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Some Fundamental Experiments on Hydrogen
Annealing of Silicon Steel Band

By Kenji Ono, Yiiji Watanabe and RyOichi Sasaki
Hitachi Laboratory, Hitachi, Ltd.

Abstract

The Object of the experiments is to make clear some problems accompanying
with hydrogen annealing of oriented silicon steel band at above 1,000°C.

Experiments were made regarding the effect of moisture in hydrogen gas,
annealing temperature, annealing time and the rate of cooling from annealing
temperature on magnetic properties, and the change of structure and content of
impurities by hyvdrogen annealing.

The results of experiments are as follows.

(1) The dehydration in hydrogen gas atmosphere is very important.

(2) The relation among annealing temperature, annealing time and magne-
tic properties was determined.

(3) The rate of cooling from annealing temperature has a little influence on
magnetic properties.

(4 Precipitates in crvstal or crystal boundary, being injurious to magnetic
properties, disappeared on annealing the steel at high temperature in dehydratea
hvdrogen gas.

(5) Content of nitrogen is decreased more remarkably by hydrogen annealing

than other impurities.
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Table 2 Properties annealing Temperature.
(Used unhydrated Hydrogen)
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Table 3 Relation between Magnetic Properties

and annealiag Temperature.
(Used Hydrogen Hydrated by CaCl,)

i | Hy | He | H, - Be Wi
c | NEER)(257) (257 re=y vy v kg
1,000 | 4,400 2.64 | 20.1 | 0.82 7,600 | 1.72
1,050 | 6,400 1.80 | 12.8 0.60 8,100 1.2
1,100 | 4,500 2.43 | 15.0 0.84| 7,000 | 1.60
1,150 | 5,200 2.28 | 13.2 | 0.72 7,800 | 1.49
1,200 | 12,000 1.60 | 10.4 0.26 6,100 | 0.55
1,250 | 16,400 1.35 | 10.0 | 0.12 ' 4,600 | 0.27
1,300 | 16,000 1.34 | 10.5 | 0.17 | 5,900  0.38
1,350 \11 700/ 1.34 | 11.0 | 0.12 5,300 | 0.35

-

R D35 E:I_H?J-:Lm fiMEE AT 5 i‘”lft B
IFrich, Bic 1,200°C Ll RFic7c b LI EL <M
E4%, 1,300°0 7‘5{65 1,350 °C fgfiic R 2 s
1,250°C BEafiic bk 1 500k, EEidgcE R o —
EHEE LIS, CRERBEEL/cL SEUEBCL S
D rEI LMD, -j(if'_% 4 &\ CaCl, » PO, : =
I OEEEE L IoKB WIS OFRER 2 R T
A B B L M E 2 B fR

(CaCl,+P,0, & CRZEEL ZokFE R v EHG,

Table 4 Relation between Magnetic Properties and
annealing Temperature.
(Used Hydrogen Hydrated by CaCl, and P,O)
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Fig. 1 The Change of B-H Curve on Varying
the Hydration Method of Hydrogen
Gas in Annealing at 1,200°C.

K,—-—-— BFAIKEREZC

/ —— (30l lL TERR
—x=— (GaGly+F Us 1z T F

A

#io @ 1,200 °C skFEkE 4TI SRE ORI
Hhimtaoe 27V v RO L

Fig. 2 The Change of Hysteresis Curve on
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Table 5 Change of Structure by Hydrogen annealing.
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Table 8 Result of Chemical analysis for
non-metallic inclusion.
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‘Table 9 Relation between annealing time and Magnetic properties. (Used Hydrogen dehydrated by CaCl,)
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| l | | J >

1,050 30 | 6,400 ‘ 1. 80 12.8 | 0.60 8,100 72

180, | . 8,000, | 2,00 12. - 0.57 7,500 =

1,100 | 30 4,500 I 2.43 15. . 0.84 \ 7,000 80

| 180 17, 600 1. 04 3.6 0.17 | 7,100 —
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4,600 | 2.35 13 0.90 7.300 | 72
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5,500 i 2.05 | 11 0. 63 7,800 70
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| 15 | 89000 1Y LEl 9.2 0.40 7,800 76

30 | 12,000 | 1.60 10. 4 0. 26 6,100 78

i 180 14,700 | 0.96 3.7 0.26 ], 000 s
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| 3 5,100 2.30 1805 - - BRSO |1 100 80

1250 6 | 12,000 1. 33 8.5 0,28 | 7,800 81

| 10 12,600 1.33 8.5 0.15 i 7,300 31

15 16, 200 1,13 9.5 0.15 | 7,100 84

30 | 16,400 1.35 10. 0.12 1, 600 79

0 |- 3,900 3.10 13.3 0.88 | 7,600 76

8- Topoe | .69 9.9 .29 | . 7,200 78

6 | 13,900 |- 1.49 | 9.9 g:.16" | 6 300 31
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15 16800 | - Y1048 7.9 0/E8 of 00 80
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- SR R - 1 1.9 11. 8 0.30 6,300 30
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Table 10 Relation hbetween annealing sze and
Magnetic Properties.

(Used Hydrogen hydrated by CaCl,+P,0,)
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C | & (\—?i?,} {'ﬂf-{?i?, (_—F{:?:*:) (FZR)
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Magnetic Properties of the Speciemen
slowly cooled (200°C/h) and rapidly
cooled (air cooling).
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Table 12 Relation between Magnetic Properties
and Cooling Preocess after Annealing.
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