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< Original Paper>
Mechanical Properties of JIS Type 4 Titanium Subjected to Severe Plastic Deformation

USUI Ryuichi, SEKIYA Yasuki, KONO Yasunori, IWATA Masahiro,
SASO Munekata, KOZASA Yukina, NOMURA Seiichi and ITO Michio

Kanto-Koshinetsu Branch (General Implant Research Center, Chief : NASHIMOTO Masanori)

Objective: The mechanical properties and the amounts of titanium release were compared between grade 4 titanium,
according to the Japanese Industrial Standards (JIS), with fine crystal grains improved by severe plastic deformation and
that without such processing.

Materials and Methods: Titanium (grade 4) with a diameter of 6 mm, with (G4M) or without (J4S) severe plastic
deformation, were cut into 100-mm pieces to determine their tensile strength, yield strength, and elongation using a universal
testing machine. To determine hardness, the materials were cut into 5-mm pieces, whose transverse and longitudinal sections
were embedded and fixed in resin. After polishing, hardness was determined at 0.3, 1.5, and 3.0 mm from the edges with a
Vickers hardness tester. The structures were observed with a microscope. After immersion of each test piece with a
diameter of 6 mm and a length of 30 mm in 100 mL of 1% lactic acid solution at 37C for 3 months, the amounts of titanium
release were determined by inductively coupled plasma-atomic emission spectrometry.

Results: The tensile strength of G4M was about 23% higher than that of J4S (p<0.05). The yield strength of G4M was
about 33% higher than that of J4S (»<<0.05). The elongation of J4S was greater than that of G4M (p<0.05). The hardness of
G4M was higher than that of J4S (p<0.05). The hardness of G4M did not vary with the measurement site. Structural
observation demonstrated that the crystal grains of G4M were finer than those of J4S. The amounts of titanium release did
not differ between J4S and G4M.

Discussion and Conclusion: The tensile strength, yield strength, and hardness of G4M with finer crystal grains were
superior to those of J4S, suggesting that G4M is more suitable than J4S as an implant material for preventing biological and

mechanical complications.

Key words : tensile strength, elongation, vield strength, JIS tvpe 4 titanium, severe plastic deformation





