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Ti-6Al-4V alloys are mainly used as dental materials due to their excellent biocompatibility,

corrosion

resistance, and chemical stability. However, they have a low bioactivity with bioinertness in the body.
Therefore, they could not directly bond with human bone. To improve their applications, their bone bond-
ing ability and bone formation capacity should be improved. Thus, the objective of this study was to
improve the bioinert surface of titanium alloy substrate to show bioactive characteristics by performing
surface modification using wollastonite powder. Commercial bioactive wollastonite powder was success-
fully deposited onto Ti-6Al-4V alloy using a room temperature spray process. It was found that wol-
lastonite-coated layer showed homogeneous microstructure and uniform thickness. Corrosion resistance of
Ti-6Al-4V alloy was also improved by plasma electrolytic oxidation treatment. Its wettability and bioac-
tivity were also greatly increased by wollastonite coating. Results of this study indicate that both plasma
electrolytic oxidation treatment and wollastonite coating by room temperature spray process could be used
to improve surface bioactivity of Ti-6Al1-4V alloy substrate.

Keywords: Biocompatibility, Corrosion resistance, Wollastonite coatings, Plasma electrolytic oxidation,

Room temperature spray process
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Table 1. Type of Ti-6Al-4V alloy substrate by electrolyte composition and PEO treatment

Composition of electrolyte Aoolied
pplie .
Sample Surface ) Calcium Phosphoric Voltage Duration
Name Treatment Calcium : 0 & (min)
Glycerophosphate Acid 85.0% V)
Acetate (g/L) (mL/L)

A Polished-sample - - - -

B IM H,PO, - 7.52 280 3

C Ca/P 26.69 - 280 3
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Fig. 1. Experimental instrument for room temperature
spray coating of wollastonite on Ti-6Al-4V substrate
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Ti-6Al4V alloy

Wollastonite powder

Surface treatment substrate (3 types)

Calcination (900°C, 2h)

Room temperature spraying process

Physicochemical analysis of coating layer

I

Bioactivity evaluation by in vitro test

Vibrator; 600 rpm

Carrier gas; N,

Gas flow; SL/mm

Nozzle size; 15mm x 1mm
Chamber pressure; 2-3 torr
Spraying distance; Smm
Number of deposition cycles; 5

Fig. 2. Experimental procedure and characterization for coatings
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Fig. 3. Wollastonite powder for coating; (a) microstructure and (b) phase composition
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Fig. 4. Surface microstructure and morphology of Ti-6Al-4V alloy substrate after various surface treatment(A

polishing, B: PEO treatment, C: PEQ(Ca+P) treatment)
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Fig. 5. Surface microstructure and morphology of wollastonite-coated layer formed on Ti-6Al-4V alloy substrate by room
temperature spray processing(A: simple polishing, B: PEO treatment, C: PEO(Ca+P) treatment)
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Fig. 6. Corrosion resistance of Ti-6Al-4V alloy substrate
after wollastonite coating by room temperature spray
processing(A: simple polishing, B: PEO treatment, C:
PEO(Ca+P) treatment)
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Fig. 7. Wetting morphology (a) before and (b) after wollastonite-coated on Ti-6Al-4V alloy substrate by room temperature
spray processing (A: simple polishing, B: PEO treatment, C: PEO(Ca+P) treatment)

Table 2. Wetting angles before and after wollastonite-coated on Ti-6Al-4V alloy substrate by room temperature spray
processing; A: simple polishing, B: PEO treatment, C: PEQ(Ca+P) treatment

Sample name
A B C
Before coating 58.48 +£1.90 52.41 +£3.63 4491 +2.84
Contact angle (°)
After coating 30.04 £2.59 28.22 +1.07 24.04 £1.16
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(b)

Fig. 8. Surface microstructure (x5.0k) after 14 days immersion in SBF solution; (a) substrate before coating, (b) wollastonite-
coated on Ti-6Al-4V alloy substrate by room temperature spray processing (A: simple polishing, B: PEO treatment, C: PEO

(Ca+P) treatment)

(b)

Fig. 9. Surface microstructure (x 30.0 k) after 14 days immersion in SBF solution; (a) substrate before coating, (b)
wollastonite-coated on Ti-6Al-4V alloy substrate by room temperature spray processing(A: simple polishing, B: PEO

treatment, C: PEO (Ca+P) treatment)

A

Fig. 10. Surface morphology of wollastonite-coated layer after immersion of 14 days in SBF solution (A: simple polishing, B:

PEO treatment, C: PEO (Ca+P) treatment)
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Fig. 11. EDS analysis of wollastonite-coated layer after immersion of 14 days in SBF solution(A: simple polishing, B: PEO

treatment, C: PEQ(Ca+P) treatment)
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