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Abstract: The morphology and quantity of full-size inclusions in 3.0% Si—0.85% Al-0.27% Mn high grade non-
oriented silicon steel billet and finished plate were detected and analyzed with bulk electrolysis, scanning electron
microscopy (SEM) and transmission electron microscopy (TEM). The sources of main inclusions were analyzed
based on the types of inclusions. The results show that the content of large inclusions in the casting billet is
2.18 mg/10 kg, and the large inclusions causing linear defects on the surface of non-oriented silicon steel finished
plates come from composite inclusions of protective slag, top slag and refractory materials. The micro inclusions of
0.50-5.00 pum in the finished plate mainly include composite inclusions such as Al,O,, mCaO<nAl,0;, mAl,0;°nSi0,,
mMgO *nAlLO,, AIN, and sulfides, with diverse morphology distribution. The average size of fine inclusions of
0.1-1.0 pm is 0.295 pm, with a distribution density of 4.95x10" particles/mm”’, and with size mainly distributed in the
range of 0.10-0.30 pm. The precipitates smaller than 500 nm are mainly spherical or nearly spherical MnS and Cu,S,

rectangular AIN and TiN, and some small oxides with complex morphologies, with size mainly distributed at 50—

75 H 89 : 2024-04-30

EE£WMHE: &4 € XA+ A (20213AAE01009)

EBEN: A RAL(1990—), B, ZH A, i, TB2HRF A A8 TR Z IR FoAa £ A,

SIXBX:ARAMHE, WE, . Z3RIFTARGAMAERT R LW R[] £H T 2 RKFFH(ARMAFR), 2024,
41(4):403-411.


https://doi.org/10.12415/j.issn.1671-7872.24075
https://doi.org/10.12415/j.issn.1671-7872.24075
https://doi.org/10.12415/j.issn.1671-7872.24075

404 TR R =224 (A ZRBEAIR)

2024 4%

200 nm. The density of precipitates with size of 50100 nm is 5.23x10° particles/mm’. The fine oxides generated

during the temperature drop and secondary oxidation processes of molten steel, Cu,S precipitated during subsequent

heat treatment, and AIN, TiN, and MnS not precipitated during the homogenization process all precipitate as fine

inclusions, which will pin grain boundaries and seriously affect grain growth, thereby deteriorating the magnetic

properties of non-oriented silicon steel.
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Tab.1 Main chemical composition of alloy element in non-

oriented silicon steel w/%

C Mn S P Si Als N Ti Cu

0.002 1 0.27 0.001 8 0.015 3.0 0.85 0.0015 0.001 6 0.03

TR IBCAE 7 2ok A v L 30 T R B ) B AR
THRE [) IR BRFE A2 20 mm(rolling direction, RD)x
20 mm(transverse direction, TD) A A, VEAT HE K
FTBE A ; ORI, IR B 8, TES5 IR 98 00 & D)1
RSk 70 mm (75675 1)) x 70 mm (P8 77 1])*90 mm
(5 EE) BRE AT R L i, 28 i . VAR NG 1E
BAEIR, o3 Bs HaRE th RS KT 80 pum 1Y I Z ),
FIC PR R SEAT T 40 R EE o LB A Bt
T RO INB e 24 ) oy It B R PR T 7= A 158 22 0 X
T8 Sl GRS = P R, R AR AT S IS 2
HUBB AN i Y Ab 3, SR A BETEAY (energy
dispersive spectroscopy, EDS) [ ZEISSEVO—18 %I {H
i B, F ' f3%5% (scanning electron microscopy, SEM)
Far i e Z My A TE S AN B A o X T AL G Ha A il
JEARHRRE, 43 57E 500~2 000 X 5 4 000~8 500 X



55 4 1 TeH I, 55 =k T il 4 R e 24 R Ak 405
FEEL 30 LI ULEAN IR, GiitJe e g AR < TI A ) IR S 2% ) e i st e R 1T

O3AT o FER B A BB ALVL BEHUN AT AH, R B
& B 5% (transmission electron microscope, TEM) #6; il
YR GAT AR IR SR AL 43, #E 10 000 X N #EHL
30 MRS AN RIS B YR A B .

2 #EREiTie
2.1 KEIEZY

XoF 0 U ) A A 5 RS R A T DR FL A, A 5 A v
KALIe Z W0 AR TE A, 45 R WK 1, d MEEIRRIAE
KA e Ze ¥y & M 2.18 mg/10 kg, #5815 4 = T
AN 5 AR R e B 552 (2.76 mg/10 k). BE
T3 AT H AR 1 R AR S e A5 3], kAR =300 wm JE 4%
Yl Al,0,~Si0,~MnO-MgO 2; it =140~300 um
Je 4R ALOs—Si0,—CaO Z&; FifE7F 80~140 um &
ZeW B R RSN, iR A ALO;~SiO,~CaO-MnO
F1 ALO;—SiO,~MnO 2§, [a] i ¥ 73 Je 42 ) & /b it Na
TR, VLTSI ) 545 A IRl A O

(b) 140 pm=d<300 pm

(¢) d=300 um

Bl HEARERIERTRBEIFS (x20)
Fig. 1 Morphology of inclusions with different particle

sizes in casting sheet (x20)
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Fig.2 Shape and size of inclusions on the surface of
finished sheet
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Fig.3 Detection results of typical defects of finished sheet
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Tab.2 Composition of inclusions at typical defects in

finished sheet wl%
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(c)-C — 27.2 63.2 9.5 — —
(d) — 3.8 20.5 3.4 27.6 447
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Fig. 4 Typical microscopic inclusions in finished sheet
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Tab.3 Composition and size distribution of microscopic inclusions in finished sheet
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Fig. 5 Typical fine inclusions in finished sheet
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Fig. 6 Size distribution of fine inclusions in finished sheet
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