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Friction Wear Property of Newly Designed B-type Biomedical Titanium Alloys in Air and Ringer’s Solution

Daisuke KURODA, Mitsuo NIINOMI, Masashi KUME, Hisao Fuxul, Akihiro Suzuxl and Jiro HASEGAWA

Synopsis : The necessity to substitute functionally disordered hard tissues like bone and teeth with the orthopedic implant instrumentations like artificial
hip joints and dental implants is growing because the population of old persons is rapidly increasing. New fS-type titanium alloys composed
of non-toxic elements with high strength and low modulus of elasticity were, therefore, designed. In general, it is known that the wear resis-
tance of conventional biomedical titanium alloys are lower than that of conventional biomedical alloys like Co—Cr alloy and SUS 316L stain-
less steel. Friction wear of orthopedic implant materials is a significant clinical problem. The loosen orthopedic implants cause pain and re-
stricted action. Friction wear characteristics of the newly designed B-type titanium alloys and typical conventional biomedical alloys like
Ti—6A14V ELIL Ti-6Al-7Nb and SUS 316L stainless steel were, therefore, evaluated in air and Ringer’s solution using a ball-on-disc type
friction wear testing system in this study.

As compared to the conventional biomedical titanium alloys like Ti-6Al1-4V ELI and Ti-6Al-7Nb, the newly designed B-type titanium al-
loys show excellent wear resistance when zirconia ball is used as a mating material, while opposite trends are observed when alumina ball is
used as a mating material in air and Ringer’s solution. The adhesion and exfoliation of wear particles on the wear grooves and plastic defor-
mation of substrate under the wear grooves were observed in the newly designed SB-type titanium alloys. It is considered that the different
wear mechanisms will be main cause for different wear characteristics between the newly designed [S-type titanium alloys and conventional
biomedical titanium alloys like Ti-6A1-4V ELI and Ti-6Al-7Nb.
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Table 1. Physical properties of alumina ball and zirconia

ball.
Alumina ball 1 Zirconia ball
| (ArOy) (z0y)
Density, gcm3 \ 3.97 6.05
Young's modulus, GPa 400 210
Vickers hardness, Hv 1900 1300
Bending strength, MPa | 640 1200

Table 2. Chemical composition of Ringer’s solution (&l™h).

NaCl KC1 CaCl H:0
8.60 0.30 0.33 Bal.
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No.
1. Ti-29Nb-13Ta-4.6Zr *
2. Ti-16Nb-13Ta-4Mo *
3. Ti-29Nb-13Ta *

4. Ti-29Nb-13Ta-4Mo *
5. Ti-29Nb-13Ta-2%n *
6. Ti-29Nb-13Ta-4.65n *
7. Ti-29Nb-13Ta-6Sn *
8. Ti-6AI-4VELI **
9. Ti-6Al-7Nb ***

10. SUS316L ****

400

300

200

100

Vickers hardness, Hv

*1117K, 1.8ks, WQ + 673K, 10.8ks, WQ
** 1223K, 3.6ks, AC + 813K, 14.4ks, AC
**% 1243K, 3.6ks, AC + 813K, 14.4ks, AC
**%% 1323K, 3.6ks, AC

Fig. 1. Comparison of Vickers hardness in each alloy.
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Fig. 2. Comparison of weight loss and width of
groove of designed alloys and conven-
tional alloys against an alumina ball.
Each alloy is tested in air and Ringer’s
solution.
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Ti-6A1-4V ELI against an alumina ball in air and Ringer’s
solution. Mean coefficient of each alloy is shown in the
parenthesis.

Fig. 4. SEM micrographs of wear surfaces of

Ti—29Nb-13Ta—4.6Zr against an alumina
ball after wear tests (a) in air and (b) in
Ringer’s solution.

Fig. 5. SEM micrographs of wear surfaces of
Ti—29Nb~-13Ta against an alumina ball
after wear tests (a) in air and (b) in
Ringer’s solution.
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Fig. 6. Comparison of weight loss and width of
groove of designed alloys and conven-
tional alloys against a zirconia ball. Each
alloy is tested in air and Ringer’s solu-
tion.
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Fig. 8. SEM micrographs of wear surfaces of
Ti—29Nb-13Ta—4.6Zr against a zirconia
ball after wear tests (a) in air and (b) in
Ringer’s solution.
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Fig. 9. SEM micrographs of wear surfaces of alu-
mina balls used for Ti-29Nb-13Ta—4.6Zr
after wear tests (a) in air and (b) in
Ringer’s solution.

Fig. 10. SEM micrographs of wear surfaces of
zirconia balls used for Ti-29Nb-13Ta—
4.6Zr after wear tests (a) in air and (b) in
Ringer’s solution.

Fig. 11. SEM micrographs of wear surfaces of

alumina balls used for Ti—29Nb-13Ta—
T4.6Zr after wear tests (a) in air and (b)
in Ringer’s solution.
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Wear particle

Fig. 13. SEM micrograph of wear surface of zirconia ball
used for Ti-29Nb-13Ta—4.6Zr after wear test in
air.
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Fig. 12. (a) SEM micrograph of wear surface of
alumina ball used for Ti-29Nb-13Ta—
4.6Zr after wear test in Ringer’s solu-
tion.(b) SEM micrograph of alumina par-
ticles on alumina ball.
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