sl I[F2%R 2016 Nob9 #&kHi

SHINAGAWA
TECHNICAL
REPORT

AARICHET 5 a— 27 ZELEOBLIK

Current Status of Coke Production in Japan

6o Ml ¥ 3k

<€ &)V IS5H -tk a4t

SHINAGAWA REFRACTORIES CO.,LTD.



Vol. 59 2016

Shinagawa Technical Report

HARICE TS 32— 7 AEGEOBLIR

Current Status of Coke Production in Japan

)

H 1k

Il

Masakazu Iipa

=

=
=]

HARZBWTI—7 2D L A CREFREEFICB T HBIADETH &E L THWHNRTED,
I — 7 ZABGEHAM LS IFEEOEOR 2729 £ ) 1I25E L TE 720 AMTIIE T EEENZR a —
7 ADKELE ZNEGWRT B 72D 2 — 7 ARGERATOFERIZOVTRN, T — 27 2R KD
15, BRERENOFICIRILZ SO W TR L 726

Abstract

In Japan, coke producing technology has been developed in order to manufacture coke that

satisfies the requirement of blast furnace operation since the majority of coke is consumed for the

iron making blast furnace. In this article, the coke properties, of which blast furnace requires, and

development of coke manufacturing process is reviewed followed by the brief description about

coke oven refractories wear and the technology dealing with environmental issues.
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1. Coal Coking Facilities in Japan

Coke is produced by coal coking, in other word;
carbonization, at a temperature range between
1000 and 1200C. In Japan, the vast majority
of coke is consumed for the iron making blast
furnace as fuel and reducing agent. Because
of the small amount of coke consumption as a
reducing agent for the non-ferrous metal refin-
ing process and high calorific smokeless fuel for
thermal power generation, etc, coke producing
technology has been developed so as to manu-
facture coke that satisfies the requirement of
blast furnace operation.

In Japan, all coke ovens are constructed at
coastal areas around the outskirts of cities since

Japan is mountainous and has no large scale
caking coal deposits. Thus, it iS necessary to
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use limited land efficiently and be aware of the
urban environment. Hence, the chamber type is
employed for all operating coke ovens, i.e., there
are no beehive type ovens in Japan.

Fig.1 shows a schematic illustration of a cham-
ber type coke oven in which narrow and deep
coking chambers and combustion chambers are
equipped alternately”. Coal, which is charged
through the charging holes installed on the oven
top, is coked by heat transmitted through the
chamber wall from the combustion chamber.
During the coking process, softening and melt-
ing of coal progresses followed by unification to
massive coke cake (Fig.2). Simultaneously, gases
such as hydrogen, methane, and coal tar pitch
are evaporated from coal. Subsequent to coking
completion, the doors that shut both ends of the
coking chamber are removed, and then, a ram
inserted from one end pushes the coke cake out
of the other end.

The chamber type coke oven has many
advantages, for instance, smaller land occupa-
tion, coke strengthening due to expansion
restriction effect as described in section 2,
easiness of heat and gas collection, and so on.
In most of the coke ovens, the gas that mainly
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Fig.2 Schematic illustration of coke cake formed
in coking chamber”.
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consists of hydrogen or methane is used as fuel
for electric power generation and coal tar pitch
gas is cooled to condense followed by transfer to
adjacent chemical plant as raw materials. Since
emission of these useful by-product gases from
the oven chamber results in adverse influence
on the environment, daily-based inspection and
repair are being carried out.

2. Manufacturing Technology of High Strength
Coke

As mentioned in previous section, coke is used
as fuel as well as reducing agent of iron ore in the
blast furnace. In addition, a coke packed bed has
an important role as a spacer. CO and CO. gas,
which are generated as a result of the reaction
between blown-in hot blast and coke, ascends
though the space among coke particles. If high
flow resistance areas are formed occasionally in
the gas ascending channel, localized increase in
gas pressure tends to occur followed by local
collapse of the coke packing structure, resulting
in unstable furnace operation. At the furnace
hearth, molten iron and slag flow toward the
taphole entry point through the spaces in the
coke packed bed. If the flow resistance of the
coke packed bed is considerably high, smooth
flow of molten slag is inhibited. As a result, an
excessive rise of slag-gas interface level, which
induces unstable furnace operation, occurs?™’.
Increase in fluid flow resistance is caused by
the gaps among the coke particles being filled
by fine coke powder generated from insufficient
strength coke particles, thus, sufficiently high
strength of each coke particle is required so
as to make the coke bed function as a good
spacer.

The evolution of high strength coke manufac-
turing technology in Japan was summarized by
Arima et al”as follows. In order to manufac-
ture high strength coke, “caking coal”, which
contains a high amount of carbon and shows
good cakability, is necessary. Caking coal starts
to soften at around 400C. At that temperature,
during the transformation of coal to coke cake,
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the transforming structure is considerably
expanded by gas pressure caused by bubbles
generated from coal followed by re-solidification
of coke cake at about 500C. However, in actual
coking chamber, free expansion is restricted by
a chamber wall. The limitation of free expansion
promotes the mutual contact and unification of
coal particles, resulting in high strength coke.

However, according to the decrease in high
quality caking coal deposits, the technology of
adding non-slightly-caking coal which includes
large amount of volatile matter has been devel-
oped. The thermal expansion of non-slightly-
caking coal is too small to create sufficiently
strong coke. Therefore, a moisture conditioning
process, which reduces the water content of
humid coal from 10-12% to 5-6%, is widely
applied. Reduction of water content lowers
friction among coal particles, resulting in more
efficient packing of coal particles in the cok-
ing chamber and subsequent enhancement of
expansion restriction effect. On the other hand,
excessive reduction of moisture induces coal
dust scattering. Therefore in Japan, approxi-
mately 20% of non-slightly-caking coal can be
added to caking coal by application of suitable
moisture conditioning technology. Moreover, in
some cases, 40% addition of non-slightly-caking
coal is achieved by application of agglomerated
powder coal which is produced by roll-compactor.
Powder coal agglomeration technology enables
increasing the packing density of the coal par-
ticle in the chamber by reducing the moisture
to 2% without dust scattering.

3. Refractory Wear and Repair of Coke Oven

In Japan, iron and steel making facilities have
been developed to ensure good flexibility in
steel productivity. For instance, the inner vol-
ume of a blast furnace was enlarged during its
renovation, and an advanced bottom gas blow-
ing technique was introduced to a basic oxygen
furnace in order to reduce refining time. Since
few coke ovens have been newly constructed,
coking time has been shortened to compensate
for insufficient coke supply. While coking time
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has been shortened from 24 to 20 hours in some
cases, supply and demand of coke have tended
to tighten in recent years.

The walls of the coking and combustion cham-
bers are constructed of silica bricks. Taking the
continuous, the decades long oven operation with
no cooling down period into consideration, silica
brick, which shows extremely small thermal
expansion coefficient at over 700C and high
creep resistance, was concluded to be optimum.
During the continuous coke oven operation of
over 30 years, bricks are gradually worn and
the coking chamber wall shows the largest
wear. The major factors of the coking chamber
wall wear are considered to be thermal spalling
and abrasion caused by thermal and mechani-
cal shock due to cold coal charging. In addition,
sever brick cracking followed by falling-down
occasionally occurs. That is considered attribut-
able to locally converging large stress which
is caused by the coking and/or pushing-out
operation'. In order to explain the local stress
convergence, the influences of carbon adhesion
on rough surface exposed by peeling-off and
deformation of the adjacent chamber wall are
discussed"". According to the proposed wear
mechanisms, it is concluded that the wear is
caused at the time of coal charging or coke
pushing-out. Hence, the wear rate should be
defined by the change in thickness per coking
cycle rather than time. That means that a 20%
increase of coke productivity results in 20%
increase in wear rate per unit time, that is to
say, a 20% decrease in service life. Hosohara'
summarized the wear of coke oven refractories
in detail. The article is reprinted in this book-
let.

The change in the number of articles with
titles includeing the term “coke oven” published
in “TAIKABUTSU" is shown in Fig.3. Accord-
ing to the active construction of 7m-class (in
chamber height) large coke ovens in Japan
from 1960's to 1970's, many topics for silica
brick specifications and mortar were reported.
Refractory technology for coke oven construc-
tion was established in this era. In the 1980’s, a
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number of articles describing repairing technol-
ogy, 1e., ceramic welding, hot exchange, were
rapidly increased in accordance with coke oven
damage progression. Additionally, investigation
results of silica bricks used for many decades
published in this era stirred discussion about
the mechanism of long term stability.

Thanks to the advances in repairing tech-
nology, the service lives of coke ovens which
had been predicted to be 30 years have been
extended to 40 years.

4. Coke Dry Quenching System

In addition, since no production of energy
resources such as natural gas is expected in
Japan, sensible heat is actively collected in all
industry sectors. Almost all coke ovens are
equipped with CDQ (Coke Dry Quenching
System) which is an apparatus for the process
of charging red-hot coke (approximately 1000C)
in the nitrogen gas circulating closed system'”.
The exchanged heat stored in nitrogen gas heats
the boiler to generate steam which is used for
electric power generation or other steam-con-
suming processes in the plant. This technology,
which replaced the traditional sprinkling cool-
ing method, has other advantages. For instance,
increase in coke strength resulting from sup-
pression of the crack initiation and propagation
due to gradual cooling allows an increase in
non-slightly-caking coal fraction. Moreover, the
reduction of water in the blast furnace reduces
unstable operation of the furnace induced by
endothermic water vaporization as well as
energy consumption in the furnace.

Since the CDQ inner lining refractories tend
to be worn by physical abrasion induced by
the mechanical attack of coke particles, high
alumina bricks specialized in mechanical wear
resistance are applied.

5. SCOPE 21

In this section, recently practicalized coking
process SCOPE 21 (Super Coke Oven Produc-
tivity and Environment enhancement toward
the 21" century), which has been promoted
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by Ministry of Economy, Trade and Industry,
Japan, is briefly described”. In the SCOPE 21
process, dried coal is separated into coarse coal
and fine coal followed by rapid heating to 350
to 400C. Under high temperature conditions,
fine coal agglomerates and both approximately
250C agglomerated fine coal and coarse coal
are charged into the coke oven. This process
was developed based on scientific discovery and
theoretical verification about the fact that rapid
heating of coal to 350 to 400C strengthens the
coke'”. Acknowledging the strengthening and
increase in packing density, the non-slightly-
caking coal fraction can be increase to 50%.
Furthermore, considerable decrease in coking
time is achieved. In addition, many other envi-
ronmentaly favorable technologies are adopted.

At this moment, two full-specification SCOPE
21 coke ovens are under commercial operation.
It is expected that application of the other new
technology such as a newly developed burner
which reduces NOx emissions® will be widely
applied soon.

6. Prospect of Future Coke Production

In these several years, one of the most impor-
tant tasks for the steel industry is the reduction
of CO, emissions from the blast furnace. Thus,
a novel iron making process is being developed
that requires much less reduction agent. This
processis a result of the promotion of the reaction
between iron ore and carbonaceous materials®’.
Since it has been verified that the proximity of
carbonaceous material to iron ore is effective in
promoting the reaction, practical research for
applications of carbonaceous-material-contain-
ing agglomerated ore and metallic iron-contain-
ing ferrocoke are progressing. Additionally,
application of an alternative reduction agent, i.e.
hydrogen, is being studied. Thus, it is thought
that these efforts will lower the reduction agent
rate in iron making process. However, since no
alternate materials which function as spacers
are expected to be developed, coke is necessary
for the blast furnace iron making process.

No major changes in the basic specifications
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of refractories for coke ovens are expected due
to the well-established basic design. However, it
is natural to assume that requirements for coke
and/or coke ovens will change to meet the requi-
ments of the times. Hence, we are constantly
looking for sustainable refractory technology
innovations, for instance; efficient partial repair
or special design for particular areas.
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