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Short-term Creep Behavior Analysis of a Modified 9Cr-1Mo Steel
Kyu Seop Parx, Fujimitsu Masuvama and Takao Expo

Synopsis : The Q and a conventional methods were applied to analyze the short-term creep behavior of a Mod.9Cr-1Mo steel. The
stress and temperatuer ranges investigated are from 107.9 to 196.1 MP and from 873 to 923K, respectively. Creep life,
t was related to the time to minimum creep ({w), the minimum creep rate (é=) and the imaginary initial creep rate
(o) as tn =022X 198 g%ty =Kuc and éo' - tr= Ko, where the magnitudes of Z, Kuc, Y, and Ko are 0.801, 0.332,
0.884 and 0.216, respectively. The constitutive equations for the minimum and imaginary initial creep rates are
expressed as ém= Am' o™ exp(-Qn/RT) and o= Ao* 6" exp(-Q,/RT), where An and Ao are structure factors,
6o 1s the initial stress, #» and %o are the stress exponents, and @» and &b are the activation energies for the minimum
creep rate and imaginary initial creep rate, respectively. The magnitudes of Am, Ao, #m, 70, @m and Qo are 9.2 X10%/s,
1.08 X 10%/s, 12.8£0.2, 13.0%£0.2, 6665 kJ/mol and 751 =5kJ/mol, respectively.

Key words : Mod.9Cr-1Mo steel ; Q method ; short-term creep ; Creep life ; time to minimum creep ; imaginary initial creep rate ;

activation energy for creep.
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Table 1. Chemical compositions of a Mod.9Cr-Mo steel and specification of ASME (wt%).

C Si Mn P S

Ni

(o4 Mo Nb A v N

used steel 01 0.25 04 0.016

0005 004

84 0.9 0.07 0.005 021 0.044

specification of

0.08~0.12 02~05 03~06 =002 =001 =04 B0~95 08~105 006~0.10 <004 018~0.25 0.0B~0.07

ASME SA-213 T91

In(Creep rate, €)

€ r (tr)

True strain, €

Fig. 1. Schematic illustration of logarithm of strain
rate plotted against true strain.
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Fig. 2. Relationship between creep strain and life
consumption rate, ¢/f at various stress.
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Fig. 3. Relationship between creep strain and life
consumption rate, /¢, at various stress tem-
peratures.
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Fig. 4. Relation of area and elongation at rupture as
a function of creep rupture time.
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Fig. 5. Relationship between rupture time and imag-
inary initial strain rate.
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Fig. 6. Relationship between rupture time and mini-
mum creep rate.

108F

10%F

tmin=0.22 * t,1:03

Time to Minimum Creep Rate/s

PR

saal I |

105 108

t/s

Fig. 7. Relationship between time to minimum
creep rate and time to rupture at various
temperatures and stresses.
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Fig. 8. Double logarithmic plot of imaginary initial
strain rate and stress at various tempera-

tures.
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Fig. 9. Arrhenius plot of e, for different stresses.
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Table 2. Relationship between ¢ and #,,/¢, of the Mod.9Cr-1Mo steel.
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