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Abstract

This report describes the properties of a glaze coated block for the coke oven door which had

been used for over 12 years. The smooth surface of the block, which is maintained over a long time

application, demonstrates the satisfactory performance of our glaze coating technology. Though

some cracks were found on the inside of the block, a rigid structure was maintained. That reveals

the stableness of our product. A highly stable structure is also expected for our unburned block

without glaze coating.
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1. Introduction

Both sides of the coking chambers of coke
oven batteries are shut with doors on which sev-
eral numbers of refractory blocks are installed.
Hereafter, the refractory block for coke oven
doors is referred to as door block. The door
blocks are used for 5 years or more followed
by replacement with new ones. The working
life is determined by the state of cracks that
propagate gradually. Recently, we obtained and
investigated a door block that had been used
for over 12 years. In this report, an outline of
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Schematic illustration of coke oven.

coke oven door is given and the characteristics
of the door block after long term application are
described.

2. Coke Oven and Coke Oven Door

Coke is an important reducing agent in the
blast furnace iron making process as well as for
the non ferrous metal smelting process. In addi-
tion, coke is used as a high calorific smokeless
fuel for various applications.

Coke is produced by coking coal. Coking,
in other words, carbonization, is a process for
removing the volatile matter in coal by heating
in an airless atmosphere at temperature ranges
between 1000C and 1200 for 20 to 24 hours.
In order to remove volatile matter efficiently, it is
necessary to decrease temperature fluctuation
in the coal packed bed during carbonization.
Hence, a chamber type oven is widely applied.

As schematically illustrated in Fig. 1, coke
ovens are equipped with 50 to 100 coking cham-
bers. Coal is coked in a coking chamber of which
both sides are shut with doors on which several
number of door blocks are installed as shown
in Fig. 2. Subsequent to coking completion, the
doors are removed so as to discharge coke from
one side to the other. Accordingly, it is clear that
door blocks suffer one thermal shock cycle from
ordinary temperature to approximately 1000C
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Fig. 2 Schematic illustration of coke oven
chamber and doors.
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Fig. 3 Configuration of the coke oven door
blocks.

per day. Therefore, it is natural to assume that
crack initiation and propagation is induced by
thermal shock. Thus, low thermal expansion
castables are applied to the blocks.

As described above, one coke oven battery
has nearly 200 doors since the number of doors
is twice the number of chambers. Assuming
that the service life of a door block is 5 years,
40 doors should be replaced with a heavy work
load every year. Hence, extending service life of
door blocks is necessary.

3. Coal Tar Adhesion to Side Surface of
Door Block

Volatile matter that evaporates from coal dur-
ing coking is called coke oven gas which consists
of thousands of kinds of hydrocarbon molecules.
If coke oven gas is cooled, heavy molecules are
condensed into liquid coal tar followed by solidi-
fication. In order to collect coke oven gas at the
roof of the chamber, vertical gas flow channels
are installed to door blocks as shown in Fig. 3.
If coal tar obstructs the gas flow channels, coke
oven gas is emitted to the outside atmosphere
via a gap between door block and frame. In order
to prevent the emission, the side surfaces of the
doors are automatically cleaned during the coke
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discharging operation. Heavy equipments, i.e. a
pushing machine and door lifter remove the
door and it is transported to the place where an
apparatus called a door cleaner is mounted on
followed by scraping off of the adhering coal tar.
As described, the door cleaner is an apparatus
which has scrapers moving up and down along
the side surfaces of the door blocks.

After long use, however, coal tar adhesion
tends to be too severe to be scraped off auto-
matically. In that case, the door is transported to
door a clinic to remove coal tar adhesion manu-
ally using a pneumatic hand breaker. From the
aspect of reduction of work load, it is necessary
to (1) extend the time that the door cleaner is
effective, and (2) make coal tar adhesion weak
so that removal is easy by manual operation.

4. Glaze Coated Door Block

Since coal tar mechanically adheres to the
block surface, surface smoothing is effective in
weakening coal tar adhesion. To obtain smooth
surface, we developed a glaze coated door block.
The surface of blocks cast with low expansion
castable CST-A53 are glaze coated followed by
burning in tunnel kiln. As is obvious in Fig. 4,
the glaze coated door block exhibits a glossy
surface that indicates a high level of smooth-
ness. Fig. 5 demonstrates the effectiveness of
the glaze coating on coal tar penetration. The
specimens shown in Fig. 5 were prepared as
follows; steel rings were placed on a glazed and

Fig. 4 External appearance of glaze coated block.
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Carbon penetration area Cut surface
Block with glaze 0.2 cm?
Block without glaze 18.8 cm?
Fig. b Penetration of dehydrated tar after burning at 5600°C for 3 hours.
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at 500C for 3h followed by cut surface inspec-
tion.

As can be seen in Figs. 3 and 4, metallic bars
and bolts are installed on the back side of the
block in order to fasten them to the door frame.
The exposure of these metallic bars and bolts
makes it impossible to burn the block. There-
fore, we manufacture door blocks employing the
following 2 methods (see Fig. 6) ; (A) inserting
metallic members to the burnt blocks which
have cavities for metallic parts installation,
and (B) welding external metallic members to
internal ones which had been embedded during
burning"?. According to the empirical fact that
the blocks manufactured by method (A) have
a disadvantage in serious peeling off, (B) is the
predominant method.

5. Characteristics of The Door Block Used
Over 12 Years

The door block that was obtained after over
12 years of use had been manufactured by
method (A). The appearance and cut section of
the block are shown in Fig. 7. The black color
of the external appearance and cut section
indicates coal tar adhesion and penetration. In
spite of coal tar adhesion, the smooth surface
of a glaze coated layer was maintained which
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Type (B)

® Round bar @Hardware fastening round bar @Stud @Nut A ®Nut B ®Bolt A
@Bolt B ®Flat bar A : Glaze coated face

Fig. 6 Two types of configurations of glaze coated block for coke oven door.

Fig. 7 Cut surfaces of the block more with than 12 years commercial application.
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enabled us to remove the coal tar adhesion
easily. Additionally, though some cracks were
observed at the cut surface, no peeling off was
recognized.

Table 1 summarizes the physical properties
of the block before and after use. As a result
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Table 1 Typical properties of block for coke oven door and properties of block
with over 12 years commercial application
Before usage After over 12years commercial
application
(CST-A%3) Chamber side Outer side
Apparent porosity / % 24.0 19.3 9.4
Bulk density / kgem® 2100 2190 2430
Apparent density / kgem’ 2760 2710 2680
Cold crushing strength / MPa 45 79 92
of long term commercial application, a decrease
In-chamber Atmopherics

gas pressure

de Vapor of COG
Condensatlon
m of coal tar
Coking period I:'> Pushing period

Fig. 8 Schematic illustration of condensation of
penetrated Coke Oven Gas (COQG).
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in apparent density and apparent porosity, and
increase in bulk density and cold crushing
strength were recognized. It is attributable to the
densification of structure by pores being filled
by carbon penetration. The carbon penetration
is assumed to have occurred by coke oven gas
diffusion according to the high pressure in the
coking chamber since penetration of liquid tar
is inhibited as shown in Fig. 5. The difference
in densification degree between chamber side
and outer side, i.e. higher densification degree
of outer side, can be explained as follows in
association with Fig. 8. In the coking period,
coke oven gas is pressed into the door blocks
and condensed on the outer side because of
lower temperature. In the discharging period,
however, pressure decrease occurring because
of door removal causes gas to flow from the
inside of the block to the outside resulting in
escape of coke oven gas from the block.

According to the investigation of a long
term used door block, it was found that a rigid
structure had been maintained for a long time.
In this report, an investigation was carried
out for glaze coated block. However, since a
similar structure is also achieved in our unburnt
blocks, high stability in structure has also been
expected for our unburnt products.

6. Conclusion

The properties of glaze coated coke oven door
block after long time use (over 12 years) was
investigated. As a result of the investigation, it
had been concluded that the effectiveness of the
glaze coating and rigidity in structure had been
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maintained for over 12 years. In the block, car-
bon penetration was recognized. It is considered
attributable to coke gas diffusion and coal tar
condensation induced by in-chamber pressure
and temperature gradient in the door block.
Since a similar structure has been achieved for
unburnt blocks, high rigidity is also expected
for our unburnt product.
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