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Cladding on Ti6Al4V Surface
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Abstract To improve the wear resistance property and bioactivity of Ti6Al4V alloy which is utilized as
implant in medical application, the composite coating of Hydroxyapatite (HA)/TC4 is fabricated on the surface
of Ti6Al4V alloy by laser cladding. This process has shown distinctive advantages due to combination the
mechanical property of metal substrate and the biological property of ceramic coating. Through optimizing the
ratio of HA/TC4 composite and laser cladding parameters, ideal single layer and multiple layer overlapped
bioceramic composite coating is fabricated without metallic defects. The composite coating contains phases
such as « —Ti, Ti;P, TiO, biocompatible ceramic phases as CaTiOs;and B —Ca;(PO,).. The width of wear track of
composite coating is lower than that of the substrate, which indicate that the wear resistance of Ti6Al4V alloy
is significantly improved. The contact angle of simulated body fluid (SBF) against coating is smaller than that
against the titanium substrate, which indicate that the wettability is improved by laser cladding coating.
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Table 1 Comparison of physical and mechanical property of Ti6A14V and HA

Coefficient of linear Modulus of Fracture Tensile
Materials Density /(g cm™) 5
expansion /10° K™ elasticity /GPa toughness /(MPa-m'?) strength /MPa
Ti6Al4V 4.51 8.8 110 40 965
HA 3.16 15 0.5~5.3 <1 >51

IR R FH HA FTI6AL4V PRI R AE 95 )2 58, Ti6 A4V B K B9 4 A B T B AR 1 2 5 3R 4R i Tk &
By 22 R FLEN A5 B ERE . LR A IRIRZ 00 AR WA Ak O S R R AF A5 A ML 2T 40% HAY
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TRAIAT . KRB A 10 10 Y Tk PR B J00URE 1 i 40 L EB81) (4 SR K rpr 308 1 28 J00R S8 4 8 ik T 1 €635 TH 1Y
VWL o ¥ 05 FRG 25 590 5 1R 6 0 R R BORIIR L 35 A0 W B AR SR R 1w, B iR 2 A BUE R JE N 0.3 mm, A T
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Fig.1 Multiple layer overlapped bioceramic composite cladding coating under the condition of optimized parameters. (a) 40%HA/60%
TC4 composite; (b) 60%HA/40%TC4 composite
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Fig.2 Cross—section morphology of bioceramic composite coating
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Fig.3 Back-scattering microstructure of bioceramic composite laser cladding coating with 40%HA/60%TC4. (a) Upper part of coating;
(b) bottom part of coating; (c) upper part of overlapped area; (d) bottom part of overlapped area
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Table 2 EDX results of different areas in coating (at.%)

Position 0K AlK Si K PK CaK Ti K VK
Intergranular 5.02 8.94 2.82 8.90 0.10 70.44 3.79
Transgranular 6.18 13.69 2.39 0.83 0.22 73.50 3.19
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Fig.4 SEM morphology of surface of cladding coating
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Fig.5 XRD patterns of ceramic composite coating. (a) 40%HA/60%TC4:; (b) 60%HA/40%TC4
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Fig.6 Microhardness of bioceramic composite coating
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I JEE 82 22 Bk 0.4935, T 40% HA B 43 I L Fl 60% HA B 43 BE LU 19 A 4 Vi % 52 4 e 2 1 B8 488 22 4% o
0.4181 F10.3988, Bl & 4 14 J2 MO FE 8 R AR T Ti6A14V JE A . 7 A0 E Y E AR E SRR EIRT
FWIEH . WO 40%HA B FC LA 60% HA B3 TE LU A U4 J23 B8 IR A9 °F- 35 58 B 43 33 R 520 um 1640 wm,
AL I B O )2 R AR v HA T o 43 5 ) 38 DR T 4G, T LA 0 )2 0 B R B 4G /N T Ti6 ALV IR (1)
PR G B 860 wm. 254 1R 2 I IO 2 ZURE 2 n] AT, TR 2 AR I CaTiOs B—Cas(POL), 55 B J5T P 25 AH TR &t 1]
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FES S AT T B AR

&7 =W R S IR B IR IE S . (a) 40%HA/60%TC4; (b) 60%HA/40%TC4; (c)Ti-6A1-4V K
Fig.7 Morphology of wear track of bioceramic composite coating and substrate. (a) 40%HA/60%TC4; (b) 60%HA/40%TC4;
(¢)Ti-=6A1-4V substrate
3.5 EAREMNIIHEMEMR
TP 1 36 7 2 U A5 1 T 1 o P B LA (SBF-C)TEAE W 52 5 1 2 R Ti6 A 14V 581K 3= T A9 B2 firh 1 , B 401
PR 5 AR I 7 5 T B X6 LE 3 3 Rt
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Table 3 lon concentrations of human blood plasma and SBF

Components Na' K’ Mg™ Ca™ cr HCO;” HPO.” S0~
Plasma 142.0 5.0 1.5 2.5 103.0 27.0 1.0 0.5
SBF 142.0 5.0 1.5 2.5 147.8 4.2 1.0 0.5

Pl 8 ST 7~ Ay V0 T Ak T et R A o o A R A ) 52 4 Uk U 3R T ) T VR T SRR B M A . OB A 40% HA
A4 BE L 60% HA B 43 B L A 0 B % 52 U 25 20 T A 422 fil £ 0 3310 Dk SO° T 450, /N T AU 7E Ti6A14V
LR 2 THT A 422 M £ B0 610, T LB %5 14 20 oK vh HA T 5 43 B0 A0 385 0, SBF 76 A4 ) 2 T 19 422 fioh £ 22 kN s
B WOLIBEEYE AIRIZERE T A & 50 2 miEig .

WO A A W B2 U 2 A MR 2 T T Y A T R R DR R A DL LA T 1 SOk s R R
3 T AELRE A T SN, 5 T — V42 A TR K T 00 %) L ART 422 ek e B 8 A ) ) 3 T RE A T3 K D B Ok
IE AR AT TisP L CaTiOs , Cas(PO.), 55 = 1 W3 M 1) B %5 40 , 1 PRI Si e 28 76 B i 8] & A6 B i 23R, 53
i S IR 7= A (= AR T v, 1 — 20 M O T YRR S 2 T 1 VI WP R 5 0 SO DR o AR T 1
TR0k T A= W U 2 A SOV AL 20, 240 /0 1) 25l ot RARS R A B8 7 385 m o L A8 o Al ot A TR 8 T e 3

8 MR AE FEAK A W B A% 2 R IR MIE S . (a) Ti-6A1-4V FEIK; (b) 40%HA/60%TC4; (c) 60%HA/40%TC4
Fig.8 Surface wetting angle morphology of SBF on substrate and bioceramic composite coating. (a) Ti—6Al-4Vsubstrate;
(b) 40%HA/60%TC4; (c) 60%HA/40%TC4
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