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ABSTRACT

The purpose of this study was to develop a surface modification method of titanium alloys using AC-type
microarc oxidation (MAO) and hydrothermal (HT) treatments, CP-Ti (Ti2), Ti-6Al-4V (Ti64), and Ti-6Al-7Nb
(Ti67) metals were used for this study. Disk-shaped as-received metals were wet ground with up to 1200 grit
SiC paper, and those were microarc oxidized using AC-type high power supply in electrolyte containing
0.02M f-glycerophosphoric acid disodium salt pentahydrate (8-GP) and 0.2M calcium acetate monohydrate for
120 s, Frequency, duty ratio and maximum voltage of AC type-rectangular electric pulses was 500 Hz, 70%
and 200 V, respectively. The MAO-treated groups were hydrothermally treated in alkaline aqueous solution
(pH 11.5) containing 0.002M A-GP at 190 C for 8 hours. Surface morphology, chemical compositions, and
crystalline structure of oxide films were examined by scanning electron microscopy, X-ray diffractometer, and
energy dispersive X-ray analyzer, A porous surface with homogeneously distributed pores approximately 1 p#m
dia. was observed for Ti2-MAO group, and particular structures and variously sized pores under 1 #m dia.
were observed for Ti64-MAO and Ti67-MAO groups, An anatase TiO, (ATO) structure was dominant for
Ti2-MAO groups while rutile TiO, (RTO) and CaTiO; (CTO) structures were observed for Ti64-MAO and
Ti67-MAO groups. After HT-treatment, hydroxyapatite (HAp) crystalline structure was observed for all groups.
Nanorods were observed on the porous surface and ATO XRD peak intensity increased for HT-treated
specimens, On contrary to the formation of only TiO, by DC-type MAO treatment, CTO crystallites were
concurrently formed by AC-type MAO technique. The RTO crystallites were transformed to ATO, and CTO
crystallites were converted to HAp and ATO by HT-treatment. This study showed that the oxide films on
titanium alloys fabricated by MAO technique and HT treatment had the desirable properties for improved bioactivity,
such as having porous surface and nano-sized HA crystalline particles, Therefore, it could be used as a promising
surface modification method for developing titanium implant,

KEY WORDS : Titanium, surface modification, microarc oxidation, hydrothermal treatment, hydroxyapatite,
nanorods
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Table 1, Sample groups prepared for this study
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Metals Treatment  pojishing and Cleansing
CP-Ti (Grade 2) Ti2-ASR
Ti-6Al-4V (ELI) Ti64-ASR

Ti-6A-7Nb Ti67-ASR

MAO MAO and HT
Ti2-MAO Ti2-MAO-HT
Tie4-MAO Tie4-MAO-HT
Ti67-MAO Ti67-MAO-HT

Ti-6Al4V a2 T8 Aol & FHf 0.13% o
2 AFAZ] ELI (extra low interstitial)go] AREESAC}
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th&te] AJHo|| o7tEE positive YL 70%, negative
A 30%7F HEE stk AlHdl A7) BAE <7}
= WS AAY (potentiostatic) BES ARSI O H,
Z700 AR E2 S Al Uk A AlE
& &3t A AR7E 527] wiel, AgE 0 vel
A 200 VZHAL 2023t AA ARHoR ST F,
200 Vel 100 23 Al FAste] F 120%3F
MAO AH2l& F333itt. MAO A28 AHES S7F
oA MH T ARAIA Ti2-MAO, Ti64-MAO, Ti67-MAO
NBEE EEI

i

‘F

3. MAO ®z|El AlHO| B4z

MAO A2J¥ AlfEe] HHdl HAp A4E F49411717]
st drAlelE FRsid. drAelE A 92
0.002 M B-GP & NaOHE 4% Hrlste] pH7}
115 H=% A 2238 d5AE 871 e
o) gl MAO HE|d AlEES 3He e, e
oA 190C7HA] 308 B =E AR F, 190T
A 8AIRE BE fABHITE. 1 F slH e WS Abds)
I 27 A WAAZT ole) o] deAelE A
HES SFFE AHE 3 AXAA Ti2-MAO-HT, Tioh-
MAO-HT, Ti67-MAO-HT &S FH|5HIt}. Table 18
B Aol ARE 7 AREES WEE Slolt

ox

©70%  30%
200V | N
oV
—200V_ 2 ms

Figure 1, The shape voltage, and auty ratio of AC
rectangular puise used for MAO treatment.
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u]Z(Field-emission scanning electron microscopy; FE-SEM,
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Figure 2. FE-SEM images of specimen surfaces for as-received
group (a Ti2-ASR, b, Ti64-ASR, c. Ti67-ASR) and microarc
oxidized groups (d. Ti2-MAO, e, Ti64-MAO, [ Ti67-MAO),
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Figure 3, EDX spectra of specimen groups after microarc
oxigation treatment. (& Ti2-MAQO, b, Ti64-MAO, c¢. Ti67-MAO)
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Figure 4. X-ray diffraction pattems of MAO-treated specimen
groups, (a. TI2-MAO, b, Tib4-MAO, ¢, Ti67-MAO)
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Figure 5, FE-SEM images of specimen groups after hyadro-
thermal treatment. (a  Ti2-MAO-HT, b, Ti64-MAO-HT, c.
Ti67-MAO-HT, d.  Ti2-MAO-HT, e, Ti64-MAO-HT, f Ti67-
MAO-HT), The images of (d), (g) and (f) are magnified from
@, () and (c)
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Figure 6, EDX spectra of specimen grouyps after hyadro-
thermal treatment (@ TI2-MAO-HT, b, Ti64-MAO-HT, c
Ti67-MAO-HT)
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Figure 7. X-ray diffraction pattems of specimen groups after
hyadrothermal treatment. (a. TI2-MAO-HT, b, Ti64-MAO-HT,
c. Ti67-MAO-HT)
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