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@ Method and system for handling exhaust gas in a boiler.

@ In a coal-fired boiler (1), a heat recovery unit
(2,3a) is located upstream of a dry electrostatic
precipitator (4) so as to reduce the temperature of
exhaust gas at the inlet of the dry electrostatic
precipitator (4) and thus, prevent reverse ionization
in the electrostatic precipitator (4). The heat recovery
unit (2,3a) located upstream of the dry electrostatic
precipitator will in no way by corroded even if the
concentration of dust is reduced in the dry electro-

static precipitator (4). The desulfurization unit (5)
does not require a cooling/dust removing section
and eliminates the need for a wet electrostatic
precipitator. The dry electrostatic precipitator (4) in-
cludes a gas passage divided into a plurality of
parallel passages and dampers (15,16) operable to
close the passages. This arrangement prevents dust
from being dispersed as a result of hammering with-
out charge.
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BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a handling
method and system for removing dust and Sox
from exhaust gas in a coal-fired boiler.

2. Description of the Related Art

Figs. 4 and 5 are block diagrams of conven-
tional systems for removing dust and SOx from
exhaust gas in a coal-fired boiler.

With reference first to Fig. 4, a system includes
a coal-fired boiler 1. The temperature of exhaust
gas from the boiler 1 is reduced to 120 fo 160° in
an air preheater 2. Dust is removed from the ex-
haust gas in a dry electrostatic precipitator 4 until
its concentration is reduced to about 100 mg/m3N
or slightly higher. Heat recovery is effected in a
regeneration-type gas-gas heater 7. Thereafter, the
temperature of the exhaust gas is reduced to its
saturation temperature in a cooling/dust removing
section 6a of a wet desulfurization unit 6, and dust
is further removed from the exhaust gas. The con-
centration of SOx is also reduced in a SOx absorb-
ing section 6b. Finally, the exhaust gas is reheated
in the gas-gas heater 7 and then, directed fo a
chimney.

This prior system suffers from the following
problems:

(1) As shown in Fig. 6, the temperature of ex-
haust gas in the dry electrostatic precipitator is
high, and the specific resistance of dust arising
from burning of some coals is above 10" Q-cm.
When the specific resistance of the dust ex-
ceeds 10" Q-cm, reverse ionization occurs in
the electrostatic precipitator. This substantially
deteriorates the performance of the electrostatic
precipitator. To this end, a large electrostatic
precipitator is needed to collect dust at a re-
quired rate.

(2) If the concentration of dust at the outlet of
the electrostatic precipitator is reduced to 100
mg/meN or lower, then SOs is atomized while
the exhaust gas is being cooled by the gas-gas
heater. SOz thus atomized is then deposited in
the gas-gas heater. This results in corrosion of
the same. It is thus necessary to raise the
concentration of dust above 100 mg/m3N so as
to neutralize SOz. As a result, the concentration
of dust is approximately 20 mg/m3N at the outlet
of the desulfurization unit 6. Gas leakage
(approximately 10%) takes place in the gas-gas
heater 7. As such, the concentration of dust is
reduced only to as low as 30 mg/mSN at the
inlet of the chimney.

(3) The desulfurization unit uses lime (limestone)
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- gypsum method. When gypsum as collected is
used, dust mixed therewith deteriorates the
quality of the gypsum. In order to maintain the
purity of gypsum at a predetermined level, the
desulfurization unit must be of so-called twin-
tower type including a cooling/dust removing
section 6a and an absorbing section 6b. This
results in an increase in the consumption of
space and the production cost.

With reference next to Fig. 5, there is shown a
system adapted to reduce the concentration of dust
to for example, 10 mg/m3N. This system includes a
leak-free type gas-gas heater wherein heat ex-
change is effected through a heating medium. The
system is different from the system of Fig. 4 in that
a heat recovery section 3a is separated from a
reheater section 3b, and a wet electrostatic
precipitator 8 is located downstream of the purifier
6. However, this system suffers from the problems
(1) and (3). A more critical problem of this system
is that the wet electrostatic precipitator 8 consumes
larger space and results in an increase in the
production cost of the system.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present in-
vention to provide a system for handling exhaust
gas which is able to solve the foregoing problems
encountered in the prior art and meet the following
needs:

(1) A dry electrostatic precipitator can maintains
its high performance regardless of types of
coals to be used and can be made compact.

(2) Those units located downstream of the dry
electrostatic precipitator should not be adversely
affected if the concentration of dust is approxi-
mately below 100 mg/m3N at the outlet of the
dry electrostatic precipitator.

(3) The concentration of dust at the inlet of the
desulfurization unit can be reduced to the extent
that the quality of the gypsum is maintained at a
predetermined level if dust is mixed with the
gypsum as collected in a single-tower type de-
sulfurization unit wherein the gas cooling/dust
removing section and the absorbing section are
integrated together.

(4) The concentration of dust can be reduced
below 10 mg/m®N at the inlet of a chimney
without the need for a wet electrostatic precipita-
tor.

In order to achieve the foregoing objects, the
present invention provides a method for handling
exhaust gas in a boiler which comprises the steps
of cooling exhaust gas from a coal-fired boiler to a
temperature of between 80 and 110° by an air
preheater and a heat recovery unit, reducing the
concentration of dust to as high as 100 mg/m3N by
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a dry electrostatic precipitator, and introducing the
exhaust gas to a desulfurization unit so as fo re-
duce SOx.

According to the present invention, there is
also provided a system for handling exhaust gas in
a boiler which comprises a gas flue of a coal-fired
boiler in which an air heater, a heat recovery unit, a
dry electrostatic precipitator, and a desulfurization
unit are provided in that order, the dry electrostatic
precipitator including a gas passage divided into a
plurality of parallel passages, and dampers pro-
vided in said parallel passages respectively and
operable to inhibit exhaust gas flow therethrough.

In the present invention, the heat recovery unit
is located upstream of the dry electrostatic
precipitator so as to reduce the temperature of
exhaust gas to 80 to 110° at the inlet of the
electrostatic precipitator. This results in a corre-
sponding decrease in the specific resistance of
dust and thus, prevents reverse ionization in the
electrostatic precipitator and improves the perfor-
mance of the dry electrostatic precipitator. With
this arrangement, the heat recovery unit is not
suffer from corrosion due to SOjs if the concentra-
tion of dust is reduced to 100 mg/m3N in the
electrostatic precipitator, because the heat recov-
ery unit is not located downstream of the dry
electrostatic precipitator. Since the dry electrostatic
precipitator is able to substantially reduce the con-
centration of dust, the desulfurization unit does not
require a cooling/dust removing section and can be
of the single-tower type. Also, a wet electrostatic
precipitator is unnecessary.

Also, in the present invention, by successively
closing the plurality of parallel passages in the dry
electrostatic precipitator and hammering without
charge, dispersion of dust can be substantially
reduced, thereby improving the performance of the
electrostatic precipitator.

BRIEF DESCRIPTION OF THE DRAWINGS

A better understanding of the present invention
may be had by reference to the following descrip-
tion of a preferred embodiment when taken in
conjunction with the accompanying drawings, in
which:

Fig. 1 is a block diagram of a system made

according to one embodiment of the present

invention;

Fig. 2 is a vertical schematic view of a dry

electrostatic precipitator included in the system

shown in Fig. 1;

Fig. 3 is a graph showing the flow rate of ex-

haust gas vs. gas ratio;

Figs. 4 and 5 are block diagrams of conventional

systems for handling exhaust gas in a coal-fired

boiler;
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Fig. 6 is a graph showing the temperature of
exhaust gas vs. specific resistance of dust;

Fig. 7 is a graph showing the results of test, that
is, the relationship between the temperature of
exhaust gas and the rate of dust collection in the
dry electrostatic precipitator;

Fig. 8 is a graph showing time after hammering
has been effected without charge vs. the con-
centration of dust at the outlet of the dry electro-
static precipitator;

Fig. 9 is a graph showing the flow speed of
exhaust gas within the electrostatic precipitator
vs. the concentration of dust at the outlet of the
dry electrostatic precipitator; and

Fig. 10 is a graph showing the dust collection
characteristics of the desulfurization in the
present system and the prior art system, re-
spectively.

DESCRIPTION OF THE PREFERRED EMBODI-
MENT

Fig. 1 is a block diagram of a system accord-
ing to one embodiment of the present invention.
Fig. 2 is a vertical sectional view schematically
showing a dry electrostatic precipitator. Fig. 3 is a
graph showing the flow rate of exhaust gas under
control of the electrostatic precipitator shown in
Fig. 2.

With reference now to Fig. 1, there is shown a
system which includes a coal-fired boiler 1. Ex-
haust gas from the boiler 1 includes SOx and dust.
The temperature of the exhaust gas is reduced fo
120 to 160° in an air preheater 2. A gas-gas heater
3a is of the leak-free type and uses a heating
medium. The gas-gas heater 3a includes a heat
recovery section 3a in which the temperature of the
exhaust gas is further reduced to 80 to 110°. The
concentration of dust is reduced to 100 mg/m3N in
a dry electrostatic precipitator 4. Further removal of
dust from the exhaust gas is effected in a desul-
furization unit 5. The desulfurization unit 5 is of the
single-tower type and employs lime - gypsum
method and said unit 5 reduces the concentration
of SOx to a predetermined level. The exhaust gas
as cooled to a saturation temperature is then re-
heated in a reheater section 3b of the gas-gas
heater of the leak-free type and is directed to a
chimney.

A denitrification unit or a gas fan (suction fan or
pressure fan) which may be located between the
boiler 1 and the air heater 2 and a heating medium
line of the gas-gas heater are not shown in Fig. 1.

In the illustrated embodiment, the heat recov-
ery section 3a of the gas-gas heater is located
upstream of the dry electrostatic precipitator 4 so
as to reduce the temperature of the exhaust gas fo
80 to 110° as compared to 120 to 160° in the
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conventional systems. In this way, the specific re-
sistance of dust, regardless of types of coals, is
reduced to 10" @-cm where no reverse ionization
occurs. This provides an improved charging con-
dition of the dry electrostatic precipitator and en-
sures high performance of same. The dry electro-
static precipitator can thus be made compact.

Also, in the illustrated embodiment, the con-
centration of dust at the inlet of the heat recovery
section 3a of the gas-gas heater is the same as
that at the outlet of the air preheater 2 (usually 10 -
20 g/m3N) and sufficient to fully prevent corrosion
of the former due to the presence of SOs. The gas-
gas heater is of the leaf-free type, and therefore, no
leakage of dust takes place at the inlet of the
chimney.

Moreover, the concentration of dust at the out-
let of the dry electrostatic precipitator 4 is suffi-
ciently reduced below 100 mg/m3N. Accordingly,
the purity of the gypsum as collected can be
maintained at a predetermined level when a single-
tower type desulfurization unit is used. The con-
centration of dust at the outlet of the desulfurization
unit is reduced below a predetermined level by the
dry electrostatic precipitator. This eliminates the
need for a wet electrostatic precipitator.

Reference will next be made to the results of a
test carried out by the inventors, with a pilot plant
to which the present system is applied, as well as
to an improvement in the system.

The specific resistance of dust arising from
burning of several kinds of coals is measured. Fig.
6 shows the results of measurement of three typi-
cal kinds of coals. The specific resistance of dust is
10" @-cm or higher in the prior art systems. In the
present invention, the temperature of the exhaust
gas is reduced to 90 to 100° to ensure that the
specific resistance of the dust is below 10" g-cm.
As a result, the dry electrostatic precipitator no
longer suffers from reverse ionization. This ensures
constant charging.

Fig. 7 is a graph showing the temperature of
exhaust gas vs. the rate of dust collectable by the
dry electrostatic precipitator. Dust is effectively at-
fracted to collector elements in the electrostatic
precipitator as shown by the line A in Fig. 7 since
charging conditions have been improved as stated
earlier. The exhaust gas is saturated at a tempera-
ture of 110° or lower. However, the dust are again
dispersed due to hammering, etc. This results in a
rapid increase in the dust discharged from the
electrostatic precipitator. In fact, the rate of dust
collection is reduced as shown by the line B in Fig.
7. Dust dispersed from the collector elements is
shown by a shaded area C in Fig. 7.

Various attempts have been made to prevent
dust from being dispersed from the collector ele-
ments. As a result, it has been found that disper-
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sion of dust can be substantially reduced, and the
dust can be highly effectively collected by includ-
ing dampers in the electrostatic precipitator, and
hammering without charge. In Fig. 2, 11 is a body
of the dry electrostatic precipitator. 12 is an inlet
duct. 13 is an outlet duct. 14 are partitions by
which a gas passage within the electrostatic
precipitator body 11 is divided into a plurality of
parallel passages (eight passages in Fig. 2). 15 and
16 are inlet and outlet dampers provided for the
respective passages.

Fig. 8 shows the concentration of dust at the
outlet of the electrostatic precipitator vs. time after
hammering has been effected without charge. It
has been found that the amount of dust dispersed
is kept low for a period of two to three hours after
hammering has been effected. With the arrange-
ment shown in Fig. 2, hammering is carried out for
about fifteen minutes without charge while the eight
gas passages are subsequently closed by the re-
spective dampers. In this way, the hammering can
be repeated every two hours so as to prevent an
increase in the dispersion of dust.

Fig. 9 shows the flow speed of exhaust gas vs.
the concentration of dust or the amount of dust
dispersed as a result of hammering. From Fig. 9, it
is clear that dust is rapidly and substantially dis-
persed when the flow speed of the exhaust gas is
below 0.5 m/s. This means that the electrostatic
precipitator is less effective when the boiler is
operated under low load. To this end, the number
of the passages closed by the dampers in the
electrostatic precipitator is changed in response fo
the flow of the exhaust gas so as to control the flow
speed of the exhaust gas flowing therethrough.

Fig. 10 shows dust collection characteristics of
the desulfurization unit. It has been found that the
desulfurization unit of this embodiment provides a
substantial improvement in dust collection over the
prior art desulfurization unit. In the illustrated em-
bodiment, the ratio of dust dispersed as a result of
hammering is relatively high in the outlet duct of
the dry electrostatic precipitator, and this dust is
largely agglomerated. This results in a further ad-
vantage of the system which effectively and effi-
ciently removes dust without the need for a wet
electrostatic precipitator.

In the present invention, the wet desulfurization
unit can use method other than the lime-gypsum
method. In order to further reduce the concentra-
tion of dust, a wet electrostatic precipitator of a
small capacity may be provided downstream of the
desulfurization unit.

The present invention provides a method and
system for handling exhaust gas in a coal-fired
boiler which consumes less space and is economi-
cal to manufacture. Advantages of the present in-
vention are as follows:



7 EP 0 498 020 A1

(1) A compact dry electrostatic precipitator can

be used regardless of coals having a wide vari-

ety of characteristics.

(2) The quality of gypsum as collected can be
maintained with a compact single-tower type 5
desulfurization unit.

(3) Dust can be greatly removed without the
need for a wet electrostatic precipitator.

Claims 10

1. A method for handling exhaust gas in a boiler

comprising the steps of:

cooling exhaust gas from a coal-fired boil-
er to a temperature of between 80 and 110° 15
by an air preheater and a heat recovery unit;

reducing the concentration of dust to 100
mg/m3N or lower by a dry electrostatic
precipitator; and

introducing the exhaust gas to a desul- 20
furization unit so as to reduce SOx.

2. A system for handling exhaust gas in a boiler
comprising:

a gas flue of a coal-fired boiler including in 25
which an air heater, a heat recovery unit, a dry
electrostatic precipitator, and a desulfurization
unit are provided in that order,

said dry electrostatic precipitator including
a gas passage divided into a plurality of par- 30
allel passages, and dampers provided in said
parallel passages respectively and operable to
inhibit exhaust gas flow therethrough.
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Fig. 6
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Fig. 9
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