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Abstract

The dense silica bricks —SCD brand produced by Shinagawa Refractories Co., Ltd.— which had

been used in Japan were analyzed. The bricks used for 24 years still had the original cristobalite
coarse grains in the coke chamber side of the bricks. However, the coarse grains completely
disappeared from the entire bricks in the bricks used for 44 years and seemed to change to fine
grains bound with each other. The entire body of the used bricks was converted to tridymite
phase. The tridymite crystals had grown with secular changes. However, there was a variety of
differences in crystal size among three parts, that is, the coke chamber side, the center part and
the flue chamber side of the used brick. In addition, features of the used bricks were investigated

from the chemical composition, the apparent porosity, compressive strength and so on.
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1. Introduction

At the time when the first Shinagawa Techni-
cal Report was published in 1954, the expecta-
tion for the coke oven life was 15 to 20 years
in Japan'. A half century later, an average life
of 31 years was reported”, and now, more than
a decade after that, the present life is 40 years
or more”™®. Those coke ovens were built in the
1970s and have been used ever since.

Changes in bricks caused by long-term use
have been reported”. However, there are few
cases where bricks used 40 years or more were
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studied®. This time, we had a good chance to
investige dense silica bricks —SCD brand—
which have been used for about 44 years. The
core of this report is the secular changes of
used bricks.

2. Sampling and Cut Surface

The brick samples were obtained from areas
in a coke chamber wall of a 44 year old coke
oven 6.0m in height and 15.4m in length. The
coke side (hereafter, called as C/S) bricks were
sampled at about 1.4m from the coke side and
about 0.8m from the bottom. The pusher side
(hereafter, called as P/S) bricks were sampled
at about bm from the pusher side and about
1.7m from the bottom. Data for the 24 years
used SCD bricks, which were analyzed a long
time ago, were referred to when studying the
secular changes of used bricks. The 24 year
used bricks were sampled at 0.8 to 2m from P/S
and 0.6 to 2m from the bottom.

As shown in Fig.1, there are damages at the
coke chamber side of the 44 year used C/S
and P/S samples, but not at the flue chamber
side. Cracks which were observed at the flue
chamber side of the C/S sample were regarded
as having been generated during cooling for dis-
mantling the chamber wall. On the other hand,
there was almost no damage on both sides for
the 24 year used samples. Nishinaka” reported
that the coke oven damage started from the
10th year on and progressed gradually until the
25th year on and then quickly after that. The
present results were close to that report.

It was indicated” ' that the loss of tongue
and groove constraint for bricks increased the
chance of damaged holes in the oven wall. Such
chance may apply to the 44 year used C/S
sample in Fig.1. Therefore, the present results
had consistency with the report”''® that the
C/S sample was damaged more easily than the
P/S.

When checking the whole cut surface of the
24 year used sample, coarse grains which were
within about 15mm from the flue chamber side
surface in the 24 year used P/S sample seemed
to be micronized and changed into the binding
of fine grains in the each peripheral edge region.
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Fig.1 Cut surface of used bricks and an unused
brick.
P/S and C/S respectively show Pusher and
Coke sides.
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However, in the region of the 15mm position to
the coke chamber side surface, the coarse grains
were similar to those of unused bricks. In the
44 year used C/S and P/S samples, the coarse
grains disappeared and an uniform texture was
formed. In addition, it was expected that the
properties and microstructures of the samples
changed in accordance with the color tone
on the cut surface. Accordingly, the samples
were divided into three section areas where
the changes of properties and microstructures
were investigated.

3. The Change of Properties

The change in chemical composition was
investigated. Small loss on ignition (LOI) of the
44 year used samples explained that almost no
carbon had entered into the bricks. In other
words, if the carbon deposition on the oven
wall occurs during operation, that results from
physical factors such as the rough face on the
coke chamber side for the present samples™.
Further, the SiO. content of 93-95% was close
to that of unused bricks and other minor com-
ponents are shown in Fig.2.

The AlO; content in the 24 year used sample
was equal to that of the unused brick and that
of the 44 year used sample increased. The
Fe,O; content gradually increased with the
passage of the 24 and 44 years and became
especially higher on the coke chamber side. The
CaO content was slightly more than that of the
unused brick. In a past analysis of the 24 year
used bricks', it was reported that Fe,O; had a
tendency to be stored in the bricks. Further, it
was reported that high CaO and Al:O; content
phases were confirmed by the analysis of 28
year used bricks'”. Minor component changes
in bricks may occur due to the effect of the type
of raw material coals and operation conditions.
Accordingly, the difference in the changes was
caused by the different of coke ovens. That is
also applicable to changes of other properties
and microstructures in bricks.

The changes of apparent porosity (AP), bulk
specific gravity (BSG) and apparent specific
gravity (ASG) are shown in Fig.3. The 24 year
used P/S sample had a decrease of open pore
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Fig.2 Change in chemical composition.
P/S (O,A,[]) and C/S(@, A, M) respectively
show Pusher and Coke sides.
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Fig.3 Changes in apparent porosity, bulk specific
gravity and apparent specific gravity
P/S (O,A,[]) and C/S(@, A, M)respectively
show Pusher and Coke sides.

volume and an increase of closed pore volume
on the coke chamber side and had an increase
of both the open and closed pore volumes on
the flue chamber side. On the whole, the sample
seemed to have a porous tendency. The 44 year
used P/S sample had a decrease of closed pore
volume and an increase of open pore volume on
the coke chamber side and a decrease of open
pore volume and an increase of closed pore
volume on the flue chamber side. The tendency
was almost opposite to that of the 24 year used
P/S sample. As a result, the AP, BSG and ASG
of the 44 year used P/S sample went back to
those of unused bricks. The 44 year used C/S
sample had a decrease of closed and open pore
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volume on both sides. The pore volume on the
flue chamber side was less than that on the
coke chamber side. Therefore, the texture on
the coke chamber side was denser than that
on the flue chamber side. On the whole, the 44
year used C/S sample seemed to have a dense
tendency.

There were studies about the secular change
of pore volume. It was reported'’ that the pore
volume of the P/S samples was first decreased
by the invasion of external chemical composi-
tions, then, after about the 10th year of opera-
tion started to increase, but remained nearly
constant after 20th years on. It was reported®
that the pore volume of the C/S samples had a
slight upward trend on the flue chamber side,
although the secular change of apparent poros-
ity was small. Further, it was reported'® half a
century ago that the porous texture gradually
increased from the coke chamber side toward
the flue chamber side, although the closed pore
volume was higher in the center part of the
brick. They suggested that used bricks became
porous with the secular change. However, the
present results did not always show that used
bricks had a tendency of porous texture.

The change in the compressive strength
is shown in Fig.4. The compressive strength
showed an upward tendency with the secular
change. Moreover, that of the 44 year used
samples was higher in the coke chamber side
than in the flue chamber side. However, thouse
results cannot be explained from the pore
volume considered in Fig.3 only. For example,
the compressive strength of the 24 year used
sample was higher on the flue chamber side
than on the coke chamber side, even though the
texture on the flue chamber side was relatively
porous. Such characteristics are in good agree-
ment with the report by Hosohara et al®. They
explained that network-like tridymite phases
spread and increased the strength®. Further,
Yamaguchi explained that the decrease in the
hot strength was able to be suppressed, because
low-melting point glass compositions and pores
which caused drop in strength were surrounded
by tridymite crystals'®'. That is to say, it
was supposed that the changes in silica bricks
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microstructures were related to strength.
The microstructure changes were studied
while considering the property changes above,

4. Change in Microstructure

Unused bricks have coarse grains which are
composed of many cristobalite fine crystals (as
shown in Fig.1). Those mineral phases consist
of about 75% tridymite, about 12% cristobalite
and others.

As shown in Fig.b, for the both of the 24 year
and the 44 year used samples, the tridymite
crystal size was small on the coke chamber side
and increased from the center part toward the
flue chamber side.

On the coke chamber side of the 24 year
used sample, cristobalite coarse grains were
micronized and converted into tridymite in the
peripheral edge region of each grain. However,

| P/S sample used for 24 years

| P/S sample used for 44 years | |

C/S sample used for 44 years |
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Fig.b Microstructure of used bricks by polarized microscope in crossed Nicol state.
P/S and C/S respectively show Pusher and Coke sides.
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the crystal growth in the tridymite phase was
not confirmable. On the other hand, all coarse
grains on the flue chamber side were micron-
ized and completely converted into tridymite.
The crystal growth in the tridymite phase was
confirmed. In addition, on the coke chamber
side, tridymite as a principal mineral, cristobalite
as an accessory mineral, and quarz as a trace
minerals were identified by X-ray diffraction.
However, on the flue chamber side, almost all
minerals were tridymite. Other crystals were
not identified.

For all of the 44 year used samples, it was
confirmed by X-ray diffraction that almost all
Si0; minerals were converted into tridymite
and did not show other crystal phase. Further,
as shown in Fig.5, coarse grains in the whole
brick disappeared because of being completely
micronized. The microstructure of samples was
converted into tridymite phase and seemed to
be formed by fine grains bound with each other.
Moreover, the crystal size which became large
from the coke chamber side toward the flue
chamber side was larger than that of the 24
year used samples. The microstructure of the
44 year used samples was completely different
from not only that of the unused bricks but also
that of the 24 year used bricks.

In detail, for the 44 year used P/S sample,
the tridymite size in the center part was little
different from that on the flue chamber side,
although it was large. The crystals slightly
grew on the coke chamber side. The difference
in tridymite crystal growth was small in this
sample. On the other hand, tridymite still did
not grow in the coke chamber side of the 44
year used C/S sample, although the crystal
size became large from the coke chamber side
toward the flue chamber side. The difference
in tridymite crystal growth was large in this
sample.

The thermal expansion behavior of the 44
year used C/S sample is shown in Fig.6. The
generated tridymite made the thermal expan-
sion ratio of the sample lower than that of the
unused bricks. Further, that in the flue chamber
side was lower than that in the coke chamber
side. The crystal size is considered to have
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Fig.6 Thermal expansion behavior of the 44
years used brick.
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affected the thermal expansion ratio.

As described above, we found that almost all
the 44 year used samples were converted into
tridymite of which the state differed with each
sample. However, many previous reports®-'V: 117
showed that the samples were converted into
tridymite on the flue chamber side and left cris-
tobalite on the coke chamber side. The present
report may be an asset.

The reflective electron images of the 44 year
used samples are shown in Fig.7. Every sample
had a low-melting point glass composition and
pores which had irregular and rounded shapes.
There seemed to be a lot of low-melting point
glass compositions which were Si-Ca-Al-Fe-O
based on the coke chamber side and the center
part and to be not much on the flue chamber
side. There was a report' that the low-melting
point glass compositions moved and got together
from the high to low temperature region. The
report was not based on Fig.2, but it became
evident that not as many low-melting point glass
compositions were confirmed in close proximity
to the flue chamber side surface and seemed
to leave traces along lines drawn from the flue
chamber side surface to the coke chamber side
surface.

Taking a closer look at the vicinity of the coke
chamber side, granular metal iron like materi-
als with diameters of 1 micron or less were
confirmed, as shown in the expansion view in
Fig.7. Metal iron may penetrate into silica bricks
in such a form. Moreover, low-melting point
glass compositions with high brightness, which
contained a large quantity of FeO component,
were found out in expansion view of the center
part. It was supposed that granular metal irons
formed low-melting point glass compositions by
reacting with other components with advancing
into the inner of bricks.

The present results coincide with the indica-
tion that the microstructure of the long used
bricks was completely converted to tridymite
crystals which surrounded the low-melting
point glass compositions and pores.

5. Summary

The changesin properties and microstructures
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Fig.7 Reflective electron images of the 44 year used brick.
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of —SCD brand— 44 year used dense silica

bricks produced in Shinagawa Refractories Co.,

Ltd., were studied by comparison with unused

bricks and 24 year used bricks. The following

points were clarified.

(1) The ALO:; content of the minor components
in the bricks increased by way of secular
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changes and the Fe,O; content increased
with those secular changes.

The P/S samples became porous and went
back to the porous level of unused bricks
after 44 years. The C/S samples seemed to
have a dense tendency after 44 years.

The compressive strength increased with
the secular changes, although the pore vol-
ume was always unrelated to the increase
in the compressive strength.

The 24 year used samples still had coarse
grains with cristobalite phase on the coke
chamber side. However, the coarse grains
disappeared in all parts of the 44 year used
P/S and C/S samples in spite of being one
coke chamber side or flue chamber side,
and seemed to be micronized, turning into
a binding of fine grains.

Almost all minerals in the 44 year used
samples were converted into tridymite
crystals which were already larger than
those in the 24 year used samples. How-
ever, the difference in the crystal sizes was
large in the C/S samples and small in the
P/S samples.

Low-melting point glass compositions and
round and irregular pores which were sur-
rounded by tridymite were confirmed.

It is supposed that granular metal irons
with diameters of 1 micron or less formed
the low-melting point glass compositions by
reacting with other components when they
advanced into the depths of the brick.
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