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The effect of hot rolling reduction on microstructures and textures of grain oriented silicon steel was studied by
optical microscopy (OM), zeiss ultra 55 Scanning electron microscope (SEM) and Electron backscatter diffraction
(EBSD) technique respectively. The results indicate that the effect of hot rolling reduction on grain size of hot rolled
and normalized sheets in surface layer is great, while the effect on grain size of primary recrystallized grain is little.
The shear zone thickens with the finishing reduction decreases, moreover strong {111}<112> and {110}<001> tex-
tures can be obtained in hot rolled sheets. Combined with the previous research conclusions, it can be found that
the rolling process of oriented silicon steel is contributed to the formation of texture, while the recrystallization

process reduces the sharpness of the texture.
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INTRODUCTION

Grain oriented silicon steel is an important soft mag-
netic alloy material which is widely used in electric
power and electron industry. The typical texture is
{110}<001> texture which is beneficial to improve the
magnetic induction of grain oriented silicon steel.
Therefore, the purpose of preparing oriented silicon
steel is to obtain sharp {110}<001> texture mainly
through hot rolling, normalizing, cold rolling and an-
nealing processes[1-3]. At present, a large number of
studies on grain oriented silicon steel has focused on
cold rolling and recrystallization in order to clarify the
growth mechanism of {110}<001> oriented grains dur-
ing secondary recrystallization, while the research on
hot rolling is less[4-6]. Consequently, it is very impor-
tant to develop new grade grain oriented silicon steel
that clarify the evolution of microstructure and texture
under different hot rolling processes. The effect of hot
rolling temperature on microstructures and textures was
studied in previous research[7], and the effect of hot re-
duction was studied in this paper.

EXPERIMENTAL MATERIALS AND METHODS

Grain oriented silicon steel was selected as the ex-
perimental material with main components of 0,053 %
C, 3,18 % Si, 0,115 % Mn, 0,028 % Alsol and 0,05 %
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Sn. Continuous cast slab was rolled to 50 mm and 40
mm thickness on roughing mill espectively, and then
the intermediate billets were rolled to 2,3 mm thickness
on the finishing mill. Then the hot rolled sheets were
designated as low 50-sample and 40-sample separately.
Subsequently, the hot rolled sheets were cooled at the
same cooling rate of 35 °C/s in order to study the effect
of finishiing reduction on microstructures and textures
of grain oriented silicon steel. The microstructure was
observed by using optical microscopy technique. The
crystallographic orientation measurement was carried
out on the lateral section of the samples using an
HKL-EBSD system, and the image field was the region
of 1/2 thickness beneath the surface of hot rolled and
normalized sheets. The precipitates in hot rolled sheets
were observed by zeiss ultra 55 Scanning electron mi-
croscope.

MICROSTRUCTURE ANALYSIS

Figure 1 shows the microstructures of the hot rolled
sheets. It can be recognized that the grain size of the
surface layer decreases, while the grain size of the cen-
ter layer changes little with the decrease of the finishing
reduction. The reason is that the surface layer micro-
structure of hot rolled sheets is significantly affected by
reduction. The decrease of the reduction reduces defor-
mation energy storage of the sheet surface, and leads to
the lower driving force of recovery and recrystalliza-
tion, which resulting in smaller dynamic recrystalliza-
tion grains in the surface layer of hot rolled sheets. Tak-
ing grain size less than or equal to 10 pm as the statisti-
cal standard of recrystallized grain, the recrystallized
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grain size ratio of 50-sample is 35 — 44 %, while that of
40-sample is 32 — 34 %. It shows that more dynamic
recrystallization grains can be obtained under the large
finishing reduction.

Figure 1 Microstructures of hot rolled sheets
(@) 50-sample; (b) 40-sample

Figure 2 Microstructures of normalized sheets
(a) 50-sample; (b) 40-sample

Figure 3 Microstructures of decarburized strips
(a) 50-sample; (b) 40-sample

Figure 2 indicates the microstructures of the normal-
ized sheets. It is exhibited that the samples inherit the
banded structure characteristic of hot rolled sheets and
the thermally deformed structures recrystallize after
normalizing. The recrystallization can be seen in sur-
face layer obviously, while recovery and recrystalliza-
tion as well as the grain growth can be found in center
layer. According to the statistical results, the average
surface and center grain size of the 50-sample is 40,58
pum and 15,96 um respectively, while that of the 40-sam-
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ple is 40,48 um and 19,68 um respectively. It is shown
that center grains are coarsened obviously, while the
surface grains size has no distinct change with the de-
crease of the finishing reduction after normalization.

Figure 3 shows the microstructures of decarburized
strips. It can be recognized that the finishing reduction
has little effect on grain size and homogeneity of pri-
mary recrystallized grain. According to the statistical
results, the grain size difference between the two sam-
ples is about 0,2~0,8 pum, while the standard deviation
difference is about 1um.

TEXTURE ANALYSIS

Figure 4 shows the EBSD orientation maps of the
hot rolled sheets. It can be seen that shear textures such
as {110}<001> and {110}<112> are the main texture
components in surface layer of the samples, while the
main texture components of center layer are deforma-
tion textures such as a fibre texture <110>, {111}<112>
and {114}<481>. Specifically, the shear surface region
of the 40-sample is thicker, and more {110}<001> ori-
ented grains can be found in surface layer. Moreover,
the strong {100}<011> texture is formed in center layer
of 40-sample due to the small finishing reduction.

center layer surface layer
center layer surface layer
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Figure 4 EBSD orientation maps of hot rolled sheets
(a) 50-sample; (b) 40-sample
mm {1173<112>; mmm {110}<001>; mmm {114}<481>;
wem {100}<011>; {110}<112>

Figure 5 indicates the EBSD orientation maps of the
normalized sheets. It can be seen that the surface layer
is consisted of coarse recrystallized grains, and the cen-
ter layer is consisted of the recovered and recrystallized
grains. The texture components is basically in accor-
dance with that of which the hot rolled sheets after nor-
malizing, but the sharpness decrease significantly, fur-
thermore the {114}<481> and {110}<001> are domi-
nant textures. Compared with the 50-sample, more
{110}<001> oriented grains can be seen in surface layer
but less {114}<481> oriented grains can be seen in cen-
ter layer of 40-sample.

The EBSD orientation maps of the decarburized
strips are shown in Figure 6. It is demonstrated that the
recrystallized structure is fine and uniform after decar-
burizing and nitriding. The grain size of primary recrys-
tallized grains decreases from 21,73 pm in 50-sample to
20,30 pwm in 40-sample with the decrease of the finish-
ing reduction. It can be found that the texture compo-
nents of decarburized annealed strips are mainly
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Figure 5 EBSD orientation maps of normalized sheets
(@) 50-sample; (b) 40-sample
mm {117}<712>; mmm {110}<001>; mmm {114}<481>;
e {100}<011>; {110}<112>

Figure 6 EBSD orientation maps of decarburized strips
(a) 50-sample; (b) 40-sample
mm {1113<T12>; mmm {1710}<007>; mmm {114}<481>;

e {111}<110>; {110}<112>

{114}<481> and v fiber texture <112>. This texture fea-
ture shows obvious inheritance from center region tex-
tures of hot rolled sheets. The texture components of the
samples are similar, but the intensity and relative quan-
tity are different.

CONCLUSIONS

The grain oriented silicon steel is hot rolled under
different finishing reduction, and the conclusions are as
follows:

The effect of hot rolling reduction on grain size of
hot rolled and normalized sheets in surface layer is
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great, while the effect on grain size of primary recrystal-
lized grain is little.

The texture component of normalized sheets is in
accordance with that of the hot rolled sheets. The sharp-
ness of texture is weak after hot rolling and normaliz-
ing, but it is strong after cold rolling and decarburizing.

The shear zone thickens with the finishing reduction
decreases, moreover strong {111}<112> and {110}
<001> textures can be obtained in hot rolled sheets.
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