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Tribological Behavior between Commercially Pure Titanium and High Speed Steel at High Temperature

Kazuhiro TAKAHASHI, Tsuyoshi INOUE and Shigeru UCHIDA

Synopsis : It is said that in hot-rolling titanium surface defects are apt to occur by seizures between rolls and products. Authors have examined the ef-

fects of temperatures and lubricants on the tribological behavior of titanium strip surfaces contact with rolls using a hot rolling and sliding

wear tester with commercially pure titanium disks and a high speed steel ones. Consequently in cases of water spray without lubricant oil,

fine cracks due to hard layers by oxidation decrease with lower temperature, but the coefficient of friction increases because oxide scales be-

come thin and then metals are easily in contact. The coefficient of friction at 650°C doubles in comparison with that of 850°C and foil-like

overlaps occur. Addition of lubricant oil reduces the coefficient of friction at 650°C by half and smooth surfaces are obtained. The smooth

surface is thought to be due to the lubrication effects of oxide-scales as well as the lubricant.

Key words : titanium; hot rolling; tribology; hot rolling and sliding; the coefficient of friction; surface defects.
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Fig. 1. Schematic diagram of experimental apparatus, hot
rolling and sliding method.
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Table 1. Experimental conditions.
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Fig. 2. Changes of the torque during hot rolling and slid-

ing disks.
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Fig. 3. Schematic diagram of change of torque (y) during
hot rolling and sliding without lubricant oil.
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Fig. 4. Effects of temperature and lubricant oil on the co-
efficient of friction, u.
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Fig. 5. Appearances of contact surfaces of titanium and SKH51 disks.
(a) 850°C, (b) 750°C, (c) 650°C without lubricant oil and (d) 650°C with lubricant oil.
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Fig. 6. SEM micrograph of the foil-like overlap on the
contact surface of titanium disk at 650°C without

lubricant oil.
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Fig. 7. Wear loss depth of SKHS51 disk at 1000 rolls.
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Fig. 8. SEM micrographs of the contact surfaces of titanium disks.
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(a) Surface temp.:850°C (b) Surface temp.:750°C (c) Surface temp. :650°C (d) Surface temp.:650°C
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Fig. 9. EDS of the contact surfaces of titanium disks.
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Fig. 10. GDS of the contact surfaces of titanium disks.
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Fig. 11. Calculated oxidation depth on titanium surface
exposed at high temperature.
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Fig. 12. Drop of the coefficient of friction, Ay, and Au/u
during hot rolling and sliding without lubricant
oil.
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Fig. 13. Microstructures of titanium disks beneath the contact surface.
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Fig. 14. Schematic representations of hot-friction phenomena on the contact surfaces of titanium disks. Effects of temperature and

lubricant oil on the contact surfaces.
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