PITTSBURGH, PA 5~ OCTOBER 25-28, 1998

40™ MECHANICAL WORKING
AND STEEL PROCESSING

CONFERENCE
PROCEEDINGS

Volume XXXVI

A PUBLICATION OF THE IRON & STEEL SOCIETY




40TH
MECHANICAL WORKING
AND STEEL PROCESSING
CONFERENCE PROCEEDINGS

Volume XXXVI
Pittsburgh, Pennsylvania
October 25-28, 1998

Q\&

B2

"ot

MECHANICAL
WORKING &
STEEL
PROCESSING
DIVISION

Sponsored by the
Mechanical Working and
Steel Processing Division

of the
Iron & Steel Society

410 Commonwealth Drive
Warrendale, PA 15086-7512

David L. Kanagy
Publisher

Sandra Korinchak
Manager, Book Publishing

Tracy L. Pfeil
Graphic Coordinator

Pamela M. Greer
Production Staff



Metallurgical Processing of High Silicon (6.4%0)
Non-Oriented Magnetic Steel Sheets Directly
from the Melted State by Rapid Quenching. A
Study of the Continous Annealing Step.

1. Ibarrondo, J. Degauque
Departamento de Fisica Aplicada,
ClJavier Barcaiztegui 21-5.B, 20010-San Sebastian,
Spain.
Departement Genie Physique,

Institut National des Sciences Appliquées ( I.N.S.A)

31077-Toulouse, France

34 943455022

ABSTRACT

This paper presents the studies carried out on
microcrystalline ribbons Fe — 6.4%Si previously obtained
by rapid quenching. The influence of the atmosphere type (
N, H,, Ar)and900°C (1652 °F) or 1100 °C ( 2012 °F)
temperature range on grain size and texture induced in the
material was studied. Likewise, the amount of total core
losses in the 10 to 1000 Hz frequency range was measured
and the influence of the above mentioned variables on the
losses was analysed. From the analysis of the results it can
be deduced that the amount of core losses, is in all cases,
lower than that of the highest grade of conventionally
processed non - oriented magnetic steel sheet, this being so
especially in the range of frequencies above 200 Hz.
Finally, a comparison is made with materials obtained by
the same procedure and then annealed under vacuum
atmospheres and with those obtained by C.V.D.

1. INTRODUCTION

In the last decade, due to the difficulty of processing
these materials by conventional metallurgical processes,
several projects have been undertaken in order to obtain
microcrystalline ribbons and strips of high silicon level
(6.5% ) by means of rapid quenching. These new materials
are used in the manufacture of cores of high performance
electrical machines which work at high frequencies *2.

It is in this frequency range that this material presents

a considerably lower amount of total core losses in
comparison with conventional materials, due to its high (
6.5% ) silicon content * and low gauge *, in addition to the
possibility of obtaining the adequate grain size, together
with a non — oriented { 100 }< Okl > cube texture under
certain conditions °.

These variables, in turn, are a function of the parameters
involved in the previous process of rapid solidification ©
and , particularly, of the last heat treatment.

In fact, this treatment has a decisive influence on grain
size and texture, since the type of recrystallization obtained,
whether primary or tertiary, is a function of the temperature
range and the type of atmosphere used.

For this reason, numerous studies have been carried out
under different temperatures and various atmospheric
vacuum levels " in order to determine the optimun
parameters for this treatment. However, such vacuum
atmospheres are difficult and costly to put into industrial
practice.

Taking these observations into account, the objective of
this project is to optimise the amount of core losses at the
lowest possible cost, by using different industial
atmospheres ( N, Hy, Ar ) under two annealing cycles :
cycle | at low [ 900 °C ( 1652 °F) ] and cycle Il at high [
1100 °C ( 2012 °F ) ] temperature respectively. All these
studies were carried out in conditions simulating the future
manufacturing process.

2. EXPERIMENTAL

In accordance with this objective, [ Fe — 6.4% Si, 25mm
x 38.2um ( 0.98in x 1.50uin ) ] microcrystalline ribbons
were obtained by applying the previously described *°
production process parameters . The material thus obtained
was submitted to the heat treatment processes described in
Table I.

For this material, the micrographic structure, average
grain size **, and texture induced 2, were determined in
both the as — quenched state and the heat treated conditions.
These results are shown in Table II.

Likewise, the core losses as a function of the temperature

(cycles I and 11') and of the different annealing atmospheres
( Nz, Hp, Ar ) were determined at different
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Table I: Annealing cycles

Cycle Atmosphere Gas Flow Annealing
(mls)
Temp. Time ( minutes )
(°C)
Heating Soaking Cooling (40°C)
| Ny, Ha, Ar 0.059 900 20-21 180 362 - 369
| Ny, Ha, Ar 0.059 1100 27-29 180 397 - 409

[(1m/s.=39.37in/s.), (LOF=1.8(°C)+32)]

Table I1: Grain Size and Texture

Amosphere Grain Size (pm) Area [ {hki}/{total} ] %
(Cycle)

D<t D>t 110 200 211 310 222
As - quenched 9.1(0.23xt) 375 4.0 13.4 33.9 10.8
Nitrogen (1) 159 (0.41xt) 93.9(245xt) 13.1 0.7 4.6 81.6 0.0
Nitrogen (1) 30.0(0.78xt) | 138.4(3.62xt) 9.6 14.1 19.1 57.1 0.0
Argon (1) 155(0.40xt) 84.9 (2.22xt) 8.0 0.4 54 86.2 0.0
Argon  (II) 85.6 (2.24xt) 4.2 100 268 585 0.0
Hydrogen (1) 28.3(0.74xt) | 1745(4.56xt) 15.6 5.8 3.9 74.6 0.0
Hydrogen (1) 189.4 (4.95xt) 11.0 241 55 59.2 0.0

( D : Average grain size, t : thickness of the material , 1um = 39.37pin)

inductions ( 0.8 — 1.0 T ) in the 10 — 1000 Hz frequency
range using the experimental equipment developed by
J. Degauque et al.”®. Figures 1 and 2 show some of the
results obtained at 1.0 T.

3. RESULTS AND THEIR ANALYSIS

In view of the results obtained, the influence of the
annealing temperature and the type of atmosphere on
texture and grain size and, therefore, on the magnetic

characteristics of the material, was analysed.

3.1 Influence of Heat Treatment Temperature on
Texture, Grain Size and Core Losses.

As regards grain size, it can be deduced from the
micrographic observations of the samples ( Table 1) that
the material heat treated under cycle I [ 900 °C (1652 °F) ]
conditions, regardless of the atmosphere type ( Ny, Ha,
Ar ), presents two clearly differentiated micrographic
structures, depending on whether the average grain size
(D) is smaller than the thickness (t) [ D~ 15-30 um
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Fig. 1 : Influence of temperature on the amount of core losses
(1 Wrkg =0.454 W/lb )
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Fig 2 : Influence of atmosphere type on the amount of core losses
(1 Wrkg =0.454 W/lb )
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(590.5-1181.1 pin) (0.40-0.78) xt]orlarger [ D~ 84
—189 um (3307.1-7440.9 nin) (2.22-4.95) xt]. This
fact suggests than an unfinished recrystallization process
has ocurred under cycle I, in the sense that residual stresses
remain inside the material.

With respect to the influence of temperature on the
texture obtained ' it can be deduced, from the analysis of
the data in Table Il, that the complete elimination of the
unwanted texture component { 222 } in relation to the as —
guenched state has been achieved, and that the component {
310 }< uvw > is predominant in all cases.

The conditions of cycle 11, especially in the case of
hydrogen, strengthens the { 200 } component of texture,
which is particularly important since it eliminates the <
111 > directions which are hard to magnetize from the sheet
plane.

Cycle I, however, presents a better texture as regards the
positive component { 110 } and the negative one { 211 }.

Figure 1 ( a, b ) shows the core losses at 1.0 T in the
frequency range between 10 and 1000 Hz under nitrogen
and hydrogen atmospheres. Similar tests were carried out
under argon atmospheres at 1.0 T, and ( N, Hj, Ar)
atmospheres at 0.8 T.

In view of all these results, it can be stated that the 30 to
40 % decrease in the amount of core losses at 0.8 - 1.0 T
inductions in heat treated materials under cycle Il, compared
with cycle |, is basically due more to a process of stress
relaxation than to the differences in grain size and texture.

3.2 Influence of Atmosphere Type on Texture, Grain
Size and Core Losses.

The influence of the type of atmosphere on grain size and
texture is considerably lower than that of the temperature in
the case of nitrogen and argon atmospheres.

Thus, when annealing is carried out in these atmospheres
( Ny, Ar), the difference in losses between each of the
atmospheres, at 0.8 — 1.0 T inductions, varies between 5 —
10 % as can be seen in Figures 2 ( a, b)) which correspond
to cycles I and 1l respectively.

On the contrary, in the case of hydrogen, there is an
improvement in the { 200 } and { 110 } texture
components, together with a notable increase in grain size [
D ~ 4.95 x t (maximun ~ 12 x t) ] in comparison with the
material annealed under nitrogen or argon atmospheres.

This would explain a reduction in losses under a hydrogen
atmosphere, in relation to the nitrogen and argon
atmospheres, particularly in the case of cycle Il ( 20 —
25%).

4. CONCLUSIONS

The results obtained in the present paper allow us to
state that material obtained and treated as explained above
presents, in all cases, an amount of core losses inferior to
that of the highest grade of conventional non — oriented
magnetic steel sheet ( H2 — J.1.S. 2552 ). This, due to the
high silicon content of the material, becomes particularly
important at frequencies above 200 Hz.

However, it must be pointed out that these results are
worse than those obtained when the material is annealed
under vacuum® where, by means of a tertiary
recrystallization process, grain size larger than 1000 um
(13937.0 pin) and a strong non — oriented cube texture can
be obtained. Nevertheless, this type of annealing is
expensive and difficult to carry out industrially.

Likeweiss, materials with high silicon content (6.5 %)
obtained by C.V.D ' present magnetic characteristics
similar to those obtained by means of cycle | under nitrogen
or argon atmospheres.

In view of these results, for reason of economy and ease
of handling, the use of nitrogen atmospheres is
recommended for the final heat treatment of these materials.

The choice between annealing of type | or Il must be
based on the comparison between the improvement in the
amount of total losses (30 — 40 % ), and the higher costand
processing difficulty implied in the annealing temperature
increase.
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