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Grain Oriented Silicon Steel Sheet with TiN Film Characterized by Ultra-low Iron Loss

Yukio Inokuti, Kazuhivo Svzuxi and Yasuhiro Kosayasni

Synopsis :

An improvement in the iron loss in grain oriented silicon steel sheet was investigated for TiN ceramic coating produced

by ion plating on polished silicon steel sheets. The influence of the coating conditions on magnetic properties was also
investigated, relating to the thickness, bias voltage, coating temperature, tension, vacuum pressure and reactive N, gas
used for TiN ceramic coating by the hollow cathode discharge (HCD) method.

The experimental results obtained are summarized as follows.

(1) The magnetic flux density Bg (T) of silicon steel sheets with a thm TiN film increases moderately to 0.004
~0.015T, while the iron loss Wizso (W/kg) is improved dramatically to 0.11~0.23W/kg.

(2) The iron loss in the TiN-coated silicon steel sheet by the HCD method is most improved under the coating
conditions of (a) the thickness above 0.7um, (b) bias voltages in the range of —50 to —100V, (c) coating temperatures
in the range of 573 to 673K, (d) tensions in the range of 0.9 to 5MPa, (e) vacuum pressures above 0.3Pa, and (f)

reactive N, gas above 150SCCM.

(3) The domain structure of the chemically polished and TiN-coated areas inside a single giant secondary Goss
grain changed drastically, showing four to six narrow wall spacings from an original 180° main domain with large black
and white wall spacings elongated in the rolling direction.

Key words :

grain oriented silicon steel ; thin TiN film coating ; ultra-low iron loss ; high magnetic flux density ; magnetostriction ;

lamination factor ; strong surface tension ; hysteresis loss ; eddy current loss ; domain refinement ; HCD method.
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Fig. 1. Schematic diagrams® showing (a) Goss ori-
entation and (b) grain oriented silicon steel
product.
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Table 1. Factor and methods for the improvement
of iron loss in grain oriented silicon steel.

Iron loss

Factor

Improvement

Method

State

1) Hysteresis

a) Orientation

Sharpness of
secondary grains

Ideally (110) [001]

loss b) Impurities | Purification Low level
) §urface and Smooth Mirror Surface
interface
. Decrease of Free from sharpness
A) Thickness sheet thickness | of secondary grains
. Increase of Free from deterioration
B) Resistivity Si content in steel production
2) Eddy Reduced Small grain
current loss grain size atl grains
C) Domain Increased Surface tension
spacing tension by coating

Artificial grain
boundary

Refined domains
by Laser, Plasma, etc.
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Fig. 3. Schematic diagram'" of the tensile holders
for (a) small and (b) large specimens.
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