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The effects of Y addition and hot band annealing temperature on core loss

in 3% Si non-oriented electrical steel

Jung Woo Park

Department of Advanced materials system engineering,
The Graduate School,
Pukyong National University

Abstract

Research on improving core loss of 3% Si non-oriented electrical steels was co
nducted by Y addition and changes of hot band annealing temperature. Clear effec
ts on facilitating grain growth and lowering core loss were observed with additio
n of 0.016% of Y. Grain size was reduced and core loss increased in case of Y fr
ee steels and steels with more than 0.016% Y. It is assumed that hysteresis loss
of 0.029% Y steels is lowered by facilitating grain growth.

Low hot band annealing temperature (950C, 1000C) showed lower core loss co
mpared to high hot band annealing temperature (1050°C, 1100°C, 1150C) in 0.016%
Y added steels. Low hot band annealing temperature has advantage in controling p
rocess. Therefore, it is assumed that low Y steel can have advantage on improvin
g core loss in terms of loe hot band annealing temperature processing condition.

By results of AES analysis of Y added specimens, Y was not segregated. Inste
ad, Y was located within grain in form of 1 ~ 10 um diameter Y nitrides and Y

sulfides. MnS was not observed. On the contrary, AIN and MnS were observed i

_iv_



n Y free specimen. Thus, adding small amount of Y is assumed to inhibit formati
on of micro sulfides(e.g. MnS) which suppress grain growth and deteriorate magn

etic property of electrical steels.

Keyword : Non-oriented electrical steel, Core loss, Y, Hot band annealing temperature,

Precipitates
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Table 1 Chemical compositions of the present study

(Wt.2%)

Specimen Fe Si Al Y

Y1 Bal. 3.09 0.94 -

Y2 Bal. 3.08 0.89 0.016

Y3 Bal. 3.14 0.87 0.029

Y4 Bal. 3.11 0.90 0.049

Y5 Bal. 3.09 0.89 0.065

Y6 Bal. 3.09 0.88 0.079
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67FA AEA ZZel diske] 2.2 mm FA ddRE 9
1050C(C), 1100C(D), 1150C(E) 5 7HA == o=z AR 4w EA s

ATk W A% F 0.25mm FAR I 49S 5 Hy 30% 29171,

-

90TCelA AZAA &% sk 7 AA 2ES He 30% w9171, 750C
oA 2A17F 2@stdth G e 2718 Table 2 o] %7189 th

Table 2 Heat treatment conditions of the experiment

HBA Condition HBA Temp. ACL SRA
A 950°C
1000°C
¥ : 750°C, 2hr,
1050°C 990C, H, 30%
Hs 309

B
C
D 1100C
E 1150°C
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Fig. 4 Heat cycle
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Fig. 9 Microstructure of HBA 1050C
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Fig. 11 Microstructure of HBA 1150C
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Table 3 Grain size of the specimen

(um)
Specimen HBA Tepltm o 1000 1050C 1100 1150°C
Y1 62 61 83 81 64
Y2 91 89 86 93 92
Y3 73 79 75 78 76
Y4 56 64 57 58 61
Y5 54 49 54 59 62
Y6 56 52 44 A7 53
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Fig. 12 Effect of Y addition on grain size
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Fig. 13 Effect of HBA temperature on grain size
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Table 4 Core loss (Wi15/50) of the specimen

(W/kg)
HBA Temp.
9507C 1000°C 1050°C 1100°C 1150°C
Specimen
Y1 2.42 2.31 2.22 213 2.18
Y2 2.23 217 2.20 2.25 2.16
Y3 2.40 2.37 2.32 2.29 2.30
Y4 2.82 2.76 2.74 Daiigl 2.70
Y5 2.98 2.95 2.89 2.92 2.84
Y6 3.24 3.18 3.14 3.12 3.12
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Table 5 Core loss (W10/400) of the specimen

(W/kg)

HBA Temp.

950°C 1000°C 1050°C 1100°C 1150°C

Specimen

Y1 14.40 14.05 13.78 13.60 13.73
Y2 13.27 13.19 I3 %9 14.14 13.35
Y3 13.92 14.15 14.10 18471 14.89
Y4 15.55 15.28 15.01 14.98 15.08
Y5 15.78 15.58 15.47 15.55 15.36
Y6 16.40 16.36 16.08 16.06 16.06
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a. Y2A Fracture plane(x120) b. Y2D Fracture plane(x120) c. Y2E Fracture plane(x120)

Fig. 20 SEM images of Fracture plane
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Fig. 24 Y sulfide precipitate (x1,000)
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