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The Bainite in Low Carbon Low Alloy High Strength Steels

Yasupa OHMORI, Hiropo OHTANI, and Tatsuro KUNITAKE

Synopsis:

‘The morphology of the bainite in some low carbon, low alloy high strength steels has been investi-
gated by means of dilatometry and both optical and electron microscopies. The results indicate that
the bainite can be divided into three distinct types by the morphology of the cementite precipitation,

The bainite I is formed above 500°C and is the carbide-free bainitic ferrite. The bainite II is
formed in the intermediate temperature range or by cooling at intermediate cooling rate. Although
some amount of cementite particles are formed within the grains, the bainite II consists mainly of
ferrite laths with cementite layers between them, being a typical of upper bainite. The bainite III is
formed at temperatures close to the Ms or during cooling as fast as the upper critical cooling rate,
the morphology of cementite formation is similar in appearance to the high carbon lower bainite. How-
ever, these bainites have the lath-like ferrite morphology with the same <111>, {110}, habit. This
is different from the high carbon lower bainite with plate-like ferrite. Therefore, it seems reasonable
to classify the bainites observed in low carbon low alloy high strength steels as the upper bainite.

(Received Dec. 1, 1970)
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Table 1. The chemical composition of the steels used (wt9s).
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Fig. 1. The CCT diagram for the Cu-Ni-Cr-Mo-V steel containing 0°129, carbon.
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Fig. 2. The CCT diagram for the Cu-Ni-Cr-Mo steel containing 0°229, carbon.
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Fig. 3. The CGCT diagram for the Cu-Ni-Cr-Mo-V steel containing 0°2% carbon.
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Fig. 5. The TTT diagram for the Cu-Ni-Cr-Mo-V steel containing 0°129 carbon.
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Fig. 6. The TTT diagram for the Cu-Ni-Cr-Mo steel containing 0°229; carbon.
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Fig. 7. The TTT diagram for the Cu-Ni-Cr-Mo-V steel containing 0°229, carbon.
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during isothermal transformation.
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Photo. 2. Optical microstructures of the Cu-Ni-Cr-Mo steel containing 0°22
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carbon transformed at (a) 615°C for 60 min, (b) 570°C for 15sec,
(c) 475°C for 40sec, (d) 400°C for 25sec.
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Photo. 3. Gomposite optical micrograph of the bainitic ferrite formed at 540°C
on two adjacent surfaces inclined at about 90° to one another.

f

5 &t AT IRAR

Lo
] - B ‘A R
B S N A :

oL el e : X I - T . N e N o

f. Photo. 4. The primary ferrite in the Cu-Ni-Cr- Photo. The primary ferrite in the Cu-Ni-Cr-
Mo steel containing 0-229;, carbon Mo steel containing 0:229, carbon
transformed at. 660°C. transformed at 615°C,
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Photo. 6. Bainitic ferrite in the Cu-Ni-Cr-Mo-V
steel containing 0129 carbon cooled
from austenite with 300°C/min and
quenched into water from 500°C.

e .

Photo. 7. A typical upper bainite formed at
460°C in the Cu-Ni-Cr-Mo steel
containing 0-229; carbon: (a) bright
field image, (b) dark field image using
a cementite reflection.
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Photo. 8. The bainite formed at 425°C in the
Cu-Ni-Cr-Mo steel containing- 0-229;
carbon: (a) bright field image, (b) dark
field image using a cementite reflection.
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Photo. 9. The bainite formed in the Cu-Ni-Cr-
Mo-V steel containing 0°122, carbon
during the continuous cooling with
1200°C/min: (a) bright field image,
(b) dark field image using a cementite
reflection.

Photo. 10. The interface between the bainite
formed at 450°C and the untransformed
austenite in the Cu-Ni-Cr-Mo steel
containing 0°229, carbon.
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Fig. 9. The habit plane and the growth direction
of the bainite laths formed in the temper-
ature range between 450°C and M,
temperature,
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