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R FT R A AR NiTi40 44 SUsr N 60%Ni+
40%Ti(Fi &7 20). K B IEPBIE % NiTid0 &
S5 RAEERIE NiTid0 & EBMEELA
7)o NiTid0 & G4 A4 AL 24 A B8 2 5000 31 d5 JBORk
(950 'CH 1050 C), fRifk 150 min JG/K¥%. {5 H
NiTi40 A & FH AL WS A B 7B fe it o

KH JSM-7001F 34 B BB W E & & i
FREE M AmtEol, FIFH SEM RC#& IR iE 7 Hr
MR, FERIH SEM e & 1 HF- 15 B AT SO0
el amb R mE T 7o MH
JEM—2010 15 70 #F AL 3% 4 7 WA B A Tecnai G2

1 NITI40 & G &I 2 IR ik S

Table 1 Space group and lattice parameters of each phase in NiTi40 alloy

F20-TWIN A #id7 i 555 375 S L1 S 58 L 5% 6 48 1)l
ML, maPBT R, JERH Tecnai G2
F20-TWIN #7555 37 S v -1~ S Al B s 1 e 1 A3 7
HrAH s . TEM $ilFE, ERM e HI R ER N d 3
mm L9 50 pm FI/NE o, £ MTP-1A XU |
HEAT AT, XN 5% (PRAR 7340 i SR H AL
HE 50V, HIEZIN 50 mA, HEZN-40C.

2 FHREDH

B 1 fiT7s A NiTid0 & &5 R M 2 A [F b 21 5
(7Y B BT (BSE) % - NiTid0 44 950 C &K
A1) BSE LK 1(a)fl(b), &&HIEfEKERE
1~10 pm (38 A0, MR ERAR, &8T5 B2

[12-13]

Phase Space group Lattice parameter
NiTil!? Pm3m(221) a=0.300478(14) nm
NiTi,!'? Fd3m(227) a=1.13232(18) nm
Ni;Til'? P63/mmc(194) a=0.51010 nm, ¢=0.83067 nm
Ni; Ti,-L! Cmem(63) a=0.4398(49) nm, bh=0.4370(480) nm, c=1.3544(150) nm
Ni3Ti,-H!!! 14/mmm(193) a=0.3095(38) nm, ¢=1.3585(165) nm
NiyTi; % R3(148) a=b=1.12704(20) nm, ¢=0.50981(15) nm, a==90°, y=120°

1 NiTid40 £4:4 950 'C5 1050 C &7 /KA 5 1 S oK RUBE SR — AR 43 A1
Fig. 1 BSE images of NiTi40 alloys after solid solution followed by water quenching: (a), (b) 950 C; (¢), (d) 1050 C
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SEFII NITi FEARSNEAZAE 3 i, 454 EDS Hhrdh
RN 2), o FEAX BARE S A Nis Ti A, R
AFRT S ARG S AR S NiTip A, 584 NiTiy AH RIS A2 7E
WEREE T BOMAN T KBS TiC. &4k
NiTi #H Niv Ti JEFLeEEE T 1, NiJ s, 17
TE— BB R AR R A ) WL 2 1 9K AT i A
Ni T8, HrifAHE Niv Ti JRFERT 1. @it
HAADF-STEM W42 WL 2)FIAH B¢ EDS 43 Hr (L
7 3), ATLARINE 950 C[EVA 7K ¥ 1) NiTi40 & <5 fnki
P DA T Ak o A RO RO NisTis NiTip BAK

2 1 AN A EDS S Hrdh R
Table 2 EDS results of corresponding points in Fig. 1

TiC, .91 TiC 5 NiTi, PAPIAH A TE A I, Wil 2(b)
F7R o

NiTi40 &4 1050 C BV /KA FIES WA 1(c)
(d). HHEL 950 CREIEKABALRE, 2 1050 CREIEKA
(&4 NisTi AHERE 5E A B, AHADAFEAE KR
7E 1~10 pm M T NiTi, AR TiC 4. #b4t, &
&4 1050 CREVAKR G, BRI N & & — P
f, P T NiTid0 A4 Ni ELR & &, B 2(c). (d)
FUPHIRSE —AH BN NiTi,. TiC M, AL NigTi A

K HL 7 5 U AT S (EBSD) H A X 155 Fofe [i] 35 Ak

950 C 1050 'C
Phase - i . .
o(Ni)/% o(Ti)/% o(C)/% o(Ni)/% o(Ti)/% o(C)/%
NiTi 53.74 46.26 55.31 44.69
Ni;Ti 73.78 26.22
NiTi, 3391 66.09 34.10 65.90
TiC 0.91 71.77 26.32 0.97 71.68 26.35

& 2 NiTi40 A4 H RS M1 HAADF-STEM {4

Fig.2 HAADF-STEM images of coarse second phases in NiTi40 alloy: (a), (b) 950 C; (c), (d) 1050 C
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&3 &2 AN EDS 2 Hr 4R
Table 3 EDS results of corresponding points in Fig. 2

BRI G ST T 0. AT X3 1200 pm X 900
pum, HKN 4 um. £ 950 ‘CHI 1050 CEHBEKA G &

Element _ Mole fraction/% S IR 43 A VL A R TR B R TR I 4
1 o 1o £ U 3 R0 4 T 3(0) R AL RE BT o 1 £
2 33.87 66.13 I (R B T S bR DX R NisTi A, B 2R
3 34.49 65.51 BN, BORIANEHE R EBSD 2087 BT 52 5K IR il &
4 0.49 49.93 49.58

ot H A TAR E . I 3(b) T PLE Y, NisTi A £ B A

'_,‘ Color coded map type: Inverse pole figure [001]
Titanium nickel
111

p

101

Boundaries: Rotation angle

Min Max Fraction Number Length
— 2° 5° 0228 10311 238cm
— 5° 15° 0.066 2982  6.89mm
— 15° 180° 0.706 31865 736cm

Color coded map type: Inverse pole figure [001]
Titanium nickel
111

001 101

Boundaries: Rotation angle

Min Max Fraction Number Length
— 2° 5° 0.143 1620 3.74 mm
— 5° 15° 0.082 931 2.15mm
— 15° 180" 0.774 8752 2.02cm

El 4 NiTi40 G544 1050 °C BV 7K A I BLn) BIRT5G it R4 T & B 8 ) i 57 ]
Fig. 4 EBSD IPF maps(a) and 1Q maps(b) of NiTi40 alloy after solid solution at 1050 ‘C followed by water quenching
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TEGRTIIE, 76 NiTi REMN B, H /N dk
e Bl 40) P RSB F B RAFE, HHE
1050 °C [ AR FE NiyTi A L 3EA [, 5 SEM WE24:
A —%0. £ 950 ‘CAHI 1050 C B KA A M SRR
P43 113 um A1 171 pme FEEREF S, 54610
b FOGT B E R, KA A B08 N, &4
AR F /N ERLAE 1050 °C VA I FE A 2%
5(a)~(c)FT~ N NiTid0 & 44 950 °C [l /K%
FERH TEM BA3AM8 . WS35 0G R N 0 3% X A7 5
(SAED)i% . MBAIZERMBEAE AT LR H, ZEE+
FEAE R EIGUR B S AT A, HRSHERE N
10~20 nm, & 5(b)HFiskbrtt. HrAHER LG A
BERHIN A E . B S5 A1 s 5 7 )
SAED i, % SAED ¥ f 3L AR AP BT H AR RIAT S
PEAS BN, AR s Rk 5(c), 5 KARLIK 252
(185 AR — 8. B — 2D e 2 B2 Z5H4 1 NiTi AH,
i BT R AR NigTis, HTHARR Niv Ti FEERCK T 1,
IXALL | EDS 73 #7485 A — 5. L SAED 1 7] LA 1],
AEAEPRFIELAI ) NigTis B4k, XA T B2 4
A NATi JEARI(110) 5 BT FR o I [123 ]9y 7 I
SLF| 6 MNFIMIATIBE R, 1/7(123) i A NigTis 2%,
BEAL, NiTi JEARR (10 1) TR AT BE A AT NigTis
T H AR (4150) TIXS . OATSBE S B 4. SAED 3%
WY NiTi 5 NigTi; 10U 5< R A N/ [0001] g 7, 5

a5

B 5 NiTi40 A4 TEM GRIAE B 1% X AT 5 1

({1 IEO)Ni4Ti3 11(123) iy =

5(d)~(HFT 7~ A NiTid0 & 448 1050 C [Hiw KA
FEMI TEM B8 IS AGORIA B (1 3% X L A7 5
SAED . M\HZEGAMEESG P DER, Z&&T
FFAELL 950 °C [V 7K ¥ BORE i B SR K N Ti; 4,
HRANGAES, HRSPAJLHRILESK, B
S5(b)AEEFrH . SAED 18] B2(NiTi)Fl NiyTi; 3%
1%, H B2(NiTi)Ffl NigTiz B 9% R N 11 i/
[0001; 1y, ~ (1120)y;, 73, // (123 )i -

6(2) T N NiTid0 A 448 950 C [ KA [ FE
AR LR NITE AH[TT1] A8 4/ [0001]y i, )77 RS
[ HE T AR . B 6(b) A X A4 [ PR f BL e
ZH(FFT)E, A B2 FIF45K1 NiTi 24k Bl 6(c)
F2 X 35k B 1) R ik B AR e (FFT) 1, DR N T BT HE A
TEE 6(a)H, Mo H S A LR & BT AR S S A
F) FLTT, oA DL T Ak B Sk ) I 4t

7 Fi7n N NiTid0 444 1050 C EE KA FIFE
ARETIER NATI AH[1TL]ER AR/ (0001 vy, )7 FIBLEE
s P T 2% . mE 7 /&, 1050 C A KA
(17 NigTis B AR RS 9L 2 LE 0K, RS
B, AL EITEM I AR, Wl 7@)fs; B 7(b)
B 7R AR RLR NigTis A7 HAH PR A8 5L A8 46 (FFT)
B, ik — B AE IR 7 SAED i i R ER [ F) NigTis
AHAR AT NITI JE AR I AT SRS 2 R B 7(c) FTm N Ny Tis

Fig. 5 TEM images of NiTi40 alloy and corresponding selected area electron diffraction (SAED) patterns: (a) 950 °C, bright field
image; (b) 950 °C, dark field image; (c) 950 ‘C, SAED pattern; (d) 1050 ‘C, bright field image; (e) 1050 ‘C, dark field image;

(f) 1050 °C, SAED pattern
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Bl 6 WA NITi LI BIC/ [000 )y, . )7 T BLGE 085 4 v 50115
Fig. 6 HRTEM image viewed along [111]n(/ [OOOI]Ni4Ti3 )(a) and corresponding Fast Fourier Transform (FFT) patterns of

Fig. 6(a) ((b), (¢))

{2

7 AR NITI AL RO [000 1 oy, )7 TRDBRER A i 2 HL 7 S R
Fig. 7 HRTEM images viewed along [111]nri(// [0001]Ni4Ti3 )((a), (c¢)) and corresponding Fast Fourier Transform (FFT) pattern of

Fig. 7(a), (b)

AT AR AR NITi AR AL 5 7 dn AR, REfg M52
FI B AR ST, ST P AR AR BRI 13
22950 ‘C. 1050 °C[E[¥ /K% () NiTid0 & 4= 1) il
JEAE 53 711 28(60.5+0.6) HRC F1(60.9+0.1) HRC. [E 7K
AREER R NITi40 & G307 M B 1 ocs M, Ni;Ti
FHIENE, 9RGLH NigTis AHTEAR G FE IR A% o
NiyTiz AH AT HH AT AR 18R B 55k B T I AT NiTi %
IAA S S NigTis MR NiTi 36482 18] 4 i ag 2l 1%,
YKL NigTis AHAE AR, 51153 i 7E NiTi
Fepkrp, EBVREGRILIIER . NigTi; MR, B
PAA S NITi BRI 5 G 500 & 08 B 1R 52 0 50 75

B A

950 °C 1050 °C [# %5 7K ¥4 1) NiTid0 4 4 i 5
FHIE, (RO LG IR K ZE 0] &4 IR e T
enbLRE, AR, BE . RSP RESREE. H
EBSD 75 Hi ] 950 ‘C A1 1050 C [H & /KA & 4 1 ik R
~FA3 04 113 pum AT 171 pme B4R & 584L , Hall-Petch
AL, SRRLEOR, BREEEAC, ARRLRSTRNGESE
950 °C[E¥ /KA NiTid0 & &2 is B v w1
1050 “C [ ¥ /K ¥ 1 NiTi40 &4 - NiTid0 544 950 C
[ 95 7KV Ja I AFAE R B AV B NiTip M1 N Ti Al &
1050 ‘CEVAE/KA G, NisTi ML e 4 EE, 5 H
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(VAR B T 950 CREVALIR. R NisTi
FHFECT 950 °C [l /KA 1) NiTid0 A 4+ NigTis #H7
BN I, NigTi MAE A SR %R D IRk
AR RAER Y, BRI,

3 Zig

1) 4 950 CREAEE, G4 FERE 1~10
pm PR ZAH, 32 B9 A BAEAE ) NiTi, TiC A NisTi
LiEp

2) £ 1050 CREIFEA S, AHE 950°CHE, &
S NiTi ML e A FE, A7 K& RSHE
1~10 pm AH B AEA ) NiTi, A TiC #H.

3) 4 950 C5 1050 C &% I SRR 4051 R
113 um A1 171 pm. 950 “C [l FE & i S B NisTi AH
JE FEIAELE R BRI BN e VIR E T, &4
1) iR B 38K, A & dn AL 1)/ BB RLE 1050 C
] A I B AR 2

4) 2 950 CREIEAEE, & AT HAEZE N 10~20
nm [ NiyTi; #l. 28 1050 CREAAE, & AT HAHE
L2 JLESKR NLTis #H. M SAED # 7] LLE
FIAEAE PR ) NigTis FHAS 4 BT HAH NigTi; AR
P& NiTi # BT 5¢ & 8 [0001]y; r, /01 i ~
(1120);, 13, // (123) iy =

Bt

BAHL AR F £ R A 5o T4 &t
R I, BRPLTMEMAARARE ST
St E S BRI MR AR LE.
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Electron microscopic analysis of microstructure of NiTi40 alloy

DU Zhi-Weil’ 2, 3, PENG YOl’lg_gangl, 2, 3, HAN Xiao—leil’ 2, 3’ ZHANG Jil’lgl’ 2, 3,
LI Cong" 7, LIU Shu-feng"*?, XU Yun-pei'**

(1. Guobiao (Beijing) Testing and Certification Co., Ltd, Beijing 100088, China;
2. China United Test and Certification Co., Ltd., Beijing 100088, China;
3. National Center of Analysis and Testing for Nonferrous Metals and Electronic Materials,

General Research Institute for Nonferrous Metals Group Co., Ltd, Beijing 100088, China)

Abstract: The microstructure of the quenched samples NiTi40(60%Ni+40%Ti, mass fraction) alloys was analyzed by
means of scanning electron microscopy(SEM), electron backscatter diffraction(EBSD), transmission electron
microscopy(TEM), high-resolution transmission electron microscopy(HRTEM) and high angle annular dark
field-scanning transmission electron microscopy (HAADF-STEM). The results show that the hardness values of NiTi40
alloys after solution treatment at 950 ‘C and 1050 C for 150 min are equivalent, about 60—61 HRC, but the
microstructure is significantly different. After solution treatment at 950 °C, the alloy is mainly comprised of NiTi matrix,
NiTi, and Ni;Ti precipitates, NiTi, and TiC mutually co-existed. After solution treatment at 1050 ‘C, Ni;Ti phase is
completely dissolved into the matrix, and the second phase is mainly NiTi, and TiC phase associated with each other.
When the solution temperature increases, the grain size of the alloy increases significantly, and the small grains at the
grain boundary of the alloy disappear substantially after solution treatment at 1050 “C. After solution treatment at 950 C,
the precipitation in the crystal is mainly 10—20 nm Ni,Ti; phase, while intracrystalline precipitates are mainly dozens to
hundreds of nanometer Ni,Ti; phase after solution treatment at 1050 C.

Key words: NiTi40 alloy; solution treatment; electron microscopic analysis; NisTi;
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