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Abstract

While the service life of coke oven was expected to be 25 to 30 years in 1960s to 1970s when

coke ovens were actively constructed in Japan, many coke ovens over 40 years old are still under

operation according to the development of diagnosis and repair technology. In this article, studies

about coke oven refractories damage mechanisms, the observation techniques of the in-chamber

status and repair technologies in Japan are reviewed.
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1. Introduction

The chamber type coke oven is a facility to
manufacture coke by coal coking, i.e., carboniza-
tion, at a high temperature. Fig.1 schematically
shows the coke oven structure”. The body of the
oven consists of an upper part for coal coking
and lower part for exhaust heat recovery. On
the upper part, coking chambers, in which coal
is charged through a charging hole installed on
the roof carbonized, and combustion chambers,
which generate high temperature gas, are
arranged alternately. There are several kinds
of chamber type coke ovens such as the Nippon
steel type oven, Koppers type oven, Carl Still
type oven, Otto type oven, Willpute type oven,
D.K.H (Didier Carl Still) type oven, and so on®.
In spite of the difference in combustion and heat
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recovery system among these coke ovens, the
positions of the coking chamber, combustion
chamber and regenerator are exactly the same.
Heat generated in the high temperature com-
bustion chamber transmits though the cham-
ber wall to the coking chamber and carbonizes
the coal. Subsequent to coking completion, the
pusher inserts a pushing ram from one end (P/S;
Pusher side) in order to discharge the coke for
the other end (C/S; Coke side). The discharged
coke falls through a guide vehicle followed by
temporary storage in a quenching car.

According to the literature, the first coke in
Japan, which was used for coinage, was manu-
factured in 1871%. After that, many coke ovens
with a wide variety of combustion-heat recov-
ery systems and sizes have been constructed.
In Japan, as a consequence, approximately 4500
chambers were operating in 2011°. Since most
of the coke ovens were constructed between
the late 1960’s and 1970's”, the oven bodies are
damaged. In this report, damage and repair of
coke oven refractories are reviewed.

2. History of Silica Bricks for Coke Ovens

The different refractories used in various sec-
tions are roughly outlined as follows; roof-fire
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Fig.2 Thermal expansion of silica brick®.
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clay bricks, coking chamber, combustion cham-
ber and upper part of regenerator-silica bricks,
wall of lower part regenerator and sole flue-fire
clay brick, upper part of checker-silica brick
or high alumina brick, lower part of checker-
fire clay brick, oven door-fire clay brick or fire
clay precast block and ascension pipe-fire clay
castable or fire clay brick. Among those, silica
brick is applied to the high temperature area
because of its excellent volume stability and
abrasion resistance, ie. high strength, at high
temperature range. As shown in Fig.2”, silica
brick exhibits almost no thermal expansion
above 1073K in spite of a large thermal expan-
sion coefficient at lower temperature.

In 1820, English engineer W. W. Young dis-
covered that the silica sand with a lime addition
exhibits superior sinterability®. This discovery
opened the door for silica brick production and
subsequent further research that promoted the
improvements of silica bricks. The first modern
coke oven in Japan was instituted in 1894?
followed by several additional constructions.
In order to build these coke ovens, silica brick
was imported until the early 1910's”. Since the
bricks were semi-silica brick, which contained
65 to 83% SiO; and 11 to 30% Al.Os, the brick
structure tended to embrittle during long term
operation. Therefore, silica brick and fire clay
brick were simultaneously applied for the high
temperature part and low temperature part,
respectively®.

Silica bricks were used for open-hearth fur-
nace as well, thus, domestic production of silica
brick was carried out in order to ensure a stable
supply. As a result, good silica bricks were
obtained by using red and white-speckled silica,
which contained 97.0% SiO., 0.5% Al.O; and 2.0%
Fe;0;”, as a raw material. These bricks were
subsequently replaced with imported bricks.
After that, according to the requirements for
chamber enlargement and coking time reduc-
tion, silica brick had been substantially improved
so as to achieve high density and high strength
bricks by optimizing raw material application
and grain size distribution as shown in Figs.3”
and 4”. Consequentially, the so-called dense
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Fig.4 Crushing strength of silica brick for coke
oven”.
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silica brick and super-dense silica brick have
been created.

Although the standard height of chambers
had been 4m in the era between the 1910’s and
1940’s, chamber height became taller and taller
in accordance with the increase in coke produc-
tion as follows; 4.6m for Nippon Steel Muroran
works in 1961, 6m for Kawasaki Steel Chemical
Chiba works in 1964, 6.5m for Kawasaki Steel
Chemical Mizushima works in 1967, 7.125m for
Sumitomo Metal Chemical Kashima Works,
7.55m for NKK Keihin Works, and so on®. After
the late 1970’s, however, no coke ovens were
newly built in Japan, resulting in the stoppage of
domestic silica brick production. Instead, repair
technology has been improved drastically as
described later. Recently, for new construction
or renovation by the pad-up method (described
later), silica bricks are imported mainly from
China.

3. Damage of Coke Oven Refractories

Figs.5'” and 6" show the classification sys-
tem and typical examples of coke oven damage,
respectively. According to the approximately 24
hour coke production cycle, i.e., from coal charg-
ing through the charging hole to coke discharg-
ing into the quenching car, the temperature of
coking chamber wall repeatedly changes. Fig.7
is an examples of the measured change in tem-
perature in one cycle'”. While silica bricks for
the coke oven exhibit superior volume stability
due to an extremely small thermal expansion
coefficient at high temperatures of over 1073K,
it shows a large thermal expansion coefficient
at the lower temperature range as mentioned
above. Hence, cracking, surface peeling-off and
joint opening occur during the earlier stages of
oven operation around the chamber end which
tends to be cooled by fresh air during coke dis-
charging. In addition, after long term operation,
cracking, peeling-off and joint defects caused by
thermal shock corresponding to coking cycles
are recognized even at the central area of the
coking chamber. In interstices induced by crack-
ing and/or joint defects, carbon tends to deposit,
resulting in crack propagation during coking
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cycle due to the difference between the thermal
expansion coefficient of the carbon and bricks".
Carbon is deposited and its growth is induced
by the thermal decomposition of hydro carbo-
naceous gas under high temperature conditions.
The growth rate of carbon deposits, which is
estimated to be 0.2mm/day'?, is accelerated by
brick defection. In order to remove the carbon
deposits, carbon burning, which is he heating of
empty chambers by a natural draft for certain
time duration, is generally performed. However,
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Fig.b Schematic flow of coke oven deterioration™.
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Fig.6 Typical damage pattern of chamber brick'.
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that procedure promotes joint and/or brick
deterioration due to excessive temperature
decrease in the areas without carbon deposit.
Glaze coating technology for preventing carbon
from depositing has been reported on', but
there are still some issues remaining for further
study.

In addition, recessed areas, which were worn
away by charged coal, are also recognized under
the charging holes. The increase in surface
roughness caused by crack propagation, peeling-
off and carbon deposits promotes an increase
in coke pushing load, and it eventually causes
pushing clogging which lowers productivity.
Furthermore, a decrease in sealability between
the coking chamber and combustion chamber
causes a reduction of heat efficiency and black
smoke emission which harms the environ-
ment. On the other hand, Yamada et al'¥, who
observed the in-chamber status by employing
observation equipment, identified the refractory
defects as being; cracks in joints and bricks at
the connected part of the chamber wall and
binder bricks, and cracks and joint openings in
the ceiling bricks. Those results indicate that the
refractory defects possibly occur in the combus-
tion chamber and/or ceiling even if no obvious
wear was observed in the coking chamber wall.
Since enlargement of defects can induce brick
falling and/or collapse of the coking chamber
wall, refractory repair is necessary in order to
continue chamber operation.

Changes in physical properties of silica
bricks which have been used in the coke oven
for many years such as porosity decrease and
the formation of CaO and Al:O; concentrated
layers™™ have been recognized. The CaO and
AlO; are considered to be derived from coal.
Furthermore, a lot of fine cracks were observed
around the surface area of the coking chamber
side. These sort of changes increase Young's
modulus of the brick, resulting in deterioration

of thermal shock resistance.

4. Observation and Repair Technology

At the era when coke ovens were actively
constructed in Japan, the service life was



Vol. 59 2016

7 A LEED RALERENDIETI AR E 2 D),
ESICHEEPETT 5. a— 7 AIFRILEREEDE
Bix, RALEBEO L2, Ml LEEo®
TR, OWTIEIMEE) 2384 S&, AEEOK
Waio MAT, WEE LD — VPERINC &
BEGNEORTREM OS2 L 2 BREOEALE
o —, WHGWIE, BIgEEICLYE Y ¥ —
SR L & BEREIL DA BB H a2 e L o .5,
RIFERIRIEL O BZE HHBH & 2L L T\ b,
DX NBEHILIC R E R BN  THIRIEES
RILEBIZHBEDS D L5565 D H 5. HEIHEITT S
&, BILOBE R RACEEED B IARDEEE L
LU ZDZIIHRETE Rk D,
KAERREY L 720 — 7 AMFH 5 [ L 72 B A T8I
121E, [ILEOIRTEOYHEOZLL RS L7
D, FRHEEE 2 55 Ca0R ALO:DE[LIE S
T 99, 72, RIACERETEEICIE,
M BEPEHERATHZ ELBIRINTWD,
INoOYMHEC LY, FlrEL &, WML
HROFERDIRE 2D, BIFEIZFH 2o Tw
CLoHtdbdh s,

-
—

4. BE, BERMICONT

O — 7 AT LW ar D325~ 304F L b
TA727s, W & SRR 12 & 0 Al % 1
MY, HiRD & B Y A04F % 8 2 7IE 0% RE)
Thb, I— 7 AFORNEZWT 5711213,
T3, HE oMM LIEOZENOBIZE, 2 — 7 A
LRI DB EMOEZY ) Thd b, BEFIL
M2 % &, TR B AR L, RiA
MR &L 2 b 2B BT A, §f
HLBOAMEZE=F) V7452 LT, HoHIE
BE AL N DT K OGO IREL IR TE %,
512, WETIIBIZE D L ik fbE R BREE O
BEORNZBIET L2 EBEOMBE LMD LN TV
bo HKET ¥ ARME — 7 IV DI DU 72/
Blh AT 2IFHRZEOL DAL, BEBAERDN
BRTLL0YY JF RPN E AT
PR L 72 BEBERT 2 el L 72 lE Ny 2T AL,
RALE DR ZHET S H DY, FAE— LI
BERt 2 R LZIRZME T 2 EY, BALLS

Shinagawa Technical Report

expected to be 25 to 30 years. However, thanks
to the development of diagnosis and repair
technology, many coke ovens over 40 years old
are still under operation. The primary diag-
nosis methods are daily-based observations of
the coking chamber after coke is pushed out
and ongoing monitoring of the pushed out load.
Uneven chamber surface results in a higher
push out load. The push out load rises abruptly
as surface roughness increases', therefore,
it is possible to evaluate the refractory wear
status in the coking chamber by monitoring
the push out load. Furthermore, devices for
accurate evaluation of the unobservable area in
the coking chamber and combustion chamber
are developing as follows; a small camera in the
insulated cable in the water cooling system that
can be inserted into the chamber through the
oven roof or from the chamber end for direct
observation of brick cracking'”*”, a light trian-
gulation distance meter that can be inserted
though the charging hole for chamber width
measurement®’, a distance meter that can be
installed in the ram beam which measures the
chamber width®, a diagnosis system based on
image data captured with the inserted diagno-
sis camera®. Moreover, a moving cart on the
pusher rail which is equipped with diagnosis
equipment containing a CCD camera, laser dis-
tance meter, descaling equipment and thermal
spraying equipment was developed®.

Roughly, repair technology is classified into
three kinds in terms of scale, i.e. repair scope.
The smallest one is thermal spraying, which
repairs partial joint openings or partially
thinned areas of bricks. With this method,
molten refractory fine particles are sprayed
onto the hot wall followed by solidification and
sedimentation. There are three types of ther-
mal spraying process; flame gunning, in which
particles are melted in a flame generated from
oxygen and propane®’, the thermite method,
in which a mixture of refractory particles and
metallic powder are sprayed using oxygen as a
carrier gas®, and a method, in which a mixture
of refractory particles and metallic powder are
sprayed utilizing oxygen and propane gas® *”.
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The refractory particles mainly consist of silica.
One of the dominant factors of thermal spray-
ing repair layer wear is the peeling-off of the
repaired layer, which is induced by the thermal
cycles of the chamber. Since that type of wear
can be attributed to the difference in the thermal
expansion coefficients between the brick and
thermal spraying repaired layer®, coincidence
of the thermal expansion coefficient of silica
brick is one of the important factors required
of thermal spraying material as well as good
adhesion. Additionally, the plasma method* or
cold method, in which refractory particles are
not melted®, has been reported as a kind of
thermal spraying technique. In most cases, the
repair operator manually controls the spraying
lance so as to repair the target area, thus, good
usability and good spraying spot visibility are
also important. In addition, automated systems
are also being developed to manage the large
amount thermal spraying material discharge®
or repair the central area of the chamber®.

Brick exchange is applied for larger area
repair. Exchange repair, where new bricks
are installed subsequent to old brick removal,
is applied in various scales as follows; small
scale repair, used in the area 2 to 3m from end
flue*, and large scale repair for the through
wall*”. While brick exchanges are performed
manually in general, the module block method
of which large blocks are installed utilizing
heavy machines is applied in the United States
and Europe®™”. For newly constructed coke
ovens, heating-up from room temperature to
approximately 1073K requires 2 to 3 months®.
In the case of exchange repair, however, quick
heating up is necessary. Hence, high thermal
shock resistance brick specialized for exchange
repair was developed and applied”. In addition,
retention of the temperature of the silica bricks
which are not exchanged is also important.
Therefore, application of a thermal insulation
box during repair has reported on*’.

As coke oven deterioration progresses, the
number of inoperable chambers increases. Since
excessive increase in inoperable chambers in
the coke oven battery makes it impossible to
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repair by the exchange method, the large scale
repair method, the so-called pad-up method, is
carried out”. In this method, while all parts
of chambers are replaced, foundation and aux-
iliary equipment is reused. Thus, it is cheaper
than new construction. Adding to the above
mentioned three repair methods, various kinds
of repair technologies were reported as follows;
removal of clogging matter in the burner hole
and deconstruction-reconstruction of the regen-
erator as countermeasures for the decrease
in end flue temperature®, dusting repair in
which floating refractory fine particles fill the
cracks according to the forced pressure differ-
ence between coking chamber and combustion
chamber®, and the repair technique utilizing
the CVD method " *.

5. Summary and Future Subjects

In this report, the historical change in silica
brick in Japan was described and information on
coke oven damages was reviewed. Additionally,
an overview of techniques for the observation
of the in-chamber status and repair technologies
was given. As mentioned at the beginning, many
coke ovens in Japan have been operating for
over 30 years. While various kinds of diagnosis
and repair technology have been developed as
described in this article, further improvement
of repair technology but also oven operation
technology are necessary. For instance, next-
generation coke manufacturing technology aim-
ing at the increase in the non-slightly-caking
coal rate and productivity (SCOPE 21)*** had
been developed and the successive results were
introduced to JFE Steel Fukuyama No. 5 coke
oven D-battery (Started in December 2005)*,
Nippon Steel Oita No. 5 coke oven (Started in
May 2008)*”, and Nippon Steel Nagoya No. 5
coke oven (Started in June 2013). Sooner or later,
coke ovens will be revamped. However, in Japan,
high quality refractories with accurate geo-
metrical dimensions and sophisticated masonry
cultivated in the era when coke ovens were
actively instituted are disappearing. In these
days, no domestic silica brick is produced. It was
reported that a domestic maker transferred the
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technology to a Chinese maker so as to provide
high quality brick with specifications equivalent
to domestic ones®™. In addition, the obvious
fact that the lack of bricklayer successors has
became a common issue and requires some
countermeasures’*”. On the other hand, since
a huge investment is necessary to revamp coke
ovens, novel iron making processes, such as the
coke-free smelting reduction method™ and the
novel coke manufacturing process known as
ferro-coke™ are being researched.
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