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Constitutive equation in ambient temperature creep of o-T1

Tatsuya KAMEYAMA*, Tetsuya MATSUNAGA™*, Shoji UEDA™**
Eiichi SATO**** and Kazuhiko KURIBAYASHI*****

The constitutive equation in ambient temperature creep region of o-Ti was investigated by performing creep tests on
solute-strengthened and/or cold-rolled titanium. Increasing solute content and/or thickness reduction decreases the steady
state creep rate. The stress exponent increases with solute content, but it is independent of thickness reduction in low
stress. Then, the microyielding stress, ¢, is introduced to express the stress at which dislocations start moving. The
stress exponent in £,— (o — Gmy) graph becomes almost constant with the value of three even in the solute-strengthened
and/or cold-rolled titanium. The constitutive equation for ambient temperature creep in a-titanium is proposed as €=
AS) X (bld)*x {(6—0,,)/E}" }exp(—QIRT), where n=3, p=1 and Q=20 kJ/mol. The deformation mechanism map
of titanium with ambient temperature creep region including microyielding stress is proposed.
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Table 1 Chemical composition, pre-treatment and average grain size of each sample

Samples Chemical composition (mass%) Pre-treatment Grain size (mm)
Ti-0.040 Ti-0.03Fe-0.040-0.002H-0.01C-0.01N | 973K air cooling 40
Ti-0.060 Ti-0.03Fe-0.060-0.002H-0.01C-0.0IN | 973K air cooling 32
Ti-0.090 Ti-0.06Fe—0.090-0.002H-0.01C-0.0IN | 973K air cooling 19
Ti—0.090+1%CR T 973K air cooling+1% cold rolling
Ti-0.090+10%CR T 973K air cooling+10% cold rolling
Ti-0.090+20%CR T 973K air cooling+20% cold rolling
. . 1273K 28h 10> Pa+60% cold rolling

Ti-0.160 Ti-0.03Fe-0.160-0.002H-0.01C-0.01N +973K 0.17h furnace cooling 20
. Ti-5.6A1-3.0Sn-0.25Fe-0.120-0.013H-

Ti-5A1-2.55n 0.01C-0.035N Annealed 19
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Fig. 1 Optical micrographs and X-ray diffraction pole figure of representative samples: (a) Ti-0.040, (b) Ti-0.090, (c)
Ti-0.160, (d) Ti-0.090+20%CR, (e) Ti-5A1-2.55n, () pole figure of the (0002) at Ti-0.040 surface.
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Fig. 2 Some representative creep curves of each strengthening methods: (a) interstitial strengthening (oxygen), (a’) inverse
transition creep curves of interstitial strengthening (oxygen), (b) work hardening (cold-rolling), and (c) substitutional

strengthening and texture control.

o/E

olE

- —0—Ti-0.090
» : —0-Ti-0.090+1%CR .

~  la) ——Ti-0.090+10%CR | o ©)

W —A—Ti-0.090+20%CR | *

g 10°] 1t i 1t o !
£ BV F (b) 3? i 7V A12

a 0 3V :

9 4 |7 AM is

S 10°L 4t I It E
P H

I 6 : J -

» oS A 4 [-o-Ti0.040RD

3 10 ——Ti-0.090 A 8 —0=Ti0.040 TD

g ol ool 11 —o—Ti-5A1-2.55n ELI |
@ 10° 10" 10° 102 10° 107

o/lE

Fig. 3 Effect of each strengthening method on the steady state creep rate at room temperature: (a) interstitial strengthening (oxy-
gen), (b) work hardening (cold-rolling), (c) substitutional strengthening and texture control. Ordinate axis is the extrapolated
steady-state creep rate and abscissa axis is the modulus-compensated applied stress.
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Fig. 6 Effect of the respective strengthening methods to the steady state creep rate at room temperature: (a) interstitial
strengthening (oxygen), (b) work hardening (cold-rolling), (c) substitutional strengthening and texture control. Ordinate

axis is £, and abscissa axis is (6—o ) /E.
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