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Study on the Corrosion Mechanism on Refractories
Used in a Zebra Roof of a Basic Open-Hearth Furnace.

Takeo A0 and Takeji Oyama

Synopsis:

Two sample bricks, a conventional silica brick and a metal-encased Chrome:'magnesia.
unburned brick, were taken from a zebra roof of a 40-ton basic open-hearth furnace after 402
heat services. Results of study on the process of slagging reaction on the bricks, mutual
reaction between two bricks and chemical changes of the steel plate are described in this
paper. The microscopical observation' and chemical analysis of each coloured zone are carried.
out and mineralogical constitution are determined by microscopy and heavy-liquid separation
method. : :

The maximum content of iron oxide in the hottest zone of silica brick may be due to for--
mation of magnetite by the decomposition of ferrous silicate in oxidizing atmosphere.

On the hottest area of silica brick adj:)ined to the chrome-magnesia brick, iron oxide and.
magnesia are migrated into the matrix of silica brick from the basic one.

On the chrome-magnesia brick adjoined to the silica brick, much silicious liquid was pene--
trated into the hotter area of chrome-magnesia brick from the silica brick. Results of mic-
-roscopical observatiéon and chemical analysis of the spinel crystals separated from the silicious
glass matrix in such region might suggest that the destruction of spinel crystals in silicious
liquid is caused by selected dissolution of the MgO-Al;0; portion in the spinel crystals into

the liquid.
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1. Glassy surface of zone I. x19.
S~ []
f% ;! {i: / gé 1; Dendrite of cristobalite
N { / I E: ; 8 I crystallized from glass.
N ] .H ﬂ Do { o~ . .
< l f !.’ oo N 2: Magnetite and fayalite
T 1W[[ | . : : : : \S‘I.[II'CLZf.BfI‘Ck ‘ crystallized from glass.
\f. \ \ . i : | l E 3; Cristobalite grain transformed
7 — = Y from quartz.
@Q‘ ~{TH [T | Steel /p/af@’ ~
. . =
§\ // // /'/ C/rm/ne{/ Magnesia Brick |S
.§‘ C D { £ F 5 2.  Zone I. x19
S S 1; Glass.
= 'g 2; Cristobalite from tridymite.

Scale /0cm

Fig. 1. Illustration of zoning in the samples
of bricks after service in the zebra roof.
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3; Cristobalite from quartz.

Zone II. x19.
1; Glass.

2; Tridymite.
3; Cristobalite.

4. Zone III. x19.
1; Cristobalite and residual
quartz. .
2; Matrix. (tridymite, fayalite
and glass)

5. Zone V. x19
1; Quartz and cristobalite. ~

2; Matrix.

6. Zone VII. x19
1; Cristobalite.
2: Tridymite.
3; Magnetite.
4: Glass.

£

Thin section of each zone in the
silica brick.

e Fig. 2.
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Table 1. Chemical composition of each zone

in the silica brick from a zebra roof.

Zone W W | 1 |1 jm v |V
i
Si0, a5.95 87.32] 90.87 91.29] 91.04] 96.43 96.42
Al,O; 0.18| 0.22] 0.20 0.71] 0.73] 0.28 0.30
Fe.0; 8.65 10.41, 6.59 3.79 3.58 1.3} 1.28
Cr.0; |trace i trace! — — | — b= =
MnO | 0.32] 0.30] 0.38 0.38 0.20 0.27] 0.24
Ca0 | 1.16 1.07, 1.68 3.390 4.000 1.51'° 1.60
MgO | 0.74 0.68 0.28 0.44, 0.45, 0.20, 0.16

Total itoo.oopoo.oopoo.oohoo.oopoo.ooﬂoo.oopoo.oo

e S HERL X5 LRBNRIFRERZED
N2z T, Hif ki (Integration stage) %
RV TEBOEE» L ERD MO A G EEZ KD,
FOENBEBTIOTERLEFHB L. TiubbERS
SMOBRENELILE LR, 7YVAMNI A badn,
2.32, F Y U4 kbop, 2.26, R c%, 2.65 < b
Vv Ad%, x, EFROYFEILEERMEEZD LTHIE
WE»HZ ) v 7 ADLEx kDO D.
2.32a +2.26b +2.65¢c +x d =100D
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% Table 2, 3 ILRT-
‘Table 2. Weight percentage of constitutional

minerals in each zone in the silica brick
from a zebra roof.

|

Zone - . VI ! I i I Iy
Cristobalite [ * 20°9| 49+21 23-2| 25°9| 33°6
Cristobalite I *¥ — 97l — — —_
Tridymite 474 — 506 32°2| 25°9
Quartz — — |trace| 17+6] 22°2
Matrix 317 41+t| 26+2] 243 18°*3
“Total 100+0| 100*0| 1000 100°C; 1000

* Grain transformed from quartz or
tridymite.
** Dendrite crystallized from glass.

Table 3. Chemical composition of matrix in
each zone in the silica brick - calculated.

Zone i I I il v

SiO, 60,0 77.8 66.7 63.2 80.4
AlO; 0.7 0.5 2.7 3.0 | 1.5
Fe;04 32.8 16.0 14.5 | 14.7 ¢ 7.2
MnO | 0.8 0.9 1.5 0.8 1.5
CaO | 3.3 4.1 12.9 | '16.5 |, 8.3
MgO | 2.4 0.7 1.7 1.8 1 1.t
Total {100.0 |100.0 | 100.0 | 100.0 | 100.0
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1. Zone A. (Hottest surface) x31
1; Olivine.
2; Glass containing magnetite and
cristobalite.
3; Ferruginous chromite.

2. Zone A. x93.
1; Olivine.
2; Magnetite crystallized from
glass.

of cristobalite.
4: Ferruginous chromite.

3. Zome B. x3l.
1; Olivine.
2; Magnesio-ferrite.
3; Chromite.

4. Zone F. (Unaltered cooled
end) x31.
_1; Chlorite.
2: Olivine. '
3; Periclase.
4; Chromite.

Fig. 4.

3; Glass containing microcrystals
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§ 5. Zone G. (Silicate melt migrated
to the working surface of
chrome-magnesia brick from
the silica brick.) %10

1; Cristobalite grain.

2; Dendrite of cristobalite and

glass.

3; Ferruginous chromite em-
bedded in silicious glass matrix.

) 6. Zone G. x31.
1; Cristobalite grain.
2; Dendrite of cristobalite.
3; Ferruginous chromite with
many pores due to the sele-
- ctive -dissolution of MgO-Al1;03
. portion of spinel into the glass.

7. Zone G. x13
1; Glass penetrated from the
silica brick.
2; Zone characterized by
porous border around ferrugi-
nous chromite grain.

[« ]

Zone G. x31

1; Glass penetrated from the
silica brick.

2; Ferruginous chromite with
many pores.

Thin section of each zone in the chrome-magnesia unburned brick.
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Table 4. Ratio of constltutlonal minerals. in
the chrome-magnesia unburned brick. .

Zone G|A|B C’D_F
Spinel (Chromite) 55°0[90°0|56*5|61°4({53°8|53*7
Periclase 0 0 | 9+9f 8+8[25°*8[25*0
Matrix ) . 45+0]10°0|33°629*8[20°4(213
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Table 5. Chemical composition of spinel

complex solid solution in the chrome- magnesm
unburned brick. e

Zone G- A B 'C: D F

Al,O4 0 55| 16°4 | 153 | 17°7 | 18°5
Crq0, 39+2 | 114 | 283 | 286 | 41°1 | 41°0
Fep 04 450 | 581 | 183 | 14*1 | 13°9.--13%6.
FeO 114 | 131 391 3*2|-6°5 54
MgO ©4+2 | 11°8 | 318 | 378 | 197 |- 19°7
MnO 02 01 1+3 104 11} . 1°8
Total 10C*0 {100°0-|100°0 {100°0 {100*0- |100*0
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Table 6. Mineralogical constitution of spinel in the chrome-magnesia- unburmed brick.(wt. %)

Zone G A B C D F
FeO-Cr;0, 0 0 132 1102 204 17+0
Mg®-Cr,0;4 242 14+7 27+7 314 35°2 379

, . FeO-Fe,0, 44+5 427 o} 0 0 0
Balanced spinel MnO-Fe;0; 749 03 47 37 35 58
MgO-Fe Oy 0 333 20°8 16°8 146 12+2

MgO-ALO; 0 7+7 25°0 24°0 250 - 26°1

Fe;04 : 92 1*3 0 0 0 0

Excess oxide Cr0; 142 -0 0 o 0 0
MgO 0 0. 86 12+9 1°3 1°0
Total 1000 1000 100°0 100°0 1000 100°0
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“Table 7. Chemical composition of the silicate

matrix in the chrome-magnesia unburned
brick. (Wt. 25)

Zone ,G A B C D F
Si0, 66°1 | 474 | 36°7 | 27*4 | 21*5 | 21°0
<AlO3 56| 12°7 | 15°4 | 17*9 | 30°0 | 28°5
as Fe304,* 209 18*3 b -_ -_ -_—
“as FeO¥* — — 2*5 8*1 | 182 | 20°1
CaO 3°9 670 | 13°2 | 160 40 3°0
MgO 3°2 | 15°2 | 30*1 | 29°1 | 26°0 | 271
MnO 03 04 2°1 15 03 03
Total 1000 |100°0 {100°0 [100°*0 |100°0 {1000

* By a estimation based on the microscopical
observation.
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Table 8. Mineralogical constitution of silicate
matrix in the chrome-magnesia unburned
brick. (Wt. %)

Zone G A B C
Ca0-MgO-SiO, 92 29°3 42+8 4945
2Mg0 Si0; 0 176 292 16-2
2Fe0-Si0, . 0 0 41 127
2Mn0O-Si0; 06 06 35 24
2Ca0-Si0, 8+1 0 0 0
MgO- AlOs 12+8 20°5 16°6 18%4
FeO-Fe;0; - 17°3 10°8 0] 0
Si0, . 520 21°2 38 0
MgO 0 0 0 08
Total 100*0 | 1000 10040 1000

(3) # &
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Fig. 5. Thin section of the steel plate between
the chrome-magnesia brick (right) and the
silica brick (left) at about 1200°C. XS5.
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Table 9 IT/RT -

Result of chemical analysis of the

Table 9.
steel plates. (Wt. %)

Position . | between Cr.-Mg.| between two

br. and Si. br. Cr.-Mg. brs.
SiOg 6°1 57
Al O4 5'5 7°6
Cr:0; 9+4 108
Fe O, 60°2 48+0
CaO 30 47
MgO 14-6 22°3
MnO 2°3 2:7
Total 1011 101+8
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