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Coatings by Laser Melting Deposition
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Institute of Laser Technology, Tianjin Polytechnic University, Tianjin 300387, China

Zhou Shengfeng
The NiTi-based intermetallic compound coating is in-sitzu synthesized on the surface of Ti-6Al-4V (TC4)
mainly composed of the intermetallic compounds as NiTi
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substrate by the laser melting deposition (LMP) technique. The microstructure characteristics
lectrochemical corrosion resistance of this coating are investigated. The research results show that, this coating is
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decrease in corrosion resistance of this coating compared with that of the TC4 substrate
laser melting deposition
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this coating is up to 800 HV, which is about 1.3 times higher than that of the TC4 substrate
passive films are formed on the surface of the coating and there also exist many pittings
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titanium alloys
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h T iR TCL A4 Mk RE A ORI
SR TR AR L BL Ni-20Cr B R TCA B3 1 Ky 45 7
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YR 2 JFOESE 1 S A R AR |t GRS ok
PERE .

2 RISk

2.1 KM

LIRS 100 mm X 60 mm X 10 mm Y 7 H
TCA A 4N M b B AT B B3R HLK Ni-Cr20 5
TCA By AHE 9+ LAY i it H b A7 ¥ 2R & N AR BR
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ATEREERIE 1 h SR J5 76 100 CHE F T4 2 h, 7
VERE IR BE, TCA B R b 2= i W3R 1,

K1 TC4 BAR M A2 (B 24, 20)

Table 1 Chemical compositions of TC4 powder (mass fraction. %)

Element C H O

N Fe Al \% Ti

Content 0.08 0.015 0.2

0.05 0.4 6.05 4.02 Bal.

22 HABUIRAR

TEHEAT OGS AL TURR Z /i AP 4RAT S TC4 &
R, AREHEEE RSN, SHERKHR
1070 nm G LR OGS 78 R AR 500 T #0478
JEIEAC TR, 24 R N 0.8 g/min, # 5 1)1 )2 B &
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23 ERM4EW

FIH H AR\ \ ) D/MAX-2500 A X~ £k
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5 s 8RR S E ZEISS A R A9 Sigma 300 35 %
SHA B T 5B (SEMD K H B B9 fig 15 1Y
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Fig. 1 Microstructure of NiTi-based intermetallic compound coating. (a) Cross-section of coating;

(b) bottom of coating; (c) magnified image of Fig. 1(b); (d) middle of coating; (e) magnified image of Fig. 1(d);

(D) top of coating; (g) magnified image of Fig. 1(f)

# 2 NITi B8 MG IR )Z B S5 1Y EDS 43 #
Table 2 EDS analysis of microstructure of NiTi-based

intermetallic compound coating

Mass fraction /%

Location
Al Ti Cr Ni
1 2.98 58.60 4.20 34.22
2 3.93 57.11 5.79 33.17
3 2.73 57.62 4.75 34.90
4 2.08 62.30 5.75 29.87
5 1.61 39.60 15.37 43.41
6 3.45 38.14 7.34 51.08
7 6.84 26.30 3.58 63.28
8 1.13 31.62 17.45 49.80

BEWNAFEALE ALK EDS 45 R 03k 2,/ LLF
L IERENFRIE N 1~8 A XA EE 0 FE A Ni,
Ti.Cr.Al, F Cr 5 Al R TR adks
Ti WAL Ti /Tl Cr 5 ALICES), 454 EDS
SESRRE 2 Fros ) XRD &5 580l 50, 76 % 2 R 3 X 35
FEFAENY AN NiTi,, WE 1D R EZEF

5 DX 38l A T RO [ A S S 2 2 b . e — S A
R B FBEAR AL, P S i A AR T2k
NiTi, A% P8 9 37 187 X R N, Tis 5 ik fe 9 IR A
Vs RS AR AL 21 1Ok B i A 1 R AR AL L, 255 40 BT
Rl H Ry NiTi, . MeAh, iR 2 E AR X4 S A~ &6
GF:—J2 B 51 BUE Ay A TR Rt R 4 4L,
LCO Y 7 Fim s Z IR 78 K 0 4 2122 18] 1 v
AL ME 1D H I 8 fran. M TR E BT &6 A
L U2 R DX 3 ) S ek A 2 T A0 L TR K
Ni, Ti Btk 41 20 & il [ BE 9% 5o A 5 R
NiTi, A0, 3 X 3o NiTi, i 1) iR .

Bl 3 ik Ni-Ti e/ & mAAaHE, [T el
AL HT N Ti B8 SR 1380 °CLERIZNE L
JE 1 Niy T, B 2 v 50 B] 04 385 0, S5 4 B T8 UM 2
Sy 1310 °C 1 NiTi, & J5 T ke 550k 984 C 1Y
NiTi, . MeAh, SIREFREZE 1118 CHf, S LRI
w2 T A2 B N, T T NiTi, fE R BE R 1310 °C i
FE—UOE B NiTi, NiT1 7 bl J5 /9 B i 7 b gk 2 5
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Fig. 2 XRD result of NiTi-based intermetallic

compound coating
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Fig. 3 Phase diagrams of Ni-Ti alloy under

different temperatures™®
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Fig. 4 Microhardness distribution of NiTi-based

intermetallic compound coating
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Fig. 5 Morphology of indentation under a load of 1.96 N. (a) Interface between substrate and coating; (b) magnified image

ol
-3l
4t
5t
>
20 -6+
=Ttk
8t
-9r —=—cladding coating
L ——TC4
_10 1 1 | 1 1 1
-2 -1 0 1 2 3 4
Electric potential /V
&6 Ak

Fig. 6 Potentiodynamic curves
107° Aeem 2, % 2 B JE ol 7 % K 5. 541 X
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Table 3 Polarization parameters of NiTi-based

intermetallic compound coating

-
Sample i E../V E,/V
(107 Aecm %) "
TC4 alloy 2.068 —0.943 1.116
Composite coating ~ 55.41 —0.799 2.240
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B U 2 2R Y B B A S X e e IR, LT
bR, AR AMTLE B, TCL A4 R
B KT %2 M. UL TCA & 4 1 T JE ol 1k BB 1
TIRZH . MO R 8K, oA S I i) BE A B
K WK AE BORE O TS S ek B ) Bk 4F . AN ER 4 AT DL
BH.TCLHEEM RMAEZEKRTREZEN, FFEE
Bl TCA & 4 0 Bt ge e ik E 0. WEFRmE
(18 A 35 57 S sk H fi 32 Bl BLJ2 L2 C g IR A A
A (CPEYAL K., CPE&E XN Zepe= [Z,Ga)" ] ",
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Fig. 7 EIS results of NiTi-based intermetallic compound coating and TC4 alloy.

(a) Nyquist plot; (b)(c¢) Bode plots; (d) equivalent circuit
F4 FEEYPRBKEPEABBNBRALESEH

Table 4  Electrochemical parameters obtained from equivalent circuit fitting

Sample R./(Q+cm*) R,/(10*° Qecm®) R./(10" Qeem®)  Zepe/(107° Q 'eem®es") Cy /(1077 pFeem ) n
TC4 14.82 2.459 X 10° 13.33 4.28 3.274 0.864
Coating 15.80 2.636 3.901 19.95 7.183 0.658

L5 Bk BOARIR 2 B JE o R R T TC4 &
4 1Y AL DA Dl H % R R B A L TR R B L TC4
A 4 ny ik B 00 T URZ 0 5 SCERLT IR S S
RN, X FEE N SCERL7 RO E Ni 5
Ti ¥y (Jfi & kb 50:50,55:45,45:55) .0 TC4 &4
KA A BN E FZEH TINITIL NG Ti 5§
NiTi, 41 5 {H 2 o BOGE TR NiCr ¥y 5
TC4 By (Fit el 9: DR AR 2 2t NiTi Ni,
Ti NiTi, F Ni, Tty 55 28 5. B DAk 2 09 i ik 1 B AN
6], BeAb, il & 00 2 N R B VR 8o A A 4 8 A AL
B HLAR AR ik AR 2 B BHLAS AR IR )2 3R P
B SR E B BRI . BEALRE AR S A P& B
R )X CL B 10 W WORR B AN [ e 177 A 385 AR
FEME BB Y L 5y Ah Bl R b A T A
Sy W iy CL B I BRI A Al Ak s 3% 1T &
A g T 2 ok B Ak 2k L SRR WK
T B A A TR AR I S (i Ah C S Vi B
— A N R i A R e AR L A ik R T

B2 T 0 R e 2 A B ) i A AT S 8 4 R
BEARIR A A8 o 3 BROIR A . T, 3950 B0% 1 i Ak
FERX L 5 R S A IR BN S ROCEE, IE
Mk FE 2 )5, ERERTEREBEITFZ%
LR sy, i 8Ca) W A FTaR s TCA & 4 R
BARWA B sk b, anE 8 (b i iy B s, (B
BRI BEOE S — 2 UL TR R &
AR R BE KT TCA A 41 WO A [R) 9 8 ok B4
B R R Z T e F TCA 41,

4 4k 7

O AL TR Ni-20Cr F1 TCA IR A8 K,
IR AT NiTi 2 RJE . AP el L2 %k
2l NiTi NI Ti, Ni, Ti; # Ni, Ti 45 4 0@ 18] 1k
WA, NiTi 348 B G YR )2 0 W e B
ik 800 HV, 2y TCA 41 2.3 1., X EEE
TR )2 P e A R Y 4 ) (W) Ak B W OE Y B A R AL
OG5 A TR A0 A 5 P v 07 A 1 Al o
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