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Effects of Austenitizing Conditions on Creep Rupture Properties

of a 12 Cr Heat Resisting Steel

Synopsis :

Xing-yang 11U and Toshio FuiiTa

The effect of austenitizing conditions on creep rupture properties has been investigated for a 12%Cr heat
resisting steel.

1) The creep rupture strength at 600°C was improved considerably by increasing austenitizing tempera-
ture from 950°C to 1100°C. Increasing austenitizing temperature further from 1100°C to 1150°C or
higher has no distinct improving effect on creep rupture strength, but causes a drastic reduction in creep
rupture ductility. Therefore, the optimum austenitizing temperature for the steel would be around 1 050°C
to 1100°C.

2) The increase in austenitizing temperature resulted in a decrease in the amount of undissolved carbides
such as M;3C¢ and NbC. My3Cg dissolves completely at about 1 100°C and NbC does at about 1150°C for
1/2 h. For the decrease in the amount of undissolved carbides gives solution hardening effect and fine-pre-
cipitation hardening effect after tempering, it is considered that the change in the amount of residues with
the change in austenitizing temperature is the most important factor affecting creep rupture strength.

3) The increase of prior austenite grain size with the increasing austenitizing temperature also contri-
butes some what to the improvement of creep rupture strength, but may bring about higher concentration of
S at the grain boundaries and thus, reduces creep rupture ductilities drastically.

4) Varying austenitizing time from 30 min to 2 h at 1 050°C and 1 100°C has no distinct effect on creep
rupture properties.

Key words : 12%Cr steel ; austenitizing condition ; creep rupture strength ; ductilities ; undissolved carbide ;

prior austenite grain size ; concentration of S.
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Table 1. Chemical compositions (wt% ).
C Si Mn P S Ni Cr Mo \Y Nb N
0.20 0.05 0.45 0.010 0.003 0.52 10.20 1.47 0.19 0.032 0.0267
Table 2. Heat treatments. T T T T T
£ 100 TS.
Quenching : 950°C~1200°C X 1/2h, A. C. =3 o__@,———o’/o
1050°C, 1100°C X 1/2~2 h, A. C. =
1100°C X 2h, A. C. + 1050°C X 1/2h, A. C. £ 90—
. 1100°C X 2h, A. C. + 1100°C X 1/2h, A. C. 2 0#PS
Tempering : 700°C X 1h, A. C. 5) o P. A-—/A
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Fig. 1. Effect of austenitizing temperature on
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Fig. 3. Effect of austenitizing temperature on
creep rupture time.
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Fig. 4. Effect of austenitizing temperature on
creep rupture ductilities.
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Fig. 6. Change of prior austenite grain size with
austenitizing temperature and time.
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A: 950°CX1/2h B:1000°CX1/2h C:1050°CX1/2h
D:1100°CX1/2h E:1150°CX1/2h F:1200°CX1/2h

Transmission electron micrographs for the specimens in the as-quenched condition.
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Fig. 7. Change of the amount of residues with
austenitizing conditions.
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Stress axis

A:1050°CX1/2h B:1100°CX1/2h C:1150°CX1/2h D:1200°CX1/2h
Photo. 2. Optical micrographs for the specimens creep ruptured at 600°C, 32 kgf/mm?.
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Fig. 8. Auger electron spectra of the prior auste-
nite grain boundaries of the as-tempered speci-
mens.
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A:1050°CX1/2h B:1100°CX1/2h C:1150°CX1/2h D:1200°CX1/2h

Photo. 3. Scanning electron micrographs for the rupture surface of the specimens

tested at 600°C, 32 kgf/mm?.
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Table 3.

of residues for the double-austenitized specimens.

Identified precipitates and the amount

Identified
precipitates

Heat Amount of
treatment residue (wt%)

h,

o
o

1100°C X 2h, A. C. + .
1050°C X 1/2 b, A. C. 0.32 NbC
1100°C X 2h, A. C. + o
1100°C X 1/2 h, A. C. 0.33 NbC
50
~ 40 - 1 sooec
E T %~:~~ —_ _—75um
E 30 N \L Ol —
5 Grain size:30um
=20 .
@ 0 1100°CX2h,AC.+1050°CX1/2h,AC.
A & 1100°CX2h,AC.+1100°CX1/2h,AC.
10

10! 102 103 104
Time to rupture (h)

Fig. 9. Creep rupture strength of the double-
austenitized specimens.
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Photo. 4. Optical micrographs
showing the prior austenite grain
size of the double-austenitized
specimens.
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