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QUENCHING EQUIPMENT

(57) ltisintended to provide a CO concentration con-
trol method and apparatus for a coke dry quenching fa-
cility, which is capable of suppressing a rapid increase
in CO concentration during hot coke charging into the
coke dry quenching facility. In a coke dry quenching fa-
cility designed to subject hot coke to heat exchange with
a cooling gas consisting of an inert gas, in a quenching
tower of the coke dry quenching facility, and blow CO-
burning air into the cooling gas heated to a high temper-
ature and discharged from the quenching tower, where-
after the cooling gas with the air is introduced to a boiler
to recover heat therefrom, and the cooling gas cooled by
and discharged from the boiler is circulated to the
quenching tower, the air is blown at a flow rate which is
increased at a rate of 10 to 95 Nm3/h per second with
respect to an air flow rate to be blown during a normal
operation of the coke dry quenching facility, from 150 to
15 seconds before initiation of hot coke charging into the
quenching tower, and subsequently blown at a flow rate
ranging from 0.7 X Qto 1.3 X Q, during a period between
the initiation and completion of the hot coke charging,
wherein Q is an air flow rate to be blown at an initiation
timing of the hot coke charging.

METHOD AND DEVICE FOR CONTROLLING CO CONCENTRATION IN COKE DRY-
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Description
TECHNICAL FIELD

[0001] The present invention relates to a coke dry
quenching facility for cooling hot coke taken out of a coke
oven, by an inert circulation gas, and more specifically
to a technique of adjusting an air-blowing amount during
hot coke charging in such a manner that the air-blowing
amount is adjusted during a period before the hot coke
charging through until completion of the charging to con-
trol a CO concentration of the circulation gas during the
hot coke charging to a predetermined value or less so
as to suppress a rapid increase in the CO concentration.

BACKGROUND ART

[0002] A coke dry quenching facility is used for cooling
of hot coke taken out of a coke oven. The hot coke is
charged into a prechamber from a top of a quenching
tower of the coke dry quenching facility, and the charged
coke is cooled while falling through a cooling chamber,
by contact with an inert circulation gas blown from a lower
side of the cooling chamber.

[0003] The coke dry quenchingfacility is widely known,
wherein the quenching tower comprises a prechamber,
a cooling chamber, and a sloping flue between the pre-
chamber and the cooling chamber.

[0004] The cooling chamber has a lower portion pro-
vided with a cooling gas-blowing device for blowing a
cooling gas consisting of an inert gas such as nitrogen,
and a coke discharge port. The hot coke conveyed from
a coke oven is charged from a charging device into the
prechamber, and the charged coke is cooled while falling
through the cooling chamber, by contact with the cooling
gas blown from the cooling gas-blowing device, and then
discharged from the coke discharge port.

The cooling gas heated to a high temperature and dis-
charged from the quenching tower is introduced to a boil-
er to undergo heat exchange therein. The cooling gas
discharged from the boiler is introduced to a heat ex-
changer and sent to the cooling gas-blowing device, by
a circulation fan, so that it is blown into the cooling cham-
ber in a circulating manner.

[0005] In an operation of the coke dry quenching facil-
ity, hot coke is charged from above the prechamber (sev-
eral times per hour). Due to the hot coke charging, a CO
concentration of the circulation gas (cooling gas), i.e., an
internal atmosphere of the prechamber, is rapidly in-
creased by a burnable gas (CO) generated during the
hot coke charging and CO derived from the charged coke.
If the operation is continued under the increased CO con-
centration, a specific heat of the circulation gas is lowered
to cause a reduction in sensible heat recovery amount
in the boiler in a subsequent stage. Thus, it is important
to reduce the CO concentration. Therefore, there has
been employed a technique of blowing air into the circu-
lation gas at a position upstream of the boiler to bum CO
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to reduce the CO concentration.

[0006] As a gas-concentration control method, the fol-
lowing Patent Document 1 discloses a technique of per-
forming: a feedback control based on a PID (Proportion-
al-Integral-Derivative algorithm) control process de-
signed to compensate for a difference between preset
and actual values of blowing-air flow rate, using a device
for adjusting an amount of fresh air and bypass air to be
blown from an air-blowing port provided between a slop-
ing flue and a boiler; and a feedforward control based on
a coke discharge amount and an actual gas concentra-
tion, in order to constantly maintain a burnable gas (CO)
and an oxygen component in a circulation gas at a min-
imum level to maximize a sensible heat recovery amount.
Patent Document 1: JP 2006-183058A

DISCLOSURE OF THE INVENTION
[PROBLEM TO BE SOLVED BY THE INVENTION]

[0007] However, the technique disclosed in the Patent
Document 1 does not particularly consider the phenom-
enon that a CO concentration is rapidly increased after
hot coke charging, and thereby it is still the case that an
operator manually adjusts the CO concentration when it
is rapidly increased after the coke charging, so as to re-
duce the CO concentration. Details thereof will be de-
scribed with reference to FIG. 7.

[0008] FIG. 7 is a graph showing an influence of air
blowing during the hot coke charging, on a CO concen-
tration and a prechamber pressure, in the conventional
technique. In FIG. 7, the CO concentration is a value
measured at an outlet side of a heat exchanger.

[0009] As shown in FIG. 7, the CO concentration is
increased after a shorttime from the coke charging. Thus,
the amount of air to be blown from the air-blowing port
provided between the sloping flue and the boiler is in-
creased by a manual operation of an operator. However,
the control is liable to lag behind an increase in the CO
concentration caused by CO derived from hot coke and
air entering from a charging port, just after the hot coke
charging, resulting in failing to suppress an increase in
the CO concentration.

[0010] Asabove, itis extremely difficult for an operator
to adjust the CO concentration to a stable and low value
by adjusting a flow rate of air to be brown from the air-
blowing port. Consequently, after the coke charging, a
specific heat of the circulation gas is lowered due to the
occurrence of an increase in the CO concentration of the
circulation gas, which causes a problem a reduction in
sensible heat (steam) recovery amount in the boiler pro-
vided in a subsequent stage.

[0011] Itis therefore an object of the present invention
to provide a CO concentration control method and appa-
ratus for a coke dry quenching facility, which is capable
of suppressing a rapid increase in CO concentration dur-
ing hot coke charging into the coke dry quenching facility.
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[MEANS FOR SOLVING THE PROBLEM]

[0012] Assetforthinthe appended claim 1, the present
invention provides a CO concentration control method
for a coke dry quenching facility designed to subject hot
coke to heat exchange with a cooling gas consisting of
aninertgas, in a quenching tower of the coke dry quench-
ing facility, and blow CO-burning air into the cooling gas
heated to a high temperature and discharged from the
quenching tower, whereafter the cooling gas with the air
is introduced to a boiler to recover heat therefrom, and
the cooling gas cooled by and discharged from the boiler
is circulated to the quenching tower. The method is char-
acterized in that it comprises: in advance of hot coke
charging into the quenching tower, blowing the air at a
flow rate which is increased by an air amount required
for burning of CO to be increased after the coke charging,
with respectto an air flow rate to be blown during a normal
operation of the coke dry quenching facility; and during
a subsequent period from initiation of the charging
through until completion of the charging, blowing the air
in the increased flow rate at an initiation timing of the
charging.

[0013] As set forth in claim 2, the method set forth in
claim 1 is characterized in that it comprises, from 150
to 15 seconds before the initiation of the hot coke charg-
ing into the quenching tower, blowing the air at a flow
rate which is increased at a rate of 10 to 95 Nm3/h per
second with respect to the air flow rate to be blown during
the normal operation.

[0014] Assetforthinthe appended claim 3, the present
invention also provides a CO concentration control meth-
od for a coke dry quenching facility designed to subject
hot coke to heat exchange with a cooling gas consisting
of an inert gas, in a quenching tower of the coke dry
quenching facility, and blow CO-burning air into the cool-
ing gas heated to a high temperature and discharged
from the quenching tower, whereafter the cooling gas
with the air is introduced to a boiler to recover heat there-
from, and the cooling gas cooled by and discharged from
the boiler is recirculated to the quenching tower. The
method is characterized in that it comprises: from 150
to 15 seconds before initiation of hot coke charging into
the quenching tower, blowing the air at a flow rate which
is increased at a rate of 10 to 95 Nm3/h per second with
respect to an air flow rate to be blown during a normal
operation of the coke dry quenching facility; and, during
a subsequent period between the initiation and comple-
tion of the hot coke charging, blowing the air at a flow
rate ranging from 0.7 X Q to 1.3 X Q, wherein Q is an
air flow rate to be blown at an initiation timing of the hot
coke charging.

[0015] Assetforthinthe appended claim4, the present
invention further provides a CO concentration control ap-
paratus for a coke dry quenching facility designed to sub-
ject hot coke to heat exchange with a cooling gas con-
sisting of an inert gas, in a quenching tower comprising
a prechamber and a cooling chamber located beneath
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the prechamber, and blow CO-burning air into the cooling
gas heated to a high temperature and discharged from
the quenching tower to a gas duct, whereafter the cooling
gas with the air is introduced to a boiler to recover heat
therefrom, and the cooling gas cooled by and discharged
from the boiler is circulated to the quenching tower. The
apparatus is characterized in that it comprises flow rate
adjusting means operable, from 150 to 15 seconds be-
fore initiation of hot coke charging into the quenching
tower, to blow the air at a flow rate which is increased at
a rate of 10 to 95 Nm3/h per second with respect to an
air flow rate to be blown during a normal operation of the
coke dry quenching facility, and, during a subsequent
period between the initiation and completion of the hot
coke charging, to blow the air at a flow rate ranging from
0.7 X Qto 1.3 X Q, wherein Q is an air flow rate to be
blown at an initiation timing of the hot coke charging.

[EFFECT OF THE INVENTION]

[0016] In the present invention, in advance of the hot
coke charging into the quenching tower, the CO-burning
air is blown into the high-temperature cooling gas dis-
charged from the quenching tower, at a flow rate which
is increased by a given amount. Further, during the sub-
sequent period from the initiation of the charging through
until the completion of the charging, the air is blown at
the flow rate at an initiation timing of the charging. This
makes it possible to suppress an increase in CO concen-
tration during the hot coke charging.

BEST MODE FOR CARRYING OUT THE INVENTION

[0017] A CO concentration control method and appa-
ratus for a coke dry quenching facility of the present in-
vention will be described based on an embodiment there-
of.

[FIRST EMBODIMENT]

[0018] FIG. 1is a schematic diagram showing one ex-
ample of a coke dry quenching facility using the present
invention.

[0019] In FIG. 1, the coke dry quenching facility com-
prises a quenching tower 1 which has a prechamber 3
adapted to receive therein hot coke charged from a
charging device 2 on a top of the quenching tower 1, and
a cooling chamber 4 disposed beneath the prechamber
3 to cool the hot coke which is falling therethrough. An
annular-shaped sloping flue 5 is provided between the
prechamber 3 and the cooling chamber 4 to extract an
after-mentioned cooling gas after being heated to a high
temperature through heat exchange. The sloping flue 5
is connected to a gas duct 6.

[0020] The cooling chamber 4 has a reverse conical-
shaped lower portion provided with a cooling gas-blowing
device 7 adapted to blow therefrom a cooling gas con-
sisting of an inert gas such as nitrogen, and a coke dis-
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charge device 8. The cooling gas is supplied from a heat
exchanger 9 to the cooling gas-blowing device 7.
[0021] Hotcoke conveyed from a coke ovenis charged
from the charging device 2 into the prechamber 3, and
the charged coke is cooled while falling through the cool-
ing chamber 4, by contact with the cooling gas blown
from the cooling gas-blowing device 7, and then dis-
charged from the coke discharge device 8.

Meanwhile, the cooling gas heated to a high temperature
by contact and heat exchange with the hot coke is sub-
jected to dust removal through the gas duct 6, and then
introduced into a boiler 10. In the boiler 10, the cooling
gas is cooled through heat exchange. The cooling gas
discharged fromthe boiler 10 is subjected to dust removal
through a dust catcher 11 coupled to a gas outlet of the
boiler 10. Then, the cooling gas is introduced to the heat
exchanger 9 and sent to the cooling gas-blowing device
7,by acirculationfan 12, so thatitis blown into the cooling
chamber 4 in a circulating manner.

[0022] In an operation of the coke dry quenching facil-
ity, if the operation is performed under a condition that a
CO concentration of the circulation gas (cooling gas) is
excessively increased, a specific heat of the circulation
gas will be lowered to cause a reduction in sensible heat
recovery amount in the boiler in a subsequent stage.
Thus, in order to reduce the CO concentration, air is
blown from an air-blowing port 13 into the cooling gas
heated to a high temperature through the heat exchange
and discharged from the quenching tower 1, on an up-
stream side of the boiler 10, to bum CO so as to reduce
the CO concentration. A blowing-air flow rate is adjusted
by a flow rate-adjusting valve serving as flow rate adjust-
ing means 14. In place of the flow rate-adjusting value
serving as the flow rate adjusting means 14, a rotation
speed of ablower may be controllably adjusted, as shown
in FIG. 6.

[0023] In the present invention, in order to suppress
the rapid increase in CO concentration during the hot
coke charging, a blowing-air flow rate is adjusted before
the hot coke charging into the quenching tower and dur-
ing a subsequent period between initiation and comple-
tion of the hot coke charging, as described later. Then,
after the completion of the charging, the blowing-air flow
rate is adjusted by a feedback control based on a CO
concentration,.

[0024] FIG. 2is a graph showing an influence of a rate
of increase per second in a blowing-air flow rate, on a
CO concentration and a prechamber pressure.

[0025] In FIG. 2, from 150 to 15 seconds before initi-
ation of the hot coke charging into the quenching tower,
air is blown at a flow rate which is increased at a rate
ranging from 10 Nm3/h per second (broken line) to 95
Nm3/h per second (two-dot chain line) with respect to an
air flow rate to be blown during a normal cooling operation
(about 7000 to 10000 Nm3/h).

[0026] Then, when the hot coke charging is initiated
after opening a cover of the prechamber, the air is blown
at a flow rate of = 30% with respect to an air flow rate Q
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to be blown at an initiation timing of the hot coke charging,
i.e., at a flow rate ranging from 0.7 X Qto 1.3 X Q. This
makes it possible to suppress an increase of CO con-
centration due to the increase in CO concentration during
the hot coke charging.

[0027] An initiation timing of the air blowing was ana-
lyzed by a test performed on condition that it is variously
changed with respect to the initiation timing of the hot
coke charging, while setting the rate of increase in the
blowing-air flow rate, to a constant value (range of 10 to
95 Nm3/h per second). As a result, the following knowl-
edge was obtained.

[0028] Ifatime period of the increased blowing-air flow
rate is set to an excessively large value (i.e., an initiation
timing of increasing the blowing-air flow rate is set to be
greater than 150 seconds before the initiation of the
charging), a total blowing-air flow rate becomes exces-
sively large, and O, in the blowing air causes burning of
the coke in the prechamber to produce CO through a
reduction reaction, so that the CO concentration cannot
be controlled at a low level. It was also proven that, if the
time period of the increased blowing-air flow rate is set
to an excessively small value (i.e., the initiation timing of
increasing the blowing-air flow rate is set to be less than
15 seconds before the initiation of the charging), an
amount of O, required for burning of CO becomes defi-
cient to preclude a possibility to control the CO concen-
tration.

[0029] From the above results, it has become clear
that it is adequate to initiate increasing the blowing-air
flow rate, from 150 to 15 seconds before the initiation of
the hot coke charging.

[0030] Further, a test was performed on condition that
the rate of increase per second in the blowing-air flow
rate is variously changed while increasing the blowing-
air flow rate from the adequate timing (150 to 15 seconds)
before the initiation of the hot coke charging.

[0031] FIGS. 3 to 5 illustrates an influence of the rate
of increase per second in the blowing-air flow rate, on
the CO concentration and the prechamber pressure,
wherein FIG. 3, FIG. 4 and FIG. 5 are a graph in case of
setting the rate of increase per second in the blowing-air
flow rate to 100 Nm3/h, a graph in case of setting the rate
of increase per second in the blowing-air flow rate to 7
Nm3/h, and a graph in case of setting the rate of increase
per second in the blowing-air flow rate to 10 to 95 Nm3/h,
respectively.

[0032] As shown in FIG. 3, if the blowing-air flow rate
is sharply increased at a rate of 100 Nm3/h per second,
a pressure fluctuation occurs in the prechamber to cause
a change in pressure balancing of the entire CDQ (coke
dry quenching) facility, which leads to fluctuation in
amount of the circulation gas and in steam recovery
amount in the boiler provided in the subsequent stage.
[0033] As shownin FIG. 4, conversely, if the blowing-
air flow rate is gently increased at a rate of 7 Nm3/h per
second, air becomes deficient with respect to CO derived
from charged coke and air entering from a charging port
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during hot coke charging in the next cycle, which pre-
cludes a possibility to reduce the CO concentration.

[0034] A test was further performed on condition that
the rate of increase per second in the blowing-air flow
rate is variously changed in the range between the rates
in FIGS. 3 and 4. As a result, a stable CO concentration
and a stable prechamber pressure were obtained at a
rate of 10 to 95 Nm3/h per second, as shown in FIG. 5.
[0035] During a period between initiation and comple-
tion of the hot coke charging, the air is blown at a flow
rate ranging from 0.7 X Q to 1.3 X Q, wherein Q is an
air flow rate of 10 to 95 Nm3/h per second to be blown
before a timing of the initiation of the hot coke charging.
If the blowing-air flow rate is greater than 1.3 X Q, hot
gas will be blown out to an outside of the facility. This
undesirably contaminates the environment and causes
safety hazards. If the blowing-air flow rate is less than
0.7 X Q, an internal pressure of the prechamber will be
lowered, and thereby an outside air (ambient air) will en-
ter from outside the facility. Consequently, the entered
air causes burning of coke inside the facility to produce
CO through a reduction reaction, which precludes a pos-
sibility to reduce the CO concentration of the circulation
gas. Therefore, it has become clear that an adequate
blowing-air flow rate is in the range of 0.7 X Qto 1.3 X Q.

BRIEF DESCRIPTION OF THE DRAWINGS
[0036]

FIG. 1is a schematic diagram showing one example
of a coke dry quenching facility using the present
invention.

FIG. 2 is a graph showing an influence of a rate of
increase per second in a blowing-air flow rate, on a
CO concentration and a prechamber pressure, in the
present invention.

FIG. 3 is a graph showing an influence of the rate of
increase per second in the blowing-air flow rate, on
the CO concentration and the prechamber pressure,
in case of setting the rate to 100 Nm3/h.

FIG. 4 is a graph showing an influence of the rate of
increase per second in the blowing-air flow rate, on
the CO concentration and the prechamber pressure,
in case of setting the rate to 7 Nm3/h.

FIG. 5 is a graph showing an influence of the rate of
increase per second in the blowing-air flow rate, on
the CO concentration and the prechamber pressure,
in case of setting the rate to 10 to 95 Nm3/h.

FIG. 6 is a schematic diagram showing another ex-
ample of the coke dry quenching facility using the
present invention.

FIG. 7 is a graph showing an influence of air blowing
during the hot coke charging, on a CO concentration
and a prechamber pressure, in a conventional tech-
nique.
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EXPLANATION OF CODES
[0037]

quenching tower

charging device
prechamber (PC)

cooling chamber

sloping flue

gas duct

cooling gas-blowing device
coke discharge device

NSO RN 2

9: heat exchanger

10:  boiler

11:  dust catcher

12:  circulation fan

13:  air-blowing port

14: flow rate adjusting means (flow rate-adjusting
valve, blower)

Claims

1. A CO concentration control method for a coke dry
quenching facility designed to subject hot coke to
heat exchange with a cooling gas consisting of an
inert gas, in a quenching tower of the coke dry
quenching facility, and blow CO-burning air into the
cooling gas heated to a high temperature and dis-
charged from the quenching tower, whereafter the
cooling gas with the air is introduced to a boiler to
recover heat therefrom, and the cooling gas cooled
by and discharged from the boiler is recirculated to
the quenching tower, the CO concentration control
method being characterized in that it comprises:
in advance of hot coke charging into the quenching
tower, blowing the airataflow rate whichis increased
by an air amount required for burning of CO to be
increased after the coke charging, with respectto an
air flow rate to be blown during a normal operation
of the coke dry quenching facility; and, during a sub-
sequent period from initiation of the charging through
until completion of the charging, blowing the air in
the increased flow rate at an initiation timing of the
charging.

2. The CO concentration control method as defined in
claim 1, characterized in that it comprises, from
150 to 15 seconds before the initiation of the hot coke
charging into the quenching tower, blowing the air
at a flow rate which is increased at a rate of 10 to 95
Nm3/h per second with respect to the air flow rate to
be blown during the normal operation.

3. A CO concentration control method for a coke dry
quenching facility designed to subject hot coke to
heat exchange with a cooling gas consisting of an
inert gas, in a quenching tower of the coke dry
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quenching facility, and blow CO-burning air into the
cooling gas heated to a high temperature and dis-
charged from the quenching tower, whereafter the
cooling gas with the air is introduced to a boiler to
recover heat therefrom, and the cooling gas cooled
by and discharged from the boiler is recirculated to
the quenching tower, the CO concentration control
method being characterized in that it comprises:
from 150 to 15 seconds before initiation of hot coke
charging into the quenching tower, blowing the air
at a flow rate which is increased at a rate of 10 to 95
Nm3/h per second with respect to an air flow rate to
be blown during a normal operation of the coke dry
quenching facility; and, during a subsequent period
between the initiation and completion of the hot coke
charging, blowing the air at a flow rate ranging from
0.7 X Qto 1.3 X Q, wherein Q is an air flow rate to
be blown at an initiation timing of the hot coke charg-

ing.

A CO concentration control apparatus for a coke dry
quenching facility designed to subject hot coke to
heat exchange with a cooling gas consisting of an
inert gas, in a quenching tower comprising a pre-
chamber and a cooling chamber located beneath the
prechamber, and blow CO-burning air into the cool-
ing gas heated to a high temperature and discharged
from the quenching tower to a gas duct, whereafter
the cooling gas with the air is introduced to a boiler
to recover heat therefrom, and the cooling gas
cooled by and discharged from the boiler is circulated
tothe quenching tower, the CO concentration control
apparatus being characterized in that it comprises
flow rate adjusting means operable, from 150 to 15
seconds before initiation of hot coke charging into
the quenching tower, to blow the air at a flow rate
which is increased at a rate of 10 to 95 Nm3/h per
second with respect to an air flow rate to be blown
during a normal operation of the coke dry quenching
facility, and, during a subsequent period between
the initiation and completion of the hot coke charging,
to blow the air at a flow rate ranging from 0.7 X Q to
1.3 X Q, wherein Q is an air flow rate to be blown at
an initiation timing of the hot coke charging.
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