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Effects of Austenitization Temperature and Hot Deformation
on Microstructure of Microalloyed Low Carbon Steels

Sea-Arm Kim and Sang Woo Lee
Department of Metallurgical Engineering, Kumoh National Institute of Technology, Gumi 730-701, Korea

Abstract As a research for developing fine-grained high strength low carbon steels, the effects of austenitiza-
tion tenperature and hot deformation on microstructure was investigated in 0.15 wt.% carbon steels with microal-
loying elements such as Nb and Ti. When the steels were reheated at 1250°C, Nb containing steel showed very
coarse austenite grain size of 200 ym whereas Nb-Ti steel did fine one of 70 um because Ti carbonitrides could
suppress the austenite grain growth. In case of 50% reduction at 850°C, the austenite grains in the Nb steel par-
tially recrystallized while those in the Nb-Ti steel fully recrystallized probably due to finer prior austenite grains.
For the Nb-Ti steel, ferrite grain size was not sensitively changed with austenitization temperature and compres-
sion strain and, severe deformation of 80% reduction was not essentially necessary to refine ferrite grains to

about 3 pm which could be obtained through lighter deformation of 40% reduction.
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Table 1. Chemical compositions of specimens used in this study.<wt.%>

Steel C Si Mn Nb Ti sol-Al N
A 0.159 0.259 1.18 - - 0.031 0.005
B 0.150 0.251 1.11 0.040 - 0.025 0.005
C 0.153 0.254 111 0.041 0.011 0.018 0.005
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Fig. 1. Variation of prior austenite grain size with
reheating temperature.
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Table 2. Solubility products of [Nb][C,N] calculated by equation (1).

Reheating temperature (°C) 920 1000 1100 1200

Solubility product of [Nb]{C,N] 0.5x107 1.1x107® 2.6x107 5.5x107
Fraction of solute Steel B 0.06 0.17 0.41 0.75
Nb Steel C 0.06 0.16 0.39 0.72
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Fig. 2. Optical micrographs showing the variation of
microstructure of Steels A (a), B (b) and C (c) which
were reheated to 1200°C, deformed with 50% at 850°C,
held for 20 sec and then water quenched.
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Fig. 3. Optical micrographs showing the variation of
microstructure with reduction ratio for Steel B (a, c, e)
and Steel C (b, d, f) which were reheated to 1200°C,
deformed with 40% (a, b), 60% (c, d), and 80% (e, ) at
800°C, held for 20 sec and then water quenched.
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Fig. 4. SEM micrographs showing the variation of
ferrite grain size of Steels A (a, b), B (¢, d) and C (e, D
which were reheated to 920°C (a, ¢, €) and 1200°C (b, d,
f), deformed with 40% at 800°C and then cooled to room
temperature at 10°C/s.
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Fig. 5. SEM micrographs showing the variation of
ferrite grain size of Steels A (a, b), B (¢, d) and C (e, f
which were reheated to 920°C (a, ¢, €) and 1200°C (b, d,
1), deformed with 80% at 800°C and then cooled to room
temperature at 10°C/s.
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Fig. 6. Variation of ferrite grain size with reheating
temperature (a) and with reduction (b) in three different
steels.
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