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Abstract Surface treatment play an important role in nucleating calcium phosphate deposition on surgical Ti
implant. Therefore, the purpose of this study is to examine whether the precipitation of apatite on cp-Ti and
Ti alloys are affected by surface modification in HCl and H;0; solution. Specimens were then chemically
treated with a solution containing 0.1 M HC1 and 8.8M H.0, at 80°C for 30 mins, and subsequently heat-
treated at 400°C for 1 hour. All specimens were immersed in the HBSS with pH 7.4 at 36.5°C for 15 days,
and the surface was examined with XRD, SEM, EDX and XPS. Also, pure Ti, Ti-6Al-4V and Ti-6Al-7Nb alloy
specimens with and without surface treatment were implanted in the abdominal connective tissue of mice for
4 weeks. All specimens chemically treated with HCl and H,0; solution have the ability to form a apatite layer
in the HBSS which has inorganic ion composition similar to human blood plasma. The average thickness of
the fibrous capsule surrounding the specimens implanted in the connective tissue was 38.57 ym, 62.27 ym and
45,64 um, in the cp-Ti, Ti-6A1-4V and Ti-6Al-7Nb alloy specimens with the chemical treatment respectively, and
52.20 pam, 75.62 pm and 66.56 um, in the commercial specimens of ¢p-Ti, Ti-6Al-4V and Ti-6Al-7Nb without
any treatment respectively. The results of this evaluation indicate that the chemically treated cp-Ti, Ti-6Al-
4V and Ti-6Al-7Nb alloys have better bicactivity and biocompatibility compared to the other metals tested.

Key words chemical surface treatment, biocompatibility, bioactivity, mouse abdominal connective tissue,

thickness of fibrous capsule.
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Table 2. Chemical compositions of Hanks' balanced salts

components concentrations(g/L)
CaCl, * 2H,O 0.185
MgSO, 0.09767
KCl 0.4
KH,PO, 0.06
NaHCO; 0.35
NaCl 8.0
Na,HPO, 0.04788

Table 3. Surface treatment process of the specimens.

Treatment Treatment Process
Code
A immersion in 0.1 M HCI and 8.8 M H,0,
solution at 80°C for 30 mins.
B heat treated at 400°C for 1 h after A condition
C immersion in HBSS for 15 days after B
condition

Table 1. Chemical composition of cp-Ti, Ti-6Al-4V and Ti-6Al-7Nb alloy (wt.%)

Specimens H N (0] C Al v Nb Fe Ti
cp-Ti 0.001 0.01 0.07 - - - - 0.04 balance
Ti-6Al-4V 0.004 0.003 0.147 0.005 6.23 4.12 - 0.189 balance
Ti-6Al-7Nb 0.003 0.005 0.124 0.004 6.21 - 7.15 0.176 balance
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Fig. 1. XRD patterns of untreated cp-Ti(a), Ti-6Al-4V(b) and
Ti-6Al-7Nb(c), and immersed in HBSS after surface
treatments cp-Ti(a"), Ti-6Al-4V(b) and Ti-6Al-7Nb(c").
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Fig. 2. SEM images and EDX analysis of cp-Ti specimen after various surface treatments. (a) A treatment code of Table 3, (b)
B treatment code of Table 3, (¢) C treatment code of Table 3 and (d) EDS analysis of ¢ image.
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Fig. 3. SEM images and EDX data of Ti-6Al-4V specimen after various surface treatments. (a) A treatment code of Table 3,
(b) B treatment code of Table 3, (¢) C treatment code of Table 3 and (d) EDS analysis of ¢ image.
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Fig. 4. SEM images and EDX analysis of Ti-6Al-7Nb specimen after various surface treatments. (a) A treatment code of Table
3, (b) B treatment codevof Table 3, (¢) C treatment code of Table 3 and (d) EDS analysis of ¢ image.
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Fig. 6. Optical micrographs of cryostat sections obtained from
abdominal tissue of the mouse: (a) cp-Ti, (b) Ti-6Al-4V, (c) Ti-
6AL-7ND, (d) chemically treated cp-Ti, (¢) chemically treated
Ti-6Al-4V, (f) chemically treated Ti-6Al-7Nb. Abbreviations
used: CT: connective tissue, FM: fibrous capsule surrounding
the metal, SM: site of implanted metal.
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Fig. 5. XPS spectra obtained from the chemical surface treated cp-Ti after immersion in HBSS for 15 days.
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Table 4. Mean thickness of fibrous capsule surrounding the
metal implants in connective tissue of abdomen

Kind of metals Thickness (unit: zm)

cp-Ti 52.20+£13.39
Ti-6Al-4V 75.62126.11
Ti-6Al-7Nb 66.56%19.45
chemically treated cp-Ti 38.57%18.12
chemically treated Ti-6Al-4V 622712373
chemically treated Ti-6Al-7Nb 45.64+17.50
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