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A Mechanism of the Secondary Recrystallization in Grain Oriented Electrical Steel
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Synopsis :

A mechanism of Goss texture development during the secondary recrystallization in
grain oriented electrical steel is proposed based on the physical properties of the
high-energy boundaries. From the analysis of the primary recrystallized texture, the
frequency of the high-energy boundaries is proved to be the highest around the Goss
grain. The high-energy boundary has more structural defects, which are linked to a high
mobility and a high grain boundary diffusion rate. Quicker coarsening of precipitates
enables high-energy boundaries to move earlier than other boundaries during final
annealing. Thus, the Goss grain has a growth advantage of having the highest number
of mobile boundaries during the progress of final annealing. In order to verify the
proposed model of secondary recrystallization, Monte-Carlo simulation and the
investigation of the grain boundary character distribution were performed, and both
simulated and experimental results supported the assumption which is used in this

model.
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A mechanism of Goss texture development during the secondary recrystallization in grain oriented electrical steel is

proposed based on the physical properties of the high-energy boundaries. From the analysis of the primary recrystallized
texture, the frequency of the high-energy boundaries is proved to be the highest around the Goss grain. The high-energy
boundary has more structural defects, which are linked to a high mobility and a high grain boundary diffusion rate.
Quicker coarsening of precipitates enables high-energy boundaries to move earlier than other boundaries during final

annealing. Thus, the Goss grain has a growth advantage of having the highest number of mobile boundaries during the

progress of final annealing. In order to verify the proposed model of secondary recrystallization, Monte-Carlo simulation
and the imvestigation of the grain boundary character distribution were performed, and both simulated and experimental

results supported the assumption which is used in this model.
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Fig. 1 The ODF (g, = 45° cross-section) of the primary recrys-

tallized texture: (a) high permeability steel; (B) conven-
tional steel
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Table 1 The frequency (%) of coincident site lattice (CSL) boundaries around various grain orientations in HGO and CGO: (@) around
Goss grain; (b) average value of the whole specimen; (©) maximum value which is observed around grain orientation {hkl}<uvw>

T

HGO | CGO
CSL (a} {b) {c) {a) {b) {c)
(%9) (%) (%) {hkl} <UVW> (%) (9) (%) {hkl CUVW

| =<5l 163 196 262 {111} <119 196 190 243 {11 <011 -

5< ¥« 5] 146 13.0 174 {110} <113» 14.1 13.6 152 {110} <113

3 0.3 2.2 5.5 {1y <11 0.6 1.9 38 (I <011=

25 1.7 0.9 40 {110} <113 2.7 1.2 28 1100 <011

»7 0.8 1.0 2.1 (1 <ol1s 0.5 1.1 25 {111 <0lls
Y 2.0 1.0 2.1 1201 <0lis 1.1 1.0 19 {10 <113s
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Fig. 2 The misorientation angle distribution around the Goss

grain and grain of main texture component: {a) high per-
meability steel; (h) conventional steel
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The frequency (%) of boundaries having misorientation
angle from 20° 1o 45° around grains of various orientations
in Euler space (¢. = 45° cross-section): {(a) high perme-
ability steel; (b) conventional steel

AMAEFEY LSBT, A A TR LD FS&]L'C
AL A AL 20-45° & &4 KPR O £ 3R L 22!

& Fig. 3 12md, HGO 1ML Tid, 2 ifiavkdiay— o &k
SECWDIEMGN B EOILHEHER I EIL, A AEMA 2045
A4 KPS OHIEO® L0, kA E e
LIS T 40% 0 HRADOEAEEO SR TIES
I RKFLELIMIISADS, CCGOHMEITEL e AL ICHL
THIEEMD 20:45° & 70— RIGH RO FHEHIE i, 1T
{EBIE OB T2 A (06 ND g B LT 400 FUEI2 % TIL
BT

BLE@ G500, TAEEs 8 % Ao shiofi B4 Goss SFiroy
BB AT S0 S Lo d, AR E Sl aEiAt 20457
Eut R HHEGROFERY RO TR LA LS E 0D
HGO &5 XU CGO Mz EdA 3 5 e 5 A HE A B &+
DEDEELLNS,

3.2 HMIRHOER

321 HRMECRFHEORE

C.G. Dunn'™ % (2 24t BT R & — 3RS 25-30° T
K&k = A2 LA E TS, i 4 B0/ Read & Schock-
ey DFMT, F-rEFAMOCTERE X b Woll' 85 R A B
LT d, REW o b & — & I ORI U IR I BE 2 AR
MHERATL D, TALNAIEL T, FHE 2045° ORRO (L
RSP TRAMA LS 213, KNS 2 L¥—0BlErs
Bl TANREGT R F - RRARLD B L0 TR A
MamAkits, JOEMAL LS EEHHEO R LS CGO & HGO

EEl, TAFNAREN I AL E—RREE s S AT
Tt LT 00, 8 M5 82 T A ke i A0 T &

S 9] —

Ju'm%déuﬁﬁ glaél 9“7 %‘ﬁ% 149

Table 2 Physical properties of grain boundaries
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Fig. 4 (a) Schematic drawing of the coarsening of precipitates
due to the fast grain boundary diffusion along the high-
encrgy boundary; (b) Schematic drawing of the grain
growth by the movement of the high-energy boundaries
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Fig. 6 The value of GA,,,, (5) for various grain orientations (S) in
Euler space (¢, = 45° cross section): (a) high permeabil-
ity steel; (b) conventional steel
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Fig. 7 “The superposilion of the ODF and the value of GA,,,,, (5)
for various orientations (%) in Euler space (g, — 45° cross-
sectivn); {a) high permeability steel, (b) conventional
steel
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bution during the grain growth
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Fig. 9 The volume of the largest grain versus MCS obtained

from Monte-Carlo simulation (¥(average) and V(largest)
represents the volume of the average and that of the
largest grain respectively)
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