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Evolution of Ultrafine-grained Structure through Large Strain—High Z Deformation in a Low Carbon Steel

Akio OHMORI, Shiro TORIZUKA, Kotobu NAGAIL, Kenji YAMADA and Yasuo KoGo

Synopsis : Ultrafine-grained structure formed dynamically through severe plastic deformation at elevated temperatures has been investigated in a

0.1%C-0.4%Si—1.5%Mn steel. The effects of the strain, the strain rate and the deformation temperature on the microstructural evolution

were examined using a compression technique with a pair of anvils. The maximum strain was 4, the deformation temperature was below the
Ac, temperature, and the Zener-Hollomon parameter (Z) ranged between 10'2s™" and 10'®s™". The ultrafine ferrite grains surrounded by the
high angle boundaries evolved when the equivalent plastic strain exceeded the critical value of about 1. The number of newly evolved ultra-
fine grains increased with the strain; however, the average sizes did not depend on the strain. The grain size, d, depended on the strain rate
and the deformation temperature. An equation, d(um)=102%"Z"%6 was obtained experimentally. The details of the phenomena are com-

pared with the dynamic discontinuous recrystallization in ferritic steels.
Key words: low carbon steel; severe deformation; ultrafine-grained structure; ferrite; grain size; Z—H parameter; dynamic continuous recrystallization;

in-situ recrystallization.
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Table 1. Chemical composition of the steel (mass%).

C Si Mn P S
0.41 0.014

Compression axis

Fig. 1. Light micrograph of the initial microstructure of
the specimen.
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Fig. 2. Schematic illustrations showing (a) the processing
conditions and (b) the deformed specimen after the
compression using a pair of anvils.
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Fig. 3. (a) Optical microstructure of the specimen de-
formed at 923K and a strain rate of 10s™!, and (b)
distribution of the equivalent plastic strain through
thickness.

Compression

Fig. 4. SEM micrographs showing the change in microstructure with strain through the deformation at 923K and a strain rate of
1057, (a) £,,=0.5, (b) €q=1.2,(c) £,4=1.7,(d) £,,=2.7, and (e) £,,=3.8.
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Fig. 5. EBSP results showing the Image Quality maps ((a), (c), (e) and (g)) and the
’ ; (d), (f) and (h)) for the specimen deformed at 923K and
a strain rate of 10s™°; (a) (b) £,,=1.2, (¢) (d) £,,=1.7, (e) (f) £,4=2.7, and (g)
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Fig. 6. Classification of grains ac-
cording to the misorientation.
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Fig. 7. Effect of strain on the area fraction of newly
evolved ultrafine grains through the deformation at
923K and a strain rate of 10s™ .
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Fig. 8. Effect of strain on the size of the newly evolved
grains through the deformation at 923K and a
strain rate of 10s™ .
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Fig. 9. SEM micrographs showing the effects of the deformation temperature and the strain rate on the microstructure in the areas
of maximum strain (8qq>3) through the deformations (a) at 973K, €=10s"", (b) at 873K, é=10s7, (c) at 823K, é&=10s"1,
(d) at 973K, £=0.1s""1, (e) at 873K, £€=0.1s"!, and (f) at 823K, £€=0.1s"1.
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Fig. 10. Boundary maps obtained from the EBSP analyses in the areas of maximum strain (€,,>3) through the deformations (a) at
973K, £=10 s’ll, (b) at 873K, é=10s"", (c) at 823K, £=10s"", (d) at 973K, £=0.1s ", (e) at 873K, £=0.1s"", and (f) at
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Fig. 11. Effects of the deformation temperature and the
strain rate on the grain size. (T =T, +AT,
T soaking temperature, AT: deformation heat-
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Fig. 12. Relationship between the grain size and the Z-H
parameter.
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T, WEREMIIC K 2 FRIEBGETE & AR - BRIC &
LA GRS & ZXBI L, Z OBEES (in-situ recrys-
tallization) L FFE Z L #REL T3, 7, B,
Belyakov 5333 [ Cu®+ — X7+ 4 P RATF VL IS
BT 5 RO BRI BOETE 2 B AT E ST A & (continuous
dynamic recrystallizaion) & A TV 5, W& DIIGIZ IS
EBRLHHH, FREERBEREICEEY 58 2 FIdEANIZE
—HL T3, $&4bb, RKEMLICIDEAIhZKE
IR ZE e R D 7= RIS (deformation induced high-
angle boundary) 2 #JHIK; % 77 UF (fragmentation & 721 sub-
division) §5Z &Ik ->T, NAOREESE % EHT
12, WHITHRERDAD 1 EFGAR THR AR E I 5 &
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PERBZRE N TE B ANEGHSSRN & IZE 2D, AT
YARH T UL VIGEWERERT I LHBETES,
72, Az AT RIS ERICEEFE T3 &5 2R
B EELRT B7200D/55 A -2 Th b, fEROMITEM
ABAR ZHEBIZENTE ZRTFPREE2RET S &
WO SHEORRIZ, & Z KEMILIC X 2 FohE s %
BUEMLEREE U ORI T X 2 TagtE 2R,
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DK d(um) 3, FRICHEEZRZTT, d=1027Z27016 D
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