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Development of {100} Texture in Silicon Steel Sheets
by Isothermal Austenite—~>Ferrite Transformations and Its Mechanism

Toshivo Tommwa and Takashi Tanaka

Synopsis

: An investigation has been made to develop {100} texture in silicon steel sheet by an isothermal austenite (y)—ferrite

(a) transformation. Steel sheets alloyed with approximately 29§ of silicon, 1% of manganese and 0.1% of carbon were
vacuum-annealed and then decarburized in a 209% hydrogen-argon atmosphere containing water vapor. During the
vacuum-annealing at the a/y duplex-or y-phase temperatures from 900 to 1050°C, a thin layer just below the surface
of the sheet transformed to a - ferrite and a strong texture of {100} <011> or {100} <ovw> type developed in the
layer. By the subsequent decarburization, the « -ferrite grains in the layer grew toward the thickness center of the
sheet, forming a columnar grain structure. The resulted columnar grain structure that inherited the texture of the
surface a-ferrite layer exhibited an excellent soft-magnetic properties. The y—a transformation within the surface
layer is considered to be due to a long - range carbon diffusion induced by a manganese dilution in the layer. The
selective driving force for the strong {100} texture formation is thought to reside in the anisotropy of the surface

energy at the annealing atmosphere-metal interface.

Key words : {100} texture ; phase transition ; surface energy ; silicon steel : vacuum-annealing ; decarburization.
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Table 1. Chemical compositions of the materials
used in wt. 9§ and phase transition temper-
atures (A;) between austenite and aus-
tenite/ a-ferrite duplex phase.

Sample C Si Mn Al P S A;(C)
A 0.095 2.06 1.01 0.11 0.001 0.001 1002
B 0.094 2.07 0.11  0.001 0.001 958
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Fig. 1.

Optical micrographs of the transverse sec-
tions near the surface of the steel A vacuum-
annealed at various temperatures for 9h.

a) 850°C b) 900°C

c) 950°C d) 1000°C
e) 1050°C ) 1100°C
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Fig. 2. Variation of X-ray integrated intensity with
annealing temperature for the steel A vac-
uum-annealed for 9h showing textures
within the layer just below surface (filled
circle) and a layer about 100zm below sur-
face (open circle).

(a)

Fig. 3. {110} pole figures for the steel A vacuum-
annealed at 950°C for 9h (a) and at 1050°C for
6h (b) showing the temperature dependence
of the inplane anisotropy of the {100} tex-
ture developing just below surface.
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Fig. 4. Thickness of the surface a-ferrite layer
formed during the vacuum annealing at
950°C in the steel A, averaged diameter(0)
of the columnar grains within the layer and
{200} X-ray integrated intensity (®) show-
ing {100} texture development in the layer
plotted as functions of annealing time.
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Fig. 5. SEM surface micrographs and ECP patterns
for two a-ferrite crystals with crystallogra-
phic orientations near {100} <ovw> in the
steel A vacuum-annealed ((a) and (b)) and
the schematic representation of the relation-
ship between their crystallographic orienta-
tions and surface morphology (c). Their
[100] axes are inclined by 1.8° (a) and 9.7°(b)
from the normal direction of the surface.
The specimen was vacuum-annealed at 950
°C for 9h.
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Fig. 7. Optical micrographs of the section of the
steels A and B alternately stacked and then
vacuum-annealed at 950°C for 5h (a) and
schematic representation of the long range
carbon diffusion during the annealing in-
duced by the manganese content difference
between the steels A and B (b).

3¥ LN, REHI -7 274 PEHILLICLERI N,
3:3 BiRBESEOBRER URSSY

950°CT 9hDHEZHh T OB R S, BE1740°CD20%
IKF-7 T VREH AT H T 850°CT 30minkeéti L 72 A%
DOREWT AR % Fig. 8 (a) 2R T. REHAICRALIIZE
oy, POMEITHRVEIT L b5, ZOB
R & - T, EED100mFRE ORRKLH ZH 2 & I~
EREL, POETEZRL IS ERINS,

FRD & 512950°CO EZESESC 5] 3% { 850°CTDBER
BESHIZ & - THRAREZ 27 5 & 5 e » I ASROE A4858
P LI, R £ 200 mBFHI L 7CHREIE L7 ASD{110}
REX ZFig. 8 (D) I2RT. 200 DR OEABERI,
Fig. 3 (a) {Z/R L 72950°C D B 22tz & - TR S Ll
Ela-7x54 MEDZRIIERD T L {—3L, {100}<011>
HALiziECEmLTv 5,

BRIRZ & - THROFLE 2 T {100} <011> HEAMMEHTH
ELIASO, EEF B URER TIEL S m» 645°D )
m)] (Lk45° L EC9) R b L 72 & & OB bR f %
Table 2 (27”7, 100035 & F5000A/ mDBEAL S = 35 1) 25
REE#B 0¥ & UBso, & 6 II50HzZO R BRHER W T1.5T %
THEAL LIS L S DSIBE Y Wiss & LT LI ERTE L
SRIBMAIZ IS, BEG {100} <O11> AH#k %2 KBk L, mEREE

Fig. 8. Optical micrograph of the section (a) and
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ized at 850°C for 30min after the vacuum-
annealing at 950°C for 9h.
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Table 2. Magnetic properties of the decarburized
steel A. Magnetic field was applied along
the rolling direction or the direction in-
clined by 45° from the rolling direction in
the rolling plane. The specimens were
decarburized at 850°C for 30 min subse-
quently to the vacuum-annealing at 950°C

for 9 h.
Magnetizing Bi Bso Wisiso
direction in Tesla in Tesla in W/kg
Rolling direction 1.538 1.683 2.80
45° from rolling direction 1.801 1.926
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