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The Microstructure and Toughness of High Tensile Strength Steels

Hiroo OHTANI, Fukunaga TERASAKI, and Tatsuro KUNITAKE

Synopsis:

The impact properties of some high tensile strength steels were investigated in relation to the austenite grain

size and the cooling rate.

The results showed the existence of optimum cooling rates for the transition temperature. The optimum

cooling rate depended on the hardenability of steels,

shifted to the lower cooling rate.

and as the austenitizing temperature was raised it

The electron microscopic observation revealed that the structure with superior impact properties was
the duplex martensite-bainite structure. The morphology of carbide in this bainite was similar to that
in the lower bainite, but the trace analysis for such bainite revealed that it had the same lath-like morphol-
ogy with a {111,{110}, as that in the upper bainite and the lath martensite. (This bainite in a low—carbon
low-alloy steel was named as Bainite-III type in a previous paper.)

The orientation measurements of facet pit and fracture surface clarified that the cleavage plane was {100}.
Based on the direct observation of fracture surface by scanning electron microscope, the unit crack path
was defined. The unit crack path showed experimentally a better correlation to the transition temperature

than the austenite grain size.

These results suggested that the role of bainite in the duplex structure was the partitioning of austenite

grain prior to the martensite transformation.

(Received Apr. 10, 1971)
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Table 1. Chemical compositions of steels used.
steel | C | si | Mn | P s | cu| N | o | Mo| WV G
N 01 0:'34| 1'25( 0027 | 0'017| 003| 0-19| 0°02| 0-13 | 0-03 — — | 0-032
7 0-12| 0-30) 0'83| 0-004| 0°005| 030 1-11} 0-53 | 049 003 — — | 0-038
8 0-14 | 0-26| 0-89 | 0-004| 0°005| 0:27| 1-04| 0-54| 0°50}| 0°03 | 0°004 [ 0-03 | 0-044
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Fig. 1. Effects of cooling rate and heating temperature on mechanical

properties of Ni-Mo-V steel (steel N).
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Photo. 1. Optical microstructures of Ni-Mo-V steel (steel N) as continuously cooled from
1 200°C with a) 200°C/ sec, b) 75°C/ sec, ¢) 14°C/sec, d) 0:0075°C/ sec.
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Photo. 2. Optical microstructures of Cu-Ni-Cr-Mo-V steel (steel 7) as continuously cooled
from 1200°C with a) 200°C/sec, b) 23°C/sec, c¢) 3:4°C/sec, d) 0°0075°C/ sec.
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Photo. 3. Optical microstructures of Cu-Ni-Cr-Mo-V-B steel (steel 8) as continuously
cooled from 1200°C with a) 200°C/sec, b) 23°C/sec, c) 3:4°C/sec, d) 0°0075°C/ sec.
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Photo. 4. Martensite formed in Ni-Mo-V steel
(steel N) as continuously cooled from
1 200°C with 200°C/ sec.

X 20 U 1/2)
Photo. 5. Bainite formed in Ni-Mo-V steel (steel N)
during continuous cooling from 1 200°C
with 75°C/sec : a) bright field image, b)
dark field image using a cementite reflect-
ion.
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Photo. 6. Bainitic ferrite formed in Ni-Mo-V steel
(steel N) as continuously cooled from
1 200°C with 14°C/ sec.
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Fig. 8. Relation between austenite grain size and transition temperature

for Ni-Cr-Mo steel. (steel N)
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Fig. 9. Relation between austenite grain size and transition temperature
for Cu-Ni-Cr-Mo-V steel. (steel 7)
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Photo. 7.

—60°C.
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Fractographs of martensite as continuously
cooled Ni-Mo-V steel (steel N) broken at
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Photo. 8. Fractographs of duplex martensite-bainite structure as continuously cooled
Ni-Mo-V steel (steel N) broken at — 100°C.
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Photo.

9.

Fractographs of bainite
broken at —60°C.

as continuously cooled Ni-Mo-V steel
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Fig. 11. Relation between unit crack path and

vTs for continuously cooled Cu-Ni-
Cr-Mo-V steel (steel 7).
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b) Ferrite-bainite structure broken at —20°C.
Photo. 10. Unit crack path of typical microstructues
formed in Cu-Ni-Cr-Mo-V steel (steel 7)
as continuously cooled from 1 200°C.
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Photo. 11. Correspondence of as contnuonsly cooled duplex martensite-bainite ctructure

to fractured surface.
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