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In order to improve soft magnetic properties of vacuum degassed NO steels, an adjusted temper rolling process
for development of particular textures {100} < Ovw > was used. The main idea here relies on a deformation-induced
grain growth, which promotes preferable formation of the grains with desired orientation. Two vacuum degassed NO
steels were chosen as an experimental material. In both cases, a coarse or columnar grained microstructure, with
pronounced intensity of cube and Goss texture components, was achieved during a continuous final annealing. The
obtained microstructure leads to a significant decrease of coercivity, measured in DC magnetic field. The coercivity
of steel with silicon content 2.4 wt.% decreased from 42 A/m to 17 A/m. Even more remarkable improvement of
the soft magnetic properties was observed for the steel with Si 0.6 wt.%, where the coercivity value dropped from

68 A/m to 12.7 A/m.
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1. Introduction

Non-oriented electrical steels are iron-silicon alloys
with varying silicon contents, which have similar mag-
netic properties in all directions in the plane of the sheet
and are typically used as core parts in a variety of electri-
cal rotating equipment. Their good soft magnetic char-
acteristic strongly rely on the ability of technological pro-
cesses to precisely control the grain size and texture, as
well as chemistry of the final steel sheets products [1].

The processing of NO steel comprises hot rolling, cold
rolling, final annealing and coating. During the annealing
a deformation induced grain growth and elimination of
residual stresses take place [2, 3]. The final annealing of
this steel, according to the norm which is used in indus-
trial conditions, has some disadvantages from the point
of view of deformation-induced grain growth. The main
detrimental effect follows from limitation of heating rate
during annealing, that leads to early recovery processes
in the temper rolled NO steel [4]. This in turn lowers the
driving force of deformation-induced grain boundary mo-
tion, before the optimum temperature is achieved. More-
over, the whole industrial treatment process lasts approx-
imately 10 hours according to the industrial norm. Before
final continuous annealing, the NO steel passes through
high intensity cold rolling reduction (more than 75%).
The recrystallization process of highly deformed ferrite
grains takes place during the annealing process. This is
the limiting factor, which makes impossible the use of
deformation induced grain boundary motion phenomena
for grain growth development, in this particular case.

The present paper is focused on use of deformation-
induced grain boundary motion mechanism during dy-
namical continuous annealing process of NO steels. The
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aim of the work is to develop a large grained microstruc-
ture with increased intensity of “Cube” {100} < Ovw >
and/or “Goss” texture components.
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Fig. 1. Microstructure: a) and b) steels FH and FL

after industrial annealing, c) and d) steels FH and FL

after laboratory annealing at 950 °C/ 5 min with 4% of
deformation.
2. Experimental procedure

As experimental material, two vacuum degassed NO
steels FH and FL were used with the following chemical
composition C = 0.0033, Si = 2.4, Mn = 0.23, P = 0.008,
Cu = 0.013, Al = 0.37 wt.% and C = 0.0053, Si = 0.6,
Mn = 0.24, P = 0.123, Cu = 0.014, Al = 0.025 wt.%
respectively. The steels were taken from industrial line
after final continuous annealing and then were treated
under laboratory conditions. This treatment included
the temper rolling reduction at the elevated temperature
up to 250 °Cand final annealing at 900 °Cand 950 °Cwith
holding time of 300 sec in pure hydrogen Hy atmosphere.
The thickness rolling reductions were 2%, 4%, 6% and
8%, respectively.

The coercive force of the steel was measured by com-
mercial “Oersted type” coercivity meter KPS-1C, using
samples with the dimensions of 3 cm x 1 cm . Mea-
surements of the full quasistatic hysteresis loops for the
samples with lowest coercivity values (sample dimension
10 cm x 0.5 cm) were performed by using Forster type
B-H loop tracer.
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Chosen microstructure states were subjected to EBSD
analysis of crystallographic orientations of grains.
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Fig. 2. Measured values of coercivity in DC magnetic

field, a) — FH steel, b) — FL steel.
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Fig. 3. Hysteresis loop of sample FL with € ~ 4% de-
formations, annealed at 950 °Cfor 5 min.

3. Result and discussion

Microstructure of the steels FH and FL, received from
the industrial line, is presented in Fig. 1la and 1b, re-
spectively. The mean grain sizes in the samples FH
and FL are d = 83 um and d = 27 pm, respectively.
The coarse grained microstructure of FH material, which
was achieved after temper rolling with 4% of deforma-
tion and subsequent annealing at 950°C/ 5 min is shown
in Fig. 1c. As can be seen in Fig. 1d, after similar
thermo-mechanical treatment conditions, the columnar
microstructure was obtained in the case of FL steel. Fig-
ure 2 presents the dependence of measured coercivity
(H¢) on the applied deformation and annealing tempera-
ture. The minimum value of Hy for the steel FH reached
17 A/m and in case of the steel FL it was further reduced
to 12.7 A/m. This low value of coercivity was confirmed
also by the quasistatic hysteresis loop measurements as
can be seen from Fig. 3. The lowest value of coercivity
corresponds to optimal microstructure which is presented
in Fig. 1c and 1d. The results obtained from the EBSD
measurements of FL samples, which present intensities
of particular crystallographic texture components in the
as received state and after the application of 4% rolling
deformation, with the subsequent annealing at 950 °Care
shown in Fig. 4a and 4b, respectively. In order to describe
the texture state in the investigated materials, three tex-
ture fibers were chosen. The first one is the A-fiber, de-
scribing the so called rotating cube texture component
< 100 > |IND (where ND is the normal direction), the

second one is the y-fiber that describes the deformation
texture component < 111 > ||[ND and the third texture
component is the < 110 > ||ND, that can be described by
the &-fiber. All three fibers can be found in the section
of the Euler space, taken at ¢, = 45°. Density pro-
files, taken along these texture fibers, are presented in
Figs. 4a and 4b. As one can see, the laboratory thermo-
mechanical treatment led to increased intensity of the
favorable cube (100)[0vw] and Goss (110)[001] texture
components and to a decrease of the unwanted (111)[0vw]
deformation component.
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Fig. 4. Orientation density profiles taken at ¢o = 45°

ODF’s section, M-fiber, v-fiber and &-fiber, representing

texture in FL material a) in as received state and b)

after applied temper rolling and annealing at 950 °Cfor

5 min.

4. Conclusions

We have shown that a large grained microstructure can
be achieved in isotropic electrotechnical steels by using
a deformation induced ferrite grain growth during the
final annealing. The final microstructure exhibits a pro-
nounced intensity of the cube and Goss texture compo-
nents. Such a microstructure and texture state leads to a
significant decrease of coercivity values, measured in DC
field. In the case of steel with silicon content of 2.4 wt.%,
the coercivity decreased from 42 A/m to 17 A/m. Even
more remarkable improvement of the soft magnetic prop-
erties was observed for the steel with Si 0.6 wt.%, where
the coercivity value dropped from 68 A/m to 12.7 A/m.
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