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Toughness Deterioration of 13Cr-3.8Ni Cast Steel in the Process

of Tempering

Synopsis:

Yoshitaka IwABUCHI

In order to explain the toughness degradation of 13Cr-3.8Ni cast steel due to tempering, a systematic
study on the effect of heating temperature and subsequent cooling on mechanical properties has been, carri-

ed out.

When as quenched martensite is tempered, toughness reaches a minimum at about 550°C and

increases with increasing temperature, and then decreases above 650°C as the result of thermal deformation

of austenite reverted into martensite during cooling from tempering temperature.
about 550°C seems to be due to temper embrittlement.

The low toughness at
In addition, it is observed that the toughness is

deteriorated with the increase of strength when the specimen is cooled at slow rates after tempering.
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Table 1. Chemical composition of the steel
used (wt%).

C Si Mn P S Ni Cr Cu Mo

0.04 0.45 0.77 0.025 0.009 3.76 12.05 0.05 0.16

Table 2. Heat treatment employed in this study.

Desig-

nation Heat Treatment
400~700°C
1050°CX20Hr F.C.
(A) + 20°C/hr
950°CXIOHr A.C~ 10hr
wQ
5°C/
600°C .o
1050°C X 20Hr F.C. 30
(B) +
950°C X IOHr AC.~ 10hr .
WQ WQ WQ WQ WO WQ

7)) vy, H—RvEDI iy 50% ey A
Uz,
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CE L, 4.4%HNO, Ml KB 2¢4h BE L
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LDt 13Cr £25 VU AROBREN - DEED
BEREPCTRIRECHLTHDW.
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Fig. 1. Charpy impact properties vs tempering
temperature for 13Cr-3.8Ni cast steel, air cooled
from 950°C and tempered at 500°C to 700°C,
followed by water quenching or furnace cooling.
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Fig. 2. Charpy impact transition curves for the
specimens normalized and tempered at 580° to
630°C, followed by water quenching or furnace
cooling.
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Fig. 3. Tensile properties vs tempering tempera-
ture for 13Cr-3.8Ni cast steel air cooled from
950°C and tempered at 500° to 700°C, followed
by water quenching or furnace cooling.
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Fig. 4. Variation of retained austenite with
tempering temperature. Specimens are water
quenched or furnace cooled from tempering
temperature.
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Fig. 5. The change in strength and FATT during
cooling from 600°C. The specimens are tempered
at 600°C for 10h followed by cooling at 5°C/h
and water cooling from denoted temperature.
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600°C. 500°C
Photo. 1.

400°C

200°C

Scanning electron fractographs of charpy impact specimens tested at about FATT.

Specimens are tempered at 600°C for 10h followed by cooling at 5°C/h and water quenching

from denoted temperature.
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Fig. 6. Change in percent intergranular fracture
of charpy impact specimens tested at FATT.
The specimens are tempered 600°C for 10h, fol-
lowed by cooling at 5°C/h and water quenching
from denoted temperature.
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Fig. 7. Variation of the amount of austenite after
and before 109; prestrain with the temperature
on horizontal axis. Specimens are tempered at 600
°C for 10h, followed by cooling at 5°C/h and water
quenching from denoted temperature.
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Photo. 2. Transmission electron micrographs of carbon extraction replica taken from the
specimens heated at 600°C, followed by water quenching from denoted temperature.
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Photo. 3. Optical micrographs showing chromium depletion region.
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Fig. 8. Change in corrosion loss as a function of
temperature. Specimens are tempered at 600°C
for 10h, followed by cooling at 5°C/h and water
quenching from denoted temperature.
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Fig. 9. Carbon solubility in austenite and FATT
versus temperature. The specimens are water
cooled from the temperature showing on horizon-
tal axis.
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Fig. 10, True stress-strain curves for specimens
water quenched from different temperatures.
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Fig. 11. Variation of yield stress, retained aus-
tenite, percent intergranular fracture and corrosion
loss with FATT.
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