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(57) Abstract: Provided is a coal deactivation processing device that can suppress an increase in carbon monoxide concentration in
processing gas regardless of the fact that used processing gas is circulated and reused. The present invention is provided with: a
device main body (141) that causes coal therewithin to flow from one side to another; a processing gas feed means (142-144, 144a,
145, 145a, 146, 146a, 147, 148) that feeds processing gas to the interior of the device main body (141); a processing gas circulation
means (148) that circulates used processing gas (33) used in the device main body (141) to the processing gas feed means; and a car -
bon monoxide processing device (170) that adjusts the carbon monoxide concentration in the processing gas in a manner so as to re -
duce the carbon monoxide concentration in the processing gas.
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DESCRIPTION
TITLE CF THE INVENTION: COAL DEACTIVATION PROCESSING DEVICE AND
EQUIPMENT FOR PRODUCING MODIFIED COAL USING SAME
TECHNICAL FIELD
(0001]

The present invention relates to a coal deactivation
processing device and upgraded coal production equipment using
the same.

BACKGROUND ART
(0002]

Since low-rank coal {low-guality coal) containing a large
amcunt of water such as brown coal and subbituminous cocal has
a low heating value per unit weight, the low-rank coal is heated
to be dried and pyreolized and is also upgraded in a low oxygen
atmosphere to reduce surface activity. The leow-rank coal is
thereby turned into upgraded coal which has an improved heating
value per unit weight while being prevented from spontaneously
combusting.

PRIOR ART DOCUMENT
PATENT DOCUMENT
[0003]
Patent Document 1: Japanese Patent Application Publication No.
2007-237011
Patent Document  2: Internatiocnal Patent Application
Publication No. W095/13868
SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
(0004]
Various types of coal deactivation processing devices

configured to deactivate the aforementioned pyrolized coal



produced by drying and pyrolizing the low-rank coal have been
studied. For example, as shown in Fig. 8, there is a device in
which processing gas containing a low concentration of oxygen
i1s circulated. This device 500 includes a processing tower 501
in which coal 521 being the pyrolized coal flows from an upper
side being one side to a lower side being another side. Front
end sides of multiple intrcduction pipes 511 configured to
introduce processing gas 533 containing a low concentration of
oxygen into the processing tower 501 and base end sides of
multiple discharge pipes 512 configured to discharge processing
gas 534 flowing inside the processing tower 501 to the outside
are connected to the processing tower 501 in a manner arranged
in a up-down direction. A front end side of a feed pipe 513
configured to feed the processing gas 533 is connected to base
end sides of the introduction pipes 511.

fooos]

A front end side of an air supply pipe 514 configured to
supply air 531 and a front end side of a nitrogen supply pipe
515 configured to supply nitrogen gas 532 are connected to a
base end side of the feed pipe 513. Abase end side of the nitrogen
supply pipe 515 is connected to a nitrogen supply source 516
such as a nitrogen gas tank. A base end side of the air supply
pipe 514 is opened to the atmosphere. A flow-rate reqgulating
valve 514a is provided in the middle of the air supply pipe 514,
and a fiow-rate regulating valve 515a is provided in the middle
of the nitrogen supply pipe 515. A blower 513a is provided in
the middle of the feed pipe 513. A humidity-temperature
adjustment device 513b configured to adjust the humidity and
temperature of the processing gas 533 is provided between the

front end side of the feed pipe 513 and the blower 513a. A basge



end side of a branch pipe 518 configured to discharge the
processing gas 533 to the outside of the system is connected
to the feed pipe 513 between the blower 51i3a and the
humidity-temperature adjustment device 513b. A base end side
of a circulation pipe 517 is connected to front end sides of
the discharge pipes 512. A front end side of the circulation
pipe 517 is connected to the base end side of the feed pipe 513.
[0008]

In the coal deactivation processing device 500, the
pyrolized coal 521 is supplied into the processing tower 501
from above. Moreover, the air 531 and the nitrogen gas 532 are
fed from the supply pipes 514, 515 to the feed pipe 513 by
controlling opening degrees of the flow-rate regqulating valves
5l4a, 515a and an operation of the blower 513a and are mixed
' to produce the processing gas 533, and the humidity and
temperature of the processing gas 533 are adjusted by
controlling an operation of the humidity-temperature
adjustment device 513b. The processing gas 533 whose humidity
and temperature are adjusted as described above is introduced
into the processing tower 501 through the introduction pipes
511 and used to deactivate a surface of the coal 521 in the
processing tower 501. Then, the processinggas 533 ig discharged
from the discharge pipes 512 to the circulation pipe 517 as used
processing gas 534. The used processing gas 534 discharged to
the circulation pipe 517 is returned to the feed pipe 513 and
ismixed with the newair 531 and nitrogen gas 532 from the supply
pipes 514, 515 to be reused as the new processing gas 533. At
this time, the same amount of the processing gas 533 as the air
531 and the nitrogen gas 532 supplied from the supply pipes 514,

515 is discharged to the outside of the system from the branch
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pipe 518.
(0007]

In the pxﬂueablng tower 501, thHe coal 521 reaote with oxygan
in the procegsing gas 533 and small amounts of rcarbon monczide
and carbon dioxide ars generated. Jince the uged processing gas
534 uwsed in the deactivabtion processing of the coal 521 in the
processing tower 501 is sent to the fesed pipe 513 via the
digcharge pipss 312 and the ciroulaticn pipe 517, the carbon
monoxide concentration in the processing gas 5323 increases with
elapse of operation time, in proportion to the ogperation time.
{0008]

Since carbon monoxide has a great sffect on human body
depending on its c¢oncentyaticn, the concentration of carbon

monoxide 1s reguired to be veduced in w plant and the like in

which the coal deactivation processing device 540 ig installed.
(0009]

In view of this, the present invention has been nade to deal
with the problems described above and an ohiect therecf is to
provide a coal deactivation processing device and upgraded geal
production eguipment using the same which <can supgpress an
increase of the carbon wmencxide concentration in processing gas
degpite of circulating and reusing the used procesging gas.

o010l

Accordingly, a coal desctivation processing device of a

first aspect «of the invention for solving the problems desoribed

>

above is a coal deactivaticn procesging device configured to
deactivate al with processing gas containing ovgen, wherein
the coal deactivation procesgsing davige cownprises

a device main body in which the coal flows from one side to
another side;

praocessing gas feeding means for feeding the processing gas

into the device main body;
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processing gas circulating means for cilrculating ged
procegsing gas used in the device main body to the processging gas
feeding means; and

carbon monoxide processing means for adjusting a carbon
monoxide concentration in the processing gas such that the carbon
monoxide concentration in the processing gas is reduced, wherein
the carbon nonoxide processing means includes:

processing gas extracting means for extracting the
processing gas:

oxidizing wmeans for oxidizing carbon wonoxide in the
processing gas extracted by the processing gas extracting means
and adiusting the carbon wmoncoxide concentration in the processing
gas; and

carbon wonoxide adjusted processing gas feeding means for
feeding the processing gas whose carbon monoxide concentration is
adjusgted by the oxidizing mesans to the processing gas feeding
means or the procegsing gas circulating means.

[eo11]

[This paragraph is being left intentionally blank]
fos12]

A coal deactivation processing device of a second aspect of
the invention for solving the probliems described above is the
coal deactivation processing device of the second aspect of the
invention, characterized in that the oxidizing means is any one
of an oxidation catalyst configured to owxidize carbon monoxide in
the processing gas, a combustion furnace configured to combust

the processing gas together with supplied fuel, and

et
a regenerative thermal oxidizer configured to combust the
processing gas together with supplied fuel,

(00

3]

o

A coal deactivation processing device of a third aspect of
the invention for solving the problems described above is the
coal deactivation processing device of the second aspect of the

invention, characterized in that the coal desactivation processing
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device further comprises: extraction amount regulating means for
regulating an extraction amount by which the processing gas

extracting means extracts the processing gas; processing gas

3

state detecting wmeans for detecting the carbon wmonoxide
copcentration of the processing gas flowing in the processing gas
feading means or the processing gas circulating wmeéans; and
control means for contrclling the extraction amount regulating
means on the basis of the carbon monoxide concentration of the
processing gas detected by the preocessing gag state detecting
means.

f0014]

A coal deactivation processing device of a fourth aspect of
the invention for solving the problems described above ig the
¢oal deactivation processing device of the fourth aspect of the
invention, chardcterized in that the control means: controls the
extraction amount regulating means such that the processing gas
ig extracted by the extracting means when the carbon monoxide
concentration of the processing gas detected by the processing
gas state detecting neans 1s egual to or greater than an upper
limit value; and controls the extraction amount regulating means
such that no processing gas is extracted by the extracting means
when the carbon monoxide concentration of the processing gas
detected by the processing gas state detecting means is egual to
or less than a lower limit value less than the upper limit value.
[0015]

Upgraded ceoal production eguipment of a £ifth aspect of the
invention for solwving the problems described above 1is

characteriz

9]

d in that the upgraded coal production egulpment
comprises: coal dryving means for drying coal; coal pyrolizin

weans for pyrolizing dry coal dried by the coal drying means;
pyrolized coal cooling means for cooling pyrolized cvoal pyrolized
by the ceoal pyrolizing means; and the coal deactivation

procesging device of the first aspect of the invention which
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performs deactivation processing on the pyrolized coal cocled by
the pyrolized coal cooling means.
[oo16]

Upgraded coal production eguipment of a gixth aspect of the
invention for solving the problemg described asbove is
characterized in that the upgraded coal production eguipment
compriges: coal drying means for drying coal; coal pyrolizing
means for pyrolizing dry coal dried by the coal dryving wmeans;
pyrolized coal cocling means for cooling pyrolized coal pyrolized
by the coal pyrolizing means; and the goal deactivation
procegsing device of the third aspect of the invention whict
performs deactivation processing on the pyrolized coal cooled by
the pyrolized ceoal cocling wmeans; the coal pyrolizing means
includes an inner tube to which the coal isg supplied, an outer
tube which is provided to cover the inner tube and into which
heating gas is supplisd to indivectly heat the inner tube, and
pyrolysis gas discharging means for discharging pyrolysis das
generated by heating the coal in the innex tube, and the upgraded

coal production eguipment further



comprises fuel feeding means for feeding the pyrolysis gas
discharged by the pyrolysis gas discharging means to the
combustion furnace or the regenerative thermal oxidizer.
EFFECT OF THE INVENTION

[0017]

The coal deactivation processing devices and the upgraded
coal production equipments using the same 1in the present
invention each includes the carbon monoxide processing means
for adjusting the carbon monoxide concentration in the
processing gas such that the carbon monoxide concentration in
the processing gas is reduced. Accordingly, even when the
processing gas used in the device main body is returned to the
processing gas feeding means by the processing gas circulating
means, it is possible to suppress an increase of the carbon
monoxide concentration in the processing gas to be fed into the
processing device main body by the processing gas feeding means.
Due to this, even when the coal deactivation processing device
is installed in a building which is a closed space, the increase
of the carbon monoxide concentration in the building can be
suppressed. Hence, a safe environment can be maintained even
in the building.

BRIEF DESCRIPTION OF THE DRAWINGS

foo1ls]

[Fig. 1] Fig. 1 is a schematic configuration diagram of a
first embodiment of upgraded coal production equipment in the

present invention.

[Fig. 2] Fig. 2 is a schematic configuration diagram of a
main portion of a coal deactivation device in Fig. 1.

[Fig. 3] Fig. 3 is a schematic configuration diagram of a

second embodiment of the upgraded ccal production equipment in



the present invention.

[Fig. 4] Fig. 4 is a schematic configuration diagram of a
third embodiment of the upgraded coal production equipment in
the present invention.

[Fig. 5] Fig. 5 is a schematic confiquration diagram of a
main portion of a coal deactivation processing device in Fig.
4.

[Fig. 6] Fig. 6 is a flowchart showing a control flow of the
coal deactivation processing device.

[Fig. 7] Fig. 7 is a graph showing an example of history of
CO concentration in processing gas in the coal deactivation
processing device.

[Fig. 8] Fig. 8 is a schematic configuration diagram of a
conventional coal deactivation processing device.

MODE FOR CARRYING OUT THE INVENTION

[0019]

Embodiments of a coal deactivation processing device and
upgraded coal production equipment using the same in the present
invention are described based on the drawings. However, the
present invention is not limited to the embodiments described
below based on the drawings.

[0020]
FIRST EMBODIMENT

A first embodiment of the coal deactivation processing
device and the upgraded coal production equipment using the same
in the present invention is described based on Figs. 1 and 2.
[0021]

Ag shown in Fig. 1, a coal drying device 110 which is coal
drying means for drying low~rank coal (low-quality coal) 1 being

coal containing a large amount of water such as brown coal and
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subbituminous coal includes: a hopper 111 which receives the
low-rank coal 1; a rotatably-supported inner tube (main body
cylinder) 112 into which the low-rank coal 1 in the hopper 111
is supplied from one end side (base end side); an outer tube
(jacket) 113 which is fixedly supported to cover an outer
peripheral surface of the inner tube 112 while allowing the
inner tube 112 to rotate and which is configured such that steam
11 being a heating medium is supplied to an inside of the outer
tube 113 (space between the outer tube 113 and the inner tube
112); and a chute 114 which is connected to the other end side
(front end gide) of the inner tube 112 to allow the inner tube
112 to rotate and which sends out dry coal 2 by causing the dry
coal 2 to fall from the other end side (front end side) of the
inner tube 112.

{0022}

A front end side of an inert gas feed line 115 through
which inert gas 12 such as nitrogen gas is fed is connected to
the one end side (base end side) of the inner tube 112 of the
coal drying device 110. One end side of an exhaust line 116 for
exhausting the inert gas 12 containing carbon monoxide, water
vapor, and the like is connected to an upper portion of the chute
114. The other end side of the exhaust line 116 is connected
to a cyclone separator 117 which separates and collects fine
coal 2a from the inert gas 12, the fine coal 2a generated in
the drying of the low-rank coal 1.

[0023]

One end side (base end side) of a circulation line 118
including a condenser 118a is connected to the cyclone separator
117, the condenser 118a configured to separate and remove the

water vapor from the inert gas 12, from which the fine coal 2a
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is separated, by causing the water vapor in the inert gas 12
to condense into water 13. The other end side (front end side)
of the circulation line 118 is connected to the middle of the
inert gas feed line 115.

f0024]

A lower portion of the chute 114 of the coal drying device
110 communicates with anupstream side, ina conveying direction,
of a dry coal conveying line 119 such as a belt conveyor
configured to convey the dry coal 2 sent out from the chute 114.
A downstream side of the dry coal conveying line 119 in the
conveying direction communicates with a coal pyrolizing device
120 configured to pyrolyze the dry coal 2.

[0025]

The coal pyrolizing device 120 includes: a hopper 121
which receives the dry coal 2 from the dry coal conveying line
119; a rotatably-supported inner tube (main body cylinder} 122
inte which the dry coal 2 in the hopper 121 is supplied from
one end side (base end side); an outer tube (jacket) 123 which
is fixedly supported to cover an outer peripheral surface of
the inner tube 122 while allowing the inner tube 122 to rotate
and which is configured such that heating gas 17 being a heating
medium is supplied to an inside of the outer tube 123 (space
between the outer tube 123 and the inner tube 122); and a chute
124 which is connected to the other end side (front end side)
of the inner tube 122 to allow the inner tube 122 to rotate and
which sends out pyrolized coal 3 by causing the pyrolized coal
3 to fall from the other end side (front end side) of the inner
tube 122.

[0026]

One end gide (base end side) of an exhaust line 126 for
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discharging pyrolysis gas (heat decomposition gas) 14 such as
carbon monoxide, water vapor, and tar is connected to an upper
portion of the chute 124 of the coal pyrolizing device 120. The
other end side (front end side) of the exhaust line 126 is
connected to a combustion furnace 127 to which air 15 and a
combustion aid 16 are supplied.

[0027]

A take-out line 128 for taking out part of the inert gas
12 from the circulation line 118 of the coal drying device 110
and supplying the inert gas 12 into the combustion furnace 127
is connected to the combustion furnace 127, the inert gas 12
being subjected to the removal of the water 13 in the circulation
line 118. One end side (base end side) of a heating gas feed
line 125 for feeding the heating gas 17 generated in the
combustion furnace 127 is connected to the combustion furnace
127. The other end side {front end side) of the heating gas feed
line 125 communicates with the inside of the outer tube 123.
[0028]

A lower portion of the chute 124 of the coal pyrolizing
device 120 communicates with a cooling device 130 which is
pyrolized coal cooling means for cocoling the pyrolized coal 3
sent out from the chute 124. The cooling device 130 includes:
a hopper 131 which receives the pyrolized coal 3 from the chute
124 of the coal pyrolizing device 120; a rotatably-supported
inner tube (main body cylinder) 132 into which the pyrolized
coal 3 in the hopper 131 is supplied from one end side {base
end gide) and in which cooling water 18 is showered; an outer
tube (jacket) 133 which is fixedly supported to cover an outer
peripheral surface of the inner tube 132 while allowing the

inner tube 132 to rotate; and a chute 134 which is connected
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to the other end side (front end side) of the inner tube 132
to allow the inner tube 132 to rotate and which sends out the
cooled pyrolized coal 3 by causing the pyrolized coal 3 to fall
from the other end side (front end side) of the inner tube 132.
[0029]

A lower portion of the chute 134 of the cooling device
130 communicates with an upstream side, in the conveying
direction, of a pyrolized coal conveying line 139 such as a belt
conveyer configured to convey the pyrolized coal 3 sent out from
the chute 134. A downstream side of the pyrolized coal conveying
line 139 in the conveying direction communicates with an upper
portion of a device main body (processing tower) 141 of a coal
deactivation processing device 140 which is deactivation
processing means for performing deactivation processing on the
pyrolized coal 3.

[0030]

As shown in Figs. 1 and 2, the coal deactivation processing
device 140 includes: the device main body (processing tower)
141 in which the pyreolized coal 3 from the pyrolized coal
conveying line 139 flows from an upper side being one side to
a lower side being another side; introduction pipes 142 whose
front end sides are disposed in the device main body 141 and
which introduce processing gas 31 containing oxygen into the
device main body 141; discharge pipes 143 whose base end sides
are disposed in the device main body 141 and which discharge
used processing gas 33 flowing inside the device main body 141
and used for the deactivation processing of the pyrolized coal
3 in the device main body 141; a feed pipe 144 which is connected
to base end sides of the introduction pipes 142 and which has

a blower l44a configured to feed the processing gas 31 to the
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introduction pipes 142; an air supply pipe 145 which is
connected to a base end side of the feed pipe 144 and which
supplies the air 15 to the feed pipe 144; a nitrogen supply pipe
146 which 1s connected to the base end side of the feed pipe
144 and which supplies nitrogen gas 27 to the feed pipe 144.
Note that the front end sides of multiple introduction pipes
142 and the base end sides of multiple discharge pipes 143 are
connected to the device main body 141 in a manner arranged in
an up-down direction.

[0031]

Front end sides of the discharge pipes 143 are connected
to a base end side of a circulation pipe 148. A front end side
of the circulation pipe 148 is connected to the base end side
of the feed pipe 144. A humidity-temperature adjustment device
144b configured to adjust the humidity and temperature of the
processing gas 31 to be fed to the introduction pipes 142 is
provided between the front end side of the feed pipe 144 and
the blower 144a. A flow-rate regulating valve 145a is provided
in the middle of the air supply pipe 145, and a flow-rate
regulating valve 146a is provided in the middle of the nitrogen
supply pipe 146. A base end side of the nitrogen supply pipe
146 is connected to a nitrogen supply source 147 such as a
nitrogen gas tank. One end side (base end side) of an extraction
pipe 172 for extracting part of the processing gas 31 from the
feed pipe 144 and feeding the processing gas 31 to a device main
body 171 of a carbon monoxide processing device 170 is connected
to the feed pipe 144 Dbetween the blower 144a and the
humidity-temperature adjustment device 144Db.

[0032]

The carbon monoxide processing device 170 includes: the
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device main body 171 to which the other end side (front end side)
of the extraction pipe 172 is connected; a fuel supply pipe 173
whose one end side (front end side) is connected to the device
main body 171 and which supplies fuel 28 into the device main
body 171; an air supply pipe 174 whose one end side (front end
side) is connected to the device main body 171 and which supplies
the air 15 into the device main body 171; a discharge pipe 175
whose base end side is connected to the device main body 171
and which discharges carbon monoxide concentration adjusted
processing gas 32 subjected to carbon monoxide concentration
adjustment in the device main body 141; a feed pipe 176 whose
base end side is connected to the discharge pipe 175 and whose
front end side is connected to the feed pipe 144 between a
connection portion with the extraction pipe 172 and the
humidity-temperature adjustment device 144b; and an exhaust
pipe 177 whose base end side is connected to the discharge pipe
175. A front end side of the exhaust pipe 177 is opened to the
atmosphere. A flow-rate regulating valve 173a is provided in
the middle of the fuel supply pipe 173, and a flow-rate
regulating valve 174a is provided in the middle of the air supply
pipe 174.

[0033]

As the device main body 171 of the carbon monoxide
processing device 170, there may be used a device which has a
function of oxidizing carbon monoxide in the processing gas 31
by processing the processing gas 31 with the fuel 28 and the
air 15, for example, a device having a function of oxidizing
CO such as a combustion furnace and a regenerative thermal
oxidizer (RTO). Moreover, instead of the device main body 171

there may be used a catalyst which promotes oxidation reaction
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of carbon monoxide in the processing gas 31 due to contact with
the air 15, for example, a hopcalite-based CO oxidation catalyst
such as CuMn,0, and CuZn0O, a noble metal-easily reducible
oxide-based CO catalyst such as Pt/Sn0O; and Pd/Ce0,, a gold
nanoparticle-based CO oxidation catalyst such as Au/TiO, and
Au/Fe,0;, and like.

[0034]

A lower portion of the device main body 141 of the coal
deactivation processing device 140 communicates with a kneading
device 151 which is kneading means for mixing upgraded coal 4
subjected to the deactivation processing with binder 5 such as
starch and water 6. The kneading device 151 communicates with
a compression device 152 which is compressing means for
compressing and molding the upgraded coal 4 kneaded and mixed
with the binder 5 and the water 6 into coal briquettes 7.
[0035]

One end side (base end side) of an exhaust gas line 161
having an exhaust blower l6la configured to discharge exhaust
gas 17a of the heating gas 17 from the inside of the outer tube
123 is connected to the outer tube 123 of the coal pyrolizing
device 120. A condenser 161b configured to cool the exhaust gas
17a is provided in the exhaust gas line 161.

[0036]

The other end side (front end side) of the exhaust gas
line 161 communicates with a gas receiving portion of a
denitration device 162 which is denitration means for spraying
ammonium chloride solution 21 on the exhaust gas 17a. A gas
delivery portion of the denitration device 162 communicates
with a gas receiving portion of an electrostatic precipitator

163 which is dust removal means for separating and removing dust
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and the like in the exhaust gas 17a. A gas delivery portion of
the electrostatic precipitator 163 communicates with a gas
receiving portion of a desulfurization device 164 which 1is
desulfurization means for blowing calcium carbonate slurry 22
on the exhaust gas 17a. A gas delivery portion of the
desulfurization device 164 communicates with the outside of the
system.
[0037]

In the embodiment described above, the coal drying device
110 which is the coal drying means is formed of the hopper 111,
the inner tube 112, the outer tube 113, the chute 114, the inert
gas feed line 115, the exhaust line 116, the cyclone separator
117, the circulation line 118, the dry coal conveying line 119,
and the like; the coal pyrolizing device 120 which is coal
pyrolizing means is formed of the hopper 121, the inner tube
122, the outer tube 123, the chute 124, the heating gas feed
line 125, the exhaust line 126, the combustion furnace 127, the
take-out line 128, and the like; pyrolysis gas discharging means
is formed of the exhaust line 126 and the 1like; the cooling device
130 which is the pyrolized coal cooling means is formed of the
hopper 131, the inner tube 132, the outer tube 133, the chute
134, the pyrolized coal conveying line 139, and the like; the
coal deactivation procegsing device 140 is formed of the device
main body 141, the introduction pipes 142, the discharge pipes
143, the feed pipe 144, the blower 144a, the
humidity-temperature adjustment device 144b, the air supply
pipe 145, the nitrogen supply pipe 146, the flow-rate regulating
valves 145a, 146a, the nitrogen supply source 147, the
circulation pipe 148, the carbon monoxide processing device 170,

and the like; processing gas feeding means is formed of the
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introduction pipes 142, the discharge pipes 143, the feed pipe
144, the blower 144a, the humidity-temperature adjustment
device 144b, the air supply pipe 145, the nitrogen supply pipe
146, the flow-rate regulating valves 145a, 146a, the nitrogen
supply source 147, the circulation pipe 148, ana the like;
processing gas circulating means is formed of the discharge
pipes 143, the circulation pipe 148, and the like; a coal
briquette producing device 150 which is c¢oal briquette
producing means is formed of the kneading device 151, the
compression device 152, and the like; an exhaust gas processing
device 160 which igs exhaust gas processing means is formed of
the exhaust gas line 161, the denitration device 162, the
electrostatic precipitator 163, the desulfurization device 164
and the like; the carbon monoxide processing device 170 which
is carbon monoxide processing means is formed of the device main
body 171, the extraction pipe 172, the fuel supply pipe 173,
the air supply pipe 174, the flow-rate regulating valves 173a,
174a, the discharge pipe 175, the feed pipe 176, the exhaust
pipe 177, and the like; processing gas extracting means is
formed of the extraction pipe 172 and the like; oxidizing means
is formed of the device main body 171, the fuel supply pipe 173,
the air supply pipe 174, the flow-rate regulating valves 173a,
174a, and the like; carbon monoxide adjusted processing gas
feeding means is formed of the discharge pipe 175, the feed pipe
176, and the like; and upgraded coal production equipment 100
is formed of the coal drying device 110, the coal pyrolizing
device 120, the cooling device 130, the coal deactivation
processing device 140, the coal briquette producing device 150,
the exhaust gas processing device 160, the carbon monoxide

processing device 170, and the like.
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[0038]

Next, main operations of the aforementioned upgraded cecal
production equipment 100 are described.
[0039]

The steam 11 is supplied into the outer tube (jacket) 113
of the coal drying device 110, the low-rank coal 1 (average
particle diameter: about 10 mm) is put into the hopper 111 to
be supplied into the inner tube (main body cylinder) 112, and
the inert gas 12 is fed into the inner tube 112. Then, the
low-rank coal 1 moves from the one end side to the other end
side of the inner tube 112 while being agitated with rotation
of the inner tube 112, and is thereby thoroughly heated and dried
{about 150 to 200°C) to become the dry coal 2 (average particle
diameter: about 5 mm). Thereafter, the dry coal 2 is delivered
to the dry coal conveying line 119 via the chute 114 and is
supplied into the hopper 121 of the coal pyrolizing device 120.
fo040]

The inert gas 12 (about 150 to 200°C) fed into the inner
tube 112 of the coal drying device 110 is fed from the upper
portion of the chute 114 to the cyclone separator 117 through
the exhaust line 116, together with the fine coal 2a (particle
diameter: egual to or less than 100 um) and water vapor which
are generated in the drying of the low-rank codal 1, and the fine
coal 2a is removed from the inert gas 12. Then, the inert gas
12 is fed to the circulation line 118 and cooled by the condenser
118a to separate and remove the water 13. Thereafter, most
(about 85%} of the inert gas 12 is returned to the inert gas
feed 1line 115 and is fed again into the inner tube 112 together
with the new inert gas 12 to be reused. Meanwhile, part (about

15%) of the inert gas 12 is fed to the combustion furnace 127
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of the coal pyrolizing device 120 through the take-out line 128.
[0041]

The dry coal 2 (about 150 to 200°C) supplied to the hopper
121 of the coal pyrolizing device 120 is fed into the inner tube
(main body cylinder) 122, and moves from the one end side to
the other end side of the inner tube 122 while being agitated
with rotation of the inner tube 122. The dry coal 2 is thereby
thoroughly heated and pyrolized (350 to 450°C) by the heating
gas 17 (about 1000 to 1100°C) to become the pyrolized coal 3
(average particle diameter: about 5 mm), the heating gas 17 fed
from the combustion furnace 127 to the outer tube {(jacket) 123
through the heating gas feed line 125. Then, the pyrolized coal
3 is supplied into the hopper 131 of the cooling device 130 via
the chute 124.

[0042]

The pyrolysis gas 14 (350 to 450°C) generated in the
pyrolysis performed in the inner tube 122 of the coal pyrolizing
device 120 is fed from the upper portion of the chute 124 to
the combustion furnace 127 through the exhaust line 126, and
is combusted together with the inert gas 12 (containing carbon
monoxide and the like) and the air 15 ({(and also with the
combustion aid 16 as needed) to be reused for the generation
of the heating gas 17.

f0043]

The pyrolized coal 3 (350 to 450°C) supplied to the hopper
131 of the cooling device 130 is fed into the inner tube (main
body cylinder) 132, and moves from the one side to the other
side of the inner tube 132 while being agitated with rotation
of the inner tube 132. The pyrolized coal 3 is thus thoroughly

cooled (about 50 to 60°C) by the cooling water 18 showered in
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the inner tube 132. Then, the pyrolized ccal 3 is delivered to
the pyrolized coal conveying line 139 via the chute 134 and is
fed into the device main body 141 of the coal deactivation
processing device 140 from above.

[0044]

The cooling water 18 showered in the inner tube 132 of
the cooling device 130 is vaporized in the cooling of the
pyrolized coal 3, and is sent to the outside of the system from
the upper portion of the chute 134 as water vapor 20.

[0045]

The pyrolized coal 3 (about 50 to 60°C) supplied from the
upper portion of the device main body 141 of the coal
deactivation processing device 140 is subjected to the
deactivation processing in the following way. The air 15 and
the nitrogen gas 27 are fed to the feed pipe 144 from the supply
pipes 145, 146 by controlling cpening degrees of the flow-rate
regulating valves 145a, 146a and an operation of the blower 144a
and are mixed to produce the processing gas 31, and active coal
{radial) generated in the pyrolysis reacts with oxygen in the
processing gas 31 whose humidity and temperature are adjusted
by controlling an operation of the humidity-temperature
adjustment device 144b. The pyrolized coal 3 thus becomes the
upgraded coal 4 (average particle diameter: about 5 mm) and is
fed from the lower portion of the device main body 141 to the
kneading device 151.

[0046]
The processing gas {about 50 to 70°C) 33 used for the

deactivation processing of the pyrolized coal 3 in the device
main body 141 of the coal deactivation processing device 140

is discharged from the inside of the devicemain body 141 through
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the discharge pipes 143 and is returned to the feed pipe 144
via the circulation pipe 148. Then, the processing gas 33 is
mixed with the new air 15 and nitrogen gas 27 from the supply
pipes 145, 146 and is reused as the new processing gas 31.
[0047]

The upgraded coal 4 (about 30°C) fed to the kneading device
151 is kneaded and mixed with the binder 5 and the water 6.
Thereafter, the upgraded coal 4 is fed to the compression device
152 to be compressed and molded and is produced into the coal
briquettes 7.

[(0048]

In a case of producing the coal briquettes 7 from the
low-rank ccal 1 as described above, carbon monoxide gas is
generated in the deactivation processing of the pyrolized coal
3.

[0049]

Since the coal deactivation processing device 140 like
one described above includes the circulation pipe 148 connected
to the discharge pipes 143 and the feed pipe 144, the used
processing gas 33 contains the carbon monoxide gas generated
in the deactivation processing of the pyrolized coal 3 in the
device main body 141. Accordingly, in the conventional
technique, the carbon monoxide concentration in the processing
gas may increase with the elapse of operation time.

[0050]

In the upgraded cecal production eguipment 100 of the
embodiment made in view of such a problem, the following
operation is performed to suppress the increase of carbon
monoxide chcentration in the processing gas.

foo51]
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Part of the processing gas 31 to be fed to the introduction
pipes 142 by controlling the operation of the blower 144a is
extracted by the extraction pipe 172 and is fed into the device
main body 171 of the carbon monoxide processing device 170
through the extraction pipe 172. The processing gas 31 is then
combusted together with the air 15 which is fed into the device
main body 171 of the carbon monoxide processing device 170
through the air supply pipe 174 by controlling the opening
degree of the flow-rate regulating valve 174a (also with the
fuel 28 as necessary, the fuel 28 being o0il (for example, fuel
©il, kerosene, or the like} which is fed into the device main
body 171 of the carbon monoxide processing device 170 through
the fuel supply pipe 173 by controlling the opening degree of
the flow-rate regulating valve 173a). The carbon monoxide in
the processing gas 31 is thus oxidized, and the processing gas
31 is turned into the carbon monoxide concentration adjusted
processing gas 32 produced by reducing the carbon monoxide
concentration in the processing gas 31. The carbon monoxide
concentration adjusted processing gas 32 ig digscharged from the -
ingside of the device main body 171 by the discharge pipe 175
to be fed to the feed pipe 144 through the feed pipe 176 and
exhausted to the cutside of the system through the exhaust pipe
177 as necessary.

[0052]

Due to this configuration, although the used processing
gas 33 discharged from the discharge pipes 143 of the coal
deactivation processing device 140 is returned to the feed pipe
144 by the circulation pipe 148, the device main body 171 of
the carbon monoxide processing device 170 turns part of the

processing gas 31 to be fed to the introduction pipes 142 by
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the blower 144a into the carbon monoxide concentration adjusted
processing gas 32 by reducing the carbon monoxide concentration
in the processing gas 31, and part of the carbon monoxide
concentration adjusted processing gas 32 is returned to the feed
pipe 144 and is fed to the introduction pipes 142. Hence, it
is possible to suppress the increase of the carbon monoxide
concentration of the processing gas 31 fed by the blower 144a
and introduced into the device main body 141 through the
introduction pipes 142.

[0053]

Accordingly, in the embodiment, even when the used
processing gas 33 used in and discharged from the device main
body 141 is returned to the feed pipe 144 by the circulation
pipe 148, it is possible to suppress the increase of the carbon
monoxide concentration in the processing gas 31 to be introduced
into the device main body 141 through the introduction pipes
142. Due to this, even when the coal deactivation processing
device 140 is installed in a building which is a closed space,
the increase of the carbon monoxide concentration in the
building can be suppressed. Hence, a safe environment can be
maintained even in the building.

[0054]
SECOND EMBODIMENT

A second embodiment of the coal deactivation processing
device and the upgraded coal production equipment using the same
in the present invention is described based on Fig. 3.

The embodiment has a configuration in which the fuel
supply pipe configured to supply the fuel to the carbon monoxide
processing device included in the aforementioned first

embodiment shown in Fig. 1 is changed. Other configurations are
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substantially the same as those described above and shown in
Fig. 1. The same devices are denoted by the same reference
numerals and overlapping description is omitted as appropriate.
f0055]

As shown in Fig. 3, a coal deactivation processing device
240 of the embodiment includes a carbon monoxide processing
device 270 having a fuel supply pipe 273 whose one end side {(front
end side is connected to the device main body 171 and which
supplies the pyrolysis gas 14 into the device main body 171 as
fuel. A base end side of the fuel supply pipe 273 is connected
to the exhaust line 126 between the front end side and the base
end side thereof, the exhaust line 126 used to discharge the
pyrolysis gas 14 discharged from the inside of the inner tube
122 of the pyrolizing device 120 to the combustion furnace 127.
Part of the pyrolysis gas 14 discharged from the inside of the
inner tube 122 is thereby fed to the fuel supply pipe 273. A
flow-rate regulating valve 273a is provided in the middle of
the fuel supply pipe 273.

[0056]

Note that, in the embodiment, the coal deactivation
processing device 240 is formed of the device main body 141,
the introduction pipes 142, the discharge pipes 143, the feed
pipe 144, the blower 144a, the humidity-temperature adjustment
device 144b, the air supply pipe 145, the nitrogen supply pipe
146, the flow-rate regulating valves 145a, 146a, the nitrogen
supply source 147, the circulation pipe 148, the carbon monoxide
processing device 270, and the like; the carbon monoxide
processing device 270 which is the carbon monoxide processing

means is formed of the device main body 171, the extraction pipe

172, the fuel supply pipe 273, the air supply pipe 174, the
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flow-rate regulating valves 273a, 174a, the discharge pipe 175,
the feed pipe 176, the exhaust pipe 177, and the like; fuel
feeding means is formed of the fuel supply pipe 273, the
flow-rate regulating valve 273a, and the 1like; and upgraded coal
production eguipment 200 is formed of the coal drying device
110, the coal pyrolizing device 120, the cooling device 130,
the coal deactivation processing device 240, the coal briguette
producing device 150, the exhaust gas processing device 160,
the carbon monoxide processing device 270, and the like.
[0057]}

The upgraded coal production equipment 200 of the
embodiment including the fuel supply pipe 273 and the flow-rate
regulating valve 273a as described above can produce the coal
briguettes 7 from the low-rank coal 1 by performing main
operations as in the aforementioned upgraded coal production
equipment 100 of the first embodiment.

[0058]

Moreover, the pyrolysis gas 14 discharged from the inner
tube 122 of the pyrolizing device 120 can be fed into the device
main body 171 of the carbon monoxide processing device 270
through the exhaust line 126 and the fuel supply pipe 273 by
controlling an opening degree of the flow-rate regulating valve
273a and the operation of the blower 144a.

[0059]

Thus, there ig no need to additionally provide a fuel
supply source configured to supply fuel to the device main body
171, and the running cost can be reduced.

[0060]
Accordingly, in the embodiment, as in the aforementioned

embodiment, the increase of the carbon monoxide concentration



27

in the processing gas 31 introduced into the device main body
141 by the introduction pipes 142 can be suppressed even when
the used processing gas 33 used in and discharged from the device
main body 141 is returned to the feed pipe 144 by the circulation
pipe 148. Due to this, even when the coal deactivation
processing device 240 is installed in a building which is a
closed space, the increase of the carbon monoxide concentration
in the building can be suppressed. Hence, a safe environment
can be maintained even in the building. Furthermore, since there
is no need to additionally provide a supply source for fuel to
be supplied to the device main body 171 of the carbon monoxide
processing device 270, cost for processing carbon monoxide due
to installation of the fuel supply source and the fuel of the
fuel supply source can be suppressed.

[0061]

THIRD EMBODIMENT

A third embodiment of the coal deactivation processing
device and the upgraded coal production equipment using the same
in the present invention is described based on Figs. 4 to 7.

The embodiment has a configuration in which an extraction
amount regulating valve being a flow-rate regulating valve is
added to the extraction pipe included in the aforementioned
first embodiment shown in Fig. 2. Other configurations are
substantially the same as those described above and shown in
Fig. 2. The same devices are denoted by the same reference
numerals and overlapping description is omitted as appropriate.
[0062]

As shown in Figs. 4 and 5, an extraction amount regulating
valve 172a configured to regulate an extraction amount is

provided between the one end side (front end side) and the other
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end side (base end side) of the extraction pipe 172. A carbon
monoxide sensor 378 which is processing gas state detecting
means for detecting the carbon monoxide concentration of the
processing gas 31 flowing in the feed pipe 144 is provided in
the feed pipe 144 bhetween the connection portion with the
extraction pipe 172 and the blower 144a.

(0063]

Furthermore, a coal deactivation processing device 340
of the embodiment includes a control device 379 whose output
side 1is electrically connected to the extraction amount
regulating wvalve 172a in addition to the blower 144a, the
humidity-temperature adjustment device 144b, the flow-rate
regulating wvalves 145a, l46a, and the flow-rate regulating
valves 173a, 174a. The carbon monoxide sensor 378 is
electrically comnected to an input side of the control device
379. The contrel device 379 can contreol the extraction amount
regulating wvalve 172a in addition to the blower 144a, the
humidity-temperature adjustment device 144b, the flow-rate
regulating wvalves 145a, 146a, and the flow-rate regulating
valves 173a, l1l74a, on basis of information from the carbon
monoxide sensor 378 and the like.

[0064]

Note that, in the embodiment, the cecal deactivation
processing device 340 is formed of the device main body 141,
the introduction pipes 142, the discharge pipes 143, the feed
pipe 144, the blower 1l44a, the humidity-temperature adjustment
device 144b, the air supply pipe 145, the nitrogen supply pipe
146, the flow-rate regulating valves 145a, 146a, the nitrogen
supply source 147, the circulation pipe 148, a carbon monoxide

processing device 370, and the like; the carbon monoxide
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processing device 370 which is the carbon monoxide processing
means is formed of the device main body 171, the extraction pipe
172, the extraction amount regulating valve 172a, the fuel
supply pipe 173, the air supply pipe 174, the flow-rate
requlating valves 173a, 174a, the discharge pipe 175, the feed
pipe 176, the exhaust pipe 177, the carbon monoxide sensor 378,
the control device 379, and the 1like; extraction amount
regulating means is formed of the extraction amount regulating
valve 172a and the like; the processing gas state detecting
means is formed of the carbon monoxide sensor 378 and the like;
control means is formed the control device 379 and the like;
and upgraded coal production equipment 300 is formed of the coal
drying device 110, the coal pyrolizing device 120, the cooling
device 130, the coal deactivation processing device 340, the
coal briquette producing device 150, the exhaust gas processing
device 160, the carbon monoxide processing device 370, and the
like.
{00651

The upgraded coal production equipment 300 of the
embodiment including the extraction amount regulating valve
172a, the carbon monoxide sensor 378, and the control device
379 as described above can produce the coal briquettes 7 from
the low-rank coal 1 by performing main operations as in the
aforementioned upgraded coal productioﬁ equipment 100 of the
first embodiment.
[0066]

Moreover, the control device 379 can regulate the
extraction amount of the processing gas 31 to be fed into the
device main body 171 of the carbon monoxide processing device

370 through the extraction pipe 172 by controlling the opening



30

degree of the extraction amount regulating valve 172a on the
basis of information on the carbon monoxide concentration in
the processing gas 31 detected by the carbon monoxide sensor
378 provided in the feed pipe 144 between the connection portion
with the extraction pipe 172 and the blower 144a. Accordingly,
it is possible to set the extraction amount regulating valve
172a to an opened state by controlling the extraction amount
regulating valve 172a such that part of the processing gas 31
is extracted from the feed pipe 144 by the extraction pipe 172
when the carbon monoxide concentration in the processing gas
31 is greater than, for example, an upper limit value (first
predetermined value) X1, and to set the extraction amount
regulating valve 172a to a fully-closed state by controlling
the extraction amount regulating wvalve 172a such that no
processing gas 31 is extracted from the feed pipe 144 by the
extraction pipe 172 when the carbon monoxide concentration of
the processing gas 31 is less than, for example, a lower limit
value (second predetermined wvalue) X2. In other words, the
carbon monoxide concentration of the processing gas 31 to be
fed into the device main body 141 by the introduction pipes 142
can be adjusted to be within a predetermined range.

[0067]

The upper limit value X1 and the lower limit value X2 are,
for example, wvalues complying with the Ordinance on Health
Standards in the Office based on the Industrial Safety and
Health Act, and can be set to 50 ppm and 10 ppm, respectively.
[0068]

An example of control of the extraction amount regulating
valve 172a by the control device 379 is described with reference

to Figs. 6 and 7.
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[0069]

When an operation of the upgraded coal production
equipment 300 is started, the carbon monoxide sensor 378
continuously detects the carbon monoxide concentration of the
processing gas 31 fed into the feed pipe 144 by the blower 144a
(first step S11). A measurement value which is the information
on the carbon monoxide concentration detected by the carbon
monoxide sensor 378 is sent to the control device 379.
[0070]

Next, the control device 379 determines whether the
measurement value is equal to or less than the upper limit value
X1 on the basis of the information from the carbon mcnoxide
sensor 378 {second step S12). When the measurement value is
equal to or less than the upper limit value X1, the processing
proceeds to a sixth step S16 described in detail later.
Meanwhile, when the measurement value is greater than the upper
limit value X1, the control device 379 calculates the extraction
amount to the device main body 171 of the carbon monoxide
processing device 370, i.e. the amount of part of the processing
gas 31 to be extracted from the feed pipe 144 by the extraction
pipe 172, on the basis of the measurement value {(third step S13) .
[0071]

Then, the control device 379 adjusts the opening degree
of the extraction amount regulating valve 172a by controlling
the extraction amount regulating valve 172a on the basis of a
calculation result obtained in the third step S13 (fourth step
S14) .

[0072]

Next, the control device 379 determines whether the

measurement value is equal to or less than the lower limit X2
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on the basis of the information from the carbon monoxide sensoxr
378 (fifth step S15). When the measurement value is equal to
or less than the lower limit value X2, the processing proceeds
to the sixth step S16 described in detail later. Meanwhile, when
the measurement value is greater than the lower limit value X2,
the processing returns to the third step $13. Then, the control
device 379 calculates the amount of part of the processing gas
31 to be extracted from the feed pipe 144 by the extraction pipe
172 on the basis of the measurement value (third step 813),
adjusts the opening degree of the extraction amount regulating
valve by controlling the extraction amount regulating valve
172a {(fourth step S14), and then determines whether the
measurement value is equal to or less than the lower limit value
X2 on basis of the measurement value.

[0073]

Then, when the measurement value is equal to or less than
the lower limit value X2, the control device 379 controls the
extraction amount regulating valve 172a such that no processing
gas 31 is extracted from the feed pipe 144 by the extraction
pipe 172, and fully closes the extraction amount regulating
valve 172a (sixth step 816).

[0074]

Such processing is continuously performed until the
operation of the upgraded coal production equipment 300 is
stopped. The carbon monoxide concentration in the processing
gas 31 detected by the carbon monoxide sensor 378 thus
fluctuates between the upper limit value X1 and the lower limit
value X2 as shown in Fig. 7.

[(0075]

Accordingly, 1in the embodiment, even when the used



33

processing gas 33 used in and discharged from the device main
body 141 is returned to the feed pipe 144 by the circulation
pipe 148, the increase of the carbon monoxide concentration in
the processing gas 31 to be fed into the device main body 141
by the introduction pipes 142 can be surely suppressed by
controlling the extraction amount regulating valve 172a on the
basis of the information on the carbon monoxide concentration
in the processing gas 31 detected by the carbon monoxide sensor
378. Due to this, even when the coal deactivation processing
device 340 is installed in a building which is a closed space,
the increase of the carbon monoxide concentration in the
building can be suppressed. Accordingly, a safe environment can
be maintained even in the building.
[0076]
OTHER. EMBCDIMENTS

Note that it is possible to apply features of the upgraded
coal production equipment 300 to the upgraded coal production
equipment 200 and form upgraded coal production equipment
including the carbon monoxide sensor 378 provided in the feed
pipe 144, the extraction amount regulating valve 172a provided
in the extraction pipe 172, and the control device 379
configured to control the extraction amount requlating valve
172a on the basis of information on the carbon monoxide
concentration detected by the carbon monoxide sensor 378.
Operations and effects similar to those of the upgraded cocal
production equipment 300 can be obtained also in such upgraded
coal production equipment.
[0077]

In above description, description is given by using the

coal deactivation processing device 340 including the control
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device 379 configured to perform such control that the carbon

monoxide concentration in the processing gas 31 fluctuates

08 Sep 2015

between the upper limit value X1 and the lower limit value X2.
Bowever, it is possible to use a coal deactivation processing
device including a control device conflgured perform such
control that the c¢carbon monoxide concentration in the
processing gas is egual to or less than the upper limit value

X1.

2013358366

[0078]

In the above desgcription, description is given by using
the coal deactivation processing devices 140, 240, 340 in which
part of the processing gas 31 i8 extracted from the feed pipe
144 by the extraction pipe 172 and fed to the device main body
171 to be turned into the carbon nonoxide concentration adjusted
procesgsing gas 32 produced by reducing the carbon monoxide
concentration of the processing gas 31 in the device main body
171, and the carbon nonoxide concentration adjusted processing
gag 32 18 returned to the feed pipe 144 by the discharge pipe
175 and the feed pipe 176. However, it is pussible to use a coal
deactivation processing device configured such that part of the
processing gas 31 or the used processing gas 32 1s extracted
and turned into the carbon monoxide congentratien adjusted

processing gas produced by reducing the carbon nonoxide

0
9
0
o
ha
o
s
s
o
}._S -
a
o}
O
kh
ot
e
Y]

 processing gas 31, 33 in the device main
body 171, and the carbon wmonoxide concentration adjusted
processing gas is returned to any of the feed pipe 144, the
introduction pipes 142, the discharge pipes 142, and the
circulation plpe 148.

INDUSTRIAL APPLICABILITY

[007%]
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Since the coal deactivation processing devices and the
upgraded coal production equipments using the same in the
present invention can suppress the increase of the carbon
monoxide concentration in the processing gas despite of
circulating and reusing the used processing gas, the coal
deactivation processing devices and the upgraded coal
production equipments can be very useful in industries.

EXPLANATIONS OF REFERENCE NUMERALS

{0080]
1 LOW-RANK COAL (LOW-QUALITY COAL)
2 DRY COAL

2a FINE COAL

3 PYROLIZED COAL
4 UPGRADED COAL
5 BINDER

6 WATER

7 COAL BRIQUETTE

11 STEAM

12 INERT GAS

13 WATER

14 PYROLYSIS GAS
15 AIR

16 COMBUSTION AID

17 HEATING GAS

17a EXHAUST GAS

18 COOLING WATER

20 WATER VAPOR

21 AMMONIUM CHLORIDE SOLUTION
22 CALCIUM CARBONATE SLURRY

27 NITROGEN GAS
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28 FUEL

31 PROCESSING GAS

32 CARBON MONOXIDE CONCENTRATION ADJUSTED PROCESSING GAS
33 USED PROCESSING GAS

100, 200, 300 UPGRADED COAL PRODUCTION EQUIPMENT
110 COAL DRYING DEVICE

111 HOPPER

112 INNER TUBE (MAIN BODY CYLINDER)
113 OUTER TUBE (JACKET)

114 CHUTE

115 INERT GAS FEED LINE

116 EXHAUST LINE

117 CYCLONE SEPARATOR

118 CIRCULATION LINE

118a CONDENSER

119 DRY COAL CONVEYING LINE

120 COAL PYROLIZING DEVICE

121 HOPPER

122 INNER TUBE (MAIN BODY CYLINDER)
123 OUTER TUBE (JACKET)

124 CHUTE

125 HEATING GAS FEED LINE

126 EXHAUST LINE

127 COMBUSTION FURNACE

128 TAKE-OUT LINE

130 COOLING DEVICE

131 HOPPER

132 INNER TUBE

133 OUTER TUBE

134 CHUTE



139
140
141
142
143
144
l44a
144b
145
l45a
146
l46a
147
148
150
151
152
160
161
lsla
161Db
l62
163
164
170
171
172
172a
173

173a
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PYROLIZED COAL CONVEYING LINE

COAL DEACTIVATION PROCESSING DEVICE
DEVICE MAIN BODY (PROCESSING TOWER)
INTRODUCTION PIPE

DISCHARGE PIPE

FEED PIPE

BLOWER

HUMIDITY-TEMPERATURE ADJUSTMENT DEVICE
ATR SUPPLY PIPE

FLOW-RATE REGULATING VALVE
NITROGEN SUFPPLY PIPE

FLOW-RATE REGULATING VALVE
NITROGEN SUPPLY SOURCE

CIRCULATION PIPE

COAL BRIQUETTE PRODUCING DEVICE
KNEADING DEVICE

COMPRESSION DEVICE

EXHAUST GAS PROCESSING DEVICE
EXHAUST GAS LINE

EXHAUST BLOWER

CONDENSER

DENITRATION DEVICE

ELECTROSTATIC PRECIPITATOR
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CARRON MONOXIDE PROCESSING DEVICE
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174 AIR SUPPLY PIPE
1745 FLOW-RATE REGULATING VALVE

175 DISCHARGE PIPE
176 FEED PIPE

177 EXHAUST PIPE

273 FUEL SUPPLY FPIPE

273& FLOW-~-RATE REGULATING VALVE

378 CARBON MONOXIDE SENSOR
373 CONTRQL DEVICE

522 PROCESSED COAL

[oog1]

Throughout this specification and the claimg which follow,
unless the context reguires otherwise, the word Ycomprise?, and
variaticns such as ‘Yoomprisges® and Tcomprising®, will Dbe
understood to imply the inclusion of a stated integer or step o
group of integers or steps but not the exclusion ©f any othex
integer or step or group of integers or steps.

The reference in this specification to any prior
publication {or information derived from it), or to any matter
which 1g known, 1g mnweot, and ghould not be taken as an
acknowledgment or admission or any form of suggestion that that
prior publication (or information derived from 1it) or known

matter foim

4]

part of the common general kunowledge in the Lield of

endeavour to which this gpecification relates.
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CLAIME

A coal deactivation processing device cenfigured to

b

gactivate coal with procesging gas containing oxygen, wherein

T

he coal deactivation processing device comprises:

a device main body in which the coal flows from one side to
ancther side;

processing gas feeding means for feeding the processing gas
into the device main body;
procesgsing gas circulating means for circulating used

procegsing gas used in the device main body to the processing gas

feeding means; and

carbon monoxide procegsing means for adjusting a carbon

ot

monoxide concentration in the processing gas such that the carbon
monoxide concentration in the processing gas is reduced, wherein
the carbon monoxide procegsing means includes:

procegsing gas extracting wmeans for extracting the
processing gas;

oxidizing weans for oxidizing carbon wonoxide in the

processing gas extracted by the procesging gas extracting means
and adjusting the carbon monoxide concentration in the processing
gas; -and

carbon monoxide adjusted processing gas feeding wmeans for
feeding the processing gas whose carbon monoxide congcentration is
adijusted by the oxidizing means to the processing gas feeding
means or the procegsing gas circulating means.
{Claim 2

The coal deactivation processing device according to claim
1, wherein the oxidizing means ig any one of an oxidation
catalyst configured to coxidize carbon monoxide in the processing

gas, a cowmbusticn furnace configured to cowmbust the processing



gas together with supplied fuel, and a regenerative thermal
oxidizer configured to combust the processing gas togethexr with

aupplied fuel.

08 Sep 2015

[Claim 3]

The coal deactivatlon processing device according to claim
1, wherein the ceoal deactivation procegsing device further
comprigses:

extraction amount regulating meang for regulating an

2013358366

extraction amount by which the procesgsing gag extracting means
extracts the processing gas

processing gas state detecting‘ means for detecting the
carbon monoxide concentration of the processing gas flowing in
the processing gas feeding weans or the processing gas
circulating means; and

control means for c¢ontreolling the extraction amount
regulating wmeans on the basis of the carbon monoxide
concentration of the processing gas detectad by the processing
gas state detecting weans.
[Claim 4]

The coal deactivaticon processing device according to claim
3, wherein the control means:

centrols the extraction amount regulating weans such that
the procesgsing das is extracted by the extracting means when the

carbon monoxide concentration of the procesging gas detected by

the processing gas state detecting means 18 egqual to or greatex
than an upper limit value; and

centrols the extracticn amount regulating means such that no

processing gas is extracted by the extracting weans whsn the

carbon monoxide concentration of the procsssing gas detected by

the processing gas state detecting means is egual to or less than

a lower limit value less than the upper limit value.
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[Claim 5]

Upgraded coal production squipment wherein the upgraded coal
production eguipment comprises:

coal dryving means for dryving coal;

coal pyrolizing means for pyrolizing dry coal dried by the

ceal drying meansg;

pyrolized by the coal pyrolizing means; and

the coal deactivation processing device according to ¢laim 1
which performsg deactivation processing on the pyrolized coal
cocled by the pyrolized ceoal cooling means.
[Claim &]

Upgraded coal production equipment wherein the upgraded coal
production squipment cowmprises:

coal drying means for drying coal;

coal pyrolizing means for pyrolizing dry coal dried by the
coal drying meansi

pyrolized coal dooling wmeans for cooling pyrolized coal
pyrolized by the coal pyrolizing means; and

the coal deactivation processing devige acgording to claim 2
which performs deactivation processing on the pyrolized coal
cooled by the pyrolized ccal cooling means,

the coal pyrolizing means includes an inner tube to which
the coal ig supplied, an outer tube which is provided to cover
the inner tube and into which heating gas isg supplied to
indirectly heat the imner tube, and pyrolysis gas discharging
weans for discharging pyrolysig gas generated by heating the coal
in the imner tube, and

the upgraded coal production eguipment further comprises

fuel feeding msans for feeding the pyrolysis gas discharged by
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the pyrolysis gas discharging means to the combustion furnace or

the regenerative thermal oxidizer.
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FIG.6
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