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 Z: AR TN &7 4%, RA OM. XRD. DSC. TEM oMMl B A, W T A5 AKEX TiN
EaBHASEE., HFERIR R, W T A SR HREKH: TN S8R R LR, A
ZURAT B2 BRI BLY' S AR A, BASIE BN, ARSI, ML T 9ok fmdE . 4
A5 TIND & SAERMS R b ORI SRR AR . D IR AR 1 AR TR AN B M AR TR B B, 2 8 R T B AR A AR B B i
%K, RIAESJEREFE. TiNi &STERF KRN B EAAR WA LRAEREN 0<e<0.2 B, G&KFEER
FENLEI R /196 S A AT AV RS s AMIAR B >0.2 I, A4 DAZEAE FAT 458 R 10 45 4 I A8 FE ML IR HEAT 25 T2 .

KEER: TiNi 54 B4l D RAEHEA; BRHLH
hEEXSHE S TG335.12; TG146.23
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XEHS: 1002-185X(2022)10-3802-06

TiNi &4 B A0 RRIERACIZ BN . EE e, &
R0 R I D R (0 P A A A 5 1 RS S e, DALz
2 F LA R HUBK F 7 R AR g S 7 540 1) it
HWORAL R Baesstl . BRIT 05 AR S S v A0 I Y PR
K&, TiNi AR Mm@ RS m, THEE
FEAE 0.3 mm LA () AR A RHPE SISO « Tl IE Bl
e 40 S e S AT N FH R )z 0, (H ] TN & 4
MRATAE SR 00 T s B ME P R I e A 2 5 () JE, R
BJE AR T I R A B D AR R, B A A
VAR T e 770V PRI, AR HE 2 IR R 2 B AR T,
FETINI A S AR JC V% 2 1 fe FR I & 7 oK.

TiNi & EAA1E = N AR 52T i rh 202U
Az 85 S AR A8 R AR Ty [ Ak R s A A et
R Ik, I T A 4 i S A 2 AR AR AR AR AT,
XPEE TiND &M TRRE A A EERAER .
Sinha %W 7t 7 [ % Ak B A EL AR TR 30% 5 (1
Ti-49at%Ni G442, SEESHL, BREHHA T
I [ AR A AR 40 BB S8 3 I & S B R R R T
46%. Sharifi M T A ALK E X Ti-50at%Ni
GV RR I S2 M, A B A AR I X [R) [l 4 28 T
=GO AR R I T KREWAERSMH, &1
400 C/1 hiB KAbEEJ, LR SAREE A2 gk d
A & 4 I e 8 . Ock &SV 98 7 I #L% Ti-

ks HEA: 2021-10-27
BEETIH: Py E R LI (2020ZDLGY12-09)

49.7at%Ni & HZAT AR, RINE Y G HLA TR
AT RARAR HLAR AR iR B2 Il & AR T & (10 38 I i 384 K Lim
e 1815 331 6, #h1) A5 7 B 4y 509%(K) Ti-51.1at9Ni 4 4 4141
P T IR DR, BIRAR, & 400 C
IB K A 5 2H 230 H T A I AR AR o B R b s T
Ze3d 600 CIE kAL 5 2H 23 v I B AAAR [ 7 FR 43 B
s Zhu 20704 Ti-50.8at%Ni & 43 7E 500 C F 47 #,
#l, RIBREHHL T HFELRENZRG KRAR
TiNi A & HIE R RN 21.6%. FH A0 HE RIS # AT
DL TiNi & 4 108 4 SURI AR AR 47 8 7= A K IR 5
W o SR, H TS R A FE AR TN TiNi
A& HSURIF AT N, o8 T AR & 4
YHLURI A AT N I 2 A B = R e PR AT 5K .

AR TAE LA FLE TiNI & & EHCAH AT 5, 5
TR EX TiNi & &1 S M489 AT R L&
EPERE IR MR, R T =R ELEH TIND A &R e
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BT FH S 56 61 8L 9B k7 TiNi (Ti-50.6at%Ni) &
& TiNi A SRR IE T BTRAL & R D) E A 1.1 mm
(T)>70 mm (W)>150 mm (L), SAE¥KILE T 5 Ky
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£ 700 °C N AR 10 min, B 5 GE B T A K 47
KAEHR, TR A TiNG A4, 160 T EES
G 4 oK H DY $8 0] 308 SEL WL HEAT 2 18 IROE AR KL
fil, RAFHRMBILED AN 20%. 25%. 30%.
35%-. 40%f1 TiNi & & # % .

F Olympus GX51 M2 EiE: (OM) W& &%
MR, SR8 HF:HNOs:H,0=1:4:5; X H
JEM-200CX &4 BB (TEM) W% B AR F 5 1K
EAEA L, TEM AL VUBRAT 410 42 50 pm, SR )5k
FH FE e OUPSE v AR B ;SR Bruker D8 ADVANCE X
SHERATHAY (XRD) ATk FE A &, 4 A N
20100 HHEE 39min; JE i 7s 2 H G E ARG
LM S AL MM, FHEEERAN 10 'C/min,
I FE X [ 5-80~80 °C, KM VIt DSC 4k i
SEAHASIREE ;. A Instron8801 BhA K F7HLXT TiNi &
S AT Sy M REIAR, RS E RN 5510 s,
MR 20 °C, W RS 1 FoR .

2 HRE5ITR

2.1 BfiAR

Kl 2 5 TiNi A& TR G &AM A R . K
2a i] W, [FVESGEHELARI NS MEMG, &R
TR BT EL SR P VAT AR AL Y, P R R SF S 20 pm.
Kl 2b, 2bl N RFLTLEN 20%MEAHAH L, GRS
G A ST ELE T A R L R, P8 R RS
B 20 pm 98/NE] 11.5 pm, H7E &R N H LT A B
AT B A LS HS I AR AR SR A 2N, I AR AR SR AN
i S 1A — iy S A B 5 I 5 — g, OB o B R T
A BRI 2R EE R . B 2¢, 2c1 N R 8K
25% 1M AHA L, BEARTE BRI, ok bkt — b
Ko BERE, SRR S 115 pm g/ F) 8.6 pm, fH1E
TEE 2 B TE B i 20% N0 5] 25%I0H, &b kL A A
(25 AR 2% 2 BE 3 0 B 55, X R N TE R TR, N
TN 0<e<02 W, &&HL FEBILEBLMN S
FFAHR R WALTE, 2 R ETEEIL S 20%K), 4
ZUN R R WAL EE ZE AR, BRIRZE ST A% RE, 4N T
IR A BRI 25%0), kL A
R 28 iy 2 5 W 14

Kl 2d, 2e, 2f 535 9 RARAZTE & 30%. 35%. 40%
JEH AL . WA, S A, kLR
P — s B 1, RIS L B kL A A B T
2R AR SR LA A BN 4 . X 32 B R O FL
BTk, BEAR TR R OK, ARSI SR &
WH TR R I Rk AT, B2
WU HEAT AR TR, 345 a0 A 3 B 7 KR I 28

YA e>0.2 I, AL LT R AR AR 5%
LR, [E AL R AR SR N, A 4 DU AR R R
T M0 25 45 BB TN AT SR AR T o 2R A e A\ DBl
KT pREET R AL T 2RUMER .

Kl 3 AR BRI R 1 E T B A R
3a, 3b ARBIIAFEM RS AT H B, HEAT
W, RS A RIRAAAE, SR N A & % AR
L. REUVETE 20%/5 1 H 4 A& B AR AR A
AR, EAE S IR A B ) [ 4 A7 o v 6 FE A (&
3c, 3d), KHAEERPELEN 20% KA 5Lt 2
HARETNNFESL REME, YRR LEEN
40%Ir}, AR LT A EAERAH, HAE R XIS
YIS A (& 3e, 3F), X &K A BEE A &1,
I (R AR FH ST AL 43 A 1 v % BE AL S 5 BUR A 2 B
TRRPIBLEF . FNEE&HAF HIgKE, R
SO 100~150 nm,  H A FE A A o A R (]
3f), REGK G Y B K SR AR T B A 1 o
LA 55 . Nakayama 25MIRF 70 R W TiNi & &4 748
TV Bk 3| 50% 0 B [ A4 AH Fi 1 Ak 55 22 1T LA B I 7
BN 108~10" cmZ,

2.2 TS

Bl 4 & & BT RFER XRD K1 . & 4a 9l
WARFEN XRD i, MEHTLLEH, &8
AR IELE B2 BIRARHIA B19' D[RR M, B2 B RAAAH
FEAE 3 AN R AT S0, AT 0eda 205 02 (110) (211)
F1(220). W 4b NI G A4 XRD EIHE, A,
AELA XRD EE R B2 BLEC AR 1 (220) fi7 i 2k,
(120)F(211) 177 5F Ve ik i b 2 20 T S (10) 185 0 T A 4 A1
Ui BA FL AT R R A UK AR TR ke B IR A AR 1)
B IR AR AT

EARE R, ATEHTEEAH (110) i 1 AT iAoy
42.67°, ABTY Jig BRAH B IR AAAH AT S WAL IS 1) 5 £ B 7
RS T 121.5% A5 [AARAH BT AL 5 ks o

AT B S R PR RRIRR L BT B A
BRARNLI AR o
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Fig.1 Tensile specimen size (mm)
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Fig.2 OM microstructures of the TiNi alloy samples after different deformation by cold rolling: (a) 0%, (b, bl) 20%, (c, c1) 25%,
(d) 30%, (e) 35%, and (f) 40%

B3 TiNi G&AR% LA TE B iF 5 i 41
Fig.3 TEM microstructures (a, ¢, e), SAED patterns (b, d) and dark field image (f) of the TiNi alloy after different deformation by cold
rolling: (a, b) 0%, (c, d) 20%, and (e, f) 40%
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Fig.4 XRD patterns of the TiNi alloy after solution treatment (a)
and different deformation by cold rolling (b)
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5 TiNi & AR & DSC ik
Fig.5 DSC curves of the TiNi alloy after solution treatment (a)
and different deformation by cold rolling (b)

0%~0.9%; I, RJJifK 5 IRIEAHARR B, MARIX[A] )y
0.9%~6.65%, H.J /75 & O AR AH A2 1 1l 52 B 71 A
294 MPa; III, B IRARAHFN B A AH B3 M AR T T B
VAR X ] A 6.65%~7.45%; [V, B EAARHIAT Ly B AAAH
EPEAR TR B, YEVERIAR A 7.45%~51.31% . [ 7 A
(R CAER - AR A M 4 se B JE R 1 TiNi & e fEHr
i FE e 4 AR RS B

B 6b AR JE R RE 10 T RE N J3- TRERIAR B2k, X
JE s B R A . L B R 3 AR TE B B A SR PR T
BB, TR RN R S IR AR B, R OUE
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AR AR S Boa T A, AR AL N B A1
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T JG A 4 00 P8 T A T S 3 I 3 oS,
BTN 40%0), & &Pt is F] 1480 MPa, 5
LT, $2TF T 58%. MR LG TiNi &4 /1%
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Fig.6 Tensile engineering stress-engineering strain curves of the
TiNi alloy after solution treatment (a) and different

deformation by cold rolling (b)
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Fig.7 Rolling deformation mechanism diagram of the TiNi alloy

at room temperature
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Influence of Cold Rolling on Microstructure and Mechanical Properties of TiNi Alloy

Zhang Bing™?, Wang Jianping®, Zhang Zhijuan', Zhao Tianli, Yang Xiaokang®, Wang Hai?, Qi Kai*, Feng Hui®
(1. College of Metallurgy Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China)
(2. National & Local Engineering Researching Center for Functional Materials Processing, Xi’an 710055, China)

(3. Xi’an Saitesimai Titanium Industry Co., Ltd, Xi’an 710200, China)

Abstract: The effect of rolling at room temperature on the microstructure evolution and mechanical properties of TiNi alloy was
investigated by optical microscopy (OM), X-ray diffraction (XRD), differential scanning calorimetry (DSC) and transmission electron
microcopy (TEM) technique. And the rolling deformation mechanism of the alloy was discussed. The results indicate that the B2 austenite
phase to B19’ martensite phase transformation has occurred in the TiNi alloy during cold rolling process. When the deformation is
intensified, the non-uniform deformation of microstructure increases, and nanocrystalline and amorphous phases appear. Cold-rolling TiNi
alloy exhibits only the elastic deformation and plastic deformation stages of the austenite and martensite phases during the stretching
process, and the stress-induced martensite phase-transformation disappears, showing a continuous yielding process. The TiNi alloy have
different deformation mechanism at different strain stages. When the strain is 0<¢<0.2, the main deformation mechanism of the alloy are
stress-induced phase transformation and dislocation slip. When the strain is ¢>0.2, the deformation mechanism of alloy is the combination
of twinning and dislocation slip.

Key words: TiNi alloy; cold rolling; martensite transformation; deformation mechanism

Corresponding author: Zhang Bing, Ph. D., Professor, College of Metallurgy Engineering, Xi’an University of Architecture and
Technology, Xi’an 710055, P. R. China, E-mail: r.zhang1112@163.com


http://www.mater-rep.com/CN/10.11896/cldb.18040134
https://www.ams.org.cn/CN/10.11900/0412.1961.2020.00270
https://www.sciencedirect.com/science/article/pii/S0264127521001428
https://www.sciencedirect.com/science/article/pii/S1359645420309782
https://www.ams.org.cn/article/2021/0412-1961/0412-1961-2021-57-3-295.shtml
https://www.researchgate.net/publication/248296900_Crystal_refinement_and_amorphisation_by_cold_rolling_in_TiNi_shape_memory_alloys
https://www.researchgate.net/publication/248296900_Crystal_refinement_and_amorphisation_by_cold_rolling_in_TiNi_shape_memory_alloys
https://www.researchgate.net/publication/248296900_Crystal_refinement_and_amorphisation_by_cold_rolling_in_TiNi_shape_memory_alloys
https://www.sciencedirect.com/science/article/pii/S0921509312012828
https://www.sciencedirect.com/science/article/pii/S0921509312012828
https://www.sciencedirect.com/science/article/pii/S0261306912007133
https://www.sciencedirect.com/science/article/pii/S0261306912007133
https://www.sciencedirect.com/science/article/pii/S0261306912007133
https://www.sciencedirect.com/science/article/pii/S0921509314004213
https://www.sciencedirect.com/science/article/pii/S0921509314004213
https://www.sciencedirect.com/science/article/pii/S0921509314004213
https://www.sciencedirect.com/science/article/pii/S0925838812016386
https://www.sciencedirect.com/science/article/pii/S1044580318310891
https://www.sciencedirect.com/science/article/pii/S0261306912005845
http://www.rmme.ac.cn/rmme/ch/reader/view_abstract.aspx?file_no=20180030&flag=1
http://www.rmme.ac.cn/rmme/ch/reader/view_abstract.aspx?file_no=20180030&flag=1
http://www.zxjs.cbpt.cnki.net/WKD/WebPublication/paperDigest.aspx?paperID=d4857cc1-ff72-4340-b175-187ea7dd796d
https://www.sciencedirect.com/science/article/pii/S1359645419306007
https://www.researchgate.net/publication/330276858_Improved_functional_stability_of_a_coarse-grained_Ti-508_at_Ni_shape_memory_alloy_achieved_by_precipitation_on_dislocation_networks
https://www.sciencedirect.com/science/article/pii/S1003632620652992
https://www.sciencedirect.com/science/article/pii/S1003632620652992
https://www.sciencedirect.com/science/article/pii/S1003632620652992
https://www.sciencedirect.com/science/article/pii/S0264127520304093
https://www.ams.org.cn/article/2021/0412-1961/0412-1961-2021-57-8-1000.shtml

