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Tensile Properties of a 0.2%C-Ni-Cr-Mo Steel Having Mixed
Structure of Martensite and Bainite

Yoshiyuki TomiTA, Hiropuki NAKAMURA, and Kunio OKABAYASHI

Synopsis:

A study has been made of room-temperature tensile properties of a 0.29C-Ni-Cr-Mo steel having

mixed structure of martensite and bainite.

When B-][ and B-T type bainite, which precipitated acicularly so as to partition prior austenite
grains, associated with lath martensite, a detrimental effect was found on the strength and ductility
regardless of volume fraction of the bainite and tempering conditions, as opposed to a desirable effect
in the case of mixed structure of lenticular martensite and lower bainite precipitated acicularly.

From the analyses of true stress-strain diagrams and microfractographs, the decrease in the ductility
results from the fact that the bainite being elongated pararell to tensile axis fractures in brittle manner,
it being attributed to higher stress concentration in the vicinity of twophase interface as a result of
unequal strain in the two-phases durring plastic deformation.

From the above results, it was assumed that the strength and ductility of steels having mixed stru-
cture of martensite and bainite were significantly affected not only by the shape and distribution of
the bainite, but also by the morphology of co-existent martensite.
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Table 1. Chemical composition of steel used (wt%)

C Si Mn P S Ni Cr Mo

0.20 0.30 0.53 0.020 0.011 1.86 0.50 0.20

Austenitized at 900°C X 30min

Transformed at 500°C X {0~700h)
Transformed at 420°C X (0~2h)

W.0. ' W.Q.Y W.0.

Sub.
N Sub. Sub.

W.Q.=Quenching in 10% NaOH water solution,
Sub.=Subzero treatment.

Fig. 1. Schematic diagram of heat treatment for
obtaining fully martensite or bainite st-
ructure, and mixed structures of marten—
site and bainite.
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W.Q =Quenching in 10% NaOH water solution, Sub.==Subzero
Photo. 1. Transmission electron micrographs of fully martensite or bainite structure.
Heat treatment:
(a) 900°Cx30 min—->W.Q.—»Sub. (Martensite)
(b) 900°C %30 min—>420°C X 2h—»W.Q.—»Sub. (Bainite)
(¢) 900°C x 30 min->500°C x 700h—W.Q.—Sub. (Bainite)

o {{;

”,\ 2 4 3 | 2 {} .
Photo. 2. Optical micrographs of mixed structure of martensite e. (a), (b) and

(c); containing B-I[ type bainite of 25, 50 and 75% in volume, respectively.
(d), (e) and (f); containing B-I[ type bainite of 25, 50 and 75% in volume,
respectively.

Table 2. Microstructural parameters of mixed structure of martensite and bainite.

B-III type bainite B-II type bainite
Volume fraction (Transformed at 420°C) (Transformed at 500°C)
of balmZi’ Lath size of Lath size of Lath size of Lath size of
%) bainite, (z) martensite, () bainite, (p) martensite, (p)
By By, Ms w L Ms
10 1.2 9.5 5.7 1.8 9.6 7.2
25 1.3 9.7 4.0 1.8 9.8 4.2
50 1.3 9.6 3.3 1.9 9.7 2.8
75 1.3 9.7 2.6 2.0 9.5 1.3

SOFEENLKRDOC ENB S Ee Dk, (1)B-T &  REHHTS. (2) 474 D7 AFE(By) 1% B-I
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bbb, it —ATFA MERRASETL LI5S A Fa TR 1.8~2.0p LHFERELTARE . (3)
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Fig. 3. Effect of volume fraction of B-][ type
bainite on the strength.
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Photo. 3. Transmission electron micrograph of
specimen having mixed structure of
martensite and B-][ type bainite ( f =
509%). M and B indicate martensite
and bainite, respectively. Heat treat-
ment : 900°C X 30 min —500°C x 32s —
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o Fig. 5. Relationship between prior austenite grain
size, d and 0.29; proof stress in marten—
site.
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Fig. 6. Comparison of experimental values of
0.29, proof stress in mixed structure of
martensite and B-II[ type bainite with
the calculated law of mixture.
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Fig. 7. Comparison of experimental values of 0.2
9, proof stress in mixed structure of mar-
tensite and B-J type bainite with the
calculated law of mixture.
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Photo. 4. Scanning electron micrographs of microcracks initiation during tensile test [(a)
and (b)], a closed relation between microstructure and fracture appearances
[(c)], and fracture appearance after tensile test in B-[[ type bainite ( f =25%,)
[(d)]. B indicates bainite. Arrows indicate microcracks. Specimens being tem-

pered at 200°C X 1h.
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