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Grain-oriented Silicon Steel
Synopsis : -

Characteristics of a newly developed oxidation inhibitor composed of a refractory powder, Si0Q,, SiC,
synthetic mica, colloidal sillica, surface active agent and coking bond have been investigated.

When slab is exposed for a long period under rigorous heating condition which causes the slab to form
slag, the grain-oriented silicon steel (3% silicon steel) coated with the inhibitor shows an exellent antioxi-

dability as compared with non—coated steel.

In provision of coating weight of 1.5 kg/m? on the slab, the iron loss due to scale formation and slag main-
ly composed of fayalite (2Fe0.Si0O,) is reduced to one-eightieth or one-hundredth.

The production test also shows that the inhibitor film on the heated slab can be removed completely by
the subsequent scale breaker and that the steel sheets after hot rolling have surfaces without defects. In
addition, a high yield of production of the rolled sheets has been obtained because of the minimum scale

loss.

The thermal absorptivity and conductivity of the inhibitor film are very good, and so temperature dis-
tribution state of coated slab after heating has been nearly equivalent to non-—coated slab. ,
Magnetically, both core loss Wi4/5s (W/kg) and induction By, (T) of coated slab have been nearly equiv-

alent to non—coated slab, too.
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Table 1. Chemical composition of specimens.

Si Mn Sol Al
CGO steel 3.20~3.30 0. 05~0. 07 <0.01
HI-B steel 3. 20~3. 30 0. 07~0.09 0.024~0. 032
(wt%)
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2.2 BERMERCEIIFEOREHEMDORER

BEX Y 50 T A AR ERRMC B IEF A %
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Slab : 200 X 400 X 500 mm
@ : Thermocouple
Fig. 1. Situation of thermocouple for measure-

ment of heating curves.
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Gause, 50 Hz) (W/kg)) RO ETERE (Induction B,
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°C) OB R O ZhbEERS L T2 7 » OfHIC XD
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[ W Specimen : CGO steel
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kon loss due to scale formation ( gldmz)
o

N & 00 ©
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@ : Non coated steel
@ ~@ : Coated steel

: SiC under 10 gm @ : SiC 15~25 ym
: SiC 25~35 pm ® : SiC 35~45 um
: SiC 45~55 pm @ : SiC 65~75 pm

: SiC 95~105 gm : SiC 145~155 pm

: SiC 195~205 pm

Fig. 2. Relation between size of SiC in the
oxidation inhibitor and an antioxidability.
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o : CGO steel
2007 o HHB steel
150 1\ Heating term :

100l \ 300°C 129™8 1380°Cx 120min
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Amount of the oxidation inhibiting coating

Fig. 3. Effect of the amount of the oxidation
inhibiting coating on iron loss due to scale
formation.
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Fig. 4. Effect of the amount of the oxidation
inhibiting coating and the heating temperature
on iron loss due to scale formation.
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Fig. 5. Effect of the amount of the oxidation
inhibiting coating and the heating time on iron
loss due to scale formation.

Fig. 6 3. SiC % &% i BBy IEFH 2 &AM Ui
B, A3 70RBIBEM LD Bt Lk
L, SiC o¥sinz X > CE{bBy LA R o BRI X O°
fnEME L. Lavd, SIC oKER XOTES
Xh, WENHNDIEE K ®EIhic. B
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Slab size : 200x400x500mm

Specimem : CGO steel
e—e : Temperature of the atmosphere
x—x : Non coated steel
e—o : Coated steel ( SiC : under 10um)
——a * ( SIC : 45 ~ 55um)
o—a * ( » :195 ~ 205xm)
A { - - non addition )

Amount of the coating : 1.5 kg/m2

Fig. 6. Heating curves of slabs coated with and
without oxidation inhibiting coating.

10 pm B Fo SiC #iE4 LB LB IE# % 1.5 kg/m?
B LB A0ARBBEIREM LIZE—FK Lk, 22T
FHAMEERA AHET AT VB TA S T
ERECH—CES 5 2 L BRI AR TS
FeRETH DL, BRILBIEF] O BB M K O BRI P
MbB\EBRERBEA ML, i, BB rh
PRSI, LWL, B BRIV R O BYRE M
BHTLEBEYHRT 5 AR ERITR o h bEFEIL
WESOT XV,
3.3 RLBHLF R EORMKIMNE

BRI IER I R LB IE RIS BAE T 5 & IR i &
AT UWb@ BN ADFER BT Tt FR & 7 b SR {E
AEILIETIRDLD, HES A VORETETRIL
Bi IR A £ T2 BRI ILFI2 1007 TS =
LA ST, B RSB BB CReREEZR
B LD E L, 300°C N EMERMA S I KR
B A% 1.5kg/me %5 L 300°C — 1380°C x 120
min (2, FEHEE) OLKMETMBEL, MBYF 2 Hhk
HEBCEFKEY 2~3s 27 v — LEBEOHIBEN 45
Nt FR% Table 2 wind. ErDHLMERIS
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Table 2. Exfoliation of the oxidation inhibitor.

Pressure of

%}’fayi“g 10 20 30 | 40 |50 | 70 | 100
ater

(kg/cm?)

CGO steel X X~ [\ O O O O O
HI-B steel X X~ O O O O O

O :100% A :95~100% X : 50~95%

KRB I-F o 2IBEME L B EFC 30~40 kgf/cm? Ll ED S
EADAT VTR 100% HEELc., BEO LE
SA4 VTD FAy—Y VIR EFS A7 L—KER 70
~150 kgf/em? TH 2B 5, AREFIEF O FIRERLRHE
Ko tBibhb.
3.4 HESAVICHITRHEORR

3-4-1 BJENHED

Ex OBROFEEEMA 7 7R R/ LHE A 7
7O EEH B VI E@EC BR (E &) @
1.5kg/m2 AL, £EF A v FHE - KEBSPT -
WHEEIETY) CHRARRYIT oL, HAEEREA 7
FITEH (100~400°C) H 5\ 3 # K (400~1000°C)
THBGE AT BA, BRI ERICE Th B K
DI L OTHE— I AKEENBR I 5 D%k
TH» BB TA Y V- CTHRECST CTRNESE
A U BB EA R X ek, ARFIEAIIA 5 70K
B X OTREREIO > bICRER L, FERIRFTH
oF. MK, AS TSRy PHBEVIETA YT
BoTF—7re— D, BBLTY+ —F v /K
— AREFHEIMBGECEA Lic. TR GEERRCE R4
BT AN E A ERDBRT, KREHIEFEZED A
57 ~OBENIRFTH O, Fh, A—MWE [
Wk D Bk x BAib & HEE~7 - T EALREMEL
1o, HAMEEMCIE Ul BG4 cingvg EmE Lic.
BN FHE R O 2 7 7 B O4BlkEES Photo. 1 &
R, HENERMAOBE LMBKETH, i, —
WAAT B rICHITE A EIRE I TR IERE IR
BERELTCHEELL. A5 7BECER IN LR
FIRIE G nBdF s ¥ C A 5 T WCEBEC A L, Tk
BT R RENHET AR LA ERD BRI
mote (Photo. 2), RICHE2HA 2 v FMEBEEROK
o #EER T A Photo. 3 1iR3. BHEERTOAR
B 1L B o S BIFC, VWThoA 574 RSB
BB TTANT 100% HBEL.. K BIESHD O
Ry Fig. 7 wrd. KRBIEAIEZ R 7 7 OREICD
A (flF ¢ BEEgALT) 1.0, 1.2, 1.5kg/m? &
T2k b COG MOBIEARY v T EM CFBEY

Slab : Coated CGO steel
(coating weight : 1.5 kg/m?)
Photo. 1. External appearance of obverse of
slab discharged from heating furnace.

Slab : Coated CGO steel
(coating weight : 1.5 kg/m?)

Photo. 2. External appearance of reverse of
slab discharged from heating furnace.

Slab : Coated CGO steel
(coating weight : 1.5 kg/m?)

Photo. 3. External appearance of steel passing
through roughing mill.

H#E) L H_FRFR 1.28, 1.32, 1.59% W EL, %
7=, 25 7OERMROER FEIBHALET) < 1.0,
1.2, 1.5kg/m? %A LI-Ba ik 2.31, 2.43, 2.85%
FLELE. 20X dEfBEOHEINC IO TRESED
NKECH EL, AT 7EREORCEM LIcHE & N
HE R OECER LB SBESRR ) 2
b5z L avbhote. i, HI-B i COG 8L
RO EA R R LI,
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CGO steel I HI-B steel
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Coated situation
3 : Obverse of slab
P : Obverse and reverse of slab

inhibiting coating ( % )
w
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] 1 M f
g / /
-8 10} / A f %
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Al /
0.0 ;
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Amount of the oxidation inhibiting coating

Fig. 7. Increase in production yields due to
the oxidation inhibiting coating.

3.4.2 25 70BEX LA DIREE

COG = 5 7 O\WTARRABG LRI B & &= 7
—TCMEFEICHEA LA S 7 DBEE B3 JREEZ INBYE hh
HEDA S FD~< 7 a W EREN LBE L. TO/F
BEMORKER 88% W LAR LA %Z A S 7DFK
moH 1.5kg/m?2 B/ LICHET 89%, REXUE
HCZhFh 1.5 kg/m?2 @A LicBa < (TFh b /A
BAAEY) 88% THhHY, w7 v ERERRILZLALE
D BRI DT, ST ARREY IR R O Bk Y
R OBREM N BIFci-, BHLTH A5 7138 &
RULXoKChEE E2s &%mT.

3-4-3 =24 LrOEFHIREE

KEBF LRI BB THZ LI X W BEBD 2 LD
=, UHOFRIE (BRREE) 2BED XS5BT %0
BE L. BEREES 1 v/ T A LOBEREE U
TH=y SMEYWTEDFOHEEY) LT &
WXhaf roBREY FHEi L. ToFR, COG
MO THEMOBEELEI DI LARRB IR A 5 7
KR OAIZ 1-5kg/m? BAi LIcHBET +0.1%, F
BROEHERIZFRZFh 1.5kg/m?2 i LIcBE T THh
bAEIIRARET) £0% THDH, 13LAEEIRDS
nichofe,

3-4-4  E[HEE

R MR R 5 Rt REEE % Fig. 8 1R
. REEIEXM S BRBCHE LTRR L.
CGO #§, HI-B R\ "hd ARBHIERIERACEE T3
FERFIEETH DN, T, 1K, 2%2r—riER
WEA L Usd L O DR b ARES IEF @&t & /M T
TR ERIRD LT, RANCEEHOREEEIIE
KMa, BRMGE SR VS ATHOL.
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CGO steel HHB steel

Surface scratches ( % )
5

o
o

0.0

Non coated steel
[ : Hard scratches @ : Skght scratches
CGO steel ( n=30 ) HIB steel (n=30)
Coated steel
73 : Hard scratches K3 : Slight scratches
CGO steel ( n=90 ) HI-B steel ( n=50)

Fig. 8. Scratches of surface on steel plates.

100 CGO steel W17/50
90t Thickness of steel : 0.30 mm
80r M : Coated steel
; n=90
Z 70 %=1.181
£ eof 0=0.096
o« 3 : Non coated steel
50t n=30
40} X=1.201
*=0.155
30 L
20}
10}
0

1.001.10 1.201.301401.501.601.70

~ A~~~ e A~

s
1.0913'91.291.39 1491.591.691.79
Core Loss W17/50 ( W/kg )

Fig. 9. Magnetism of CGO steel coated with
and without oxidation inhibiting coating.

100

CGO steel B10

20 Thickness of steel : 0.30 mm

go| M : Coated steel
~ n=90
R 70F X=1.873
~ 0=0.026
12 601 3: Non coated steel
& g0t n=30

X=1.864

401 0¢=0.043

30

20+

10}

(o]

1.67 1.701.731.761.791.82185 1.88

~ A e

ad ~o ~ Land
1.691.721.751.781.811.84 1.87 200
Induction B10 ( T )

Fig. 10. Magnetism of CGO steel coated with
and without oxidation inhibiting coating.
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3-4.5 Rtk

AR IEFI A2 %A L7 CGO o 0.3mm #izsit
LRI DR % Fig. 9, 10 wiRd. ARZREHILFIEAH
DEH Wi 12 X=1.181 W/kg, REREE By, 12
X=1.873T C BHD Wi 2 X=1.201 W/kg, B,y
132 X=1.864 T Th H KRB IERVEAF & R & TLlAy
WD Sk -ot. HI-B T3 RO 7R
U7z (Fig. 11, 12), Bl ERT X 5 AR RS RS
REHEEOLKA VS AOBSEHERTILDHTE

~ 100 HI-B steel W17/50
f 90} Thickness of steel : 0.30 mm
© 8o} M : Coated steel
&s n=16
70 X=1.044
6oF 0=0.025
[1: Non coated steel
501 nz 20
%=1.058
40t 0=0.026
30}
20
10+
0

0.981.001.021.041.06 1.081.101.12

A Av A e e A A e

0.991.011.031.051.071.091.111.13
Core Loss W17/50 ( W/kg )

Fig. 11. Magnetism of HI-B steel coated with
and without of oxidation inhibiting coating.

h100 HI-B steel B10
2 901 Thickness of steel : 0.30 mm
~ | @ : Coated steel
% 80 n=16
@ 70t X =1.935
¢ =0.009
60} [: Non coated steel
50} n=20
%=1.927
40f 0=0.012
30t
20}
10}

1.891.901.91 1.921.931.941.951.96

Induction B10 ( T)

Fig. 12. Magnetism of HI-B steel coated with
and without of oxidation inhibiting coating.
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Si-SiC  ZAREML B 1A (it Ky -8i0,-Si-SiC-H,E
-2 w4 £ - FE IE R R AR 1A
DN EAETL, ¥, EEFA Y THRIARBRETOL
RO HREBC.

A ZBH LRI BB 7o B T s s i B I EER
SRHF (3%Si $R) 1= XL #Ehic BEByILRERY RIEL
1.0kg/m?2 BAiT5 2 Lic kb Ay = KU Fayalite
(2Fe0-Si0,) * ¥ & Lz v DREC I OTEL
2 MR ES 1/20~1/30 1=, 1.5kg/m? Tix 1/80~1/
100 iz % 2 EMNT X, BRMBIETHOEET A v
CHEMEERMAA 5 7BV THRE LR, Ay —
AR, v OFA A KBS T2 B0 KEC @ kL
fo. F o, BAEIFERERET oA RBH IEFIE IR O SR I R
7 RSB @R & C 1007 48 L, BSBERETORYT
O E ot e, O TARRBIEFIEAC X 5%
BT h o, Fio, ARAPIRFIREOBREN
BOBRIVERRIFCHD, B LIcA T 7 OMBAERD
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