e | SHINAGAWA
TECHNICAL
REPORT

a—7 AP HELNAD

Silica Bricks for Coke Ovens

Bt W IE M fo E
Masakazu Iipa Koichiro Mor1
A o #H A4

Shigeo TaNIGUCHI

6o Ml ¥ 3k

<€ &)V IS5H -tk a4t

SHINAGAWA REFRACTORIES CO.,LTD.




Vol. 59 2016

I— 7 AWHEANAD

Silica Bricks for Coke Ovens

it W R I * ER F S O Ch
Masakazu I1pA Koichiro MoRr1 Shigeo TANIGUCHI
C: =]

a— 7 ZROER - WA OEANAHCSC, CSCD, CSCDD, X UFEE:ZfilsHEaA
HYHRS, CFS-98I22WCik~<7z, CSC, CSCD, CSCDDIFZNZN FA v HKEOKN, KD, KS
XIS T % b DTE L OERRIMHEH ST b, HRSIZEME L THHEFEEZMEHLA
MT, L DE#EDN DS, CFS-BITHIRDSITE A LBIERL 2 WNADT, SHEBLEAE
RTITCEGTH 5,

Abstract

Silica bricks, C.SC, C.SCD and C.SCDD for coke oven construction or renovation and HRS and
C.FS-98 for exchange repair are introduced. C.SC, C.SCD and C.SCDD correspond to the grades
normalized in German standard (DIN) as KN, KD and KS, respectively. They have been widely
applied to new coke oven constructions. HRS, with excellent thermal spalling resistance for hot
exchange repair, has many successful results. The effectiveness of the extremely small thermal
expansion from room temperature to high temperature of C.FS-98 will be validated in various
commercial applications in the future. In this paper, characteristics of these silica bricks are

Shinagawa Technical Report

described.
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1. Introduction

Silica bricks for construction/renovation and
hot repairs are described in this paper. As men-
tioned in a review article in this booklet, heat
for coal coking is transmitted from the combus-
tion chamber to the coking chamber though
the oven wall by thermal conduction, thus, high
thermal conductivity of the wall silica brick is
desirable in terms of heat efficiency. In addition,
in order to withstand the high coal-expansion
pressure during coking as well as the abrasion
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Fig.1 Thermal expansion behavior of minerals

consisting of SiO,".
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and peeling-off due to coal charging and coke
discharging, high rigidity is required of the
wall bricks. Therefore, we improved silica brick
performance by reducing porosity. Our newly
developed silica brick manufacturing technology
was transferred to Chinese producer “Sinosteel
Refractory Co., Ltd.” to manufacture high
quality silica bricks C.SC, C.SCD and C.SCDD.
These correspond to KN, KD and KS, which
have been normalized in the German standard
(DIN: Deutsches Institut fiir Normung), respec-
tively.

On the other hand, severely damaged coking
chambers require brick exchange repair.
However, the tight supply and demand for coke
situation, short repair time and high credibility
of repaired chambers are required. Regarding
this situation, we developed HRS (Hot Repair
Silica) for hot repair which allows a quick
heating up schedule due to its high thermal
shock resistance. Additionally, changes in its
mineralogical composition and physical proper-
ties, approaching that of traditional silica brick
during high temperature operation, assures
high quality of the repaired chambers. HRS has
shown successful results in many coke oven
repairs. In addition, we provide silica brick
C.FS-98 which has extremely low thermal
expansion. While only a few practical results
have been obtained for C.FS-98 at this moment,
suitable commercial application will be studied
in the near future.

2. Silica Bricks for Construction and

Renovation

Silica brick is manufactured by pressing a
mixture of natural quartzite and lime, which
functions as phase transformation accelerator,
followed by burning at approximately 1400C.
During the burning process, quartz trans-
forms to cristobalite and trydimite showing
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Fig.2 Changes in crystal species and volume as
a function of temperature’.
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a low thermal expansion coefficient at high
temperature as shown in Fig.1". This results in
unique silica brick thermal expansion behavior
in which the thermal expansion -coefficient
above 700C is small. Hence, it is suitable to coke
oven which operates for many decade without
cooling since little thermal stress initiation is
expected above 700C. Contrarily, silica brick is
easy to spall below 700C due to large thermal
expansion coefficient. As shown in Fig.2", since
considerable volume change occurs along with
the crystal phase transformation from quartz to
cristobalite or trydimite, compressive fracture
and/or flexure of chamber wall may occur if
residual quartz is included in the silica bricks.
Thus, burning has to be carefully controlled in
the silica brick manufacturing process so as to
complete the crystal phase transformation as
well as prevent cracking during cooling. Fur-
thermore, since coke oven construction requires
numerous kinds of shapes, individually suited
molding technology and careful manufacturing
process control technology are necessary.

We transferred the newly developed silica
brick manufacturing technology as well as
know-how for inspection, packing, delivery
control, etc, to the Chinese company Sinosteel
Refractory Co., Ltd. which owns many state-
of-the-art manufacturing facilities. A high
quality silica brick supplying system has been
established through this technology transfer

Table 1 Typical properties of silica bricks for

coke ovens

Brand C.SC | C.SCD |C.SCDD
Corresponding DIN KN KD KS
Apparent Porosity / % 21 19 17
Apparent Specific Gravity / - 2.32 2.32 2.32
Cold Crushing Strength / MPa 40 50 65
Chemical Composition / mass%

SiO, 94.5 95.5 95.3

Fe.0s 0.8 0.6 0.7
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Fig.3 External appearance of silica brick.
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Fig.4

Inspection of silica brick at Sinosteel
Refractory Co., Ltd.

and tight partnership.

Table 1 and Fig.3 show the typical properties
and external appearances of the silica bricks,
respectively. C.SC is a standard type brick cor-
responding to KN which is normalized accord-
ing to DIN. It is widely applicable to the coke
oven. Dense brick C.SCD, which corresponds to
KD normalized according to DIN, exhibits high
thermal conductivity and low porosity. It is our
main brand for the coking chamber wall. The
lowest porosity super dense brick C.SCDD cor-
responds to KS normalized according to DIN.

The quality of our silica bricks is strictly
controlled at Sinosteel Refractory Co., Ltd. as
indicated in Fig.4, thus, we can stably provide
silica bricks which fully satisfy the require-
ments of the industrial standards. Generally,
production of a huge number of bricks, which
is needed for coke oven construction, tends to
induce larger uneven deviation of geometrical
dimensions because of pressing mold abrasion.
Although positive deviation in brick dimension
requires brick cutting which increases the
work load, gaps caused by negatively deviated
brick can be adjusted by joint mortar. Hence,
accurate control of the brick dimensions which
deviate negatively is effective for construction
work efficiency. Sinosteel Refractory Co., Ltd.
thus responded to requirements such as those
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Fig.b Deviations in geometrical dimensions of
silica bricks manufactured at Sinosteel
Refractory Co., Ltd.
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Fig.6 Example of end-flue repair.

indicated in Fig.5.

In addition, careful packing in order to pre-
vent edge defects, which tends to occur in the
container, is possible. Close cooperation between
Sinosteel Refractory Co., Ltd. and us allows
intensive control of production and shipment
particularly for the construction site without
sufficient warehouse.

3. Silica Brick for Hot Exchange Repair

While temperature variation of coke ovens is
small since they operate continuously without
cooling, both ends of the coking chamber (end
flue) are cooled during the open-door pushing-
out process, resulting in brick deterioration.
Therefore, end flues are repaired by gunning
and/or ceramic welding from early stages of
coke oven operation. For severely damaged
walls, however, brick exchange repair is carried
out. In most cases, repair bricks are manually
installed by brick layers, thus, provision of
human tolerable temperatures is necessary. On
the other hand, whole chamber cooling seriously
damages the bricks in the central area. Thus,
careful thermal insulation is required for
both purposes, ie., conservation of low tem-

perature for masonry and high temperature
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Table 2 Typical properties of HRS

HRS
Chemical C " SiO; 96.5
em|oao omposition Ca0 15

/ mass %
Fe 03 0.5
Apparent Porosity / % 17.0
Bulk Density / g-cm® 1.85
Cold Crushing Strength / MPa 25.0

HRS

Ordinary
Silica Brick

Fig.7 External appearances of silica bricks
after rapid heating at 500°C.
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Table 3 Results of rapid heat experiment

HRS Ordinary Silica Brick
RT=200C O O
RT=300C O X
RT=400C O X
RT=5600C O X
RT=600C X X
100°C=600C O X

O : No crack was observed.
X . Cracks were observed.

for the remaining chamber wall. Fig.6 gives an
example of the thermal insulation system for
brick exchange repair from the end flue to the
6th flue. A thermal insulation wall was installed
in order to divide space into two sections; repair
area and untouched area, and thermal insulation
panels covered the adjacent chamber wall.

We provide two types of silica bricks for hot
exchanging repair. One is HRS which exhibits
excellent thermal shock resistance, which has
been achieved by reducing the thermal expan-
sion coefficient of regular silica brick. Table 2
and 3 summarize the typical properties and
results of thermal shock test for the silica
bricks, respectively. The thermal shock test was
performed by inserting of 340x120x100mm
samples into an electric furnace of which the in-
furnace temperature was controlled at certain
temperatures followed by inspection for crack
initiation. As is obvious in Fig.7, No cracks were
observed for HRS while ordinal silica brick
exhibited sever spalling. Ordinal silica brick
is sometimes broken during brick laying dur-
ing repairs. If no spalling occurs during brick
laying, a moderate heating up schedule, i.e. one
month, is required in order to prevent thermal
spalling. On the contrary, the shortest heating
up time for walls repaired by HRS, which is
never broken or cracked during brick laying, is
two days.

In addition, long term stability of walls
repaired by HRS is expected. The mineralogical
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Fig.8 Changes in tridymite fraction and cold
crushing strength of HRS in commercial
application as a function of operation
time.
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Table 4 Typical properties of C.FS-98

C.FS-98
Chemical C . SiO, 99
em|ca0 omposition O, 01
/ mass %
Fe:0s 0.1
Apparent Porosity / % 16
Bulk Density / g-cm® 1.86
Cold Crushing Strength / MPa 44
1419 C.SCD
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Fig.9 Thermal expansion curves of silica bricks.

composition and physical properties of the HRS
approach to those of silica brick for construc-
tion over long term oven operation as shown in
Fig.8, which indicates changes in the trydimite
fraction and compressive strength as a function
of time. This is evidence of the stableness of
walls repaired by HRS.

The other silica brick for hot exchange repair
is zero-thermal expansion brick. Table 4 shows
the typical properties of zero-thermal expan-
sion brick, CFS-98 and Fig9 summarizes
thermal expansion curves of C.SCD, HRS and
C.FS-98. C.FS-98 is manufactured by Sinosteel
Refractory Co., Ltd. Due to its expansion-free
property, no consideration for expansion absorp-
tion is necessary, resulting in easy brickwork
design. Suitable application of the C.FS-98 will
be examined and validated in commercially
operated coke ovens in the near future.
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4. Conclusion

We provide silica bricks for coke oven
construction/renovation and for hot exchange
repair. C.SC, C.SCD and C.SCDD are bricks
for construction/renovation which fully satisfy
industrial standards. For hot exchange repair,
our successfully applied HRS and zero expan-
sion C.FS-98 are available. These bricks are
manufactured though a strictly controlled
process. According to the unique high tempera-
ture properties of these bricks, suitable bricks
can be selected for different requirements.

1) Taikabutsu Techou 12nd Edition, Technical Association of Refractory Japan (2015) pp.128-131.





