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Research on Microstructure and Precipitates of Non-oriented
Silicon Steel Sheets After Annealing for High-efficiency Motor

Li Yongchao' > Li Na'®> Yue Erbin® Xiang Li* Zhang Yanling' Qiu Shengtao’

(1. School of Metallurgical and Ecological Engineering University of Science and Technology Beijing Beijing 100083
China ; 2. National Engineering Research Center of Continuous Casting Technology Central Iron & Steel Research In—
stitute  Beijing 100081 China)

Abstract: Effects of microstructure and precipitation on magnetic property of non-oriented silicon steel
sheets after annealing for high-efficiency motor are studied in the paper by experiments. The annealed
sheet exhibits a larger average grain size obviously decreasing iron loss and slightly raising magnetic in—
duction with increasing temperature. The annealed sheet has better comprehensive properties at a annea—
ling temperature of 1 000 °C. The main precipitates are compounds of AIN.( MnS + AIN) and ( MnS +
Al,0,) with coarse size of 1.0 ~2.5 pum. Besides a few fine AIN and TiN with size below 100 nm are
found. Iron loss of electrical steel simulated by TSCR process in laboratory is 4. 00 W/kg and magnetic
induction is more than 1.75 T. It is suitable for producing iron cores for small and medium sized high-ef-
ficiency motors.

Key words: non-eriented electrical steel, high-efficiency motor; precipitate; iron loss; magnetic induction

22011 - 06 - 14
“ ” (2006BAE03A14) .
(1985—)



072.

2011 32
2/3 50% * . . TSCR
’ 1
\JFE\ ~ N TSCR 0. 5 mm o
3.6 R 1900 C
x5 min<950 C x5 min.1 000 C x5 min
° 30% H, +70% N, o
1 o
1
Table 1 Main chemical compositions of test steel %
C Si Al Mn P S (0] N Sh Ti
0.003 0 0.86 0.57 0.32 0.005 0.002 3 0.002 5 0.001 9 0.12 0.002
( 30 mm x 300 mm) T
Al N 4%
’ 2.2
SEM TEM 1000 °C x5 min
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Fig. 1 Metallographic structure of annealed sheet
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Fig. 2 Typical maphology and energy spectrum of AIN precipitation on annealed sheet
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Fig. 3  Typical maphology and energy spectrum of AIN and MnS precipitation on annealed sheet
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Fig. 4 Typical maphology and energy spectrum of Al,O; and MnS precipitation on annealed sheet

AIN o
( TEM) TiN o 6 TiN
100 nm AIN 40 nm o MnS
5 o AIN Po=401 o



T4 011 32

19.8

15.9 4

119 S

79 A

0] i

L ek

0 050 100 150 200 250 300 3.50

figfit/kev
5 TEM AIN
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Fig. 6 Typical maphology and energy spectrum of TiN precipitation on annealed sheet with TEM
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900 C 3.999 W/kg; °

950 C 3.957 W/kg 0.042 Wike: (D) (P.) PP ~3:2.
1000 C
3.696 W/kg.
1 000 °C °
1.768 T. 1000 C
2 1000 C

Table 2 Magnetic properties of final products at
different annealing temperatures

AN Pisjso/(W = kg™") Bs /T

900 3.989 3.997 4.012(3.999)  1.770 1.763 1.757(1.763)
950 4.090 3.744 4.037(3.957) 1.764 1.766 1.764( 1.765)
1000 3.624 3.544 3.921(3.696) 1.765 1.770 1.767(1.768)

3.2

. 1.0 ~2.5 pmo
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