973K A A A A a- 973K
¢4 ¢0000000000+¢] 073K ¢4 | 073K
ok I I I 1 0 I I I I
0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8
E— VAR E_ AL
1000 1000 3
&=0.1s" @ &=1s!
800 773 K 800
£ £
S 60 S 60 K
R 873 K R
E 400 400 873K
A} i\
ettt tt—oee 973K
200 I3 K 200 * TN 0k
TRt 073K
0 1 1 1 1 0 1 1 1 1
0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8
LN 7R LN AR
1 RRASEFTHENI-ENTHIZ%
Fig. 1 True stress-true strain curves of Ni-Ti alloy obtained by compression tests
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Fig.2 Relationships among deformation parameters during hot compression
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Fig. 9 Processing maps of the Ni-Ti alloy under different strains
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