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ABSTRACT

Multistage deformation behavior of Nb-microalloyed steel and carbon steel was
studied by torsion tests with declining temperature T, constant pass strain €3,
interrupt time ti, and varying strain rate &. In the range of 1000C~790C and
4.00/sec ~0.38/sec, the flow stress at each pass was correlated to the deformation
variables. As the finished deformation temperatures are decreased to the range of
790°C ~900°C, Nb precipitates play an important role on the grain refinement of
Nb-microalloyed steel. The flow stress of Nb-microalloyed steel was higher than
the carbon steel’s while the grain size of Nb-microalloyed steel was smaller than
carbon steel below the temperature of 900°C.

Key Words : Multistage deformation, pass strain( ), interrupt time(t;), strain rate
(&), flow stress(o¢) grain refinement
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Table 1. The chemical compositions of Nb-microalloyed and carbon steel.

(wt%)
steel C Si Mn P S Cu Ni Cr Nb
31 Nb
. 0.270 0.210 1.110 0.048 0.045 0.360 0.070 0.110 0.031
AV

%77{‘]73 0287 | 0252 | 1081 | 0035 | 0048 | 0395 | 0.082 | 0.106 | 0017

g4t 0.276 0.225 1.009 | 0025 0.029 0.304 0.088 0.088 -

* note 3INbH7F4 : 0.0031wt%Nb, 17Nb3 7t : 0.0017wt%Nb

Table 2. Description of multistage deformation with declining temperature

(rolling simulation process).

pass No. 1 2 3 4 5 6 7 8

process A 1100 1085 1071 1057 1042 1028 1014 1000
process B 1100 1071 1042 1014 985 957 928 900

e (sec™V) 0.37 1.40 1.70 2.36 3.02 3.68 434 5.00

ti 20sec
Ei 0.25
pass No. 1 2 3 4 5 6 7 8

process C 1000 985 970 955 940 925 910 895
process D 1000 980 960 940 920 900 880 860
process E 1000 970 940 910 880 850 820 790

e(sec™ | 0378 0529 0741 104 145 203 285 400

ti (sec) 20
Ei 0.25

e : strain rate, t; : delay time, &; : pass strain
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Fig. 1 Multistage stress-strain

curves for (a) 31 Nb- microalloyed
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and (c) carbon steel with strain of
0.25 Dplotted cumulatively. The
decline is approximately 12~13C/sec
from 1100TC to 1000C for 20 sec
intervals.
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Photo 1. Optical microstructures of multistage deformation according to the
simulation processes. Nb-microalloyed steel : (a) initial, (b~d) process A, B,.
C, carbon steel : (e) initial, (f - h) process A, B, C
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deformation, Open mark : Multistage deformation)
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Photo 2. SEM showing microstructure and Nb precipitates distribution in
Nb-microalloyed steel at process C. (a) SEM (b) EDX Nb mapping
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