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The Effects of Solution Temperature on Creep Rupture Strength of

18Cr-12 Ni Steels

Synopsis:

Michio YAMAZAKI

Low and high carbon 18 Cr-12 Ni steels were solution treated at various temperatures and the creep
Tupture test was conducted at 600 and 700°C. These steels were employed since they were considered
to give a fundamental aspect of the effects of heat treatments on creep rupture strength.

The creep rupture life at the test temperature of 600°C showed a maximum at a certain solution tem-
perature. This solution temperature, for shorter life tests (i. e., higher stress tests), was that which gave
incomplete solution of carbide, and for longer life tests (i. e., lower stress tests), was that which gave

Jjust complete solution of carbide.

At the test temperature of 700°C, however, appeared no maximum in the rupture life as a function

of solution temperature.

The above experimental facts on creep rupture life (f,) can be analysed by considering the effects

of solution temperature on creep rate (£) and rupture elongation (e,), since, apporoximately, ¢, is &,

devided by é.

The rupture life maximum at 600°C stems from the fact that & comes to the lowest value at a cer-

tain solution temperature and above the temperture no material change occurs in é while &, continues

to decrease as the solution temperature is raised.

The result at 700°C that no maximum appeares in life can be explained by that the intergranular

cracking at 700°C is of cavity type which is independent of grain size and hence ¢,, as well as &,
does not change above the solution temperature that gives just complete solution of carbide.
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Table 1. Chemical composition of steels (25).

i
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Steel G Si Mo P s | Ni  Cr Mo
Z1 0-05 0-45 1-53 0-012 0-019 12-07 17-99 /S
Z4 0-29 0-43 1-61 0-012 0-024 11-95 18-30 /
E 0-30 0-45 1-31 0-003 0-011 12-50 17-70 2-48
D 0-31 0-92 1-29 0-248 0-015 12-20 18-80 /
P 0-12 0-43 1-40 0-245 0-011 17-21 10-49 /
Z2 0-14 0.42 1-53 0-011 0-019 11-90 18-22 /
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Fig. 1. Hardness change by aging Zl1, Z2 and
Z4 steel specimens solution treated at
various temperatures.
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Fig. 3. Creep rupture strength of Z1 steel at 600°C.
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Fig. 4. Creep rupture strength of Z4 steel at 600°C.
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Fig. 5. Schematic illustration of the effect of
solution temperature on creep rupture
life of Z4 steel.
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Fig. 6. Creep rupture strength of E steelTat 600
and 700°C.
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Fig. 7. Creep rupture strengths of D and P steels
at 600°C.
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Fig. 8. Creep rupture lives of Z4 and E steels as
a function of solution temperature.
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Fig. 10. Typical creep curves of E steel
at 700°C.
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Photo. 1. Intergranular cracks of Z1 steel specimens; a and b:1100°Cx1lhr WQ. ¢ and d :

1 250°C X
lhr WQ. Test conditions are as follows; a : 22°5 kg/mm? and ruptured in 31-1hr, b: 135
kg/mm? and ruptured in 1102:3hr, c¢: 22'5 kg/mm? and ruptured in 10-lhr, and d : 115
kg/mm? and ruptured in 2 685-5hr, all at 600°C. No etching. x100. (6/7)

Photo.

Intergranular cracks of Z4 steel specimens; a and b : 1 100°C X lhr WQ, ¢ and d : 1 250°C X
lhr WQ. Test conditions are as follows; a : 28'0 kg/mm? and ruptured in 71'0hr, b: 175
kg/mm? and ruptured in 853 2hr, c:22'5kg/mm? and ruptured in 20°0Ohr, and d : 16°0kg/
mm? and ruptured in 1043-7hr, all at 600°C. No etching. x 100 (6/7)

— 51 —



1496 # & @

% 56 & (1970) 125

oL - . . e 4 e - 4
‘ L h ':d{ . Rl .
p i TR " g s . M- |

Y. s B ger b
Ve \2\ "
- S
* -
e 5
H
- .—.'
4
- -, / -
1 ‘3 q. »
o

{ - a :

Photo. 3. Intergranular cracks in E steel specimens (1 250°C X lhr WQ, 700°C X 2hr). a: tested at 600°C

and 22'5 kg/mm? and ruptured in 5032 hr,

and b: tested at 700°C and 18 kg/mm?2 and

ruptured in 138:7 hr.  Stress direction is horizontal. X100 (6/7)
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Fig. 11. Effect of aging on creep rupture lives of
Z4 steel specimens solution treated at
various temperatures, tested at 600°C.
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Fig. 12. Hardness of Z4 steel specimens after creep
rupture. Creep rupture test: at 600°C,
and hardness test: at room temperature.
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Photo. 4. Microstructures of Z4 steel specimens after creep rupture. a and b : solution treated at 1 080°C

.42’ (TS Lo gl

and tested at 600°C, 28'0 and 17°5 kg/mm? and ruptured in 56'8 and 635°9 hr respectively,
and c¢ and d : solution treated at 1250°C and tested at 600°C, 22'5 and 16°0 kg/mm? and

ruptured in 69'9 and 10437 hr respectively.
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Photo. 5. Z4 steel solution treated at 1080°C and ruptured in 635°9 hr at 600°C and 175 kg/mm?

longitudinal section, and electro-polished. Hardness indentations were put where there was
no void.
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Photo. 6. X-ray diffraction patterns of Z4 stee] specimens soluticn trezted at 1 060°C, a : as heat treated,
b : ruptured in 635'9 hr at 600°C and 17-5 kg/mm2, 1 mm from the fracture, and c : same as
b, but 10 mm from the fracture (Electro-polished, and Cr radiation used).

5. a

b

c

Photo. 7. X-ray diffracticn patterns of Z4 steel specimens solution treated at 1250°C, a : as heat treated,
b : ruptured in 69'9 hr at 600°C .z2nd 22-5 kg/mm?, and c : ruptured in 1043-7 hr at 600°C
and 16°6.kg/mm? (Electro-polished and Cr radiation used).
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