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Wear Characteristics of Surface Oxidation Treated New Biomedical
B-type Titanium Alloy in Simulated Body Environment

Mitsuo NiNoMi, Toshikazu AKAHORI, Sei-ichiro NAKAMURA, Hisao FUKUI and Akihiro SUZUKI

Synopsis

: Wear resistance is one of the important characteristics for biomaterials. An excessive friction wear is one of the main causes of looseness in

artificial hip joints because the progress of wear depresses the mobility and load capacity of the artificial hip joints. While, titanium and its
alloys are well known to have excellent biocompatibility among the metallic materials. However, wear resistance of titanium and its alloys is
considerably lower than that of Co—Cr alloy and SUS316L stainless steel, which are conventional biomaterials. In this study, therefore, the
oxidation treatment was carried out to improve wear resistance of Ti-29Nb-13Ta—4.6Zr, a new B-type titanium alloy, and Ti-6A1-4V ELI, a
typical conventional titanium alloy, for biomedical applications. The following results were obtained.

In oxidized Ti—29Nb—13Ta—4.6Zr, the o phase precipitates below oxide layer on the specimen surface. The highest hardness is obtained in
the vicinity of boundary between oxide layer and oxygen solution layer in oxidized Ti—29Nb-13Ta—4.6Zr. When the oxidation treatment is
conducted with Ti—29Nb—13Ta-4.6Zr, oxygen solute in the alloy is greater than that in Ti-6A1-4V ELL Therefore, the oxide layer of Ti—
29Nb-13Ta-4.6Zr shows no exfoliation. For a oxidation treatment temperature of 773K, weight loss of Ti—29Nb—13Ta—4.6Zr decreases with
increasing treatment time. However, weight loss of Ti-6Al-4V ELI increases in this case. For a oxidation treatment temperature of 1073K,
weight loss decreases in both Ti-29Nb-13Ta—4.6Zr and Ti-6A1-4V ELI with increasing treatment time. From the above results, it can be

concluded that oxidation treatment is the effective way to improve wear resistance of Ti-29Nb-13Ta—4.6Zr.

Key words : B-type titanium alloy; non-toxic element; friction wear properties; oxide; oxidation treatment.
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Fig. 1. Optical micrographs showing cross-sections of as-solutionized (a) TNTZ and (b) Ti-64 oxidized at 1073K for 86.4 ks,
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Fig. 2. X-ray diffraction patterns of surfaces of (a) as-solu-
tionized TNTZ and (b) TNTZ oxidized at 1073K .
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X-ray diffraction patterns of surfaces of (a) as-solu-
tionized Ti-64, (b) Ti-64 oxidized at 1073K for
86.4 ks in air after solutionizing, and (c) exfoliated
oxide.
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Fig. 4. Hardness profiles for (a) TNTZ and (b) Ti-64. Each alloy was oxidized at 1073K for 3.6 ks, 43.2 ks and 86.4 ks in air after

solutionizing.
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SEM micrographs and corresponding EDX analysis results of zirconia ball against (a) as-solutionized TNTZ and (b)

Fig. 9.

SEM micrographs of wear debris formed during
wear tests of (a) and (b) as-solutionized TNTZ, and
(c) TNTZ oxidized at 773K for 3.6ks after solu-
tionizing against a zirconia ball.

BERLTEY, £/, BEEEHMTIC BT HRNE
SNEOENE E TRESEEL T end, B
LR, WL EMOERER L Ol Lok
EZibohd,
HyM:WMé&@%%WiiM%&@W%@ﬁﬁK
T 86.4 ks R4 % R TR % i U 72 kBRI D FEIREERE
RERORE IR U 72 B O SEMBISR B H 2 /R8T, 1K
(L% EMOERERL, INTZAEDOHE LEKIC, —2i&
Fgm@uﬁbtxﬁtwﬁmmétgﬁ%a,65—0
umymmnﬁut;ﬁuﬁk&%%&ibfwac

573 I




574

S5 E 48 Tetsu-o-Hagané Vol 88 (2002) No. 9

Fig. 10. SEM micrographs of wear debris formed during
wear tests of (a) and (b) as-solutionized Ti-64, and
(c) Ti-64 oxidized at 773K for 86.4 ks after solu-
tionizing against a zirconia ball.
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