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MAGNETIC PROPERTIES AND TEXTURE OF
ORIENTED Fe-Si-Sb MATERIALSY)

A.SOLYOM?), A. ZENTKO?), V. FRIC?), I. SOVAKOVA?), Kosice

In the paper presented the results obtained in the investigation into the influence of
antimony of the final recrystallization textures and magnetic characteristics of Fe-3% Si
steel are presented. The experiments proved a substantial influence of antimony alloying
on the quantitative representation of (110) [001] and (100) {001} textures. The

confrontation of texture analyses with magnetic measurements proved a substantial
correlation between them.

MATHHUTHBIE CBOVCTBA M TEKCTYPA OPHEHTUPOBAHHBIX MATEPUAJIOB
Fe-Si-Sb

B paGorte npuepennr PE3yNbLTATHI UCCHENOBAHMA BIMAHUSA IpPHMeECH CYpbMBI Ha
HHANTLHBIE PEKPHCTANNMIAMMOHHBIE TCKCTYPBI U MarHHTHbIE XapaKTEPHCTHUKH CTANH
Fe-3% Si. Oxcniepumentsi ykaspmaror Ha CyLIECTBEHHOE RITHSHHUE NIErUpYIolleit CypbMbT
Ha KOJMYECTBO TeKCTyp THna (110) HooJ:. u (100) [001). Cpasnenue ananusa TEKCTYphI
C MarHATHBIMK U3MEDEHUAMH [HOKA3bIBAeT MX 3HAYHTENBHYIO KOPPENALHMIO.

L INTRODUCTION

The development and production of oriented transformer steel sheets with low
specific losses and a high magnetic induction represent a highly topical set of
research problems. Technical literature has enabled us to improve the physical
properties of oriented Fe-Si sheets by means of the modification of their chemical
composition by surface active elements, such as B, Sb, and Se {1—3]. The aim of
the present paper is to study the influence of antimony micro-alloying upon the
development of texture and the magnetic characteristic of sheets of 3% Si steel.

') Contribution presented at the 7th Conference on Magnetism, KOSICE, June 5—8, 1984.

%) Institute of Experimental Physics, Slov. Acad. Sci., Solovjevova 47, 041 54 KOSICE, Czechos-
lovakia.

%) Research Institute of the East Slovak Iron and Steel Works, KOSICE, Czechoslovakia.
262

1. EXPERIMENTAL METHODS AND RESULTS

For our experiments we used specimens of sheet made by means of the
technology of hot rolling and cold rolling, rolled to the thickness of 0.35 mm after
complete thermal treatment. The chemical composition of :m:mmo::m.n steel
produced in an oxygen converter, as well as the analysis of the experimental
material after antimony alloying are shown in Table 1. Antimony was added to
steel in moulds, applying ferroantimony Fe,Sb,. For the study of texture in the
examined specimens, we used {110} pole figures obtained by means of Schuiz’s
method. The values of the intensity of reflections marked in the pole figures are
related to the standard measure of powder Fe. Specific losses and induction were
measured with the help of Epstein’s apparatus.

Table 1
Chemical composition (wt %) of experimental materials 3 % silicon transformed steel

Sample C Mn Si P S Sb Al Ni N>
Analysis of steel - -
0.020 0.070 3.150 0.014 0.014 —  0.003- 0.010 0.008
A 0.002 0050 3.200 0.009 0016 — 0.017 0.020 0.008

Analysis of sheet

B 0.002 0.060 3.210 0.009 0.014 0.048 0.015 0.020 0.009

‘A — samples without antimony

B — samples with antimony
Table 2
Results of magnetic measurements
Standard values of quality Eo10 and E,11
Cole losses [W/kg] Magnetic induction [T]
Sample
w-.a w_,m % “-..w mun mnuoo m_gg
Eo10 0.49 1.02 1.65 1.20 1.88 1.98
Eol1 0.52 1.12 1.75 1.12 1.84 1.96
E.A 0.49 1.15 1.75 1.00 1.84 1.98
Es.B 0.40 0.94 1.39 1.25 1.90 2.02

The texture analysis of specimens (labelled A) prepared of silicon steel of
standard composition proved a substantial representation of texture (110) [001].

263



intensity of reflections pi=3.5. The pole figure is shown in Fig. 2. :
The Rw:_ﬁ.m of magnetic measurements are processed in Tab. 2. They can be
compared with the best qualities Eo10 and E,11 according to CSN 42 0231.

o (110) [001]
= (21) Jo11]

Fig. 1. Pole figures of Fe-3% Si steel without Sb after final treatment.

IH1. DISCUSSION

. It is well-known that the magnetic properties of sheets made of 3% Sisteel are
a:.oozw dependent on the volume representation, type and perfectness of texture.
.455 regard to the high magnetocrystalline anisotropy of Fe-3% Sj alloys it is
_Evo:m.a for transformer sheets to have grains oriented in the direction of light
Emmsmc.Nmmo:“ therefore only textures of types {110} (001) and { 100} (001) are
of practical importance. The accomplished confrontation of the results of magnetic
measurements (Table 2) with texture analyses (Figs 1, 2) proved the coexistence of
Goss and cubic textures only in Sb-alloyed specimens. This also explains their more
advantageous magnetic properties when compared with specimens made of classic
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steel. Our results are in agreement with data published in technical literature
concerning the positive influence of some surface-active elements upon texture—
forming processes and magnetic properties of Fe-Si alloys [1—5].

SV

o (110) [0o1]
* (100) {001]
= (211) [011]
%= (310) [132)

Fig. 2. Pole figures of Fe-3% Si steel with Sb after final treatment.

IV. CONCLUSIONS

1. Our experiments confirmed the influence of antimony upon the process of
optimizing the resulting crystallographic and magnetic texture of oriented trans-
former sheets. :

2. Antimony was added to silicon steel in a suitalbe concentration as an alloying
addition with a positive influence of the resulting magnetic properties of anisot-
ropic Fe-3% Si sheets.
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