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Dynamic and Static Restoration Processes in the ¢ Region of Commercially Pure Titanium,
and Effects of Oxygen and Iron on These Processes

Hideaki FuxkAl, Kuni-nori MINAKAWA and Chiaki OUCHI

Synopsis : Hot deformation behavior in the ¢ region of commercially pure titanium (C.P. titanium) was investigated together with the effects of oxygen

and iron on dynamic and static restoration processes. Hot compression tests were performed using a hot working simulator of THERMEC-
MASTER-Z, and stress—strain (S—S) curves and dynamically restored microstructures were obtained under various hot deformation condi-
tions covering the temperature from 873 to 1073K and strain rate from 1x107>s™" to 1s™'. Static restoration behavior was investigated
through variation of softening ratio with holding time obtained by intermittent two-steps hot deformation. Three types of S-S curves were
obtained and classified by the deformation temperature and strain rate. Dynamic restoration process in the o region of C.P. titanium was con-
firmed to be dynamic recovery type from both of stress—strain curves and observation of dynamically restored microstructure. Both activation
energy values in dynamic and static restoration processes were almost same as approximately 185 kJ/mol, which was very close to the activa-
tion energy for self-diffusion of titanium in o titanium. The effect of oxygen or iron with a respective content of 0.3% on flow stress and stat-
ic restoration kinetics was relatively small, although the temperature—strain rate region for occurrence of dynamic recovery was slightly ex-
panded by addition of these elements. These results appeared to be brought about by relatively high diffusivity of these elements in « titani-

um.
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Table 1. Chemical compositions and o~ transformation
temperatures of titanium materials used (mass%).

No. Fe o) C N H Ta (K) TB (K)
Base |0.0180.038 [0.0024 |0.0050 | 0.0022 1147 1165
High Fe [0.300}0.03910.0024 {0.0032 |0.0025 | 1025 1160
High Oxy 10.017 {0.322 | 0.0032 | 0.0038 | 0.0025 1186 1207
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Fig. 1. Effects of (a) deformation temperature and (b)
strain rate on stress—strain curves in base-titanium.
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Fig. 2. Effects of (a) deformation temperature and (b)
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Fig. 3. Effects of (a) deformation temperature and (b)
st_rain rate on stress—strain curves in high Oxy-tita-
nium.
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Fig. 10. Arrhenius plot of € as a function of 1/7 in ti-

. ! ‘G =const
tanium materials.

Table 2. Activation energy values in dynamic and static
restoration processes, and « and » values of tita-
nium materials evaluated from relationship be-
tween steady state flow stress and Z values.

Activation energy in restoration proc Stress exponent value
Dynamic (kJ/mol) Static (kJ/mol) n m
Base 187 182 32 3.9
High Fe 185 170 33 4.0
High Oxy 190 182 35 4.0
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Fig. 11. Relationship between flow stress and Z value in ti-
tanium materials.
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Fig. 12. TEM microphotographs of the microstructure in hlgh Oxy-titanium deformed at 1073K, at stain rate of 1 s~
and strain of (¢) 5% and (d) 20%.

(a) 5% and (b) 20%, and at strain rate of 1X107°
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