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Categorization of ambient temperature creep behavior of
metals and alloys on their crystallographic structures

Eiichi SATO*, Tomoyasu YAMADA**
Hisamune TANAKA™** and Itaru JIMBO™**

The creep behavior at ambient temperature of typical h.c.p., b.c.c. and f.c.c. metals and alloys of annealed state were sur-
veyed. Cubic metals and alloys demonstrated negligible creep strain under all stress ranges. In contrast, h.c.p. metals and
alloys demonstrated significant primary creep behavior. In particular, Ti-6A1-4V alloy and CP-Ti metal showed signifi-
cant creep behavior and accumulated large creep strain more than 1% in 90s and 1600s, respectively under 0.9 of 0.2%
proof stress. After being cold-rolled, Ti-6A1-4V alloy and CP-Ti metal showed less significant creep behavior.
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Table 1 Chemical composition, pre-treatment and meas-
ured 0.2% proof stress of the tested metals and alloys

Chemical 0.2% Proof
Specimen composition Treatment Stress
(mass%) (MPa)
Ti-0.25Fe-0.20
CP-Ti —0.015H-0.08C 973K, AC 252
—-0.03N
Ti-0.25Fe-0.20
CP-Ti (CR) | —0.015H-0.08C 31%?%?5 592
—0.03N ’
Ti-6A1-4V-0.4Fe
Ti-64 -0.20-0.08C-0.06N| 978K, AC 981
—0.015H
Ti-6Al1-4V-0.4Fe
Ti-64 (CR)  |-0.20-0.08C-0.05N ngﬁf 1018
—-0.015H ’
Ti-15V-3A1-3Cr
Ti-15333 -35n-0.25P-0.05N | 1073 K, AC 765
-0.05C-0.130-0.1H
Pure Zr 99.27r 1123K, AC 194
. 7r-1.565n-0.11Cr
Zircaloy 0.99Fe-0.120 950K, AC 380
Pure Mg 99.95Mg 573K, HR 67
Mg—3Al-1Zn
—0.03Mn-0.01Fe
AZ31 —0.005Ni-0.005Cu 573K, HR 193
—0.02S1
Pure Fe 99.99Fe CR 363
1050A1 99.5A1 623K, AC 96
Al-2.5Mg—0.4Fe
—0.25Cr-0.25Si
5052A1 0.1Cu-0.1Mn 523K, AC 197
-0.1Zn

AC: air cooling, CR: cold roll, HR: hot roll
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Fig. 1 Creep specimen with four cross sections.
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Fig. 2 Optical micrographs of (a) CP-Ti, (b) Ti-64, (¢) Ti-15333, (d) pure Mg, (e) AZ31, (f) pure Zr, (g) Zircaloy,
(h) 5052A1and (i) pure Fe.
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Fig. 3 True stress-true strain curves of (a) Ti-64 and Ti-
64 (CR), (b) CP-Ti, CP-Ti (CR) and Ti-15333, (c) pure
Mg, AZ31, pure Zr and Zircaloy, and (d) 1050Al, 5052Al

and pure Fe.
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Fig. 4 Creep curves of hexagonal metals and alloys.
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Fig. 5 Creep curves of cubic metals and alloys.
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Fig. 6 Example of creep curve fitting of CP-Ti under
0.80,, by logarithmic creep equation. The experimental
data are shown by circles and the fitted result is shown by
a solid line.
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Fig. 7 Double logarithmic plot of minimum creep rate and
stress normalized by Young’s modulus.
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Fig. 8 Creep curves of cold-rolled CP-Ti and Ti-64.
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Table 2 Summary of the obtained creep parameters and the evaluation of ambient temperature creep in the tested metals and

alloys
hexagonal cubic
creep parameter creep parameter
c/a material evaluation structure material evaluation
no| 107%™ n | £,1078s7
159 CP-Ti 41 46 O
(prismatic) BCC pureFe | — - %
metal pureZr | 3.0 13 O
1.62
(basal) pure Mg | 4.7 10 O FCC 1050A1 11 0.86 O
159 Ti-64 |30 180 ©
( ris%natic) BCC Ti-15333 | — - X
alloy P Zircaloy |10 21 O
1.62
(basal) AZ31 43 6.2 O FCC 5052A1 — — %

©:£,>10"%s71, O:10"°s1>£_>10""s7!, X: nil strain rate
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