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Effect of Manufacturing Conditions on the Properties of Commercially Pure Titanium Seamless Pipes

Atsuhiko Kuropa, Tomio Y amakawa, Keisuke Nacasuima and Hiroki Kawapata

Synopsis : The properties of the commercially pure titanium seamless pipe, manufactured by the inclined rolling process, was
investigated in comparison with the pipe by the conventional hot extrusion process. The results were as follows.
(1) The titanium pipe without surface defects was successfully manufactured by the inclined rolling process.

The pipe, reheated and finish rolled in the alpha phase temperature, had a good surface properties and equiaxed

structure after annealing heat treatment.
(2 )Post annealed tensile properties of the rolled pipes satisfied the ASTM specification regardless of the reheating
temperatures. The tensile properties of the rolled pipes, which were reheated in alpha phase region, were almost
equivalent to that of the extruded pipe.
( 3) Texture formed in the rolled pipe was similar to that of formed in the rolled plate when the pipes were reheated
and finish rolled in alpha phase region. On the other hand. the texture in the rolled pipes which were reheated and finish
rolled in beta phase region was transformed type. The (0002) reflection was strongly accumulated in the extrusion and
the transverse directions in the extruded pipe.
(4)Longitudinal strength of rolled pipe, reheated and finish rolled in beta phase region, was higher than that of the
pipes reheated in alpha phase region, due to the accumulation of (0002) direction along rolling direction.

Key words : commercially pure titanium ; seamless pipe ; inclined rolling process ; extrusion ; microstructure ; texture.
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Fig. 1. Schematic illustration of the inclined rolling
process.
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Fig. 2. Appearance of the commercially pure tita-
nium seamless pipe, manufactured by the
inclined rolling process.(1273K heated,
1123K reheated followed by the finish rolling
for 489 reduction).

Table 1. Chemical composition of the materials (mass%).

Process Fe 0 C H N Ti
Rolling 0.05 0.200 | 0.006 0.002 0.006 Bal.
Extrusion 0.06 0.228 | 0.008 0.002 0.010 Bal.
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Fig. 3. Appearance of the inner surface on the com-
mercially pure titanium seamless pipe
manufactured by the inclined rolling process.
(1273K heated, 1123K reheated followed by
the finish rolling for 48% reduction).
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Fig. 4. Macro-structure on the cross section of the
commercially pure titanium seamless pipes,
manufactured by the inclined rolling process.
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Fig. 5. Hardness distributions under inner surfaces
of the commercially pure titanium seamless
pipes, manufactured by the inclined rolling
process in comparison with that of
manufactured by extrusion process.

—>¢— :Strains during Rolling

Prior to rolling After rolling

Fig. 6. Mechanism of rough surface formation on
the S reheated pipes after the reducing roll-
ing. Length of the arrow corresponds to the
amount of strain.
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Fig. 8. Hall-Petch relation of commercially pure
titanium seamless pipes manufactured by the
inclined rolling process, reheated within
aphase temperature.

Table 2. Room temperature tensile properties after annealed at 973K.

Process Reheatin Grain Tensile Properties
temperature Size 0. 2%PS T. S. El. R. A.
1023K 27Cu m) | 398(MPa) | 544 (MPa) 31.0(%) 51.6(%)
Rolling 1123K 43 385 530 29. 6 50.5
1223K - 429 559 27. 8 48, 2
Extrusion 48 400 590 28.2 44.6
Spec. (ASTM B337) - 275~ 450 2 345 220 -
28




(a)Rolled pipe,1023K reheated.
(c)Rolled pipe,1223K reheated.

(b)Ralled pipe,1123K reheated.
(d)1123K extruded pipe.

Texture formation in the commercially pure
titanium seamless pipes manufactured by the
inclined rolling processes and the extrusion
process. (RD : Rolling or extruding direction,
CD : Circumferential direction).

Fig. 9.
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Fig. 11. Comparison of accumulative intensity of
(0002) reflection between hot rolled plates
and seamless pipes manufactured by the
inclined rolling process.
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