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Abstract

Many kinds of precast blocks have been applied as coke oven refractories, according to the

individually varying requirements. Corresponding to the requirements, we produce various kinds

of castable materials optimizing in chemical composition, grain size, and binding system to achieve

the desirable properties for each application. In this report, the characteristics of those castables

and their applications are introduced.
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1. Introduction

Since coke ovens operate more than 40 years
without stoppage, most of the refractories in
such ovens should have a long service life. On
the other hand, the refractories installed on the
outer side of coke ovens are replaced frequently
due to deterioration induced by temperature
change and/or weathering. The frequency of
replacement is every five years to ten years,
which is much longer than for the refractories
used in the steel making process which are
exposed to molten steel and/or slag.

Precast blocks are useful for these applica-
tions since many of the refractories are made

in @ bigger sizes, @ complex shapes, and
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Table 1 Properties of precast blocks
—Brand name CST-N48 CST-N418 | CST-N417 | CST-N413 | CST-N415
Properties
Chemical SiO: 40 43 60 60 82
composition / mass% ALOs 49 47 31 34 16
MgO 6 6 3 3
Permanent linear 110:C—Z4h -0.01 -0.04 -0.05 -0.03 -0.03
change / % 10000(3— 3h -0.03 -0.06 -0.17 -0.08 -0.14
1200°C- 3h +0.02 -0.08 -0.02 -0.07 -0.17
Modulus of 110:C—Z4h 11.8 11.0 13.9 8.8 9.0
rupture / MPa 100000— 3h 10.2 9.6 9.6 9.0 10.0
1200°C- 3h 12.1 8.3 10.4 9.9 12.1
Cold crushing strength 110:C—Z4|’1 42.5 57.9 81.5 39.0 42.8
/ MPa 100000— 3h 60.3 61.0 63.2 51.0 60.7
1200°C- 3h 67.1 50.8 94.3 55.0 58.8
110°C-24h 14.3 18.8 12.1 17.9 12.0
Apparent Porosity / % | 1000°C- 3h 18.5 25.5 17.9 221 15.0
1200°C- 3h 22.5 26.7 18.9 22.6 15.2

Table 2 Performance list of precast block for

coke ovens
Application sites Suitable materials
Gus conduit base block CST-N48 CST-N413
Paving block CST-N48
Flue hole frame block CST-N48
Charging hole frame block CST-N413 CST-N415
Charging hole lid block CST-N48
Door block CST-N48
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(3 smaller numbers for each shape. Generally,
low thermal expansion castables are selected
considering the conditions such as; (1) lower
operating temperature, and (2) long term opera-
tion with moderate thermal shock. However,
the desirable characteristics vary according to
the conditions of the individual application site,
L.e., temperature, geometrical dimension, instal-
lation method, and so on. Furthermore, lower
thermal conductivity is often required from the
environmental point of view.

We produce many kinds of precast blocks to
satisfy the qualities demanded by our custom-
ers. In this report, the features and applications
of castable refractories for coke oven blocks are

described.
2. CST-N48; Generic Material

Table 1 shows the typical properties of our
products. CST-N48 is a high density high
strength castable with good spalling resistance.
These favorable properties are attributable

to volume stability which was achieved by
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Fig. 1 Bulk density of precast blocks.
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Fig. 2 Thermal conductivity of precast blocks.

adjusting grain size distribution. As shown in
Table 2, which summarizes the results of some
actually applied examples of the castables, CST-
N48 can be used for almost all types of block.
Therefore, it has been long time seller since its

development.

3. CST-N418; Light Weight, Low Thermal
Conductivity

By optimizing the grain size and small
quantity additives, high strength porous mate-
rial CST-N418 was developed. In comparison
with CST-N48, approximately 5% reduction in
density and approximately 10% reduction in
thermal conductivity has been achieved as can
be seen in Figs. 1 and 2, respectively. In gen-
eral, a decrease in thermal conductivity causes
deterioration in thermal spalling resistance.
Hence, a thermal spalling test was conducted
on CST-N418 and CST-N48 in order to compare
spalling resistance.

The thermal spalling test was carried out on
standard shape (rectangular 230x135X65mm)

specimens by air cooling method. 50mm of one
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Fig. 3 Cut surfaces of specimen after air-cooling
spalling test.
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Charging hole lid

Charging hole frame block

Fig. 4 Schematic illustration of charging hole.

end in the longitudinal direction was inserted
into an electric furnace, in which the tempera-
ture was held at 1200C for 45 minutes followed
by 15 minutes natural cooling. The heating-
cooling cycle was repeated 8 times followed
by cross sectional inspection. Fig. 3 shows
the cross sections of each specimen after the
thermal spalling test. The test results, in which
no crack initiation was observed in either speci-
men, show good thermal spalling resistance.
Thus, CST-N418 is considered to be applicable
as an alternative for CST-N48.

4. CST-N417, with High Strength

Optimization of the binder system created
high strength castable CST-N417, which is suit-
able for the coal charging hole frame block. As
illustrated in Fig. 4, the charging hole frame
tends to be scratched by the charging hole lid.
Since the abrasion caused by the scratching
limits the durability of the charging hole frame,
the life of the charging hole frame is expected
to be prolonged by using CST-N417.
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Fig. 5 Schematic illustration of burner spalling
test.
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H. CST-N413 and CST-N415, with Excellent

Thermal Shock Resistance

CST-N413 and CST-N415 are castables which
are specialized for thermal shock resistance.
The target qualities are achieved by selecting
a more suitable raw material combination. In
order to evaluate the thermal shock resistance
of these materials, an intensified thermal shock
test was carried out. Fig. 5 shows the method.
The inner hole of the rectangular specimen was
quickly heated by burner frame for 20minutes
followed by crack length measurement on the
top and side surfaces. As can be seen in Fig. 6,
which summarizes the results, the crack length
of CST-N413 was shorter than that of CST-N48
and no crack was observed on CST-N415. Hence,
it is concluded that CST-N413 and CST-N415
are suitable for the gas conduit base block and
charging hole frame block since the inner hole
of those parts are quickly heated by radiation

and convection from the coking chamber.

Sample CST-N48 CST-N413
Top 7 7
surface
Cracking ,@ O
appearance o Side
Crack surface
Crack length Top surface Side surface Top surface Side surface
/mm 30 46 15 46
Sample CST-N415 Photograph of specimen top
surface after test (CST-N413)
Cracking O
appearance
Crack length Top surface Side Surface CHER
/mm 0 0 Outside  Crack Inside

Fig. 6 Results of burner spalling test.
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6. Summary

We manufacture the following coke oven block
castables: CST-N48 for general use, CST-N418
with low thermal conductivity, CST-N417 with
high strength, and CST-N413, CST-N415 with
excellent thermal shock resistance. By applica-
tion of these castable, it is possible to satisfy the

varied demands for coke oven castable block.





