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Effect of Cooling Rate on Precipitating Behavior of Inclusions
in Non-Oriented Silicon Steel

Chen Lingfing'*? and Zhao Zhiyi'
(1 School of Materials Science and Engineering, University of Science and Technology, Beijing 100083 ;
2 Qian’an Iron and Steel Co, Shougang Co Lid, Qian’an 064404 )

Abstract Change of structure in specimen cutting from casting slab of non-oriented silicon steel (/% . 0.001 8C,
0. 7681, 0.24Mn, 0.074P, 0.003S, 0.001Al, 0.005 60,0.001 IN) cooling from 1400 C to 600 C with 5 ~40 C/s
rate has been observed at real-time by using a high temperature confocal microscope, and after observation the inclusions in
specimen are extracted and analyzed by non-aqueous solution electrolytic method. Results show that steel cocling to the two
precipitation period i. e. beginning precipitated at 987 ~1 020 °C ( higher temperature) and 830 ~636 C (lower tempera-
ture) and finishing precipitated at 952 ~918 “C and 804 ~ 636 °C there are new phases respectively precipitated; in first
(higher temperature) period with increasing cooling rate the beginning and finishing temperature of new phases all increase
but the precipitated temperature period decreases, at second (lower temperature) period with increasing cooling rate the be-
ginning and finishing precipitated temperature of new phases all decrease but the precipitated temperature period increases,
beside at lower cooling rate the higher precipitated temperature period is favorable to sufficient precipitation of new phases,
and at higher cooling rate the lower precipitated temperature period is favorable to sufficient precipitation of new phases;
with increasing cooling rate the inhibition effect of inclusions on grain growth gradually decreases, the average grain size of
steel first decreases and comes down to minimum value with cooling rate 10 °C/s, then monotonically and quickly increa-
ses. Therefore the cooling rate less than 5 C/s or more than 20 “C/s should be selected to avoid forming 0. 21 ~0. 50 wm
MnS and AIN, as well as Cu,S inclusions precipitated in cooling later stage to get better magnetic performance.

Material Index Non-Oriented Silicon Steel, Casting Slab, Cooling Rate, Inclusions, Precipitates, High Tempera-
ture Confocal Microscope, Real-Time Observation
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Table 1 Analysis of main element in test non-oriented sili-
con steel
C Si Mn P S Al 0 N
0.0018 0.76 0.24 0.074 0.003 0.001 0.0056 0.0011
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Fig. 1 Real-time observation on morphology of structure of non-oriented silicon steel casting bloom heated at 1 400 C then with 5 *C/s
(a, ~e;), 10C/s (a, ~&,), 20 C/s (a; ~e;) and 40 C/s (a, ~e, ) cooling to different temperature: (a,) 1400 °C. (b, ) 982 C,
(¢,) 963 . (d,) 830 °C and (e,)804 C; (ay) 1013 T (ha) 979 T, (¢;) 747 C, (dy 718 °C and (e,)676 T : (ax) 1020 . (by) 994
T, (e;) 742 C, (dy) 727 C and (ey) 697 C; (a,) 1020 T, (by) 1000 C, (¢,) 918 T, (d,) 636 C and (e,) 600 C
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Table 2 Effect of cooling rate on precipitation temperature
of new phases in non-oriented silicon steel /°C
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Fig.2 Morphology of structure of non-oriented silicon steel casting bloom heated at 1 400 °C then with rate 5 C/s (a), 10 C/s

(b)Y, 20 C/s (¢) and 40 C/s (d) cooling to room temperature
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Fig.3 Effect of cooling rate on average grain size of non-orien-
ted silicon steel
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Fig. 4 Morphology of typical precipitated inclusions in non-oriented silicon steel with cooling rate 5 C/s (a), 10 C/s (b), 20 T/s

(c¢) and 40 C/s (d), electrolytic inclusions analysis
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Fig.5 Effect of cooling rate on numbers of precipitated inclu-
sions in non-eriented silicon steel
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