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Texture Evolution during Primary Recrystallization and Effect
of Number of Cold Rolling Passes, Heating Rate, and Si Contents
in Grain-Oriented Electrical Steel

Soeng-Ho Jeon, No Jin Park’

School of Advanced Materials Science and Engineering, Kumoh National Institute of Technology,
61 Daehak-ro, Gumi, Gyeongbuk 39177, Korea

Abstract Grain-oriented electrical steel sheets are mainly used as core materials for transformers and motors.
They should have excellent magnetic properties such as low core loss, high magnetic flux density and high per-
meability. In order to improve the magnetic properties of the electrical steel sheet, it is important to form Goss ori-
ented grains with a very strong {110}<001> orientation. Recently, efforts have been made to develop Goss grains
by controlling processes such as hot rolling, cold rolling, and primary and secondary recrystallization. In this study,
the sheets containing 3.2 and 3.4wt.% Si were used, which were rolled with 1 and 10 passes with total thickness
reduction of 89%. Heating was carried out for primary recrystallization with different heating rates of 25°C/s and
24°C/min until 720°C. The behavior of Goss-, {411}<148>-, and {111}<112>-oriented grains were analyzed using
X-ray diffraction(XRD) and electron back-scatter diffraction(EBSD) analysis. The area fraction of Goss-oriented
grains increased with the number of rolling passes during cold rolling; however, after the primary recrystallization,
the area fraction of the Goss grains was higher and exact Goss grains were found in the specimens subjected to

rapid heating after one rolling pass.
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heating rate during recrystallization.

3. &%t ¥ uFE
3.1 X-ray E&=%|

MZ OE qAsle 9 FeEwda dxelsly
12+ AAAHE Fe-32wt.%Si 2 Fe-3.4 wt.%Si 3k
4 71732 20D Fg. 19 Y}
Witk S=1.00GEH=), S=0.75(1/8%), S=0.50(1/
4%), $=0.25(3/8%), S=0.001/2%, F3+5)0lA
{110}, {200}, {211} SHEE 343t ARkt 4
HZ ¢, =45 sectiondlX] ODFE %33 =
E 7350l 121 ABA Foll WR(S=0.0~0.25)%
o} 3EH(S=0.75~1.0)01A t 7t g2 wd
39S HolFa ded), ol 7+ 499 Hy
flepks ez = Jepd Fig. 2014 © & Yepdt
T}, o|¢} o] FHZo|AN T 723 Fgxo] W
D3k AL ofu] WzIkd HgellA] UlRETh 3o
o A3 g¥o] Agel A=rt = Ao

05=1.00 (surface)
0S=0.75 (1/8-layer)
B5=0.50 (1/4-layer)
@5=0.25 (3/8-layer)

W 5=0.00 (middle layer)

f(g) max

0 L ||
25C/sec | 24C/min | 24C/min | 25C/sec | 24C/min | 24°C/min

1pass 10 passes 1pass 10 passes

3.2wt.%Si 3.4wt.%Si

Fig. 2. Maximum f(g) for primary recrystallized
specimens at different content of Si, cold rolling pass
and heating rate during recrystallization.
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Fig. 3. Orientation imaging mapping of the recrystallized steel sheet obtained by EBSD with a step size of 0.5 um of
(@) 3.2 wt.%Si and (b) 3.4 wt.%Si specimens, which heating rate are 25°C/sec (red : Goss, blue : {411} <148>, green :

{111} <112> orientation).
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Fig. 4. Area fraction of the Goss oriented grains
orientation with tolerance angle of 5°, 10°, 15°.
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Fig. 5. Area fraction of {110} <001>, {411} <148> and
{111} <112> oriented grains.

Table 1. Area fraction of measured Goss orientation and average grain size

Si content 3.2 wt.%Si 3.4 wt.%Si
cold rolling pass 1 pass 10 passes 1 pass 10 passes
heating rate 25°C/sec 24°C/min 24°C/min 25°C/sec 24°C/min 24°C/min
Goss + 15° (%) 13 0.7 04 24 0.4 04
Goss £ 10° (%) 0.5 0.1 0.1 1.0 0.0 0.1
Goss +5° (%) 0.0 0.0 0.0 0.2 0.0 0.0
Grain Size [um] 3.31 491 4.46 4.05 4.79 5.14

Table 2. Area fraction of {110} <001>, {411} <148> and {111} <112> oriented grains with the tolerance angle of

10°
Si content 3.2 wt.%Si 3.4 wt.%Si
Cold rolling pass 1 pass 10 passes 1 pass 10 passes
Heating rate 25°C/sec 24°C/min 24°C/min 25°C/sec 24°C/min 24°C/min

Measured space

outside| inside outside| inside |outside| inside |outside| inside |outside| inside |outside| inside

{110} <001> £10° (%) | 0.6 04 ] 01 | 0.0

0.1 0.8 12 0.1 0.0 | 0.2 0.0

{411} <148> +£10° (%) | 1.3 2.2 2.9 0.7

24 7.1 7.6 1.9 3.9 8.7 2.7

{111} <112> +£10° (%) | 3.2 10 | 35 5.0

6.0 6.6 3.8 4.2 2.1 58 | 3.3
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