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Comparison of Tensile and Impact Properties of Hypo-Eutectoid Steels
Containing Micro-Alloying Elements

Seung-Yong Lee, Yun Cho, Byoungchul Hwang’
Department of Materials Science and Engineering,
Seoul National University of Science and Technology, Seoul 01811, Korea

Abstract In this study tensile and impact properties of three hypo-eutectoid steels containing different micro-
alloying elements were investigated in terms of microstructural factors such as pro-eutectoid ferrite grain size,
pearlite fraction, interlamellar spacing, and cementite thickness. Yield point phenomenon appeared in all the steel
specimens during tensile testing, and ultimate tensile stress was mainly dependent on pearlite fraction. On the
other hand, the refinement of austenite grain size caused by the addition of micro-alloying elements resulted in
the increment of ferrite volume fraction and carbon contents in pearlite because of the refinement of pro-eutec-
toid ferrite grain size. As a result, cementite thickness in pearlite increased and had an effect on deteriorating the
low temperature impact toughness.
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Table 1. Chemical composition of specimens investigated in this study (wt. %)

Specimen C Si Mn Al Ti Nb \Y% N Fe
Steel A 0.15 0.2 0.5 0.03 - - - 0.008
Steel B 0.15 0.2 0.5 0.03 0.015 0.02 0.1 0.008 Bal.
Steel C 0.40 0.2 0.5 0.05 - - - 0.015
2. A 2y s . ANinSteelA |
= (Ti,Nb,V)C in Steel B
£ 0.0015 - = AINin Steel B 4
B Aol ARRE AE= 1,200°C o] 250 5 = AINin SteelC
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Fe-0.25i-05Mn(wt9o) 2 7WE0 & g, Az P w  8°0°] \ 1
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7Is1= 3tk 015 wt.% B RS 2He 7k A g 0y
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Fig. 1. Equilibrium amounts of precipitates as a function

of temperature calculated by TCFE 7 (Thermo-Calc
Software, Stockholm, Sweden) software.
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(c)

and (c) and (f) Steel C specimens. The steel speicmens were austenitized at 950°C followed by isothermally heat-
treatment at 600°C.

Table 2. Pro-eutectoid ferrite grain size, pearlite fraction, interlamellar spacing, and cementite thickness of specimens
investigated. The specimens was austenitized at 950°C followed by isothermally heat-treatment at 600°C

Speci Pro-eutectoid ferrite grain size | Pearlite fraction [Interlamellar spacing| Cementite thickness
pecimen
(um) (%) (nm) (nm)
Steel A 15.3 16.5 189 25.7
Steel B 9.2 119 151 28.6
Steel C 7.0 46.9 177 22.6
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Fig. 4. Charpy impact energy of the steel specimens at
test temperatures of —100°C, 0°C and +25°C.
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Fig. 5. SEM fractographs of Charpy impact specimens tested at temperatures of —100°C, 0°C and +25°C.
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