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Austenite Recrystallization and Ferrite Refinement of
a Nb Bearing Low Carbon Steel by Heavy Hot Deformation

Sang Woo Lee’

School of Advanced Materials and System Engineering,
Kumoh National Institute of Technology, Gumi 730-701, Korea

Abstract Using various thermo-mechanical schedules characterized by varying reheating temperature, defor-
mation temperature and strain, the austenite recrystallization and ferrite refinement of a Nb bearing low carbon
steel(0.15C-0.25Si-1.11Mn-0.04Nb) were investigated. For single pass heavy deformations at 800°C, the 40%
deformed austenite was not recrystallized while the 80% deformed one was fully recrystallized. Ferrite grains
formed in the 80% deformed specimen was not very small compared with those in the 40% deformed specimen,
which implied the recrystallized austenite was not more beneficial to ferrite refinement than the non-recrystailized
one. In case of deformation in low temperature austenite region, a multi-pass deformation made finer ferrites than
a single-pass deformation, as the total reduction was the same, due to more ferrite nucleation sites in the non-
recrystallization of austenite for multi-pass deformation. When specimen was deformed at 775°C that was 10°C
higher than Ar,, the ferrite of about 1 um was formed through deformation induced ferrite transformation(DIFT),
and the amount of ferrite was increased with increasing reduction. Dislocation density was very high and no car-
bides were observed in DIFT ferrites, presumably due to supersaturated carbon solution. By deformation in two
phase(50% austenite+50% ferrite) region the very refined ferrite grains of less than 1 um were formed certainly
by recovery and recrystallization of deformed ferrites and, a large portion of ferrites were divided by subgrain
boundaries with misorientation angles smaller than 10 degrees.
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Table 1. Chemical composition of specimens used in this
study (wt.%)

C Si Mn Nb Al N
0.15 0.25 111 0.04 0.03 0.005
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Fig. 1. Schematic diagram showing the thermo-mechanical schedules used in this study.
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Table 2. Ary and T,y obtained from the specimens
which were reheated at 1200°C and 920°C, and then
cooled at 2°C/sec

Reheating Temp(°C) Ar,(°C) Ts00a"C)
1200 675 625
920 765 730
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Fig. 2. Effect of one-pass reduction ratios on the
microstructure of specimens reheated at 1200°C and
deformed at 800°C by 40%(a),(b), 60%(c),(d), and
80%(d),(e) reductions. (a),(c),(e) are optical micrographs
of specimens quenched in water after deformation and,
(b),(d),(H) are SEM micrographs of specimens cooled at
10°C/s after deformation.
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Fig. 3. Effect of one-pass reduction ratios on the
microstructure of specimens reheated at 920°C and
deformed at 800°C by 40%(a),(b) and 80%(c),(d). (a),(c)
are optical micrographs of specimens quenched in water
after deformation and (b),(d) are SEM micrographs of
specimens cooled at 10°C/s after deformation.
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deformation on the
microstructure of specimens reheated at 1200°C and
deformed at 800°C by 60%(a,b) and 80%(c,d). (a),(c) are
optical micrographs of specimens quenched in water
after deformation and (b),(d) are SEM micrographs of
specimens cooled at 10°C/s after deformation.

Fig. 4. Effect of multi-pass
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Fig. 5. SEM micrographs of specimens which were
reheated at 900°C and deformed at 775°C by various
reductions of 20%(a), 40%(b), 60%(c), 80%(d), and then
quenched in water.

). 1231, 60%2] (0Tt 80%2] ZA-$-(d)ell
Helo|E 249 277 o 208 #2590E ),
OIRL 60%2] 9= WHE Fol A7 FHgo]EQ)
o] Holshe QEUolES 2s) A=) o
ol lAigh FElE Ekor, 80%2] ZAfolls o~
Huo|EQ] o] sglo|ER HEH 7] wiio)
28Y o] AR 23t mjFolelar AR )
T3k Wy o] o  wle 7 W) o) slglo)
E 2490] AL 7Is8E A = gink o]
3 ol HER7| slelo|EdElE ol-83le] mA|
gt ol ES 47 SEiME 2HHY A4S oA
sk HRkS BAS| ol & Zlo 7 Aztdr)

Fig. 62 775°CollA 80% HHHE AJHoZHE] A
2 TEM ZFAolt}, Fig. 6 HE 3 533
B2 °F 1 um F719] Hglo|E9} vizEielE
Tho] FEE AdElo]Es BAER) ek, FHeh
O|E U= A9 He) uhe- w8 RS o4 5 9
th ®HA, Fig. b)ollAlel o] Wy 3 10°CiE
Mg Afolle oF 1 umile] sjglo)e Ao
A=A, Helo|Ex #awx] odgkom oAl Fle}
o]EQ] A E Qo= ©ElEo] MEE RS B
T At} Fig. 6(c)s MEF @alEor de 34
LY@ 08A AdE|ER ERIFG o, HER7 A
B 25-2] HZlolEFig. 6()2] A9 MY 32
ol EFg. 60b) Z717F 1 yumZ A9 2L
A0 R Hol Wz} Foll= Hgjo|er} A Adas}x



747Fgol S5 Nbgh- Askavde] exvfo| B At seio] B wixs} 9

257 )0

Fig. 6. TEM micrographs of specimens which were
reheated at 900°C and deformed by 80% at 775°C and
then water quenched(a) and cooled at 10°C/s(b). (¢) is a
selected area diffraction pattern taken from [010] zone of
cementite arrowed in (b).
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Fig. 7.SEM micrographs of specimens which were
deformed by 60% in dual phase region after reheating at
1200°C(a) and 920°C(b).
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Fig. 8. TEM micrographs showing microstructure of
specimen reheated at 1200°C and deformed in two phase
region, and then cooled to room temperature at 10°C/s.
(@) bright field image and (b) selected area diffraction
pattern taken from several grains in (a).
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YA 3-8 AT

@) AL L2EUe|ENM 71Edhs AT, T HE
Zro] 2ohd Zg WS ) 7k L2E ]
E7} AFAEE ARdE 2, 3= o] ¥y
ANA 22 Aole) B)Eo) 2§t FHAo U] g
Ql8f eEREY} vl AT Aol HE]E 1)
Alglell 23t

@) Ar, BT} 10°C £& 250 88 749,
LxEUolES] HEHRY] el ofal HE Foll &
1 um =7)¢] FHeelEZ AL, HEHo] 5
2 71 k& SR f71HE 2% SiZlolE
Sole e A9t EAlskaL ©skEe] EAlsHA|
) Ao WzkE Foe HUErt dA6)
Zolx)al HolE Adz} YAl el EZE HE
e Ao® Hol, WA HEZ A7) Hlo|Ed)
£ g2l #as) 18d Ao AdEHU.

(3) (50% HEIE +50% LHUe|E)] 230
A 60%2] 1928 371ES 3P HEE el
= 353} A dAgo] egxo] A AgviFe]
A2} 10% ©l8181 1 um vITE Z719] o}AFHE
o] @o] vjeRyitt.

% 7]

B 7= 200295 Foagtigh skl
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