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Effects of Magnetic Mixed EDM on Surface Characteristics and Hydrophobicity of
Ni-Ti Alloy
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Abstract: The hydrophobic surface of Ni-Ti alloy was prepared by magnetic mixed electrical discharge machining (EDM) to
improve its biocompatibility. The influence of the processing parameters on the surface characteristics and hydrophobicity
were studied, respectively. The surface morphology of the workpiece was analyzed by scanning electron microscopy (SEM).
The contact angle and surface roughness were measured by optical contact angle measuring instrument and TR200 roughness
meter, respectively. The results show that the parameters of magnetic mixed EDM have significant influence on the surface
morphology and hydrophobicity. When the current is 1.5 A, the solidification bulges on the surface increases with the increase
of the pulse duration. When the pulse duration is 60 ps, the surface contains a suitable size of the solidification bulges and the
contact angle reaches a peak value of 138.2°. When the current is 4.5 A, the surface is rich in stomatal characteristics and the
depth of the pore reaches the maximum at the pulse duration of 60 ps with the contact angle is 133.6°. The surface roughness
has no direct effect on hydrophobicity. The hydrophobicity of the Ni-Ti alloy surface is greatly improved by using the
magnetic mixed EDM process.
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Table 1 Thermophysical properties of materials

Properties Copper NiTi

Density / (g-em™®) 8.96 6.45

Melting point/ C 1083 1310
Thermal conductivity / (W-m™"k™") 383.3 10
Specific heat / (J-kg '+ °C) 410 0.32

1.2 RS HEE

RIS R AN T, TAEA Fiiks: MK602
LR KAER . KB T SHT . W(E N
1.5, 45 F19 A, JkmpsifEh 15, 30, 60 190 ps,
MBI R Ry 50 'V, kpalbg Ry 5 pso fE LG 9%
PRI 30 W, H538h 2600 r/min.,

1.3 XA 5RIE

XI5 08 AR A PP 5 T 7K & Btk
TSI UE, T UERTEIA 8 min, FIFH2EE FEI 24
A Apreo BRI HL BT T 47 R ATE S 047 o
i IR AR A1 2N 5] TR200 FHLRE B (SO T A4 730
B, R TR RIS AR AL B e T I,



122 b B xR T LT IR

2019 4¢

SRIE WO M . i 72 [E dataphysics 24 H]
OCA15EC AU 42 fil 710 1t 4SO 5t iS22 M A1
KRR R 5 uL, 76 TAFRMBER 5 ARG E
HEATI L, BOHP BRI A5 R

2 HER55H

21 REMUEHRSEN

AFEINTZHCT MBS SR mIE SN 2
PR AER 2 R BIBRIE 2(a) LISh, HoRELIIE
FIEIEATAL e HEZIE MR . # BEPEE
B TARWRGHEAT PO, 2 Rt A T AR
A AR & A, AR A S T
W, a2 TARA PR s, W il P
B AR SRR R A A IR B AR R, R EL
T TARR A R N AR BUKZE S, RN &
T SR A R L AR T 3 i < s 2
AR, R T R ) A AN B A 2 A Rl ) <
BN, BEE TR AR SN, RS 4 m R4
BEM, U R, LR RIS
A E NG, I AL,

K 2(a) KA LI, X2 THMTZS

(c)I=45A,T,,=60pus

BN I=9 A, Ton=15 ps i, WE{HHE R, ke
BUIN, TRRBTREE, SRR A RS)E, X
L g 4 R S B AR R A T K e R R A R
FrUARTISAUER, BA—& RE s I .

&l 2(b)(c) #REA AL, (HIE 2(b) ASLE N
WAL, XERRAZHRMEARYIN 45 A, HE
T 2(b) AR A Dk A/, H Tk il g R AR
AN, KA A B AR A R D ELE PR SR
HEAJE A JE R RO, RS AR ZMES
fLo T 2(c) PR ok vh e B e, ik r bk e
e, MR, AARA E 2Rt A
JE R, PRI B TR AL

E 2(d) I T.B500 I=1.5 A, Ton=60 ps I,
Pk BERR, (H 5Bk SER R 60 ps. HLGCH 4.5 A
M 2(c) M HL, HFEEPSFLERE /N, XN
o B R S 1D W NG R = 7 N & SR B E
Yok FECT SR, e neE R a )R
TGRSR R R B 2Bk, TERTIE N T
aR U NN (1= 420 230 LT e o1 € e
FAETE, X FIRFIR S5 HA 2 B T — 340 28 R TG
Tl e o ) < SR AR o, TR B A Bl Y AR

|
2 4
~. Micro crack .
7 o i 50/ um

(dI=15A,T,=60pus

B2 AEINTSECT R HEAR

Fig.2 Surface microstructure under different processing parameters



5230 TR, AF: REIBEPERE RN T X R G A R I RAIE B /K P 5 123

HY, FBTBEE R AT Y R I R R
B L 5 IR " A A T RL S e, BT
PIFERBKTERI 261, R LI T BN

22 MITZxREEMA R

AR (AR S T P T B R,
fulf 6 A AR AL, 0>90° ik R
T, 0<90° /KM . BRERA B HIAEH fih £ 22
L 700, SRS EARE . Eh R R
B4 AT B b A DT AT B K, IRl
i BRI B IS R TR

20070

(@ I=15A,7T,=15us

() I=15A,T,,=90 s

fl 45 F L AN T Bk B 4 2 T 55 4
N (S A W 3 BR8] 3(a)~(c) Ry
R R 1.5 A B, FRIEE AR 3228 s I 8 T R A AL,
Kok ™ R ) RST BB Dk (3 KIS R, ot
TREEKTERRE R, BkobRE I, k4R
Rz 2, (A2 TRCRmEEY K, BRak
B, FBOCRS M RIS RE SR, DA
I RS SRR A

a2 uep NN E N = G - W YR P
B, MMz, HibE 3(c) ik

CA=1382°

(i
o

k.\‘

W/
200 um

(K)I=45A, T,,=90 s

<

X

200 um g

2001

() I=9 A, T, =90 us

Pl 3 Bl AN T (R R TR AR KT ) 1o f) e f £

Fig.3 Surface morphologies and corresponding contact angles after magnetic mixed EDM



124 b B xR T LT IR

2019 4

F 138.2°, X ERH Iy HIAENERSTRK, JFA
HEZI TR IR . 0%, BT DL Y i 4 il 3R
B, — AN IR B A T S 4 SR R FE A
K, MR 2 ] 2 BRINR B TR S R
FH T 77 25 1 BHLE T 80 50 4 iE AR B8R 2 (1]
PIZERR, TR RN, RRAR T Wi 5 A Y
Pefih, JF BRI BASILNAEAE, XS R
BBV HE— SN . M SRS 2(d) &
PR A 22 [ 1) <SR Ak " 5 4 IR A R 7 ] — A
I, T DA A A B TR S I S R
TERL T 2R RN, MR T SR K R AR
Rk, JEREY Cassie BISMMT S, B
JICIX A B K PR R 1 2 T 05 ol i ) 4 e
B KAEBAR B IR K KR, FETCRE I PEFE R 1
T, R E B T2 S5 AN B 28U 2
Y, & 3(a) 5 3(b) H AR SRR R TN,
JIT LA S i R R A R e, R T Al
BUNSEERR R, 3o A5/ RS 1 a5
AL REAE AR, e R R N, B4 A
R B o A T R 22, T DA R ek A DS
DAL I B A 25 B A 43 e I 0 o T AR SR TG TR K
RE/ = G

R 2(0) 5 (c) KB F N 4.5 A
mF, ARFEBKGET S FLEE AR, BkdEk 30 us
mh, SALESE, BKOEh 60 s BF, SFLEEE. M
] 3(d)~() KBLEHR N 4.5 A B, BRFEAS R HEE
LB WA, BKYER 15 us 530 ps BF, H
T H Bk e RE RN, AR B TR AR X b
S, AR ARG R IR ERE, HIE
BEAELE R Z . M2 IKTE R 60 ps B, 3K
F1A) AT P VK v R e 2 1T A R AL Y 4 b R
K LB, HRmILEEE D, HIRES
FIsE

B 2T R e, Rt bE 2 ARk,
MR AR RSN, AR, Y
T GAHBRZMHAILN, HhfERK. ME 3@d)
5E 3(e) ZIL, WIZFALEZ BRI 5142 fil
FITE 90° AT, WAIKHBRAKYE . SR e
2R & A R 2 A AL, M E R RTEE 2(b)
HnT L& B R DB SR LR, Xt
SR TR X PRI R MR A S T E
SR w2 AEL T, B S R

£23 LA IO TTEAR: by NI WV i DI AL sl 0 WA
D125, FTLASRBA TG AR R0, R 5 [
PR f IS, A A 1R 42 ok v AR 2 5 B M A /N o
{HJE T R B RO ZE # & A T AR R, T LA
il A 5 AAE B2 Afy A EEAR SRS B T /NI B T o i
B 3(h) MR mE A MAAE T 133.6°, HERMSA
—ER R SR Z AL, BT SR
PRI, ISR AR FE ARk, W B
T2, BT 7L
N7, DT 2 T AT 508 ) g 7K 1 o

MK 3(g)~(1) KILHHIA 9 A, BEEIKTER
K, REIE TS FLRRE & e B35 A b 1)
KA, FHRVERNEA —EREN AL, XEH
R SN 3 B S SN N
R MK TR K 30 ps B, SARUEASERL
SBIIERINZ, WAL, PRI — 29K
& 60 ps B, AUATEAJE A JE 0[] iE— 20
K, FrLAREIE A — 2 RS fL.

[l 3(g) WoRIB L T RS8R G &E R, (H
JE IR PR AL B S A R, il SR
ZIFR A AL, R A IR B SILES,
FrLCSOR e R, TR EE N & EA
— 3, FEONARICHE R S AR, BTLLR
Al AR R 96.1°, BEEPKTERIE R, RETEH
KA TEBRMAE, FENKTEH 30 us B, REE AR
AL, XA ORI S EARE 2 0 i
JIT LA i A AR T IRT 3(g) L& 28 /N o T AE Bk
GG KEF] 60 pus Bf, RETA —EHMEAIL, R
A RN A, R Al AR T 3(2)
AR

M 3(a)~(1) TP R IAEAH E I B R AR T, ik
Fik 60 ps B, FEIEMARA, It HLIAEAAR
MRk SERE T, MR 1.5 A B Al LA iR
4.5 A 59 A MMM R, (A RPEH
HLKIER AR TR G 4, AT 1.5 A Bf3R
T B AN REIE BT, T AN 25 R AR AR H 37 LA
W R K PE AR o PR IR ik e384 K 2 90 s
ISR TG K P, 25 Rl 3G)~(1) Frs.

ML 3(5)~(1) H A& BE S Bk ik K 28 90 ps, 3 Fh
FL DX IO ) e £ 5 DK B8R 60 s BN AR 422 £ A L
PIA RE R RIS o X PR FE IR 5 90 s
AP, MU 1.5 A, FIAEEE N E M RS



5230 TR, AF: REIBEPERE RN T X R G A R I RAIE B /K P 5 125

Pl 3(c) BT3GR, (EJR 4l s A AT, X2
PRI Ay RS 5 A s ™ 5 B80T 5 T A o 42 f
PR R, 2 RS WO Al LL ) R R, <R
BN A FTREAR, Pl AN . A
4.5 AR, KRR SAREHMGT, I Hix LM
B RSHRR, Mo fe R R S th T
D15 BAE S A M, S 30 S A
ZIEEL, FM TERRIE R, R IR Al A
518 3(F) M R R IR, WSy 9 A B,
FARF MDY A & A ALRAE, H b AR AR &
T BRI, 52 A R Y4 il
TG, PR SO0 A PR AIG, il 5
P 3(i) AH ELSEmE A BN

BRI HL /N R 1.5 A 55 4.5 A B, 3l fa
Bl 4 IOk T A 35 R I Se R R R U e,
k56 60 ps BBl ff ik B . 24 L 3 K 3
9 A, W EBKTE T 60 ws M4 fih £ 35 2 B KA

(@ /7=15A,7,=60pus

117.7°, BRGEHEMN B ]N, Bl A% T %

M EREGE 5 A 3 ke B8 AR G 1 5
FERLKAEIN TS, HER T S B AR A 5
P AN S s ) | LR 7 ke s s SPA S 3
A S HOKPERI RN, PEIOAS B A B i K
AN T 2ok AT R K AE N T A5 o

K 4 7R iR R R K TR iR
T 390 S B % o7 By A Ay o G PP 5 1] d(a) (b) £
FIARIEIN T 2800 S A RE I BRI 3(e) (o A
Kl 4(a) R BUHERE SR BEGA RE I BEPE AL K
FEIN T B P 3 (c) ABRET A e 2 W 0 A 4 5 T
i, S ECHICEA LR, P LA fil A A
/No NIET 4(b) & LR R SR BER A 7 F115
PR IAEIN TR (B 3(6) AFEA B TAL, K
RESE I CE RN, BT AR b ff 50N o 3 At ik
BTl R 0 B R B I TR AR T 5
SEIL RN A NIV S0 Wi N 2R el

(b) /=45 A, T,,=60 ps

[ 4 R aCr JABNN TR B2 TR 500 K B o 7 ) 22 fk £

Fig.4 Surface morphologies and contact angles after oil-immersed EDM
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