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Formation of Fine Ferrite Grains during Hot Deformation of Cu Bearing Steel

Kazukuni HASE, Yasumasa HiRAL, Toshiyuki HOSHINO, Akihiro MATSUZAKI,
Keniti AMANO and Setsuo TAKAKI

Synopsis : In order to refine the microstructure of low carbon steels, effect of copper addition was investigated in terms of super-cooling of austenite,

dynamic austenite to ferrite transformation, and dynamic recrystallization of ferrite.

Large decrease in transformation starting temperature was observed by copper addition. This is caused by the segregation of copper to

austenite grain boundaries during prolonged austenitizing treatment. Fine ferrite grain structure in size of 2.1 um was obtained by the defor-

mation of super-cooled austenite at the reduction of 50% at 1043K in 2mass% Cu bearing steel whose Ar, temperature was decreased to

1008K by austenitizing for 14.4ks at 1223K. This grain refining process has two stages. In the first stage, the austenite was transformed to

ferrite through a deformation induced dynamic transformation (DIDT). The DIDT ferrite was characterized by fine cementite particles which

cannot be observed in usual ferrite formed by thermal transformation. Volume fraction of the DIDT ferrite increases with increasing the de-

gree of deformation. In the next stage, the ferrite grains were further refined and equiaxed with increasing the degree of deformation. A pos-

sibility that a dynamic recrystallization of DIDT ferrite occurs during the deformation was shown and this results in the marked grain refine-

ment of ferrite.

Key words: low carbon steel; copper; segregation; super-cooling; dynamic transformation; dynamic recrystallization; grain refinement.
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Table 1. Chemical compositions of steels examined.

(mass%)
Steel [} Si Mn P S Al Cu N [0)
Base 0.10 0.22 0.21 0.001 0.001 0.023 0.01 0.0020 0.0013
2Cu 0.11 0.22 0.22 0.001 0.001 0.025 1.97 0.0025 0.0014
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Fig. 4. True stress-true strain curves of steel Base (a) and steel 2Cu (b) in the deformation of 50% reduction at various tempera-
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Fig. 5. Changes in the maximum stress as a function of deformation temperature in steel Base (a) and steel 2Cu (b), which is ob-

tained from the results of Fig. 4.

& SITILIRE AME T 9 5 & Base i & FIRE N THEL + 8
HEHERY D 258 % 7R L 7=,

TR LIS & ORItR 4 BIREIZ§ 5 72912, S-S
=TI BT KIS EMTRE & ORBMR% Fig. 5 127
Yo KHIZEMD A RE, ALBESICABELRL
T3, Basedilid, AJREL LDA - 257+ 4 TR
FOEREN AR L, RBKALMTEENMET T2 & &
LIZERISHAEM L TALRE CRAEART, 25
ICAS LEARMBRBITIKT L To D, 2%, %
KA o HWE XN T B ERARO M TRE IRENE LFH
KTHb, —H2CufiTIE, A —Z2FF4 MRD 1223K »
5 1083K & T3 Basefll & FIRICERIG H WML 7= 23,
AR AD 5 1063K DIREFFATOMLTIE, £ —2 7+
1A METHBI2820b o TEEBHMEEFERKL o
B, AL EHICIREAET 5L, EERTEERIC

24

ERARPIAEML 72,
3.3 #EMIEDI 7 OMEK

Base il & 2Cuffilic DWW TEBRIIA G > & K F L2238
FE1043K & A BT OERE TH 5 873K TMLL 754
DIy uifif % Fig. 6 12789,

Base DA, EHEIMOE - & & E T L 72 1043K 1L
TxI4MeFd—A7FH4 FO2MBIZHEHLYLTEY, %
HD I 7 OB A 7 = 54 » LA EBE s
HEZHEL7ZT7 2 54 PORAGHEIETH -7, 754
P TH B 873K TINL U 73541203, ML Al
LCTHEEAFEICHMELZ7 274 M-, —F,
2Cuffl TIZ, & oL LEBEPAMET L2 TIEE 1043K
T, FIRE2 I um O F A MM T = 5 4 A& E R
L, SHICIITRE KT 45 & Basedfl & AT
KOMBRLET7 254 FlBEE &7,



Steel Base

Steel 2Cu

Fig. 6. Optical micrographs of steel Base and steel 2Cu
with the deformation of 50% reduction at 873K
((a) and (c)) and 1043K ((b) and (d)).
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Fig. 7. Image quality (a) and oirientation imaging map (b) of the fine ferrite grained steel 2Cu obtained by the deformation of 50%

reduction at 1043K.
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Fig. 9. Auger electron spectra obtained from the grain boundary (a) and, cleavage fracture surface (b). Spectra (c) and (d) are the

magnified one for (a) and (b), respectively.
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Fig. 10. Optical micrographs of steel 2Cu with the deformation of 8% (£=0.08) (a), 35% (£=0.42) (b), and 50% (£=0.7) (c) in

reduction at 1043K.
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Fig. 14. TEM image of steel 2Cu quenched after the defor-
mation of 50% reduction at 1043K.
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