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Effect of Alloying Elements on the Toughness of Bainite
in Medium Carbon Low Alloy Steels

Synopsis:

Hirooki NAKAJIMA and Toru ARAKI

The effect of C(0.25~0.45%), Ni(0~2.6%), Mo(0~0.5%) and Cr(0~2.29) contents on the
toughness of the as formed and tempered bainite was investigated in 0.49,C-0.82,Mn-1.19,Cr-0.259%,
Mo steels, and factors which affect the toughness of bainite were discussed. Bainite was formed in the

isothermal transformation.
raised the transition temperature of bainite.

Increase of C, Ni and Cr contents and rise of transformation temperature
The results were attributed to the increase of both fracture
facet size and carbide length and the latter was more deteriorate.

In the increase of Cr content,

another factor might be also necessary to be taken into account for the full interpretation of the results.
Addition of molybdenum lowered the transition temperature of tempered bainite mainly by the relief

of the temper embrittlement.
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Table L. Chemical composition of steels (wt %).

Steel 1 c si Mn | P s | N | o | Mo Cu
c1 | 025 0.23 073 | o.010 | o0.000 | 0.0 1.09 0.26 0.08
c2 - 0.35 0.20 0.7t :+ 0.010 0.009 0.06 1.03 | 0.26 0.08
C 3 ] 0.44 0.32 0.80 , 0.010 0.010 E 0.06 1.05 ‘ 0.27 0.08
Ni 1 0.37 0.15 0.72 | o.019 | o.0m 0.03 1.17 . 0.2 0.07
Ni 2 0.38 0.17 0.76 0.021 0.011 1.09 1.24 0.26 0.08
Ni 3 0.37 0.24 0.87 0.022 0.010 2.59 1.22 0.26 0.08
Mo 1 0.41 0.27 0.91 0.020 0.011 0.02 111 0.02 0.07
Mo 2 0.42 0.32 0.95 0.020 0.0kl 0.02 1.12 0.25 0.07
Mo 3 0.42 0.32 0.90 0.021 0.012 0.02 1.12 } 0.50 0.07
Cr1l 0.37 0 31 0.93 0.022 0.012 <0.03 0.13 0.28 0.06
Cr 2 0.38 0 33 0.92 0.022 0.013 <0.03 1.03 0.27 0.07
Cr3 0.38 0.35 0.91 0.022 0.013 <0.03 2.21 0.28 0.07
Mn 2 0.39 0.27 1.86 0.023 0.011 1.03 1.20 0.26 0.08

Table 2. Heat treatment for the formation of bainite.
Stecl Austenitizing |Austenite grain Holding time for isothermal transformation (min)
o : I

temp. (°C) | size (No) 300°C 310°C 350°C 400°C 450°C
Cc 1’ 910 9.1 10 10
C 2 870 8.2 10 10 20
C 3 870 8.6 50 30 30 5%
Nil 870 9.6 10 10 10
Ni2 870 9.6 20 20 20%
Ni 3 870 9.7 90 180 180%*
Mo | 900 9.7 10 10 10
Mo 2 900 10.3 10 10 10*
Mo 3 900 10 1 20 30 30*
Crl 900 9.3 5 5 5
Cr 2 900 9.7 10 10 10*
Cr3 900 9.6 30 30*
Mn 2 870 8.8 180 480*

* : Untransformed austenite was retained.
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Fig. 2. Effect of Ni content on the relationships between the ,7°,; and hardness of the
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Fig. 3. Effect of Mo content on the relationships between the ,7,; and hardness of the
tempered and not tempered bainite and tempered martensite.
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Fig. 4. Effect of Cr content on the relationships between the »T7s and hardness of the
tempered and not tempered bainite and tempered martensite.
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Fig. 6. Effect of alloying element on the transition
temperature of the bainite formed at 350°
C. Figures show the Vickers hardness
number.

(a)

. (%)

~100

Il

300 350 400

Formation temperature (°C)

450 O 50 100 150
(;ZTZZZ%) Temperaiure difference from M; (°C)
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hardness (Hv 320).

(a) Impact transition temperatures as a function of formation temperature of bainite
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Fig. 11. Effect of alloying element on the particle
size of carbide in the bainite formed at
350°C. Base composition is 0.35~0.429%
C-0.89%Mn-1.19,Cr-0.25%,Mo.

_ 2 S

S === Cr

2 /// ¢ C \.\\\

I ./’ \\“\‘\\

2 10} o Ni
3

S C Ni MoCr

5 v 0 O & Ag transformed

"g’ v o & a §50°%C, |hr termper

2 O 1 1

1
-1 /0 | 2 3
Bose composition  Change of glioy content (wt %)
12. Effect of alloying element on the number .

=
o

_ of carbide particles in the bainite formed
~at 350°C. Base composition is- 0.35~ -
0.429,C-0.89,Mn-1.19,Cr-0.25%Mo.
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Photo. L. Carbide in the as formed bainite.
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Fig. 13. Relation between ,7T,s and length of car-
bide particles. In the results of Fig. (a)
the effect of the fracture facet size has been
included but taken away in those of Fig.
(b). Figures show the Vickers hardness.
Square marks show the measured values
of the bainite formed at 400 or 450°C and

others do ones of the bainite formed at
350°C.
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Fig. 14. Contribution of each factor to the change
of ,T,s. Base composition is 0.359%C-
0.89%Mn-1.12,Cr-0.259%Mo and base tem-
perature is 350°C.
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