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Characteristics of an Oxidation Inhibitor Composed of Refractory
Powder-Si0,-MnO,-Colloidal Silica~-Coking Bond

Hisao ODASHIMA, Minoru KITAYAMA, and Shigeyoshi MAEDA

Synopsis :

Characteristics of a newly developed oxidation inhibitor composed of a refractory powder-SiO,-MnO,-

collodial silica-coking bond have been investigated.

The steel coated with the inhibitor shows an excellent antioxidability as compared with non-coated
steel at high temperatures from about 1000 to 1250°C.
The inhibitor can be easily applied to the surface of ordinary steel slab by spraying in production

line.

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

minimum scale loss.

Antioxidation effect of the inhibitor has been found to depend on the formation of eutectic material
that effectively reduces the oxygen diffusion from atmosphere.
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Table 1. Chemical composition of specimens. (wt%)
Steel C Si Mn P S Cu Ni Cr
40(kgf/mm?) 0.18 0.05 0.64 0.007 0.019 0.01 0.018 0.018
50(kgf/mm?) 0.16 0.43 1.35 0.027 0.016 0.03 0.015 0.028

SiO, (&K EE) 100 (EEHE)
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arf vy h (B 6 (HEKR)
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D K X X2 100x 200X 400 mm ThH %, QHEEM: T
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RV, MBS ORBHEIE : 12mg, @FEER
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F 4 — FAE—F :5mm/min TH5.
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Fig. 1. Effect of the amount of the oxidation
inhibitor on iron loss by scale formation.
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Fig. 2. Effect of the amount of the oxidation

inhibitor and the heating temperature on iron
loss by scale formation.
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Fig. 3. Effect of heating time on iron loss by
scale formation.
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Photo. 1.
the scale breaker.

The apparance of slab passing through
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Fig. 4. The decrease in yields of 40kgf/mm? and

50kgf/mm? steel after hot rolling.

C3: Coated steel
B3 : Non- coated steel

Specimen :
~ 30} 50 kaf/mm? steel
& n=50
= X = 25.0
[7:3
[0}
~
2 20
g
o
(]
o /
3
o 1OF specimen :

40 kgf/mm? steel

n=50
;\(:50 = 1.0 n =50
0.0 g~ X =00

NN

Fig. 5. Scale scratches on 40 kgf/mm? and 50

kgf/mm? steel after hot rolling.
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Fig. 6. The rate of expansion of the oxidation
inhibitor.
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Fig. 7. The variation of the softening temperature
with addition of MnO,.
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(1) 25°C (2) 1200°C

(3) 1325°C (4)

Photo. 2. The change in appearance of the film
of the oxidation inhibitor on steel by heating.

1390°C

Conditions !
Sample Weight 12mg TEMP
Reference Sample d.-AfzOs | A14004
Thermo Couples Pt~PtRh{13%) //
Heaoting Rate 10 °C/min.

Sensitivity {T.G.A. 1omg full scale /2°°°°
DT.A. hoowv full scaie
Chart speed 5 mm/min. 000°%C
800%C
= 7 T.G.A.
Weight loss 600 T
Exotgermic
400 °C
> DT.A.
Endothermic; \ -
200%
yd
d

Fig. 8. TGA and DTA curves of the oxidation
inhibitor.
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Fig. 9. The variation of the oxidation inhibitor
composition with temperature.
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Table 2. The change in the oxidation inhibitor composition by heating.

Room temperature 500°C 700°C 1000°C 1200°C 1300°C
Mullite Mullite Mullite Mullite Mullite Mullite
(3A1;03-28i0;)
a—sziggooba)lite B-Ciristobalite B-Cristobalite B-Cristobalite B-Cristobalite B-Cristobalite
102
a(—Qaar)tz a-Quartz B-Quartz B-Quartz B-Quartz B8-Quartz
Si0,
MI’IOQ Mn02 H-Mn202 a-Mn203 — -_—
Amorphous Amorphous Amorphous Amorphous Amorphous Amorphous

(Silicate-glass)

(a) 25°C (b) 1000°C (c) 1200°C (d) 1200°C—1.0h

Photo. 3. The section of the film of the oxidation inhibitor at each temperature.

Quartz [ 700°C %8512 a B & B #I (Hexagonal sys-
tem) ~EZRL 1000°C LI _ECRAT 5 % 7T

a-Cristobalite {3 500°C L) _|Ci3 8 & (Cubic system)
NEERL, 1000°C L |-C v — 27 BB I8N 5 A
Chb. Fiz, MnO, i3 1000°C #igs SEAH LT
@, 1200°C P ET@D ORI feh. & 2T MnO,,
B-Quartz K ¥ Mullite o4& Amorphous SiO, »
BREVILSHIEL TS &b, Mok Si0; Kot
TR HROBEMACMERAL T 5 2 L2 EESh
%. Bl MnO & 8i0, Li2 X % 2MnO-SiO, o4
i 1160°G g <H v, MnO, SiO,, AlLO; D=4
RMEEWC VT HEAITE L, 3MnO- ALO,-35i0,,
2MnO-2A1,04:5810, D& H1160°C THH0, = =
T Mn (32 DOREDEVOTHRETHRE (75 AR)
DB OFCHSMICBERER LcREBE LT HEL
(Wb 5 HEMHHD, - h SEEOEEML LR L,

BEL L CEBREOIBOENICEIL > T H D & B
ns.

3-3-4 @M LTOMEDREE)

#F (40 kgf/mm? §f) T MnO, RERILEF IEH %
B U CIE L 785 O ZREC 31 % BEE O Wi o1k
&% Photo. 3 Wind. B - REBOBEOWIE LT
BKHBECH D, FREFICKD) DR, BV 770 LB
Y = ZDGBRO NS DIRA~DIE Y & 78 5 2%,
BT S & DIRFBEHMERR L, 1000°C BB ETIZLA L
ZELU7ev. 1000°C LLUF o Hei KRR Cl s o it
B8 S0 BROIBE R U, BMEBFfEa RT3
DEBbhs. 120000 CHES S EWEDO D &
ARABEEWBE IR S, 1200°C x 60 min B3~
5 E TN BLHEBEYEIL S BTN b #ER D% 5
BEALL TS, Fio, @M LB B0
LB OBIBI &1, 1200°Cx60min HEkd2 & o
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Fig. 10. The change in composition of the film
by heating. (EPMA)

NOEBEAEMEORB LB BREL TV 5.

WA IMBGHC R T 5 PENTRIO EPMA @ X %55
RO ORERY Fig. 10 Rd. InBETOWE T2 Mn
PRE—RBE v — 7 LieoTHRIBEIR A, 1200
°C BHBHWE 12000Cx60min H#CiE Mn o —
TE—REL LD ERS., ZhIIIRLI- X1
Mn 2EEOBEEMLIIERA LTV 50BN T 5 %
DTH5bH. Eic, 1200°C H&E3 5 & MM HA S HE
RC Fe ML T 200388 5h%. Fe &k
FeO, Fe,0,, 2Fe0-Si0,, AlL,O;-FeO [ L TCHET
b0 EBbhs (XEEHIT X ).

4. &
MnO; RELEFILFI OBt A I L, i, BB

i

B O AL T O BE, kokRrEL.

(1) MnO, SRR LK@ H O O MG s
LB (1000~1250°Cx FEsMME) Tix, #h
TBBEBFIERER RIE L, M L HRAr — L DR X
HEBWEEIZE 1/50 LT X252 E0TES. %
7o, ABRACET I F OB D FIREMI X REF T, 30 kgf/cm?
D EomEKT 1009 HEEd 5.

(2) AET A VTHERLLESR, 0kgf/mm? g,
50 kgf/mm? $ TR E T Ay — L ORA A KH
AWz, KIBCHEIZRETES., T, SRCs
B Ay — M X HRTEEET AL EF CuET 5 =
EW XY EETI D, F1o, ARERLEH ILF] o B E e
TOHEEDOHHEMIRIFTAY — A7 v — 2 —EBE S
T 100% HEEL, BREHETO BED MHNIEETH
5.
(3) MnO, REB(LBIILFI CAUE LIS, Bl Eh
T BRI BRI CIETRIR Tk 2 h B AR O ih#x
5. 800°C Rz 5 & PG Si0; ¥ F o ¥
MEME (55 2AR) KILBERISTHEEIILR
BB Ih, BEORAXIEN T2 L L iclEicdo
Wieh., 1100°C Bl kic/s s & MnO, @ X oC{ERE
DIBESWHIERL, BEOEEH L REL, BE
L —B L E U CERh B LB I RE A FiE T 5.
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