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Deformation and recrystallization texture features of medium temperature reheated

grain oriented silicon steel containing copper
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ABSTRACT The unique texture evolution and secondary recrystallization behavior of medium temperature reheated grain oriented
silicon steel containing copper were analyzed by comparison with those of conventional grain oriented silicon steel and high permeability
silicon steel. The results show that to obtain a stronger yfiber primary recrystallization texture which can be easily consumed by Goss
grains recovery annealing and slow heating rate of high temperature annealing are necessary. During the high temperature annealing
stage the strong y-fiber primary recrystallization texture shows the effects of decreasing the stored energy caused by recovery annealing
and increasing the nucleation rate of y-fiber grains with slow heating rate. The onset temperature of secondary recrystallization excee—
ding 1000 °C and the strong ~y-fiber primary recrystallization texture with less non—yfiber oriented grains indicate that the secondary
recrystallization behavior is dominated by preferred grain growth. As a result very huge secondary recrystallization grains with smooth
boundaries are obtained. The iron loss is increased due to huge secondary grain size characterized in medium temperature reheated
grain oriented silicon steel final products but can be reduced significantly by magnetic domain refinement using laser scribing
compared with that of high permeability grain oriented silicon steel with small secondary grain size.
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Fig.1 Orientation image maps and ODFs at the ¢, =45° section of medium temperature reheated grain oriented silicon steel containing copper after
deformation and recrystallization ( level: 24 6 8 10 12 14 16 18 20) : (a e) first-stage cold rolled sample; (b f) intermediate annealed sample; ( c

g) second-stage cold rolled sample; (d h) recovery annealed sample
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Fig.2 ODFs at the ¢, =45° section of primary recrystallization specimens measured from different grain oriented silicon steels (level: 1234567

8): (a) CGO; (b) HiB; (c) medium temperature reheated grain oriented silicon steel without recovery annealing; ( d) medium temperature rehea—

ted grain oriented silicon steel with recovery annealing
{111}
( 1N) Y 2 57%
{111} Goss

7 {111}

Goss



- 815 -

Goss 3(a) (b)
{100} <031 > 1000 ~ 1050 °C..
Goss 9 ~ 10 pm
Goss 1
oY 16 pm
Goss ;
B, =1.883T
{100} <031 > P ,=1.316W-kg .
(30 ~70 mm)
( 3(c) )
2.3 (10 ~20 mm) B v
y v Goss
Goss Goss
" 900 C
975 C
2 1000 °C 1050 °C )
3 ( ©24681012 14 16 1820). (a) 1000 @, =45°0DF
£ (b) 1050C {100} (o) {100}

Fig.3 Microstructures and orientations of interrupted and final annealing specimens ( level: 24 6 8 10 12 14 16 18 20) : ( a) orientation image map
and ODF at the ¢, =45° section of the recrystallized specimen extracted at 1000 °C; ('b) optic image and orientation in the { 100} pole figure of the

specimen extracted at 1050 °C; ( ¢) optic image and orientation in the { 100} pole figure of the specimen after final annealing
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Fig.4 Secondary grains observed from specimens using interrupting experiment during secondary recrystallization annealing

(level: 2468101214 16 1820): (a ¢ d) orientation image map of Goss grains and ODFs at the ¢, =45° and ¢, =0°

sections; (b e f) orientation image map of {210} <001 > grains and ODFs at the ¢, =45° and ¢, =0° sections
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Fig.5 Grain boundary character distribution of arbitrary orientations
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& primaty reety P (0.861 Wekg™")
medium temperature reheated grain oriented silicon steel
6 - (a) i (b)
Fig.6 Magnetic domains of medium temperature reheated grain oriented silicon steel: ( a) initial; ( b) after laser scribing
1
Table 1 Magnetic domain refining effect in Hi-B and medium temperature reheated grain oriented silicon steel
/mm /(Wekg™") /(Wekg™") 1% /%
14.3 1. 149 1. 105 8.53 9~14
65.8 1. 197 0. 861 28.10 13 ~41
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