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Synopsis:

Effects of low temperature transformation products such as bainite and martensite on the mechanical
properties of normalized low alloy high strength steels were studied using specimens with ferrite-pearlite
structures including some mixed structures formed by varying the Mo content and cooling rate on normalizing.

It was shown that the presence of these products in the microstructure increased the tensile strength, but
this led to a disappearence of the yield point on the stress-strain curve, and resulted in a marked decrease
in the proof stress/tensile strength ratio. The tensile strength of the steels containing these products depended
on their amounts. Charpy impact transition temperature was divided into two groups by the presence
or absence of the low temperature transfomation products, and both of them were represented by straight
lines against logarithm of ferrite grain size, and at any fixed grain size within the range studied, the transi-
tion temperature was raised about 50°C by the presence of low temperature transformation products regardless

of their amounts,
fractography.

The fracture characteristics of specimens broken by impact were studied by micro-
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Table 1. Chemical composition of steels. (wt%)
No c | s ﬂ Mn P | s | Mo | cu Cr Al N
1 0-096 0-21 1-36 0-019 0-020 0:05 0-26 0-12 0-014 0-0087
2 0-092 0-22 1-40 0-018 0-022 0-23 0-26 012 0-031 00093
3 0-100 021 1-37 0-019 0-020 0-43 0-26 012 0-020 0-0098
4 0-101 0-18 1-33 0-019 0-020 0-62 0-26 0-12 0-021 | 0-0102
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(a) Steel 1 cooled at 22°C/min
(b) Steel 3 cooled at 22°C/min
(c¢) Steel 4 cooled at 100°C/min
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Fig. 1. Change of microstructure with cooling

rate and Mo content.
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Photo. 4. Transmission electron 'micrographs of
steel 4 cooled at 100°C/min -showing -
bainitic ferrite (a) and martensite struc-
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Photo. 5. Transmission electron micrographs of
steel 3 cooled at 22°C/min showing
high dislocation density in primary
ferrite generated from grain boundary
between ferrite and martensite (a) or

tures (b). bainite (b).
Table 2. Mechanical properties of steels.

Cooling rate | Steet| T.S. Y.P. |029P.8.| Y.P.orP.S. | EL R.A. . He vTrs
ooling rate | No |(kg/mm?)(kg/ mm?)(kg/mm?) T T.S. | (%) | (%) °C)
1 48-0 \ 317 — 0-67 392 72-2 | 0-240 135 +10
1-6°C / mi 2 516 | 37°5 — 0-73 360 | 69:5 | 0-241 151 —61
mn g 517 352 — 0-68 371 69-9 | 0-218 147 —24
4 535 1 335 — 0-63 342 | 694 | 0-214 152 —10
! 497 | 312 _ 0-63 388 | 715 | 0240 | 144 | + 7
92°G / mi 2 569 — 281 0-49 34-4 | 64'4 | 0-238 161 —14
min g 575 — 29-1 0°50 32-0 64-1 | 0-213 168 +17
4 58-9 — 30-6 0-52 29-0 | 62:7 | 0-197 174 +17
1 529 — 282 053 34-8 | 665 | 0240 | 153 +23
100°C / min | 2 607 — 299 0°49 30-0 | 57'6 | 0-230 171 + 3
m 3 635 — 354 0-56 294 57-3 | 0-210 181 +23
4 00 . — 42-3 0-60 284 | 617 @ 0-190 | 212 +16
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Photo. 6. Transmission electron micrographs of
steel 1 cooled at 1'6°C/min showing

no dislocations in primary ferrite at

grain boundary between ferrite and

pearlite.
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Photo. 7. Carbo}zwextrﬂaction replica of steel 4
cooled at 100°C/ min.
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Fig. 3. Relation between tensile properties and
ferrite grain size of steels with ferrite-
pearlite structures (F+P) and with some
mixture of low temperature transformation
products (F+L).
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Fig. 4. Effect of primary ferrite on tensile pro-
perties of steels with low temperature
transformation products.
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Fig. 6. Change of Mo content in ferrite with
: cooling rate.
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(a) and (b) Steel 1 broken at

—~75°C (c¢) Sreel 1

Ve

broken at +80°C x 6000 (3/5)

(d) and (e) Steel 4 broken at +10°C () Steel 4 broken at +100°C

Photo. 8. Electron fractographs of steel 1 cooled at 22°C/min and steel 4 ccoled at

100°C/min broken by impact.
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(a) Steel | broken at —75°C

(c) Steel 4 broken at +10°C  (d) Steel 4 broken at +100°C

Photo. 9. Fracture profile of steel 1 cooled at 22°C/ min
and sieel 4 cooled at 100°Cmin broken by

imga:t.

(b) Steel | broken at +80°C x400(1/2)
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