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Abstract

Approximately 40 years have passed since the CDQ system began to operate in Japan. The CDQ
system has many advantages such as exhaust heat recovery, environmental improvement and
coke quality improvement, hence its construction is expected to be increased in many countries.
Since 1976, we have supplied bricks to 24 CDQs at 7 works for 3 companies. Our bricks have good
bricklaying characteristics, contribute to stable operation and extend service life through material
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design, precise quality control during production and investigation of damage situations.
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1. Coke Dry Quenching System (CDQ)

The Coke Dry Quenching system (CDQ) is a
facility which collects sensible heat of the inert
gas used to cool the red-hot coke produced
by distillation of coal. A schematic diagram
of the CDQ is shown in Fig.l. Red-hot coke of
approximately 1000C is charged into the cool-
ing tower and cooled by circulated inert gas
to 200C. The cooled coke is discharged from
the bottom of the furnace. The circulated inert
gas which has been heated to 800~1000C by
direct heat exchange is sent to the boiler after
having passed the dust eliminator. The sensible
heat of the circulated inert gas is collected as
high pressure steam of approximately 500C in
the boiler.

After the 1973 oil crisis, a Russia (Soviet Union)-
type CDQ was introduced into our country in
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Schematic drawing of CDQ plant.

order to energy saving. Nippon Steel (Yawata)
began operations in 1976. NKK, Kawasaki
Steel, Sumitomo Metal Industries also started
the operation afterwards. The coke processing
capacity of the early period CDQs introduced to
Japan was approximately 60t/h. CDQ upsizing
was promoted to deal with demands such as
high efficiency, cost reduction and increase in
coke production. A recent example is the CDQ
which Nippon Steel & Sumikin Engineering
constructed in China (Jingtang Steel) in 2009
with a processing capacity of 260t/h.

The initial CDQ investment can be recovered
within 3-byears by the effect of heat recovery,
improvement of environment and improvement
of coke quality. Therefore CDQs are being rap-
idly constructed in China and India in recent
years. In addition, developed country may push
forward CDQ construction from the viewpoint
of environmental impact.

2. Bricks for CDQ

The main part of the CDQ is comprised of
a cooling tower, a dust eliminator and a boiler.
Fired brick is applied to the most part of the
cooling tower and the dust eliminator because
CDQ refractories are used as the structural body
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Table 1 Typical properties of bricks for CDQ
Propertios Brand name| \y 11375 | NX-H37L-3 | MLM-G5F | MLM-50F | MLM-40F [ MLM-60L| ADT-80 | ADT-60 [ NX-L-1| BFD | CHS
Refractoriness / SK 37 37 37 36 34 37 40 38 - 34 31
Apparent porosity / % 16.0 14.0 15.5 16.5 15.0 11.0 16.0 15.0 14.0 14.0 15.0
Bulk density 2.45 2.45 240 | 235 | 220 | 255 | 285 | 255 | 220 | 225 | 2.10
Cold crushing strength 70 100 75 75 55 | 100 | 70 65 90 70 80
/MPa
Thermal expansion / % 043 | 044 | 050 | 050 | 045 | 060 | 060 | 050 | 035 | 050 | 040
at 1000°C
Refractoriness under load
(T2/°C) (Load-0.2MPa) 1500 1560 1560 1500 1450 1600 | >1650 | >1650 | 1280 1440 1350
Chemical composition / %
AlLO: 55 55 55 51 43 58 80 63 27 41 30
Fe.0s 1.2 1.5 1.2 1.3 1.8 0.9 0.6 1.0 1.5 1.5 1.9
M EEREME, T AR —1) ¥ FHEE gk S, Fi for a long term. Fig.2 shows the appearance of
FIIF - ) HRNADBHHE N TN S, & the brick lining. The necessary characteristics
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vary according to the part where they are used,
but mainly alumina-silica materials are used
because abrasion and spalling resistance are
required. Although partial re-bricklaying repair
is necessary, some CDQs have been operating
continuously for more than 30 years. The major
damage factors of each part and applied materi-
als are listed below. The typical properties of
the applied materials are shown in Table 1.
2. 1 Cooling tower charging chamber

The main damage factors of cooling tower
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Fig.3 Damage cases of flue column brick used for about 10 years.
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charging chamber bricks are thermal spalling
by large temperature change at coke charging,
up-thrusting by thermal expansion of refracto-
ries, and shrinkage cracking during cooling. So,
as for the refractories used for these parts, good
thermal and mechanical spalling resistance and
volume stability are required. MLM-50F satis-
fies these requirements. ADT-80 is applied to
the throat area (the largest temperature change
area) due to excellent spalling resistance.
2. 2 Cooling tower prechamber

The main damage factors of cooling tower
prechamber bricks are deformation by lateral
pressure of coke, abrasion, and shrinkage
cracking during cooling. ADT-60 which has
good creep, spalling and abrasion resistance is
the most suitable material. MLM-50F also has
many supply results.
2. 3 Cooling tower flue

The flue column is exposed to the severest
service conditions in the CDQ, hence it requires
frequent repair. The first repairing of this area
generally starts after 4-8 years of operation.
The damage situation of a flue column used for
about 10 years is shown in Fig.3. Bricks in the
flue column are damaged by (1) biased load by
the overhang structure, (2) mechanical spalling
caused by vertical load, (3) thermal spalling
caused by temperature change, and (4) abra-
sion by coke. Materials for the flue column are
selected from MLM-55F (conventional standard),
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NH-H37S (improved spalling resistance by
reduced elasticity under sufficient strength),
NH-H37L-3 (low porosity and high strength)
from a viewpoint of the lining design and repair
frequency.
2. 4 Cooling tower cooling chamber

The performance of the cooling chamber
bricks is affected by spalling caused by the cool-
ing gas and abrasion caused by the coke. The
best material for this part is NX-L-1, which has
good abrasion resistance through low porosity
and high strength and has good spalling resis-
tance through low thermal expansion.
2. 5 Dust eliminator

The major damage factor of the dust elimina-
tor is abrasion caused by hot high-speed gas
including powder coke. This phenomenon is
accelerated by the biased gas flow. The stabil-
ity of the structure is important in the ceiling
part, too. Therefore, MLM-50F and MLM-40F,
which have good hot volume stability are
applied. Hard fireclay materials such as BED
and CHS are used on the sidewall and the floor
where the usage condition is not as severe as
the ceiling. MLM-60L and CHS, which have
good abrasion resistance with high strength are
applied to the dust grid and the collision wall
where cokes collides with them.

3. Preassembly Which Considered Bricklaying

The dimensional accuracy of bricks affects
the performance of bricklaying significantly.
Therefore strict dimensional control is necessary

1

Dust grid

Fig.4 Preassembled parts.
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Fig.5 Flue column brick repairing examples.
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at the time of brick production to ensure smooth
bricklaying. It is desirable to adjust dimensions
and preassemble complicated parts and parts of
which require precise dimensional accuracy is
required. We recommend preassembly work for
the flue column, jack arch, manhole, thermometer,
peeping hole, microwave level meter, and dust
grid.

Fig4 shows several cases of preassembly. We
contribute to smooth bricklaying through the
processing and preassemble technology that
has been developed for a long time.

4. Flue Column Brick Repairing Method

Because the CDQ is used as a structural body
for a long time, it is important to investigate the
state of the damaged refractories when opera-
tion is interrupted by periodic inspection of the
boiler. We investigated the damaged state of the
refractories to propose the material modification
and repairing area.

Fig.5 shows picture of repair areas of a flue
column with the highest repair frequency. The
severely damaged part of the flue column was
exchanged at each periodic inspection of the
boiler after the first 4-8 years of operation.
This bricklaying prevents column damage
progression. And, large-scale exchange of the
flue may be carried out because the damage of
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Table 2 CDQ brick supply record

Company Works Number of CDQ

a No.1~8

A b No.3, No.4, No.5-1, No.5-2
c No.1,2, No.3, No.4, No.5,6
d No.1, No.2

5 a No.1, No.2, No.3
b No.6

C a No.4A, No.4B

6. £&oH

EIN CCDQARED % B4 L THI404F A3k,
EALIZ L) KRR LR AZ A PR ERCDQ D
HLTET05, 72, RENOEBZILIR
& BIHZBNTH S 5IZCDQUITERT L b DL
Ebi b Lt TIL19764F IZCDQMITN K % #i A
LCEBR, RO o THEEGE, BIEIRUCH
FErFEMLT05E, ZOFERKEEREEIL, 4
b CDQOLERE, EHFMILICEML TWwaL
W,

Shinagawa Technical Report

the column progresses 10-20 years later. When
bricks for the flue column are replaced, several
kinds of countermeasures (e.g. supporting jig
for upper load, sealing for opened joint) are
used because bricks for the charging chamber
and prechamber, which are located above, still
remain.

5. Supply Record

The CDQ refractory supply records are
shown in Table 2. We have supplied bricks to 24
CDQs at 7 works for 3 companies since 1976.

6. Conclusion

Approximately 40 years have passed since
the CDQ system began to operate in Japan.
Some CDQs require large-scale repairing due
to structural deterioration. Also, considering
the environmental impact, CDQ construction
is expected to increase in many countries. We
started supplying refractories for the CDQ in
1976. Thereafter we have been carrying out
material design and damage investigation for
many years. We will in the future, further
stabilize operation and extend CDQ service life
with the data attained these results.





