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Effect of Hot Deformation Condition on Austenite Grain Refinement in
Medium Carbon Steel and Related Properties of Ultrafine Grain Steel

Yuiaka KANETSUKI, Masaaki KATSUMATA, Motoo SATO and Fuzhen LI

Synopsis :

Hot deformation conditions to obtain ultrafine grain austenite, the effect of austenite grain size on
transformation behavior, and mechanical properties and the spheroidizing behavior of ultrafine grain
medium carbon steels were studied by uniaxial compression and laboratory rolling of 0.45 C-0.71 Mn,
0.48 C-0.75 Mn-0.03 Nb, 0.44 C-1.58 Mn and 0.26 C-1.35 Mn steels.

Manganese suppressed the recrystallization of austenite. Niobium addition or reduction of carbon con-
tent also slightly suppressed the recrystallization. Ultrafine asutenite grains under 10 um were obtained
by hot deformation of medium carbon-low manganese steels with an initial grain size of about 20 um at de-
formation temperature of 850°C under a strain rate of 10 s~ . This suggests that a fine austenite grain of
about 20 pm by rolling on the rough and the intermediate trains, low rolling temperature on the finishing
train and appropriate strain rate are necessary conditions to obtain ultrafine austenite grain in practical
rolling. The refinement of austenite grains induced an increase in the volume fraction of ferrite and a re-
finement of ferrite grains and pearlite nodules. Consequently, toughness and yield strength increased and
better spheroidized microstructure was obtained in the ultrafine grain steels.

Key words : ultrafine grain; medium carbon steel; hot deformation ; recrystallization; transformation ;

mechanical property ; spheroidizing.
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Table 1. Chemical compositions of steels (wt%).
Steel C Si Mn P S Cr Al Nb
A 0.45 0.21 0.71 0.020 0.013 0.12 0.033 —
B 0.48 0.24 0.75 0.022 0.017 0.15 0.030 0.031
C 0.44 0.23 1.58 0.015 0.015 0.05 0.028 —
D 0.26 0.26 1.35 0.018 0.017 0.05 0.030 —
1200 °C (1250 °C)
1050°C
850°C 950°C
Wwe /s 850°C 850
—600s—| |60s — 600s —]|- 60
. W.Q. , '
E=1~10s" Y €=1~10 s+ W.Q.
&€ =30~70% ' €=30~70%
gmmé X 12 mm"
Fig. 1. Hot deformation condition of uniaxial com-
pression.
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Fig. 2. Examples of stress-strain curves (Steel
A).
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Table 2. Recrystallization behavior of tested steels.

Compression
D.
.’l‘. 1050 950 850
é
1 10 1 10 1 10
7 GS\log
Steel \ R.T.\ No. 10.54 11.54 11.40 12.40 12.42 13.42
d (0.325) w w w w w
1200 0.1
A r(l.1, 8.1 | p p P P n
d (0.25 d (0.325) d (0.325) d (0.45)
950 8.5
r@.1 9.5 r@5 9.7 | rQ.511.0D | r (10.4,11.6)
w w w w w w
1250 | —-0.4
3 r®6.17 =) |p P P P n
d (0.225) d (0.3 d 0.375) d (0.45
850 8.6
r9.1, 9.3 | r 9.9,10.0) { r (10.8,11.4)] r (11.4,11.7
d (0.315 w w w w w
1200 | 0.4
c r 6.0, 6.6) | p P p P n
d (0.325) d (0.425) d (0.425) w
950 1.3
r@®.5 8.4) | r@®.4, 8.6) { p P
d (0.35) w w w w w
1200 2.2
D r (6.6) '—) r (6.4’ 7.2) r (7.21 8-5) P p 1Y
d (0.425) w w w
950 1.8
r@.6, 9.1 | p ip P

R.T.:reheating temperature (C)  rGS No.:initial austenite grain size number Z:Zener-llollomon parameter

¢ :strain rate (s')  D.T.:deformation temperature(C)

d0.315 —
-r 6.0, 6.6)—j

size number

]

type of S-S curve
d :dynamic recrystallization
wiwork hardering

strain(ep) at peak stress
recrystallized austenite grain

austenite structure left : at a strain of 50%

r: recrystallized right : at a strain of 70%

p: partially
recrystallized

n: non
recrystallized
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(a) Dynamically recrystallized : reheated at 950°C, deformed at 950°C, strain 70%, strain rate 10s™ !
(b) Partially recrystallized : reheated at 1250°C, deformed at 950°C, strain 70%, strain rate 10s™!
(c) Non recrystalllized : reheated at 1250°C, deformed at 850°C, strain 70%, strain rate 10s™

Photo. 1.
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Fig. 3. Effect of initial austenite grain size and
deformation condition on recrystallization behavior.
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Typical austenite structures (Steel B).
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Fig. 4. Relationship between recrystallized auste-
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Fig. 5. CCT diagrams after deformation of 850°C
in Steel B reheated at 950°C.
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(a)(b) Deformed at 850°C (50%, 15~ !)
(¢)(d) Non deformed

Photo. 2. Typical transformed structures (Steel
B).
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Fig. 6. Effect of austenite grain size on volume
fraction of polygonal ferrite and pearlite lamellar
spacing (Steel B).
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(a) Optical micrograph (b) Scanning electron micrograph
Photo. 3. Pearlite (p) formed on proeutectoid
ferrite (f) at the early stage of transformation in

Steel B.
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Fig. 7. Relationship between mechanical prop-
erties and austenite grain size in Steels A and B
hot rolled at 850°C.
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(a) Conventional rolling ( Austenite grain size number : 7)
(b) Controlled rolling ( Austenite grain size number : 11)

Photo. 4.

Microstructures after spheroidizing annealing in Steel B.
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