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Effect of Heat Treatment in the Ferrite-Austenite Region on
Notch Toughness of 6% Nickel Steel

Seinosuke YANO, Hiroshi SAKURAI, Hisoshi MIMURA,

Nobuo Waxita, Tsutomu OzAWA, and Koichi AOKI

Synopsis:

In order to improve the low temperature toughness of a newly developed 6% Ni steel, a new process
of the heat treatment has been studied. By this new heat treatment, the steel is partially austenitized at
the temperature range of the ferrite—austenite region and is quenched. When this special heat treatment
is added between the conventional process of quenching and tempering, the low temperature toughness
of nickel bearing steels is remarkably improved.

The reasons why this special heat treatment remarkably improves the low temperature toughness are
as follows. Firstly, a large amount of finely dispersed austenite islands, which are stable at a low tem-
perature as —196°C, are formed by adding this heat treatment before tempering. These stable austenite
islands act as a shock absorber and provides a resisting force against the propagation of brittle fracture.
Secondly, temper brittleness is depressed since the embrittled prior austenite boundaries are covered by
tempered martensite which is formed by this new process. Thirdly, the ductilicy of ferrite matrix is im—
proved through the scavenging effect due to the formation of austenite during this heat treatment.
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Table 1. Chemical compositions of steels (wt %) .

No | Steel c Si Mn ‘ P s Ni | Mo Al | N o
1 4 MO 0-091 0-25 0-41 0-003 0-007 5-48 0-20 0-015 | 0-0020 0-0010
2 8 MO 0-082 0-22 0-70 <0-003 0-006 5-80 0-17 0-014 | 0-0020 0-0037
3 11 MO 0-098 0-24 1-08 0-003 0-004 5-96 0-21 0-038 | 0-0015 | <<0-0010
In%ot vacuum melt 20 kg 11 X55mm O Z2UHE LBV L. -2 F

Hot rolling . F 4 MEAEES X 8 a-72 AR A EOER LS B 22 T,
13 mm thick for Charpy and tensile test

16 mm thick for prestraining test

Rough machining
11x11x55 mm for Charpy and tensile test
15x15x220 mm for prestraining test

Heat treatment
Machining

(a) Specimen for Charpy V-notch test
1 44

Y o A=
20
T 55
(b) Specimen for tensile fest
1140
e —
_——2 — ———— — -
L 120 —]
220

{c) Specimen for prestraining test

Fig. 1. Procedure for preparations and

shapes of specimens.
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Fig. 3. Effect of L-heat treatment on the notch
toughness in transverse direction.
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Fig. 4. Effect of prestraining on charpy transition curves.

— 64 —



6%Ni o FKIEFEITRIET

a-r2 ML FRBNED FZE 755

800°C (lhr) AC
640°C (lhr) WQ

800°C (1hr) AC
625°C (lhr) WQ

Photo. 1.

0

800°C (lhr) AC
670°C (lhr) WQ

800°C. (lhr) AC
700°C (lhr) WQ

Effect of tempering temperature on the microstructure of quenched

and tempered (QT) specimens. Replica photomicrograph.
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Photo. 2. Effect of L-temperature on the microstructure of QLT specimen tempered
at 600°C for lhr. Repica photomicrograph.
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Photo. 3. Effect of the holding time in L-hecat

treatruent on the microstructure

tempered at 600°C for lhr. Replica
photomicrograph.
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Fig. 5. Effect of the holding time in L-heat
treatment on charpy V-notch energy
at —196°C.
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Fig. 11. Effect of L-heat treatment on the relation

between charpy V-notch transition tem-
perature and effective grain size in frac-
ture facets. L-heat treatment does not
affect the effective grain size but lowers
the transition temperature in all steels.
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Photo. 3.

(b)

Transmission electron micrograph of an iron plated fracture region of a QLT specimen

showing a good many austenite islands in the neighbourhood of a fracture surface.

a) Bright field image,

b) Dark field image of the region enclosed by the dotted lines.

Contrast is due to (220) y Bragg reflection.

(b)

Photo, 6. Transmisson electron micrograph of a QLT specimen A reverted
austenite island is divided by twinned martensites.
a) Bright field image, b) Dark field image. Contrast is due to (311) y

Bragg reflection.
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(b)

Photo. 7. Transmission electron micrograph of a QT specimen showing infrequently found
austenite islands in the neighbourhood of a fracture surface.
a) Bright field image, b) Dark field image of the region enclosed by the dotted
lines. Contrast is due to (200) 7 Bragg reflection.
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