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Abstract

In order to prevent internal coke oven gas leakage out of the thin gaps between the coal
charging hole frames and the charging hole lids on the top of coke oven, the gaps are filled with
a slurry that is prepared by mixing sealing powders with water. Due to inadequate preparation of
the slurry, operational problems such as insufficient sealing, drainage failure, or malfunction during
pressure-feeding operation of the slurry, are sporadically observed. The novel slurry-type sealing
compound XX-12-W-1 was developed to eliminate these problems. Unlike conventional powder-
type sealing products, which require on-site slurry preparation, XX-12-W-1 is produced completely
in our manufacturing plant, from mixing to container packaging. It can be used without the
burdensome on-site preparation. Since this novel slurry-type sealing compound is produced under
precise quality control, it’s less likely to cause the above-mentioned problems mainly caused by
inadequate on-site slurry preparation. Especially, the sealing capability was significantly improved
compared to conventional products, XX-12-W-1 remarkably reduces operational problems caused
by insufficient sealing capability of sealing compounds.
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Fig. 1 Schematic illustration of major configurations
of coke chambers in the coke oven.
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Fig. 2 Schematic illustration of coal charging hole.
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1. Sealing Compound for Coal Charging
Hole

The coke-oven is one of the carbonization
furnaces that produce coke from coking coal.
As shown in Fig. 1, the charging car charges
the coal into the coking chamber from the coal
charging hole situated on the top of the furnace
and dry distills it for about a day. When the
dry distillation step is completed, the coke is
discharged horizontally by the coke pusher
car, from a previously opened door installed
in the side wall. The pitch gas generated in
coking chambers during dry distillation of coal
is collected as a by-product in order to use it
as raw material for organic chemical products.
However, pitch gas is considered to be hazard-
ous to both atmosphere and humans. As shown
in Fig. 2, pitch gas emission into the atmosphere
is usually suppressed by filling a sealing slurry
into the less than 1 mm gap between the charg-
ing hole frame and charging hole lid.

The sealing slurry is stored in a storage tank
situated on the coal charging car, installed on
the top of the furnace. The coal charging opera-
tion is conducted automatically, it usually begins
with lifting the lid to open the charging hole,
coal charging into the coking chamber, closing
the charging hole, and ends with pouring the
sealing compound to fill the thin gap between
the charging hole frame and the lid. This seal-
ing slurry is usually prepared by operators by
mixing the sealing powder with water on the
ground level, then the slurry is pressure-fed to
the storage tank on the coal charging car on
the top of the furnace.

2. Malfunctions of the Conventional Sealing
Compounds

1) Insufficient sealing

Despite pouring an adequate quantity of the
sealant, it is occasionally observed that the gas
leakage fails to be eliminated, as the sealing
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compound slips into the coking chamber with-
out filling the gap between the charging hole
frame and the charging hole lid. Such problem
could be due to the low viscosity of the sealing
compound. In order to prevent the mentioned
gas leakage, a sealing compound with higher
viscosity is prepared on the top of the furnace
and applied manually by operators.
2 ) Drainage failure of the sealing compound

When the sealing compound is unstable, the
sealing powder tends to aggregate in the slurry,
which leads to an accumulation of the sealant
on the inner wall of the storage tank, result-
ing in a drainage failure of the slurry. In such
cases, operators are required then, to manually
apply the sealing compound in the gap between
the charging hole frame and the charging hole
lid, pumping out the sealing slurry and cleaning
the tank.
3) Excessive adhesion

During maintenance or the inspection of the
coke oven, the charging hole lid is manually
lifted by operators. Therefore, excessive adhe-
sion between the lid and the hole frame demands
an intense physical effort from operators. Such
an undesirable characteristic is caused by the
excessive adhesion strength of the sealing com-
pound.
4 ) Malfunction in pressure-feeding of the

sealing compound

The high viscosity of the sealing compound
becomes problematic during the pressure feed-
ing operation, as the slurry cannot be properly
pressure-fed to the storage tank at the top of
the furnace.
5) The wearing out of coal charging hole

frame and lid

The charging hole frame and the charging
hole lid gradually wear out due to friction.
This friction is a result of the repeated open-
ing and closing of the lid. Furthermore, if the
sealing compound is harder than the frame
or the lid, its effect is similar to an abrasive.
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Thus, it aggravates the wearing out previously
mentioned.

3. Novel Slurry-type Sealing Compound
XX-12-W-1

XX-12-W-1 was developed to solve the above
problems. This is a significantly improved
product based on MS-9-SR, the conventional
sealing compound. This powder-type sealant is
calcium carbonate based, with relatively soft
particles and appropriate adhesion strength.
Thanks to its optimized grain distribution, this
conventional powder-type sealant has an excel-
lent sealing capability. However, due to its low
dispersion stability, when the sealing slurry is
left a considerable time after being prepared, its
viscosity tends to change, this poor dispersion
stability is the major cause of the above-men-
tioned problems of the sealing compound.

XX-12-W-1 was developed by combining MS-
9-SR with a special dispersion stabilizer and a
newly developed dispersion stabilizing technique
(patent pending). The novel XX-12-W-1 has

XX-12W-1(Solid content 24 %)

o

v/

Supernatant of MS-9-SR
(Solid content 24 %)

Fig. 3 Supernatant (clear liquid) formed in both, XX-12-W-1 slurry-type sealing compound, and MS-9-SR
powder-type sealing compound, one day after preparation.
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Fig. 4 Supernatant (clear liquid) formed in slurry-
type XX-12-W-1 sealing compound, after
being allowed to settle and stabilize for b
weeks.
)
=
~ 4
(]
&
3
2 3
s
()
T 2
g
@ 1
0(/ 1 1 1 1
0 7 14 21 28 35

Time after preparation / days

Fig. 5 Relation between after-preparation time
and supernatant volume formed in XX-
12-W-1.
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high dispersion stability, therefore, the drainage
failure caused by early destabilization of the
slurry is less likely to occur.

After being prepared in our manufacturing
plant, the slurry-type compound is delivered in
any desired container, including an eighteen litre
drum. On site, the slurry is simply transferred
to the tank, thus eliminating the burdensome
on-site slurry preparation. Furthermore, as
a result of precise quality control, the steady
viscosity of XX-12-W-1 is adjusted to the
range of 40~55mPa-s at room temperature,
thus preventing any pressure-feeding problems
caused by viscosity fluctuation of the slurry.

The most important property of sealing
compounds is their sealing capability. This
novel developed product capability to ensure an
adequate sealing, exceeds the conventional seal-
ing compounds’ even when they are properly
mixed. Therefore, by using this newly developed
XX-12-W-1, the problems caused by insufficient
sealing are highly reduced.

The evaluation results of the main charac-
teristics of the slurry-type sealing compound
XX-12-W-1 are summarized below.

1) Dispersion stability

One day after being prepared, the conven-
tional sealing compound MS-9-SR (solid content
24 wt%) showed a supernatant (clear liquid) of
308 ml (61.6 vol%). While the novel XX-12-W-1
(solid content 24 wt%) showed a slight superna-
tant (clear liquid) of 2.5 ml (0.5 vol%) as shown
in Fig. 3

The slurry was poured into a 500 ml gradu-
ated cylinder and was allowed to settle and
stabilize for 5 weeks. As shown in Fig. 4, XX-
12-W-1 had a supernatant of 21 ml (4.2 vol%),
which is one-tenth of MS-9-SR’s supernatant
volume formed in one day after preparation.
As shown in Fig. 5, the supernatant volume of
XX-12-W-1 increases in a gradual rate starting
from day 6.

However, the dispersion stability could not
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Bottom of graduated cylinder

Decantation experiment

Supernatant and dispersion

No cake was observed

Fig. 6 Snapshots of decantation experiment concerning cake-formation of XX-12-W-1 after
being allowed to settle and stabilize for b weeks in graduated cylinder.
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be thought of as excellent if cake formation
was observed in the bottom of the graduated
cylinder. Therefore, XX-12-W-1 was carefully
poured into another container as shown in
Fig. 6. A small amount of slightly thick slurry
was observed at the beginning of pouring.
However, after pouring out all the content in
the container, no cake formation was observed
at the bottom of the graduated cylinder. After
pouring back XX-12-W-1 to the graduated cyl-
inder, the slurry was stirred by inversion and
the small previous thick part was successfully
eliminated, which indicates that the slurry is
easy to re-disperse.

After preparation, XX-12-W-1 was allowed
to settle and stabilize for 5 weeks. The superna-
tant’s volume was relatively small, and no cake
formation was observed at the bottom of the
graduated cylinder. Thus, it could be concluded
that XX-12-W-1 has an excellent dispersion
stability.

Based on the results of the detailed experi-
ment mentioned above, the accumulation of the
sealant on the inner wall of the storage tank
i1s expected to be easily suppressed when the
slurry is agitated in the tank on the charging
car. Also, in the case of sealing failure, before
manual sealing, the necessity to prepare a
slurry with higher viscosity is eliminated, as
the sealing compound could be stored in any
container size, including an eighteen litre drum.
Thus, the sealing slurry could be re-dispersed
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easily by shaking the designed container.
2 ) Sealing capability

As schematically illustrated in Fig.7, the
evaluation test for the sealing capability of the
sealing compound was conducted as follows,
200 g of the sealing compound was poured in
a gap of 1 mm width, 17 mm length and 49 mm
depth, between the two precast blocks, heated
to 300 C, of the same material as the hole
frame. The shorter time it took for the sealing
slurry to stop leaking from the gap, the higher
the sealing capability was considered to be.

Fig. 8 shows several snapshots taken during
the evaluation test of XX-12-W-1. Fig. 9 shows
the sealing surface of the precast blocks after
the evaluation test. After pouring 200 g of the
conventional MS-9-SR (solid content 24 %) in
the gap, almost no sealing compound remained
on the surface of the precast blocks, as the
slurry kept on leaking through as shown on
the left picture in Fig. 9. It was assumed then,
that an insufficient sealing of the coal charg-
ing hole might occur in the actual coke oven,
as the conventional materiel will leak into the
coking chambers through the relatively wide
gap between the charging hole frame and the
charging hole lid. Meanwhile in the case of
slurry-type sealing compound XX-12-W-1, the
slurry stopped leaking after 31 seconds and the
surface area of the precast blocks was completely
sealed with sufficient thickness as shown on the
right side of Fig. 9. Thus, novel slurry-type XX-
12-W-1 will help to eliminate the insufficient

3sec

15 sec_

Fig. 8 Snapshots of sealing capability evaluation test.
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Fig. 9 Sealed surfaces of precast blocks after sealing capability evaluation test.

Push Pull force gauge

illustration of adhesive

Fig. 10 Schematic
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sealing caused by the poor sealing capability of
conventional sealing compounds.
3) Detachability

The detachability of the precast blocks was
evaluated through their adhesiveness to the
sealing compound as shown in Fig. 10. A push-
pull force gauge was vertically attached to one
of the precast blocks, then, this precast block
was pushed down until it detached from the
adhered surface area. The adhesive strength
was then calculated by considering the weight
of the precast block, the adhered surface
area and the detachment force. The adhesive
strength of XX-12-W-1 was calculated to be
4.8 kPa (0.0048 MPa), which is thought to be
adequate to ensure easy opening of the coal
charging hole in the coke-oven furnace.

4. Conclusion

A novel slurry-type sealing compound named
XX-12-W-1 has been developed to be effective
in reducing the internal coke oven gas leakage
from the gaps between the coal charging holes
and the coal charging lids. Unlike conventional
powder-type sealing compounds, which require
on-site slurry preparation, XX-12-W-1 is fully
produced in our manufacturing plant, and
undergoes precise quality control, to be deliv-
ered as a slurry sealant, thus eliminating the
burden of the on-site slurry preparation and the
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malfunction in pressure feeding caused by the
viscosity fluctuation of the sealing compounds.
Furthermore, the dispersion stability and
the sealing capability have been significantly
improved compared to conventional products. It
can be concluded then, that the accumulation of
the sealant on the inner wall of the storage tank
will be eliminated by using newly developed
slurry-type sealing compound XX-12-W-1. This
means that the insufficient sealing caused by the
drainage failure of the slurry from the storage
tank can be effectively suppressed. Moreover, it
will markedly reduce the operational problems
caused by insufficient sealing capability of the
conventional sealing compounds.



