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Relation between Microstructures and Low Temperature
Toughness in Extra Low Carbon 11Ni Steel

Kotobu NAGAI, Hiroki TAKAHASHI, Koji SHIBATA, and Toshio FujiTa

Synopsis:

The effects of microstructures on low temperature toughness have been studied in the fine-grained
extra low carbon 11Ni-1Mo-0.5Mn steel which has a very low sensitivity to temper embrittlement.

Low temperature toughness was examined on the basis of the relation between vyield strength and
transition temperatures. The excellent low temperature toughness of this steel was mainly attributed
to the inherent toughness of tempered martensite matrix. One kgf/mm? decrease in yield strength at
room temperature of matrix lowered transition temperature by about 25K, which was the fairly large
value as compared with the previously reported values in high tensile strength steels or 2.5 to 3Ni
cryogenic steels. The fresh martensite increased transition temperature even if the amount was very
small. The stability of retained austenite against plastic deformation was very poor contrary to the
stability against sub-zero treatments. The effects of the retained austenite on low temperature tough-
ness depended morphologically on its size and distribution. The retained austenite lowered transition
temperature without the loss of yield strength when its thickness was less than 0.1 um and further it
was isolated from each other. However, when the phase grew larger and coalesced together, it turned
to be disadvantageous to low temperature toughness.
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Table 1. Chemical compositions of steels studied in the present work in wt%.
C P S Mn Ni Mo Al N o]
© 7 Steel A 0.007  0.008  0.005 0.49 10.99 1.01 0.013 0.0015 0.005
Steel B 0.006 0.004 0.003 0.51 11.07 1.00 0.027 0.0016 0.002
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Fig. 1. Variation of tensile strength with reheating
time and temperature.
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Fig. 2. Variation of yield strength with reheating
time and temperature. Solid symbols show the
lower yield point and open ones the 0.2 pct proof
stress. In this figure the microstructure of each
plot is also classified and the arrowed reheating
conditions were chosen for measuremenis of the
transition temperature.
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Photo. 1. Optical micrographs of specimens :
a) quenched from 900°C(1h) and b) double-
quenched from 900°C(1h) and 780°C(1h).
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Fig. 3. Variation of the volume fraction of reverted
austenite with reheating time and temperature. Solid
circles show the results measured by point counting
(TEM) and open ones by X-rays method.
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Fig. 4. Charpy absorbed energy transition curves
of the specimens having tempered martensite single
phase structure. The absorbed energy at 0°C was
obtained with a 50 kgf-m capacity Charpy test
machine, while tests at other temperatures were
performed with a 30 kgf-m capacity machine(DQ;
double-quenching).
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a) Tempered martensite single phase structure (430°C, 4h)

¢) Tempered and fresh martensite and retained austenite (550°C, 96h)

ionatec, S ;]

b) Tempered martensite and reiained austenite (500°C, 96h)

d) Tempered and fresh martensite (625°C, 4h)

Photo. 2. Transmission electron micrographs representing each microstructure :
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Fig. 5. Charpy absorbed energy transition curves
of the specimens having microstructure containing
retained austenite.
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Fig. 6. Charpy absorbed energy teansition curves
of the specimens having duplex phase structure of
tempered and fresh martensite.
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Photo. 3. Scanning electron micrographs of Ch

arpy fractured surfaces failed at about —255°C :

a) 450°C, 128h, b) 550°C, 1lh, c) 550°C, 24h, d) 600°C, 4h.
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Fig. 7. Interrelation between yield strength and
transition temperature; 20 kgf-m absorbed energy
temperature or 509 FATT.
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Fig. 8. Interrclation between yield strength and
transition temperature, which is the temperature
showing the absorbed energy epual to the upper
shelf energy devided by the square root of two.
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Photo, 4. Scanning electron micrographs of the specimens reheated at 500°C
for a) 48h, b) 96h, and c) 192h.
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for a) 1h, b) 9h, c) 24h, and d) 48h).
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Photo. 5. Transmission electron micrographs of the specimens reheated at 550°C
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