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Abstract

Hot repairing silica bricks —HRS brand produced by Shinagawa Refractories Co., Ltd.— which
were used for 8 years in Japan were analyzed. In the coke chamber side of the used HRS bricks,
they showed a decrease in non-crystalline silica and an increase in cristobalite, although the
texture resembled that of unused HRS bricks. In the flue chamber side of the used HRS bricks,
the amount of non-crystalline silica was reduced further than that in the coke chamber side and
the amount of tridymite increased more than that in the coke chamber side, although the amount
of cristobalite was almost the same as that in the coke chamber side. Further, the texture was
in a state where coarse grains were micronized and changed to the binding of fine grains. Little
occurrence of surface damage on the coke chamber side, the little penetration of external chemical
compositions into the bricks, increase in strength and a tendency for the thermal expansion ratio
to increase were shown in the present studies. Even then, the 8 years used bricks were supposed
to be successively enabled.
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1. Introduction

When silica bricks have been used for a long
time such as the 44 year used bricks shown
in an other report, the technique for repairing
becomes more important during the service.
In the early and middle service life damage of
the coke oven wall, hot or flame gunning are
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effective for repairing the damage. However,
in the later service life, hot exchange repair is
required”, because it has advantages for both
small-scale repairing in the oven front and large-
scale repairing over the entire oven length?®.
HRS brand silica bricks, which were developed
for hot repairing by Shinagawa Refractories
Co., Ltd., have almost the same SiO. content as
conventional silica bricks. In addition, they have
excellent thermal spalling resistance during the
rapid heating of R.T. up to 500C and first-class
volume stability at elevated temperatures"”.
Further, the texture of the HRS bricks was
found to be similar to that of conventional silica
brick. The tridymite growth of the 15 month
used HRS bricks was almost the same as that
of the 8 month used conventional brick and dete-
rioration of the HRS brick microstructure did
not occur during a 15 month operating period®.
However, the influence of secular change after
15 months has not been studied thoroughly and
systematically. This time, we had a good chance
to investigate HRS brand hot repairing silica
bricks which have been used for about 3, 6.4
and 8 years. The core of this report is about the
secular changes of used bricks’ features.

2. Sampling and Cut Surface

The used HRS bricks were sampled near the
coke side in the coke chamber.

The cut surface photographs are shown in
Fig.1. The missing part on the top side of a
brick did not fall off during operating time, but
during cooling for dismantling the chamber
wall. No bricks had damage on the flue chamber
side and had little damage on the coke chamber
side, although the bricks almost kept their origi-
nal shape. The difference in damage among the
bricks caused by secular changes was small.
The remaining parts containing tongue and
groove parts other than the damage parts
maintained their structures.

The unused HRS brick had transparent
coarse grains. However, when checking the
whole cut surfaces of the 3, 6.4 and 8 year used
bricks, white coarse grains were found to be
fairly uniformly dispersed in them. The differ-
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Fig.1 Cut surface of 3, 6.4 and 8 year used hot
repairing bricks and an unused hot repairing
brick.

3. MRt

Fig 2\ bR O RAEZ L 2 7R 348,
AFITHB DR IT/ NS VWDS, 8IETIZZ DA
MR > TV h, ZOEMFHEIZLIHNT
Whe LA L, 29 LB OREZIE, F
HTRLEANADNSCDD4ED X5 — )LV T
Rze OBELMIZ I, NRZETH
%o BB OIWKZAL (Fig6) # & 1C L7z L
X, SRl §FERETIX, NADWEIZELE K
ZFTIEEDHRGDRANTI o728 EZBND,

Fig.31C — Wk O EZ L 2R T R1ED
MIEOEANADSCDORE R ZIZH_IE, £4E
RTOREHNZEIT NSV BEZILOTIX, 34F
B, 6AFRF L RMHHRSILA DSIZHEBISSLIL O
FHHASILE TR, Thbb, B Mk
M7 0, S4ERFIZMICBRIL, BHSAILAT 3 E

Shinagawa Technical Report

ence between the used and the unused bricks
occurred through the phase transition of silica.
The transparent coarse grains disappeared
after 3 years or more. Further, the color tone on
the cut surface of the 3 year used sample had
almost a single tone, the 6.4 year used sample
had a little variation in its tone and the 8 year
used sample had three tones on the coke cham-
ber side, the center part and the flue chamber
side. Accordingly, the samples were divided into
three section areas between the coke chamber
side and the flue chamber side to investigate
the features of the samples.

3. Change of Properties

The secular changes of minor chemical com-
positions are shown in Fig.2. The difference in
chemical compositions among the three layers
was small for the 3 and 6.4 year used samples
and slightly large for the 8 year used sample.
Their differences seemed to be related to the
tones. The secular changes of the chemical com-
positions in the samples were small compared
with those of the SCD bricks used on a long
term time scale of 44 years. In reference to the
changes in mineral phases described later (in
Fig.0), the secular changes of the minor chemi-
cal compositions were considered to be small
because the external compositions, which were
enough to produce a change, were not able to
penetrate into the 8 year used brick samples in
this study.

The secular changes of apparent porosity
(AP), bulk specific gravity (BSG) and appar-
ent specific gravity (ASG) are shown in Fig.3.
Each difference among the layers per year was
smaller than that of the silica brick —SCD-
shown in the other report. The 3 year used
and the 6.4 year used samples had open and
closed pore volumes slightly less than that of
the unused HRS brick. That is to say, their
textures showed a dense tendency. Conversely,
the 8 year used sample had open and closed
pore volumes slightly more than that of the 3
year used and the 6.4 year used samples. That
IS to say, the texture showed a porous tendency.
It was impossible to derive general properties
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Fig.3 Changes in apparent porosity, bulk

specific gravity and apparent specific
gravity.

from the secular changes of AP, BSG and ASG,
although it was similar to the SCD bricks in
the other report. However, the used HRS bricks
seemed to have a dense texture and then a
porous texture in a short span of 8 years. We
would like to wait for the results for the secular
changes of AP, BSG and ASG after this.

The secular change of the compressive
strength is shown in Fig.4. The compressive
strength of the used HRS bricks per year was
higher than that of the unused HRS brick. In
addition, it showed a peak in the 3rd year and
was on a declining trend with the passage of
6.4 years, 8 years. This secular change might
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Fig.4 Changes in cold compressive strength.

Table 1 Thermal expansion ratio /% of HRS
samples at 1000°C

3 year used | 8 year used | Unused
Coke chamber side 1.20 1.22
Center part 1.18 1.21 1.05
Flue chamber side 1.18 1.26
1.4

8 year used HRS in
the flue chamber side —_
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Fig.b Thermal expansion behavior of 8 year
used HRS, unused HRS and unused
SCD.
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be related to the dense and porous textures
discussed above. Further, the difference in the
compressive strength among the layers was
larger than that in the other report and also,
the compressive strength on the flue chamber
side was higher than that on the coke chamber
side. However, the AP, BSG and ASG shown in
Fig.3 were not able to explain why the compres-
sive strength on the flue chamber side became
the highest among the layers. The reason is
related to the microstructure described in next
section. It was considered that the binding of
grains with each other on the flue chamber
side progressed more than that on the coke
chamber side.

The secular change of the thermal expansion
ratio is shown in Table 1. The thermal expan-
sion ratio of the used HRS brick at 1000C was
higher than that of unused HRS bricks. As an
example, the thermal expansion behavior of
the 8 year used HRS brick is shown in Fig.5.
The thermal expansion ratio was higher than
that of the conventional silica brick. That result
is considered to have been influenced by the
microstructure change, especially crystal tran-
sition.

4. Change in Microstructure

The secular change in the amount of mineral
phase is shown in Fig.6. When the secular
change of the mineral phase arose, the crystal
phases were only cristobalite and tridymite.
The amount of the cristobalite showed a peak
height in the 3rd year which was almost the
same height in the 6.4th year and 8th year. In
addition, the difference among layers was small.
On the other hand, the amount of the tridymite
on the coke chamber side was almost same as
that of the unused HRS bricks, but showed on
inclination towards increasing with time on the
flue chamber side and the center part. Further,
the reason why thermal expansion ratio of
the used HRS bricks increased with time, as
described in previous section, was that the
decrease in the amount of non-crystalline silica
and the increase in the amount of tridymite
and cristobalite occurred in the unused HRS
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brick. Another reason was that the cristobalite,
with a higher thermal expansion ratio than that
of tridymite, increased”. Thus, the magnitude
relation in Table 1 can mostly be explained.

Reflective electron images of the 3 year used
HRS brick are shown in Fig.7. Coarse grains
were confirmed in every layer of the coke cham-
ber side, the center part and the flue chamber
side. However, every layer had a different micro-
structure. Coarse grains on the coke chamber
side almost had a clear shape, but a part of each
peripheral edge region was bound to fine grains
in the matrix. The microstructure of the center
part was almost similar to that of the coke cham-
ber side. However, the center part was different
from the coke chamber side in that the coarse
grains in the center part collapsed the shape in
each peripheral edge region and the binding of
the fine grains progressed into the matrix. The
coarse grains, which underwent partial collapse
on the flue chamber side, integrated with the
matrix through as binding progressed. In other
words, when the coarse grains, which were
formed from cristobalite, were converted into
tridymite, they were micronized and changed
to the binding of fine grains with each other.
As described in the previous section, the dif-
ference in the compressive strength among
layers seemed to occur through the changes
in microstructure. Namely, the microstructure
in the coke chamber side was similar to that
of unused bricks and that in the flue side was
very different from unused bricks.

Next, pores and low-melting point glass
compositions were checked. The pores which
showed irregular and rounded shapes had a
larger number of open states in the coke cham-
ber side and a larger number of closed states
in the coke to flue chamber side. Low-melting
point glass compositions seemed to form in the
matrix part in the 3rd year.

There were no large difference in microstruc-
ture between the 6.4th year and the 8th year.
However, there were large differences among
the layers each year. On the coke chamber side,
it was confirmed that coarse grains were less
converted into tridymite phase and there were
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Fig.7 Reflective electron images of 3 year used HRS brick.
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many tridymite fine crystals in the matrix
parts. In the center part, coarse grains were
micronized in the each peripheral edge region
and were converted into tridymite phase. On
the flue chamber side, the inside area in the
coarse grains was well on the way to tridymite
phase, too. However, the shape of the coarse
grains was maintained in every layer.

It was reported that the texture of the 15
month used HRS bricks was close to that of
conventional silica bricks”. The texture on the
coke chamber side of every used sample was also
similar to that of the conventional silica bricks,
as shown in Figs.1 and 7. The texture on the
flue chamber side was in a state where coarse
grains were being micronized and changed
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to the binding of fine grains with each other,
as shown in Fig.7. In the end, that seemed to
be developing into the texture of conventional
bricks used for a long time.

b, Summary

Hot repairing silica bricks —HRS brand
produced by Shinagawa Refractories Co., Ltd.—
which were used for 3, 6.4 and 8 years were
studied. The following points were clarified.

(1) Checking the macroscopic appearance of
the cut surface, little damage of the samples
on the coke chamber side was found and
almost did not develop. Considering the
results below, continued use may be pos-
sible in an actual furnace.

Coarse grains of unused HRS bricks which
were formed from non-crystalline silica
were converted to cristobalite phase by
the secular change. However, the texture
in macroscopic aspects of the texture did
not change.

The secular changes of minor chemical
compositions were small and not enough
external compositions to produce a change
penetrated into the bricks during the short
8 year term.

The texture of the used HRS bricks
became dense and porous in the short span
of 8 years. It was impossible to derive the
general properties.

The compressive strength of the used
bricks had a tendency to be higher than
that of the unused HRS bricks. The
used bricks had difference of compres-
sive strengths among the layers showing
higher compressive strengths on the flue
chamber side and lower strengths on the
coke chamber side. There is a possibility
that the secular change of the compressive
strength depended on not only denseness
but also the bonding property of the tex-
ture.

The thermal expansion ratio of the 8 year
used HRS bricks was a little higher than
that of the unused HRS bricks and unused
conventional silica bricks, because of the

(2)

3)

4)

)

(6)
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influence of crystalline transition.

The secular changes of amount of mineral
phase were different according to type of
mineral phase. The amount of cristobalite
with no difference among layers was larger
at an early stage than that of unused HRS
bricks and had almost a constant value
after that. The amount of tridymite on the
coke chamber side was almost the same as
that of the unused HRS bricks and that on
the flue chamber side had a tendency to
increase with time.

The texture on the coke chamber side of
the used HRS bricks was close to that of
unused HRS bricks. The coarse grains
on the flue chamber side were almost
confirmed, although the texture was in a
state where the coarse grains were being
micronized, changed to a binding of fine
grains with each other and were being
integrated with the matrix. Microstructure
of the flue chamber side seemed to get
closer to that of conventional silica bricks
during use.
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