Vol. 50 2007

Shinagawa Technical Report

R ERIVEAHMORIEANIC BT 525 tHEEICI 0T

The Deterioration and Damage of Trough Castables Containing

Alumina-Magnesia Spinel due to Long-Term Use

5 il pES (A
Tatsuya KAGEYAMA

5| A N E g
Masatsugu KITAMURA

¥ Lk m FET
Yoshihiro Nocami
i F 5 &

Takashi Iba

Abstract

Al;O;-SiC-C castables are used in metal line castables for the blast furnace main trough and

Al;,O;-SiC-C castables containing spinel are used mainly these days to obtain high durability.

However, the latter have the problem that when they are used for a long term as base castables in

the main trough, they deteriorate significantly due to the effect of spinel addition. We investigated

deterioration due to the effect of spinel addition and came to the following conclusion: It is highly

possible that the causes for deterioration are as follows. MgO diffuses into the matrix from the

spinel grains, accelerates SiC oxidation, generates a low-melting point compound and also

regenerates spinel.
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1. Introduction

Al;O;-SiC-C castables are the most widely used
product for the blast furnace trough. The main
trough is the biggest of all and quite susceptible to
deterioration. The main trough is generally con-
structed by zoned lining installation (the quality of
materials in slag line and metal line are different) to
increase durability. Hi-SiC castables are adopted for
the slag line because SiC has high corrosion resis-
tance to blast furnace slag. On the other hand
AlLOs-SiC-C castables (SiC content about 15%) are
adopted for the metal line, in consideration of
corrosion resistance to blast furnace slag and pig
iron. Moreover, Al;O;-SiC-C castables containing
spinel are mainly used in the metal line these days
to develop corrosion resistance. However, the prob-

lem with ALO;-SiC-C castables containing spinel is
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Table 1 Mix composition ratio of test specimens
/ mass%
Alumina based material | Spinel based material
Fused spinel — 65
Fused alumina 81 16
SiC 15 15
C 2 2
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that when they are used for a long term as base

castables in the main trough, they deteriorate

significantly due to the effect of spinel addition.
We studied the deterioration mechanism in this

report as follows.

2. Experiment

2.1

Table 1 shows the mix composition ratio of the

Test specimen

test specimens. We tried two kinds of castables, one
containg fused alumina and the other fused spinel
as coarse grain. The grain size of the spinel in the
spinel based material which was substituted for the
alumina was more than 0.3mm. Silica super-fine
powder, clay and alumina cement were added to all
the specimens at a constant amount.
2. 2 Experimental procedure

The mix compounds were mixed in a mixer with a
fixed amount of water and cast in a 40X 40X 160
mm mold vibrated on a table vibrator. After curing
for 24 hours, the specimens were taken out of the
mold and dried at 105°C for 24 hours. Then they
were packed in a coke breeze in a container and
heated at 1500°C for 3 hours, 200 hours and fifteen 3
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Fig. 2 X-ray diffraction after heating.
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hour heats, respectively. We measured the chemical
composition, X-ray diffraction and also observed

the micro composition.
3. Experimental Results

3. 1 Chemical composition

The results for chemical composition after drying
and heating are shown in Fig.1. The amount of SiC,
Si0., Free C after 3 hours and 200 hours of heating

Table 2 Ratio of alumina and magnesia content

in spinel
Spinel based material
3h 3h X 156 times
D-value 2.0171 2.0111
Lattice constant 8.0684 8.0444
Ratio of alumina content (%) 74.38 78.04
Ratio of magnesia content (%) 25.62 21.96

Fig. 3 EPMA analysis of spinel based material after one 3 hour heat.



Shinagawa Technical Report

3. ERIER

3.1 {LZaHr

FARRTR, BRI s R 2 Fig. 1ITRd, T
IR, AERVRE GEERD S 3h, 20000 T
SiC, Si0O. Free CEOZALIZ/NE WAL, 3hX15[Al#
DR LINEGR ESICTED L, Si0, CAEnL Tk b,
HIC A ERIVRATIRZOEANRKE L, R EXIVRITHL
Btk & 200nAN24 %, 3 h X 15[al# v & LNk <
MgORb LT 5,

L2 TG R & 0 2 B % VR 3 h X 15[ b 3 L
%3] S D OO EAPE T > TV ED TR L&
EZ, WEREELTREX VR INMEEGD Y~ 7L
ZRV, XEREH, 7 ofsIEET- 72,

Vol. 50 2007

the alumina based and spinel based materials was
almost the same as that just after drying, but the
amount of SiC decreased and the amount of SiO,
and free C increased after fifteen 3 hour heats,
especially in the spinel based material the amount of
change was large. The amount of MgO after 200
hour heats and fifteen 3 hour heats in the spinel
based material decreased from that which was only
dried.

These results suggest that the composition appar-
ently changed after fifteen 3 hour heats in the spinel
based material. Therefore, we compared the X-ray
diffraction and observed the micro composition for
the specimens after fifteen 3 hour heats and after
one 3 hour heat.

3. 2 X-ray diffraction
The results for X-ray diffraction after heating

Fig. 4 EPMA analysis of spinel based material after fifteen 3 hour heats.
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are shown in Fig.2. When compared the position of
the spinel peaks of the one time 3 hour heated
specimen and the fifteen time 3 hour heated speci-
men were not the same. We calculated the ratio of
Al,O; and MgO content in the spinel from lattice
constant.""* The results are shown in Table 2. It
would appear that the spinel of the specimen heated
for 3 hours fifteen times had an Al;Os-rich composi-
tion.
3. 3 Observation of composition

We observed the composition by EPMA to investi-
gate the condition. The results are shown in Fig.3,
4. The matrix had a dense composition after one 3
hour heat, but after fifteen 3 hour heats had a lot of
vacancies. MgO diffused into the matrix from spinel
grains after fifteen 3 hour heats, though it did not

after one 3 hour heat.

Fig. 5 EPMA analysis of SiC particle after fifteen 3 hour heats.
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The observation results for fine SiC particle after
fifteen 3 hour heats are shown in Fig.5. It is clear
that SiC deteriorated to a jagged pectinate condition
and a low-melting point compound consisting of Al,
Mg, Si, Ca, O components were generated at the
boundary of SiC particles and matrix.

The EPMA observation results for spinel grain
after fifteen 3 hour heats are shown in Fig.6. It is
discernible that a low-melting point compound
consisting of Al, Mg, Si, Ca components was gener-
ated at a boundary of spinel grain and matrix
(inside a red circle in SEM photograph). Moreover,
the spinel grains had an Al:O;-rich composition on
the spinel grain boundary, compared with the
central parts.

We increased the magnification of the microscope
to examine the matrix composition. The results are

shown in Fig.7. Fine spinel i1s discernible, though

o

Ca

Fig. 6 EPMA analysis of spinel grain after fifteen 3hour heats.
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Fig. 8 Microphotograph of used
castable.

Fig. 9 SiC deterioration.
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Table 3 Chemical composition before and after
use / mass%

SiO, Al,Os MgO SiC C
Before use 3.2 69.0 10.5 13.5 2.4
After use 15.1 59.0 10.0 5.1 9.8

Fig.10 Around spinel grain.

the grain size of the spinel in castable is more than
0.3mm. That means a possibility of spinel regenera-

tion.
4. Results for Actual Use at an Actual Furnace

We wanted to confirm if the trough castable
containing spinel used for 600kt pig iron through-
put had the same deterioration as that we discov-
ered in the experiment.

The results for the chemical composition before
use and after use are shown in Table 3. The amount
of SiC decreased and that of SiO, and free C after

use increased.
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Fig.11 EPMA analysis of used castable.
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The results for EPMA analysis are shown in
Fig.8~11. SiC deteriorated to a jagged pectinate
condition (Fig.9), a low-melting point compound
consisting of Al, Mg, Si, Ca components was gener-
ated around the spinel grains (Fig.10) and MgO
diffused into the matrix from the spinel grains
(Fig.11).

We increased the magnification of the microscope
to check the matrix composition. The results are
shown in Fig.12. Fine spinel is discernible, though
the grain size of the spinel in the catable is more
than 1mm suggesting a possibility of spinel regen-

eration.
5. Discussion

(1) We studied the deterioration mechanism of
trough castables containing spinel used for a long

term. The results are that the amount of SiC
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Fig.12 EPMA analysis of matrix in used castable.
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decreased and that of SiO. increased, a low-
melting point compound consisting of Al, Mg, Si,
Ca, O components was generated around the SiC
particles and spinel grains, and spinel had a
possibility of regeneration. Then we estimate
deterioration mechanism to be as follows.
(DSintering at the boundary parts of matrix-SiC
and matrix-spinel progressed due to generation
of the low-melting point compound consisting
of Al, Mg, Si, Ca, O components. Repeated
heating and cooling caused a gap between non
sintered and sintered parts® in the composition.
@ Si0, generation and spinel regeneration caused

volume expansion and composition change.

(2) MgO diffused into the matrix from the spinel

grains in the trough castables containing spinel
for a long term. There is a possibility that MgO
accelerated SiC oxidation. We estimated the
mechanism for SiC oxidation to be as
follows® ™"
1)Under reduction atmosphere : Active oxidation
of SiC
Cls) + 1/20:(g) — CO(g)
SiC(s) + CO(g) — SiO(g) + 2C(s)
SiO(g) + CO(g) — SiO«(1) + C(s)
2)Mg(g) evaporates from the spinel grains
MgO-+AlLOs(s) = Mg(g) + 1/20.(g) + ALOx(s)
3) Acceleration of SiC oxidation
DCO(g) is supplied and accelerates SiC oxidation.
Cls) + 1/20:(g) — CO(g)
@8Si0(g) is oxidized and accelerates SiC oxidation.
Si0(g) + 1/204(g) — Si0s(1)

(3) The specimen of trough castables containing

spinel, heated fifteen times at 1,500°C for 3 hours
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