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Abstract: NiTi alloys are common shape memory alloys with good shape memory effect, superelasticity, corrosion
resistance, and biocompatibility. They have a wide range of applications in biomedical, aerospace, and

microelectromechanical fields. Objective The wetting properties of different nanoscale structures on the surface of NiTi
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alloys were investigated to improve the wear and tear of NiTi alloys in the working environment and to increase the service
life of NiTi alloys. Methods A molecular dynamics approach was used to simulate the shape memory effect of NiTi alloys
under periodic boundary conditions to study the microstructural evolution of NiTi alloy atoms at different temperatures.
Meanwhile, based on the different microstructures of NiTi alloys under the temperature response, a droplet static contact
angle simulation was built to investigate the wetting properties of NiTi alloy surface under different microstructures.
Results NiTi alloys were found to undergo phase transformations in response to different temperatures, resulting in
changes in the surface atomic arrangement of NiTi alloys. The temperature-induced phase transition and reverse phase
transition behaviors of NiTi alloys as well as the microstructural evolution at the atomic scale were demonstrated. The
surfaces of NiTi alloys undergoing phase transition and reverse phase transition at different temperature responses were then
used as substrates, and it was found that the wettability of their surfaces has also changed and recovered.
Conclusion NiTi alloy undergoes phase transformation in response to temperature, the microstructure changes, and its
surface wettability also changes; NiTi alloy undergoes reverse phase transformation in response to temperature, the
microstructure is restored to the initial state, and its surface wettability can be restored to the initial state accordingly. The
austenite and martensite content of NiTi alloys during phase transformation affects the surface wettability of NiTi alloys.

Therefore, it is possible to adaptively regulate the wettability of NiTi alloy surfaces in the microstructure by temperature.
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Table 1 Parameters of MEAM potential energy

E, r, B A B’ B

I3 % IS I Coin Ch d

Ni 4.45 2.49 1.886 0.79 2. 84 1.94

Ti 4.75 2.85 1.0735 0.24 2.22 3.00

2.56 2. 84 -1.2 2.94 0.95 1.75 0.05

3.00 -18 =32 -44 0.25 1.58 0. 00
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Fig.2 Curves of NiTi alloy volume changing with temperature

A S 7 A T LA AT (1 A A B i
PEl, anlEl 3 frzs . B 3 (a) MR 550 K 5t 58 AL
PIERARZS 18 3(b) (K 3 (e) (BT 3(d) XFRZED 2 #iZk K
9216 K 2 196 K A FE BB, AT 3(b)—[& 3(d)
HRT DA H NQT & B 7ERR IR I B A 3 4 A A AZ i B
WA 1 3(b) IT IR K A S AR R IAL 18T 3 (0) Ak
FEARAZ R P ) R AT 18] 3 (d) S AH AR S5 R A A R 4]
A LA R EERR AR 216 K I, ST Sl A% 28544 BNk & 4=

AL BT IR R A S IGRARAS B 4 S AN [R) 45 44 T
T bR LT R, K 4 FTLUE Y
O FRARZGER IR TR KON 4% , Fifi 6 1R 3 0 FEAIG, HAAR R
OYBORWIE TN R RRAR S 196 K B, A5 R 5 45 45 44 AR
T8 B, B ZHEB BRI B IR, B AN B S TR 54 Ak K
PO, B [RARZE R TR B0 96. 2%, B 3 (e) M
R 25 50 K WA s iRZs /1 1 3(f) (I 3 (g) X
& 2 £k 456 K ] 466 K FHETE, MK 3(f)—
B 3Ch) Hal LI H NiTi A 47 THIR B B & A= 35
AHAS R EL AR AR L 18] 3(F) S Id A bl AR AR A L]
Bl 3(g) Ry &AM ARAE ]l AR T 3 (h) ki A AR 4
FABIIIE] AT DL M B T 21 456 KB db AR
T AR S5 AN B I R AR A i R B IR R AR
IO ARAS , L 4 AT LA Y LI % B I AR 446 4 44
FROPEON 12. 2% , BifE T B2 S W T8 & 466 K, BEAY 1Y
mmA% S5 R AR AL S8 B, AR 5 ] B RS ) AR
AR 56 15 B LR A AR B o BBt I 2 b S DB, L
T A R AR A A A R EC AR, B AR 5 4 AR A0 B
1 92. 6%,

AL 4538 AT NiTi & & 7R IR A & F & A A
A HRFHE R 2 & A 28 R T NiTi A & o0
SR I R AR O ) AR

(a) 550K (b)216K
(c) 200K (d) 196 K



62 ERIMAFFMOEARER)

%41 %

(e)50K (f) 456 K
(g) 466 K (h) 550K

B3 NiTi 5 £ERLEMERETLE
Fig.3 Plot of NiTi alloy model structure changing

with temperature

—=— H[GIR
—a— I IGR
1.0 —v— HAhZ5H
0.8
&K 0.6
S
&[é
2 0.4
0.2
0.0

S S S &S s
4 FRZHMETREMEETHITEE
Fig. 4 Variation of atomic content of different structures

with the temperature

3 JETIREGR SRR NiTi 8Pk Ge 5
3.1 PR

FETT RS () FE b 1 ST NiTi A 4 A Vi W 1 A
B RGN N NiTi 90K 4546 T 3003 B4 1 finh £ 72
b RIT IR A AH A2 1D AR 336 A A2 52 B Y S AR
B i o R ALE - RO R e,
Hx=90 A,y=90 A,z=70 A BN R ] FE 1k 1
A, WELS FFoR BRIE Koy S5 F A AL B (0,
AR AR AR T BN NiTi & & 76 A AR
JEE R AN AS R AR 2 52 0 1Y Al AS 4544, = R 20 A
WO NI R, 20002 Ti BT, AR FEZAS G i 45
T BEAS [ R A 1 R IS R8T A9 RS /Nl J2 7K 4

TR RS TR R 2 T sh i R & B R R JE I, 98
KW B AR R/N D=60 A, b BR.O 7 B B SL R R
RS R 40 A, BIARARAS K4 F 2R FH bee ShAg AR,
FARH BN 3.915 A,

SFFEIIEMRE MR RN PG E 4,
PN S e S RN EAWIE 3 ) S e s U P N
MIRLEN,IE R REER R N R F AN S A B
WA R4y R NVT NVE Fl NPT, Ho N AR AR R
BTN, VARSRIR R, T R IR TR E AR
RN Aaea, P IERRGNE TR, AU
WL R T AR BT AR K 2> TR NVT R 45 1R
WEZK 4310 S T BORVAR FRUE 2 | I 45 17K 43 00 Tk B
4300 K.,

X KA FIE NiTi A4 3R 0 AR R R 17 fE i
F/MECE SRR 300 K IR R b 100 ps,
a3 R 0. 001 ps, 7] 5% FBR 1 35 /7% SHAKE
XKy T B B A AT 2 . SR NVT R 25
PREFIREE A 300 K, iE/KFHIR A B 95 R 2] NiTi
HEIIREm L,

(a) HHEEAT NiTi & & R EHEREEE

(b) HHIJF NiTi & & REHREER
5 NiTi & &R EEEERE
Fig.5 Surface wettability model of NiTi alloy

3.2 PirdeR

XTI BT AE MD B KL 112 5l
AR I T3 e B e 4% . UL Y 3 R K00 i
ER PR % (hard sphere potential function) | Sutherland #
PRAAT Lennard—Jones PR, MK R H & H Ko



%34

AR % T NIT B SGRT 17 40 K 2 44 938 e 63

FHHAZEH JE A (hydrogen bonding) JF &% ( coulombic
pot—ential ) LA K K FEAH H.AE 1] (long range interaction) .
TEH L] A ARALL NITi fi ks 2854 oA 5 FR A AR B IR
PARHIN 7K V& TE NiTi S [ AR R T 19 535 3 ) 247 B3
PRAL, L-J Hekfnoh

U, (1) =4€ L (3)

o [ (UW:WP ) 12 B (UW:TW) 6} (4

H ey AEBFRIE, 3 (4) 1 0 gy HAHE
YERPE S A RRIE R BE . BT H 5 NiTi /1 0
JF 22 ) A AR T AT Z 08 A1, PR NiTi-0 2 (8]
B EAE ISR AR NiTi—TIP4P ( TIP4P B AL A 7K
Gy TR Z AR B OE R, KT Z 5 S 40
2 PR, L] BOeR B R F A BAE S 80 % 3
Fi7R .

R2 KkHFHEBESE

Table 2 Water intermolecular potential parameters
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Table 3 Interaction parameters between atoms

% T FEAER 1/ eV ¥ E /A
Ni-0 0.064 5 2.6849
Ni-H 0.0 0.0
Ti-0 0. 005 3 3.164 4
Ti-H 0.0 0.0
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0-0 0. 008 3.158 9
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Fig. 6 The stable curve of contact angle simulation over time
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