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Optimization of Spheroidizing Annealing Conditions in SM45C Steel
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School of Mechanical and Automotive Engineering, Catholic University of
Daegu, Gyeongsan, Gyeongbuk 712-702, Korea

Abstract

The effects of eight types of spheroidizing annealing conditions including annealing temperature,

annealing time, cooling rate, and gas atmosphere in the annealing furnace on the microstructure were deter-
mined in SM45C steel which has been widely used for automotive parts. The well-developed spheroidized struc-
ture and minimum hardness were obtained when the steel was heat-treated 6 hours at 740°C, cooled to 710°C at
a cooling rate of 24°C/h, and then kept for 7 hours at the 710°C followed by air cooling. In order to increase the
productivity and to save the manufacturing cost, it is desirable to apply a faster cooling rate in the spheroidizing
annealing. It was found that air cooling was the fastest cooling rate applicable to the SM45C steel. The steel heat
treated in air showed the decarburized layer of about 110 um in thickness at the surface of the specimen, result-
ing in serious problems in the quality of the quenched product.
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Table 1. Chemical compositions of SM45C steel

C Si Mn P S
0.42 - 0.48 [0.15-0.35| 0.60-0.90 | <0.03 | <0.035

2. AE W

1 A%

B A7 AR A AsAE AR g AL
L5 1 Qe 7IATERE BRIl SM45C 7ol
o}, BAE SRS 046% C, 022% Si, 0.75%
Mn, 0.019% P 0.013% Selgth. gl 33t
ojgglo) ARg3lE SM45C 2174 35 mmel 5
& @Eﬂ U A4 2oA GAEE & W 71,
Az 2 FAE 22t 1 mm, 1 mm, 2 mmE 2
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Fig. 1. Schematic representation of spheroidizing
annealing cycles used in the study.
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Table 2. Eight types of spheroidizing annealing conditions used in this study
Heat Cvcle Heating Rate T,C°C) 1st Cooling Rate T,(°C) 2nd Cooling Rate T,
sy (°C/tr) t,(hn) CR,(°C/h) t, (hr) CR,C/h) o)
1 740 710
6 7
2 740 710
6 3
3 760 730
6 7
24
4 770 720
140 6 94 7 550
5 770 720
6 4
6 780 750
6 7
720
7 13
8 7£2)0

Table 3. Five types of spheroidizing annealing conditions to see the effect of 2nd cooling rate(CR2) on the

microstructure in SM45C steel

Heat Cycle Heating Rate T,(°C) 1st Cooling Rate T,(°C) 2nd Cooling Rate T,
v (°C/hr) t,Chr) CR,(°C/h) t, (hr) CR,(C/h) e
1 25
24 S
2 550
3 140 7%50 24 7;0 100
4 Air Cooling 25
5 Water Quenching

acid 4 g + 100 ml Alcohol) S0 2 oAl I
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Fig. 2. Optical micrographs showing the effect of spheroidizing annealing conditions on microstructure in SM45C
steel. (a) heat cycle 1, (b) heat cycle 2, (c) heat cycle 3, (d) heat cycle 4, (e) heat cycle 5, (f) heat cycle 6, (g) heat cycle
7, (h) heat cycle 8.
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(T, : 25°C), (b) 24°C/h(T,: 550°C), (¢) 100°C/h, (d) air cooling, and (e) water quenching.
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Fig. 4. Optical micrographs showing the effect of furnace atmosphere on microstructure in SM45C steel. (a) N, and

(b) air.
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