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Effect of Tempering Condition on Toughness Degradation

in 13Cr-3.8Ni Cast Steel

Synopsis :

Yoshitaka TWABUCHI

It is known that the toughness of 13Cr-3.8Ni cast steel decreases when the steel is tempered at around
550°C and cooled at slow rate. Effects of tempering temperature, holding time and repetition of tempering
on toughness deterioration of the steel are investigated by means of metallurgical observation and mechanical
test. It is found that toughness decreases with increase of yield strength which accompanies the increase
of corrosion loss in 6.09% HNO, solution. Fracture appearance transition temperature and yield strength
tend to decrease with the increase of the degree of tempering, while the amount of austenite increases.
Toughness is recovered when the steel is tempered at higher temperatures such as 630°C. From these
results it is considered that the deterioration of toughness during tempering is ascribed to the rejection of
carbon from reverted austenite during slow cooling and the formation of carbide.
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Table 1. Chemical composition of the casting (wt%).

C Si Mn P S Ni Ct  Cu Mo
0.05 0.50 0.71 0.013 0.013 3.83 12.77 0.12 0.27
1050°C o5
100°C/Hr 100°C/Hr
FC ac.
10Hr 10He
TEST 1 | TESTI
6 €30,600,580°C  €30,800,560°C
AO°C/Hr x* &
300°C FC. FC.
10,20, He 10Hr 1oHr
50, I00Hr $ a0crur
Fig. 1. Heat treatment employed in this study.
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Fig. 2. Relation between tensile properties and
holding time of tempering at 580°, 600° and 630
°C in 13Cr-3.8Ni cast steel.
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Fig. 3. Relation between charpy impact proper-
ties and holding time of tempering at 580°, 600°
and 630°C in 13Cr-3.8Ni cast steel.
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Fig. 4. Relation between percentage of retained
austenite and holding time of tempering at 580°,
600° and 630°C in 13Cr-3.8Ni cast steel.
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Fig. 5. Relation between corrosion loss in 6.0%
HNO; solution and holding time of tempering at
580°, 600° and 630°C in 13Cr-3.8Ni cast steel.
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Fig. 6. Effect of tempering and re-tempering on
tensile properties in 13Cr-3.8Ni cast steel.
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Fig. 7. Effect of tempering and re-tempering on
charpy impact properties in 13Cr-3.8Ni cast steel.
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Fig. 8. Effect of tempering and re-tempering on
percentage of retained austenite in 13Cr-3.8Ni
cast steel.
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Fig. 9. Variation of corrosion loss with different
tempering and re-tempering conditions in 13Cr-
8.8Ni cast steel. (6.09% HNO; aq. solution)
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Fig. 12. Percentage of austenite determined at
tempering temperature and ambient temperature as
a function of holding time in 13Cr-3.8Ni cast steel.
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Photo. 1. Scanning electron fractographs of charpy impact specimens tested at around FATT.
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yield strength in 13Cr-3.8Ni cast steel normal-
ized and tempered in different conditions.
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Fig. 14. Relation between FATT and corrosion
loss in 13Cr-3.8Ni cast steel.
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