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The Effects of Vacuum Heat Treatments on Bonding Strength of Anodically
Oxidized Titanium and a Titanium Alloy

Teruhiko Inasa, Toshiaki Nisuioka and Masaharu Tokizang

Synopsis :

The studies on surface morphology of an anodically oxidized pure titanium and a titanium alloy (Ti-15V-3Cr-3Sn-3Al),

as well as its changes during vacuum heat treatments, were carried out in order to obtain an improved bonding ability

of the surfaces of these materials.

The anodically oxidized titanium and the titanium alloy showed oxide films

accompanied by the numerous holes and grooves, respectively. These oxide films included phosphorus which is a
constituent of the solution used for the anodic oxidation. During the vacuum heat treatment at higher temperatures,
such as 1173K, the oxide films disappeared by diffusion of oxygen atom into the titanium bulk which has a large oxygen
solubility. At the same time, Ti,P particles were preferentially precipitated in the holes or grooves. It is worth to note
that, these specimens showed appreciably higher bonding strength than the original materials polished by #150 polishing
paper. Such an improvement of these specimens in bonding strength presumes to be the results of anchoring effects

of the glue in the holes and grooves of the surfaces.
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Fig. 1. Dimensions of the specimen offered to the
tensile shear fracture test.
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2. Change of the effective voltage during
anodic oxidation under a constant current
density of 0.5kA-m~2 From (a) to (f) refer to
Fig.3, 4, 5 and 6.
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Fig. 3. Surface morphology of the pure Ti specimens after the anodic oxidation. The effective voltages are
(a) 140V, (b) 150V, (c) 160V, (d) 170V, (e) 180V and (f) 190V.

Fig. 4. Surface morphology of the Ti-15V-3Cr-3Sn -3Al alloy specimens after the anodic oxidation. The effec-

tive voltages are (a) 140V, (b) 150V, (c) 160V, (d) 170V,
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Fig. 5. The results of X-ray diffraction of the pure &
Ti after the anodic oxidation under various
effective voltage of (a) 140V, (b) 150V, (c)
160V, (d) 170V, (e) 180V and (f) 190V.
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(e) 180V and (f) 190V.
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. 6. The results of X-ray diffraction of the Ti-

15V-3Cr-3Sn-3Al alloy after the anodic oxi-
dation under various effective voltage of (a)
140V, (b) 150V, (c) 160V, (d) 170V, (e) 180V

and (f) 190V.
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Fig. 7. The results of X-ray diffraction of the up to
180V anodically oxidized pure Ti after vac-
uum heat treatment at various temperatures.
(a) As anodic oxidation, (b) 673K, (c) 773K,
(d) 873K, (e) 973K, (f) 1073K and (g) 1173K.
(INDEX 1:(301), 2: (311), 3: (321), 4: (420),

5:(411), 6 : (421) (222), 7 : (312) (510))
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Fig. 8. The results of X-ray diffraction of the up to
147V for 120s anodically oxidized Ti-15V-
3Cr-3Sn-3Al alloy after vacuum heat treat-
ment at various temperatures.

(a) As anodic oxidation, (b) 673K, (c) 773K,

(d) 873K, (e) 973K, (f) 1073K and (g) 1173K.
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Fig. 9. Scanning electron micrographs of the
anodically oxidized specimens vacuum heat
treated at 1173K for 3.6ks.

(a) The pure Ti. (b) The Ti-15V 3Cr-35n-
3Al alloy.
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Fig. 11. Fracture surface morphology of the bonded
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(a) The pure Ti specimen bonded the mate-
rial vacuum heated at 1173K for 3.6ks after
the anodic oxidation. _
(b) The Ti-15V-3Cr-3Sn-3Al alloy speci-
men bonded the material vacuum heated at
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Fig. 12. Vertical section of the bonded specimens.
(a) The pure Ti (Effective voltage: 180V.
Vacuum heating at 1173K for 3.6ks.)

(b) The Ti-15V-3Cr-3Sn-3A1 alloy (Effec-
tive voltage: 147V. Vacuum heating at
1173K for 3.6ks.)
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