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Abstract

We investigated the change in the characteristics of metal line castable for the blast furnace

main trough by two methods. One was the analysis of samples which were used for a long term in

actual furnaces, and the other was the analysis of samples after long heating times or multicycle

heatings in the laboratory in order to better understand how metal line castable deteriorate in long

term use and which factors had an influence on the deterioration of those castable.

The results showed that the SiC content in used castable decreased as the period of use became

longer and heating-cooling cycle became more frequent. This tendency was especially true in

castable containing spinel. The change in chemical composition observed in used castable was also

observed in a castable sample after 15 cycles of heating at 1500C for 3 hours and cooling in a

laboratory test. In this test, the modulus of rupture decreased and the apparent porosity increased,

but the corrosion resistance did not change.
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1. Introduction

The castable mainly composed of alumina, spi-
nel, silicon carbide and carbon are widely used
for the wear lining of the blast furnace main
trough. The wear lining is generally maintained
by continuous partial casting repairs. Therefore
the castable on the back side remains 1 year or
longer until the next whole repair called initial
installation. It is known, on an empirical basis,
that the characteristics of a castable change
due to long use, which often causes deteriora-
tion of the performance of castable. However,
the relation between the changes in properties
of castable, use conditions, and what change of
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properties causes deterioration of performance
1S not necessarily clear.

Main trough wear castable are generally com-
posed of SiC-Al,O;-C castable for the slag line
(SL) and Al:O3;-Spinel-SiC-C castable for the
metal line (ML) in response to the differences
of the damage factors in Japanese iron works.
Because castable in certain places, especially
in the ML, often remain for a long term and
castable in the ML easily cause troubles such
as leaking of molten iron, castable for the ML
are required to maintain stable properties and
performance for a long term.

Based on the above factors, in this report, we
investigate the change in the characteristics of
castable used for a long term by two methods,
one of which is the analysis of castable actu-
ally used in the main trough, the other is the
analysis of samples after long or many cycles of
firing in the laboratory in order to allow a clear
understanding of the factors and substance of
deterioration of ML castable in use.
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Fig. 1

Chemical composition of ML castable in which 80,000 tons of pig iron passed through.
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Fig. 2 Variation of residual amount of SiC in
ML castable as a function of pig iron
throughput.

SiC + 2CO — 3C + SiO;

SiICIEfit 2 5 7R AR—1) ¥ F %} 53
LIDIELRESTHY), SHENIBAT S
EC, RROMEEDPBIETE 2 R D REENE
ZBHNb, FCRSI0HE DM E O 720
LI wBEEL25E2zbNA, 22 TIESICO
WAZER LT, AN E X O HEE O 2
DWW 24T 5 720
2.1 FEREPEOTE

Fig. 212 PR ZHE OmStE TR L 728
W L SICEARDOBRE R . HHERAFDSIC
HIIPNOEHEIVFEP L TVWEDIEHL 2T
HAHN, EODOEPIEFICRE L, HHMME O
FHBIEIAHETH % .

Fig. 2L, A LT —FIZOWC ARV EEAR L
TMBELERLEWHMEIC T TCTay MLz
DOHFig. 3TH D, OIS, AY R IVOFHE
WL BRI LA, FnEiilB vy ORI
ML % 512 ESICHA =25 2 AHBE A
THND, THAERNVEER LIMEHZBIT A
SICOWMPEEIFAE ANV 2 E&H L W]
RTHERE V.

EPMAIZ & - THlE L2 EF AT %O A ¥
PIVERMEIOMgs i % Fig. 412783 2 O£
TIIMAPFEIBIC A E AV Z WA L T iawnizo,

Shinagawa Technical Report

2. Analysis Results of Used Castable in
Actual Furnace

We collected used ML castable samples at
random from some blast furnace main troughs
in which the operating conditions were differ-
ent, and analyzed the chemical compositions.
Fig. 1 is an example of the results and shows
the relation between chemical composition and
the distance from the hot face of ML castable
after 80,000 tons of pig iron passed through.
This figure shows a tendency that the amount
of SiC decreased while the amount of SiO. and
carbon increased compared with the initial
chemical composition. This tendency was com-
mon in all samples we examined. The change
in chemical composition was larger near the hot
face, but the same change, though it was small,
also occurred near the back side. This change
in chemical composition can be explained by
the following reaction between castable and
atmosphere.

SiC + 2CO — 3C + SiO.

SiC is an important component which gives
castable slag corrosion resistance and spalling
resistance. Therefore, there is a possibility that
the castable cannot retain original performance
when the amount of SiC decreased. So, we
examined the influence of in-service period and
frequency of cooling on the decrease in SiC.

2. 1 Influence of use term

Fig. 2 shows the relation between SiC content
of used metal line castable and total amount
of pig iron throughput. It is obvious that the
amount of SiC in the used castable was less
than the initial amount. But the correlation
between the in-service period and decrease in
SiC was not clear.

Fig. 3 shows the relation between SiC con-
tent and total amount of pig iron throughput
separately according to the type of material. It



Shinagawa Technical Report

16

14 4 Initial amount of
SiC : 12.0mass%
12

SiC content / mass %
(oe]
1

O Spinel free castable

B Spinel containing castable

0 100 200 300 400
Pig iron throughput/ t

Fig. 3 Influence of spinel on residual amount
of SiC in ML castable as a function of
pig iron throughput.
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became clear that there is a correlation between
the use term and the decreasing amount of
SiC when these plots were separated. As for
the castable containing spinel, the SiC content
decreased readily compared with the spinel-free
castable.

Fig. 4 shows the distribution of Mg in a cast-
able containing spinel after and before use ana-
lyzed by EPMA. Since spinel was not used for
the matrix part of the castable, Mg distribute
only in the spinel grains in the castable before
use. On the other hand, the distribution of Mg
was observed in the matrix and the density
of Mg in the spinel grains decreased in the
castable after use. These result were consistent
with a past report that the oxidation of SiC
might be promoted by the diffusions of the Mg
in Spinel”.

2. 2 Influence of repair cycle

Generally in Japan, blast furnaces are equipped
with pooling type main troughs. Consequently,
the trough is always at a high temperature
while it is operated. But for inspection and hot
repair, molten iron and slag are drained from
the trough and the temperature of the trough
falls. The remaining part is affected by heat-
ing and cooling. Even if a castable used for the
same term, the influence of the heating-cooling
repetitions is large when the hot repair cycle is
short.

After use

Fig. 4 Distribution of Mg in spinel-containing castable analyzed by EPMA.
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Fig. b Influence of drain frequency on residual
amount of SiC in ML castable as a
function of pig iron throughput.
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Fig. 5 shows the influence of repair frequency
on the plot of the residual SiC versus the pig
iron throughput. Only data derived from cast-
able without spinel plotted on Fig. 5 because
there is no data derived from castable with
spinel in some repair cycle conditions. The
amount of SiC decreased easily when there was
a high repair frequency within a certain period.
In other words, the amount of SiC decreased
easily when there were a lot of heating-cooling
repetitions. On the contrary, the amount of SiC
did not decrease easily when there were few
heating-cooling repetitions, even if the castable
was used for a long term.

As a result, the SiC content was decreased by
the long use term and a lot of heating-cooling
repetitions. It is considered that deterioration
progresses with the decrease in SiC.

3. Experimental Results for Sample
Simulation of Castable Used in Actual

Furnace

3. 1 Examination of heating conditions

It is difficult to evaluate the mechanical
characteristics and corrosion resistance of the
used castable because it has a restriction in
shape. So we changed the characteristics of
the samples so that there were similar to the
used castable and we evaluated each charac-
teristic in the laboratory. As discussed in the
previous section, long heating time and many
heating-cooling repetitions changed the chemi-
cal composition of the castable. Table 1 shows
the chemical composition of the test specimens.
The casted specimens were taken out from the
molds and heated at 1500C for 200 hours or
heated at 1500 for 3 hours 15 times in a coke
breeze respectively, and the amount of SiC was
measured.

Fig. 6 shows the influence of spinel and heating
conditions on the residual amount of SiC in the
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Table 1 Chemical composition of the ML castable
samples for heating experiment

Material Spinel free Spinel containing
Al:Os 79 70
Chemical SiO; 2 2
composition | SiC 12 12
[mass%] C 3 3
MgO — 13
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Fig. 6 Influence of spinel and heating conditions
on residual amount of SiC in ML castable
samples.

sample. The SiC content decreased after heating
under the all conditions. But it did not depend
on presence of spinel after heating at 1500C for
200 hours. As this result was different from the
used castable, it was not suitable to simulate the
used castable under this heating condition. On
the other hand, the SiC content of the sample
with spinel decreased more easily than which of
spinel-free sample after heating at 1500C for 3
hours 15 times. This was the same tendency as
the used castable in actual trough and the resid-
ual amount of SiC was average value of a used
castable. So, it is considered that the changes in
chemical composition observed in used castable
was reproduced on these samples.

Influence of heating-cooling repetition on
the decrease in SiC content can be explained
as follow. The samples were heated in a CO
atmosphere in this research. So, SiO gas evapo-
rated from the SiC grains when a sample was
heated*®. When the partial pressure of SiO
decreased, SiC was oxidized in order to main-
tain the pressure equilibrium. So, the oxidation
rate of SIC was controlled by the removal rate
of SiO gas. The SiO gas inside specimen was
removed through pores by diffusion. When
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Fig. 7 Influence of spinel and heating conditions
on corrosion resistance of ML castable
samples.
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specimen was cooled to room temperature, SiO
gas could not exist and gas migration between
inside and outside specimen was accelerated by
volume change. For these reasons, the removal
of SIO gas inside specimen was accelerated.
Therefore, it is considered that the SiC content
readily decreased under the conditions of the
cooling-heating repetitions.

lida et al.”? and Kanatani et al.’ expounded
how spinel effect to the SiC oxidation in the
castable. Based on the conclusion, liquid phase
formation at matrix is promoted by Mg gas
from spinel and SiO gas dissolves into the lig-
uid phase. As a result, partial pressure of SiO
decreases. In these researches, the SiC content
of the spinel containing sample decrease more
quickly than which of spinelfree sample after
heated once. But in our research, the decrease
in the SiC content in the spinel containing
sample was equivalent to the spinel-free sample
after heating once. The reason of the different
of result is not been clarified yet.

Based on these result, we conclude that prop-
erty change occurred in use could be reproduced
by heating the sample at 1500C for three hours
fifteen times and evaluated mechanical charac-
teristics and corrosion resistance of specimen
heated under this condition.

3. 2 Changes in properties of ML castable

by heating repeatedly

The corrosion test on specimens which were
heated at 1500C for three hours fifteen times
or heated at 1500C for 200 hours was per-
formed with an induction furnace method. The
composition of samples is shown in table 1. The
testing temperature was 1600T, testing time
was 6 hours and blast furnace slag and pig iron
was used as a corrosion agent. As shown in
Fig. 7, neither the spinel containing sample nor
the spinel free sample showed any corrosion
increase. In other word, the decrease of amount
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Fig. 8 Influence of heating time on apparent
porosity of ML castable samples.
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of SiC and the increase of amount of SiO. did
not affect on corrosion resistance.

Generally, the increase of SiO; in mix compo-
sition promoted slag penetration and reaction
and lowered corrosion resistance. Kanatani et
al. evaluated corrosion resistance of metal line
samples after heating one time. As a result,
the corrosion resistance did not decrease but
improved even if SiC was oxidized and SiO; was
formed by heating. They suggested the possibil-
ity that the decrease in corrosion resistance
was suppressed because SiO. formed locally
when SiC oxidized in the carbon monoxide
atmosphere and densification induced by the
deposit of carbon accompanied by oxidation of
SiC improved corrosion resistance®.

For same reason, it is considered that the
corrosion resistance did not decrease by the
heating-cooling repetition. On the other hand,
densification did not progress and apparent
porosity increased by the heating-cooling
repetition as shown in Fig. 8. That caused no
improvement in corrosion resistance.

Fig. 9 shows changes in the permanent liner
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Fig. 9 Changes of permanent liner change of
ML castable samples as a function of
heating time.
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Fig. 10 Influence of heating time on modulus
of rupture of ML castable samples.
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change as a function of number of 1500TC
heating. Fig. 10 shows the influence of number
of heating on the modulus of rupture. The
permanent liner change of samples containing
and not containing spinel tends to increase with
the heating-cooling frequency. This tendency
was obvious in samples containing spinel. It is
considered that this expansion was caused by
the oxidation of SiC which was expansive reac-
tion and the reaction also caused the increase
of apparent porosity.

After the heating-cooling repetitions, the spinel
free sample kept initial modulus of rupture but
the modulus of rupture of the sample containing
spinel decreased to the half of initial strength.
This reason was not clear but increase of appar-
ent porosity seemed to cause strength decrease.
And it was also possible that the progress of
sintering with increase in SiO. made spalling
resistance lower, and embrittlement damage

occurred by heating-cooling repetitions.

4. Deterioration Properties and

Countermeasures

After the repeated heat of samples simulat-
ing castable used in actual troughs, the cor-
rosion resistance did not deteriorate, but the
modulus of rupture decreased and the apparent
porosity increased. This tendency was obvious
for samples containing spinel. Assuming that
changes in properties of the actual trough can
be reproduced by repeated heating test, it is
predicted that the modulus of rupture decreased
and the apparent porosity increased while the
corrosion resistance did not deteriorate in an
actual furnace.

As the result of analysis of used castable from
a blast furnace, deterioration rate was found to
depend on the kind of material, term of use, and
heating-cooling frequency. Since the castable
containing spinel deteriorated especially easily,
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applying spinelfree castable in places where
long term is expected to be effective. Generally,
repairing cycle of the blast furnace main trough
is determined by pig iron through put, but it
is also important to consider heating-cooling
frequency from the viewpoint of deterioration
of castable remaining for long term.

5. Conclusion

We investigated the change in the charac-
teristics of the castable by two methods. One
was analysis of castable which had been used in
blast furnaces, the other was analysis of samples
simulating castable used in actual furnaces by
firing in a laboratory kiln.

The deterioration was caused as a result of
oxidation of SiC by carbon monoxide, SiC con-
tent in castable decreased as the term of use
become longer and heating-cooling cycle become
more frequent. This tendency was significant
for castable with spinel. The test of repeated
heatings was an effective experimental method
obtaining almost same property as long term
use in an actual trough.

After the repeated heatings, the corrosion
resistance did not deteriorate, but the modulus
of rupture decreased and the apparent porosity
increased. This tendency was significant for
castable with spinel.
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