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Effect of Alloying Elements and Heat Treatment on the Microstructures
and Mechanical Properties of Medium Carbon High Manganese Steels

D. S. Lee and H. G. Park’
Department of Advanced Materials Engineering, Korea Polytechnic University, Korea

Abstract Mechanical properties and microstructures of medium carbon high manganese steels were investi-
gated in terms of alloying elements such as Mn, C contents, and heat treatment condition. Austenite volume frac-
tion was increased with increasing Mn content, leading to hardness decrease in the range of Mn content of above
10% after quenching and tempering. Such results are also supported by microstructural analysis and X-ray dif-
fraction in that the increase in mangaese content results in the increase in austenite fraction. Studies on temper-
ing condition indicated that not only hardness and tensile strength but also charpy impact values were reduced as
tempering temperature were raised in the range of 250°C to 600°C. It was also observed that fracture mode was
changed from dimple to intergranular fracture. Such results are thought to be due to very fine carbide precipita-
tion or impurity segreagation at grain boundaries as tempering temperature goes up. Heat treatment of Fe-5Mn-
2Si-1Al-0.4C can be optimized by austenitizing at 850°C, air cooling and tempering at 250°C, resulting in 1950
MPa in Tensile strength, 17% in elongation and 23.3 Jlcm? in charpy impact energy with high work hardening
characteristics.
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Table 1. Chemical composition of medium carbon
manganese steel

No. Elements (wt%)

C Mn Si Al Fe
Al 0.3 2 1 bal.
A2 0.3 2 1 bal.
A3 0.3 2 1 bal.
A4 0.3 10 2 1 bal.
A5 0.3 15 2 1 bal.
Bl 0.4 2 1 bal.
B2 0.4 2 1 bal.
C1 0.5 2 1 bal.

Table 2. Chemical composition of medium carbon
manganese steel

Elements (wt%)
C Mn Si Al Fe
Bl 0.42 4,92 1.90 0.98 bal.
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Table 3. Heat treatment conditions for tempering
temperature.

Austenitizing Tempering
Temperature (°C) Temperature (°C)
200
250
850
450
600

Austenitizing and tempering holding time are lhour,
respectively
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Fig. 1. Change of microstructure with a variety of Mn content (a) Al :Fe-5Mn-2Si-1A1-0.3C (b) A4 : Fe-10Mn-2Si-1Al-

0.3C (¢) A5 : Fe-15Mn-2S5i-1A1-0.3C.
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Fig. 2. Change in X-ray pattens with Mn content.
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Fig. 3. Hardness of specimen with various composition
of C and Mn content after quenching and tempering.
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Table 4. Mechanical properties of SCM440 used in chisel
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Table 5. Effects of tempering temperature on mechanical properties of Fe-5Mn-2Si-1A1-0.4C

Tempering Temperature Tensile strezngth Elongation Charpy impagt energy HRC
‘0 (kgf/mm”) (%) (J/em”)
200 12 52
250 199 17 23.3 52
450 2.5 46
600 149 10 8.6 40

Fig. 5. SEM Fractographs of Bl specimens for which charpy impact test were done at

temperature (°C) : (a) 250 (b) 450 (c) 600.
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Fig. 6. Flow curve of B1 specimen after austenitizing at
850°C, followed by tempering at 250°C.
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