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Controlled Deformation of Microalloyed Steel by Precipitation
and Recrystallization

Sang-Hyun Cho, Sung-II Kim and Yeon-Chul Yoo

Abstract
The multistage deformation and stress relaxation were carried out to investigate the strain induced

precipitation by torsion tests in the range of 1000~800C, 0.05~5/sec for V-microalloyed steel. The

starting temperature and time for the initiation of precipitation were determined by stress relaxation
tests. The distribution of precipitates increased, as the strain rate increased and the mean size of pre-
cipitates was found to be about 10~30 nm. The precipitation starting time(P ) decreased with increas-
ing strain rate and the amount of pre-strain. The effect of deformation conditions on the no-recrystal-

lization temperature(T,,) was also determined in the multistage deformation. T,, Tnr decreased with

increasing the strain and strain rate. In the controlled rolling simulation, grain refinement and precipi-

tation hardening effects could be achieved by the alternative large pass strain at the latter half pass

stage under the condition of low temperature and high strain rate .

Key Words @ Strian Induced Precipitation, Precipitation Starting Time P_, No-recrystallization

Temperature T, , Controlled Rolling, Grain Refinement
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Table 1 The chemical composition of V-microal-
loyed steel(wt%)

C Si Mn P S Ni Mo

0.267 0.248 1115 0.027 0.059 0.103 0.021

0.045 0.413 0.007 0.166 0.023 0.006

HAg 4T Aoy

Zt Ay zPojA HFo ] ARE = AlRE 45 9
s&olgh Ay Hd2r 800~1000C, HEE
5x1072~5x10%sec ol HEFL 3%~9% WA= =

HAslgl o o))k &2 A S Table 29 Yeli2dch,
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STEM(Joel STEM(200kV))# EDXE Al83le] 24
stk A& g 244 (perchloric acid) 10% +
methanol 90% 84 & AMHE3IA T &2 HIFHE AHE

st

Table 2 The conditions of continuous deformation
and stress relaxation tests

. temperature(C) 800 900 1000
continuous
strain rate(/sec) 5x107 5x107 5x10°
deformation
strain 3
temperature('C) 800 900 1000
stress strain rate(/sec) 5x10% 5x107 5x10°
relaxation
pre-strain 003 006 009
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Fig. 1 Typical stress-strain curves for V-microalloyed
steels at the temperature condition of 9007
with various strain rate (a) 0.05 (b) 0.5 (¢) 5/sec
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Fig. 2 Extraction replicas showing V(C, N) precipitates at
the temperature of (a) 1000°C (b) 900°C (c) 800C
with strain rate of 5x10-/sec

Fig. 3 Extraction replicas showing V(C, N) precipitates at
the various strain rate of (a)5x10-¥/sec (b) 5x10-/sec
(¢) 5x10%/sec with temperature of 900C
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Fig. 10 Multistage stress - strain curve (a) and optical microstructure
(b) for V-microalloyed steel with strain (¢;) of 0.25, The
dedine is approximately 5°C/sec from 1000C to 800°C for
10 sec intervals. The strain rate rises gradually from 0.1 to
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Fig. 11 Multistage stress - strain curve (a) and optical
microstructure (b) for V-microalloyed steel with
strain (£,)of 0.2 and £, = 0.6 The decline is approxi-
mately 5°C/sec from 1000°C to 800C for 10 sec intervals.
The strain rate rises gradually from 0.1 to 3.0/sec
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