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11 Boiler

16A NH3 solution supply means

17 Denitration device {mercury oxide)

18 Heat exchanger

19 Dust collector

27 Lime supply device

33 Moisture separator

37 Agglomerate

38 Dehydration treatment device

40 Treated water (evaporation treatment})
41 Waste water treatment device

43 Waste water

50 HBr supply means

556 Oxidizing agent

56 ORP controller

60 Br concentration meter

61 Control means

AA Treated water {re-used)

BB Agglomerate {evaporation treatment}

(57) Abréegée/Abstract:

Provided Is a system for removing mercury in exhaust gas, where the system removes Hg contained in an exhaust gas from a boller
and comprises the following: a heat exchanger (ARH) (18) which subjects an exhaust gas (12) from a boiler (11) to heat exchange; a
dust collector (19) which removes particulate matter present in the exhaust gas (12); a wet-type desulfurization device (21) which
removes mercury oxide (Hg2+) present in the exhaust gas (12) by means of an alkall absorption liquid and which removes sulfur
oxides present In the exhaust gas; and an HBr compound supply means (50) which supplies HBr, which Is a Br compound, to a
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(57) Abrege(suite)/Abstract(continued):

flue (13) that discharges exhaust gas from a boller outlet. The concentration of bromine in the alkali absorption liquid in the wet-type
desulfurization device (21) Is Increased to a prescribed concentration or higher. Consequently, mercury present in the exhaust gas
IS stabilized In the form of Hg2+ ions In a gypsum slurry solution discharged from the wet-type desulfurization device (21).
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ABSTRACT

The present invention 1s a removal system

for mercury 1n

the flue gas configured to remove Hg contained 1in a flue gas

flowing from a boiler, and includes: a heat exchanger (AH) 18

configured to execute heat exchange for a flue gas 12 flowing

from a boiler 11; a precipitator 19 configured to remove soot

dust in the flue gas 12; a wet SOx removal unit 21 configured

to remove mercury oxide Hg“' in the flue gas by alkali absorbent

and desulfurize sulfur oxide 1n the flue gas; and an HBr compound

supply unit 50 configured to supply HBr, namely,

into a flue gas duct 13 configured to discharge a

a Br compound

flue gas from

a boiller outlet. Further, enrichment of bromine contained 1n

the 'alkali absorbent 1nside the wet SOx removal unit 21 1s set

to predetermined enrichment or higher. With this

configuration, mercury in the flue gas 1s stabilized 1in an 1onic

state of Hg2+ in gypsum slurry solution discharged from the wet

SOxX removal unit 21.



10

15

20

25

30

CA 02884575 2015-03-11

¥

Docket No. PMHA-15005-PCT

DESCRIPTION

TREATMENT SYSTEM FOR MERCURY IN FLUE GAS

Field

0001 The present 1nvention relates to a treatment system

for mercury 1in a flue gas, capable of removing mercury in the

flue gas down to extremely low enrichment.

Background

[0002] A flue gas of coal combustion and a flue gas generated

at the time of burning heavy o0il may contain metal mercury (Hg")

1in addition to soot dust, sulfur oxide (SOx), nitrogen oxide

gy

(NOx). In recent years, various kinds of methods and

apparatuses are 1nvented to treat metal mercury (Hgo) by'

combining an NOx removal unit configured to reduce NOx and a
wet SOx removal unit 1n which alkali absorbent 1s used as SOXx

apsorbent.

100031 As the method of treating metal mercury (Hgo) in the

flue gas, there 1s a proposed method in which NH4,Cl solution

F

1S sprayed 1n a liquid state to the inside of a flue gas duct,

y—
—

and supplied 1nto the flue gas duct i1n an upstream process of

an NOx removal unit (for example, refer to Patent Literatures

1 and 2). When NH4Cl solution 1is sprayved into the flue gas duct
in the liquid state, NH4Cl dissoclates and generates an ammonilum

(NH3) gas and a hydrogen chloride (HCl) gas. The NHz gas behaves

as a reducing agent, and the HCl gas behaves as a mercury

chlorination agent. More specifically, on a denitrification

catalyst filled i1n the NOx removal unit, reduction reaction

progresses between NH; and NOx in the flue gas as shown 1n a

following Formula (1), and oxidation reactlon progresses

between HCl and Hg” in the flue gas as shown in a following

Formula (2). NHs is reduced and denitrated, and also the metal

mercury (Hg’) is oxidized on the denitrification catalyst, and

water-soluble mercury chloride (HgCl,) 1s generated. Then,

HgCl, is dissolved in gypsum slurry solution to remove mercury
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contained in the flue gas by the SOx removal unit according to

a wet limestone-gypsum method provided on a downstream side.
4NO+4NH3+0, - 4N,>+6H,O (1)

Hg+1/20,+2HC1 — HgCl,+H,0 (2)
Citation List
Patent Literature

(0004 ] Patent Literature 1: Japanese Patent Application
Laid-open No. 2008-14260Z

Patent Literature 2: Japanese Patent Application
Laid-open No. 2009-202107
sSummary

Technical Problem

[0005] Meanwhile, according to the proposal of removing

mercury 1n the flue gas 1n the related arts, a part of mercury

oxide (Hg“") that has been absorbed and removed may be reduced

tometal mercury (Hgo) and emitted froma stack 1in the same manner

in the case where the absorbent 1in the wet SOX removal unit comes

to have a reducing atmosphere agailn.

P

[(0006] According to the proposal of removing mercury 1in the

!

flue gas 1in the related arts, oxidation-reduction potential o:

the absorbent is controlled to prevent mercury from being

emitted due to reduction.

[0007] The present invention 1s achieved 1n view of the

above-described situation, and directed to providing a

treatment system for mercury in a flue gas, 1n which mercury
in the flue gas removed by the SOx removal unit can be selectively
stabilized in a solid phase or a liquid phase.

Solution to Problem

0008 According to a first aspect of the present invention

in order to solve the above-mentioned problems, there 1s

provided a treatment system for mercury in a flue gas, which

is a system to remove Hg contained in the flue gas flowing from

aboiler, including: a heat exchanger configured to execute heat
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exchange for the flue gas flowing from the boiler; a

precipitator configured to remove soot dust in the flue gas;

a wet SOx removal unit configured to remove mercury oxide ng+

in the flue gas with alkali absorbent and also desulfurize

sulfur oxide in the flue gas; and a Br compound supply unit

configured to supply a Br compound into the flue gas or 1into

i

the alkali absorbent of the wet SOx removal unit, whereiln

enrichment of bromine inside the alkali absorbent 1n the wet

S0x removal unit is set to predetermined enrichment or higher.

[0009] According to a second aspect of the present invention,

there is provided the treatment system for mercury in a flue

gas according to the first aspect, including an NOx removal unit

disposed on an upstream side of the heat exchanger and provided

with a denitrification catalyst configured to denitrate NOx in

the flue gas and oxidize metal mercury (Hgo).

[0010] = According to a third aspect of the present invention,

there is provided the treatment system for mercury in a flue

gas according to the first or second aspect, wherein the alkala

absorbent is limestone slurry, and a water separator configured

to draw off limestone-gypsum slurry generated in the wet 50X

p—
prer—

removal unit and separate gypsum from the drawn-off

limestone-gypsum slurry 1s provided.

[0011] According to a fourth aspect of the present invention,

there is provided the treatment system for mercury in a flue

gas according to the third aspect, whereiln flocculation

treatment is applied to solid content contained inslde separate

liquid after the gypsum separation, and a floc is separated,

and further treated liquid obtained after separation is reused
in the wet SOx removal unit or applied with wastewater

treatment.

[0012] According to a fifth aspect of the present invention,

there is provided the treatment system for mercury in a flue

gas according to the third aspect, wherein mercury contailned
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inside the separate liquid after the gypsum separation 1s
separated as a gas body at a heating mercury separation device,
and mercury contained inside emitted gas 1s scavenged by a
scavenging unit.

--ﬂ i ’-.
H pra— p—

ffects of Invention

Advantageous

[0013] According to the present invention, enrichment orf

bromine in alkali absorbent inside the wet SOx removal unit 1S

set to predetermined enrichment or higher. By thus setting the

enrichment of bromine to the predetermined enrichment or higher,

the mercury is kept 1n an Hg®* ionic state inside the alkali

absorbent such as gypsum slurry solution discharged from the

SOx removal unit, and mercury in the flue gas can be stabillized

in the ligquid phase.

Brief Description of Drawilngs

(0014] FIG. 1 is a schematic diagram illustrating a

treatment system for mercury in a flue gas according a first

embodiment of the present invention.

FIG. 2 is a schematic diagram illustratling a treatment

system for mercury in a flue gas according a second embodiment

of the present inventilon.

FIG. 3 is a schematic diagram illustrating a treatment

system for mercury in a flue gas according a third embodiment

of the present invention.

FIG. 4 is a schematic diagram illustrating a treatment

system for mercury in a flue gas according a fourth embodiment

of the present invention.

FIG. 5 is a schematic diagram illustrating a treatment

p— L]

system for mercury in a flue gas according a fifth embodiment

P

of the present invention.

FIG. 6 is a schematic diagram illustrating a treatment

system for mercury 1n a flue gas according a sixth embodiment

1)

of the present invention.

FIG. 7 is a diagram illustrating a relation between
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Br in slurry absorbent and enrichment of Hg 1in

t)

Jr—
Yo

Description of Embodiments

[0015]

Preferred embodiments of the present invention will

be described with reference to the attached drawings. Note that

the present invention is not limited to the embodiments and 1s

intended to include configurations in which the respective

embodiments are combined in the case where there is a plurality

o=
g,

of embodiments.

(Fi1rst
[00106]

Embodiment |

FIG. 1 is a schematic diagram illustrating a

treatment system for mercury in a flue gas according to a first

embodiment of the present invention.

As illustrated in FIG. 1, a treatment system for mercury

in a flue gas 10A according to the present embodiment 1is a

treatment system for mercury in the flue gas configured to

remove mercury contained in a flue gas 12 flowing from a boiler

11, and includes: an NOx removal unit 17 configured to denltrate

nitrogen oxide (NOx) in the flue gas 12 flowing from the boller

11 where fuel F is supplied and burned by the boiler; a heat

g

exchanger (AH) 18 disposed on a downstream side of the NOX

removal unit 17 and configured to adjust a flue gas temperature;

a precipitator 19 disposed on a downstream side of the heat

exchanger 18 and configured to remove soot dust in the flue gas

12: a wet SOx removal unit 21 configured to remove mercury oxide

Hg*" in the flue gas 12 by using alkali absorbent, and also

desulfurize sulfur oxide in the flue gas 12; and an HBr supply

unit 50 configured to supply HBr, namely, a Br compound 1nto

a flue gas duct 13 where the flue gas 12 1is discharged from a

—

boiler outlet. Further, enrichment of bromine inside the

21kali absorbent in the wet SOx removal unit 21 1s set TO

predetermined enrichment or higher.

Here, in FIG. 1, a reference sign 13 represents the flue
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gas duct from which the flue gas 12 i1s discharged, and 25

represents the stack from which the purged flue gas 12 is
discharged to the outside, and V,;, V,, V3 represent valves.

[0017] According to the present embodiment, ammonia (NHsz)

solution 14A 1s supplied, as a denitration aid, from an ammonia

(NHz) solution supply unit 16A into the flue gas 12 flowing in

the flue gas duct 13 via an ammonia (NHsz) supply line 15A on

P—

a previous stage side of the NOx removal unit 17.

Further, NOx 1n the flue gas 12 is reduced with a NHj by

a denitrification catalyst.

For the NOx removal unit 17, a general unit including a

reducing and denitrating catalyst can be used. The reducing

ity

and denitrating catalyst is not specifically limited, but for

example, a catalyst in which metal oxide of W, Sn, In, Co, Ni,
Fe, N1, Ag, Cu, etc. 1s supported on a carrier such as zeolite

can be used.

10018] The NH; solution 14A 1s supplied, via the ammonia

(NH3) solution supply line 15A, from the NH; solution supply

unit 16A to the flue gas 12 discharged from the boiler 11.

10019] Preferably, a temperature of the flue gas 12 1n the

A

flue gas duct 13 is, for example, 320°C or more and 420°C or

less, but more preferably, 320°C or more and the 380°C or less

although 1t depends on combustion conditions at the boiler 11.

The reason 1s that NOX denitration reaction on the

g

fectively performed in this

denitrification catalyst can be e:

temperature range.

[0020] In the NOx removal unit 17, the supplied NHs gas 1s

used to reduce and denitrate NOXx.

[0021] More specifically, NH; gas reduces and denitrates NOx

on the denitrification catalyst charged into a denitrification

catalyst layer filled in the NOx removal unit 17 as shown 1in

a following formula (1).
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ANO+4NH3+0, > 4No,+06H,O ... (1)

(0022] As for the flue gas 12, NOx in the flue gas 12 1s

reduced at the NOx removal unit 17, and then the temperature

of the flue gas 12 is decreased by the heat exchanger 18.

100231 After that, the flue gas 12 is passed through the

precipitator (e.g., ESP) 19 and fed to the wet SOx removal unit
21. Further, a heat recovery device may be disposed between

the heat exchanger 18 and the precipitator 19.

(0024 ] Next, after dust removal at the precipitator (ESP)

P

19, the flue gas 12 is fed to the wet SOx removal unit 21 for

desulfurization treatment.

[0025] In the wet SOx removal unit 21, the flue gas 12 1s

P
p—

fed from a wall surface side of a unit bottom portion Z21lb of

a unit body 2la, and limestone-gypsum slurry 20 to be used as

the alkali absorbent is supplied into the unit body 2la via an

absorbent feed line 1; and jetted from a nozzle 21c to a top

portion side of the unit. The flue gas 12 flowing up from the
unit bottom portion 21b side inside the unit body 2la 1s made

gas-liquid contact with the limestone-gypsum slurry 20 Jetted

-

from the nozzle 21c and flowing down in an opposing manner, and

HgCl, and sulfur oxide (SOXx) in the flue gas 12 are absorbed

into the limestone-gypsum slurry 20 and separated and removed

from the flue gas 12. As a result, the flue gas 12 1s purged.

The flue gas 12 purged by the limestone-gypsum slurry 20 1s

discharged from the unit top portion side, and then discharged

from a stack 25 outside the system as a purged gas 24.

Note that limestone 26 refilled into the unit body 2la 1is

supplied from a limestone supply unit 27.

o

[00206] The limestone-gypsum slurry 20 used for

desulfurization in the flue gas 12 is generated by mixing

limestone (CaCO3) slurry, gypsum (CaSOs) slurry, and water The
limestone (CaCO3;) 1is obtained by dissolving limestone powder

in water, and the gypsum (CaS0O4) slurry is obtained Dy reacting
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the limestone 26 with SOx in the flue gas 12 and further executing

oxidation. For the limestone-gypsum slurry 20, ligquid stored

in the unit bottom portion 21b of the unit body 21la of the wet

SOx removal unit 21 is pumped up and used, for example. Inside

the unit body 2la, SOx in the flue gas 12 is reacted with the

limestone (CaCO;) inside the limestone-gypsum slurry 20 as shown

in a following formula (3).

CaC03+S0,+0.5H,0 — CaS05-0.5H,0+CO> (3)

[0027] On the other hand, the limestone-gypsum slurry 20

having absorbed SOx in the flue gas 12 is mixed with water 30
supplied into the unit body Z2la, and oxidation treatment 1s
applied by using air, namely, an oxidizing agent 55 supplied

F

to the unit bottom portion 21b of the unit body 2la. At this

point, the limestone-gypsum slurry 20 flowing down inside the

unit body 2la is reacted with the water 30 and the alr as shown

in a following formula (4).

CaS05-0. 5H20+O. 50,+1.5H,0 —> CaS04-2H-0 (4)

Thus, SO, in the flue gas 12 is caught in a form of gypsum

CaS04-2H,0 in the wet SOx removal unit Z21.

At this point, mercury bromide (HgBr;) in the flue gas 12

is soluble in water, and therefore, is transferred to the

limestone-gypsum slurry 20 silde.

(0028 ] Thus, the removal system for mercury in the flue gas

10A according to the present embodiment is a removal system Ior

mercury in the flue gas configured to remove Hg contained 1in

the flue gas 12 discharged from the boiler, and includes: the

heat exchanger (AH) 18 configured to execute heat exchange for

the flue gas 12 discharged from the boiler 11; the precipilitator

19 configured to remove the soot dust i1in the flue gas 12; and

the wet SOx removal unit 21 configured to remove mercury oxide

ng+ in the flue gas 12 with the alkali absorbent, and also

desulfurize sulfur oxide in the flue gas 12. Further, the
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enrichment of bromine inside the alkali absorbent is controlled
to be the predetermined enrichment or higher inside the wet 50X

removal unit 21. As a result, mercury Hg2+ 1s stabilized 1n an

ionic state in the solution of the limestone-gypsum slurry 20

discharged from the wet SOx removal unit 21 by setting the

P

enrichment of bromine to the predetermined enrichment oOr

higher.

[0029] In other words, HBr supplied from the HBr supply unit

50 is introduced into the wet SOx removal unit 21 i1in a state

that HBr having the predetermined enrichment is contained 1n

the flue gas 12. Therefore, reaction in a following formula

(5) progresses in a leftward direction inside the slurry

absorbent, and mercury exists in the ionic state. As a result,

mercury can be stabilized in a ligquid phase.

Hg?*+S0,“” < HgSO, (5)

(0030 ] Meanwhile, FIG. 7 is a diagram illustrating a

P
p—

relation between the enrichment of Br in the slurry absorbent

and enrichment of Hg in the gypsum.

As illustrated in FIG. 7, in the case where the enrichment

grtn
o

of Br contained inside a total dissolved substance (TDS) of the

liquid phase is high, the enrichment of Hg in the gypsum becomes

low, and it is confirmed that in the case where a value of the

enrichment of Br/TDS is equal to 0.33 or more, the enrichment

of Hg becomes substantially zero (0.01 ppm).

Further, in the case where the value of the enrichment ot

J

.

Br/TDS is equal to 0.25 or more, the enrichment of Hg becomes

0.2 ppm. Therefore, mercury content inside the gypsum particle

1is infinitesimal.

[0031] According to the present embodiment, the enrichment

=
e

O

Br inside the limestone-gypsum slurry 20 at the unit bottom

F

portion of the wet SOx removal unit 21 1is measured by a Br

enrichment meter 60. Further, based on a measurement result

thereof, the state is held as it 1s 1n the case where the
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predetermined enrichment 1is kept.

P

in the case where the enrichment of

Br becomes

Further,

the predetermined enrichment or lower, control to adjust an

g

opening degree of a valve Vg is executed by a control unit ol

so as to increase a supply amount of HBr supplied from the HBr

supply unit 50.

F

In contrast, in the case where the enrichment of Br exceeds

the predetermined enrichment, control to adjust an opening

P

level of the valve Vs interposed on a line L3 is executed Dby

the control unit 61 so as to return, to the unit bottom portion

side of the wet SOx removal unit 21, separate liquid 34 separated

from a later-described water separator 33.

[0032]

g—

As a result of this control,

the enrichment of Br

having an appropriate volume can be constantly kept, andmercury

in the flue gas 12 and removed by the SOx removal unit can be

stabilized in the liquid phase.
[0033]

—

oxidation-reduction potential of the

Further,
limestone-gypsum slurry 20 in the wet SOx removal unit 21 1s

kept within a constant range. The reason 1s to prevent mercury

oxide (Hg*") inside the limestone-gypsum slurry 20 from being

reduced with the metal mercury (Hg”) by SO, or the like as shown

in a following formula (6), and prevent mercury from being
re-scattered.
Hg®*+2e” < Hg’ (6)

For a unit to keep the oxidation-reduction potential of

the limestone-gypsum slurry 20 constant, an ORP controller 56

configuredtx>controltjmaoxidation—reduction;xﬁxﬂujjd.(ORP)

For example, a

of the limestone-gypsum slurry 20 1s used.

supply amount of the oxidizing agent 55 is adjusted such that

the oxidation-reduction potential becomes preferably 200 mV or

higher, and more preferably, 600 mV or higher.

As a result, mercury oxide dissolved 1n the

limestone-gypsum slurry 20 is prevented from becoming metal
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mercury and re-scattered, and also mercury 1s prevented from

being entrained in the flue gas 1Z2.

(0034 ] The limestone-gypsum slurry 20 stored in the unilt

bottom portion 21b of the wet SOx removal unit 21 and used for

desulfurization is drawn off from the unit bottom portion 21Db

F

after being oxidized. The drawn-off limestone-gypsum slurry

20 is fed to the water separator 33 via a line Il,, and then

discharged outside the system as a dehydrated cake (gypsum) 28

containing mercury bromide (HgBr:).

[0035] For the water separator 33, a belt filter or the like

may be used, for example.

(0036 A method of supplying the limestone-gypsum slurry 20

isnot limited to the method of jetting from the nozzle 21c toward

the unit top portion side. For example, the limestone-gypsum

slurry may be flown downward from the nozzle 21c so as to be

opposed to the flue gas 1Z2.

[0037] According to the present embodiment, HBr is entrained

in the flue gas 12 to be introduced into the wet SOx removal

unit 21. Therefore, mercury oxide in the flue gas 12 1s
dissolved into the absorbent in the ionic state, and mercury

can be stabilized in the liquid phase.

(0038] The separate liquid 34 containing mercury separated

at the water separator 33 is introduced via the line Lz into

1.

flocculation treatment 1s

a flocculation unit 35 in which

-

applied to a floc contained in the mercury absorbent.

In the flocculation unit 35, for example, a flocculation

treatment agent 36 like flocculant such as a heavy metal

scavenger and a chelate agent is added, and the flocculation

treatment is applied to a floc 37 containing mercury inside the

separate liquid 34 contalnlng mercury.

[0039] For the flocculation treatment agent 36, for example,

Fe-based flocculant, Al-based flocculant, polymer-based

flocculant, etc. can be exemplified.



CA 02884575 2015-03-11

y 4

Docket No. PMHA-15005-PCT
12

When the flocculation treatment is applied, mercury oxide

inside the separate 1liquid 34 containingmercury is flocculated,

thereby transferring mercury from the liquid phase to the solid

phase.

5 (0040] Evaporation treatment is separately applied to the

d

floc 37 in the flocculation unit 35 by an evaporation treatment
unit, therebyv applying treatment to eliminate wastewater.

(0041 ] Further, a dehydration treatment device 38

configured to dehydrate the floc 37 and separate a solid from

10 liguid may also be provided to perform dehydration treatment

and separate the floc into sludge 39 and treated water 40.
Then, since the sludge 39 as a dehydration product contalins

mercury, the sludge 39 is treated separately.

Further, the treated water 40, namely, filtrate may Dbe

15 reused as dilution liquid for the limestone 26 at the limestone

supply unit 27. Also, the treated water 40 may be utilized as

a part of the water 30 to be supplied into the unit body Zla. *

(0042 ] Moreover, for example, the treatment toelliminate the
wastewater may be applied to the treated water 40 so as tO

20 evaporate the treatedwater 40 besides reusing the treated water

40. Also, the treated water 40 may be transferred to a
wastewater treatment device 41, and operation such as removing

a suspended solid and a heavy metal 42 contained inside the

treated water 40 and adjusting pH of the filtrate obtalned from

25 dehydration may be performed by the wastewater treatment device

41.

A part of wastewater 43 for which the wastewater treatment
has been applied at the wastewater treatment device 41 1s

returned to the wet SOx removal unit 21, and a remalnling part

30 1is treated as discharging water.

[Second Embodiment]

(004 3] Next, a treatment system for mercury 1n a flue gas

according to a second embodiment of the present invention will
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described. Note that components same as those of a first

embodiment are denoted by the same reference signs and

i

repetition of a description therefor will be omitted.

FIG. 2 is a schematic diagram illustrating the treatment

system for mercury in a flue gas according to the second

gr——

embodiment of the present invention.

1in

As illustrated in FIG. 2, a treatment system for mercury

the flue gas 10B according to the present embodiment 1s

configured to supply HBr into limestone-gypsum slurry 20 of the

SOx removal unit 21 from an HBr supply unit 50 1instead of

P
—

supplying HBr into a fluegas 12 in a treatment system for mercury

1n

P

the flue gas 10A of the first embodiment. Thils increases

P

enrichment of HBr inside the limestone-gypsum slurry 20.

(0044 ] As a result, HBr having enrichment equal toO

predetermined enrichment or higher is contained inside slurry

absorbent. Therefore, since reaction in a following formula

(5) progresses in a leftward direction and mercury exists 1n

an ionic state, mercury can be stabilized in a liquid phase.
Hg**+30,°” & HgSO0, (5)
[0045] According to the present embodiment, enrichment of

bromine inside alkali absorbent in the wet SOx removal unit 21

1S

increased to the predetermined enrichment or higher Dy

additionally supplying HBr from the HBr supply unit 50. By thus

setting the enrichment of bromine to the predetermined

enrichment or higher, mercury in the flue gas 12 can be

stabilized in an ionic state Hg*", for example, inside solution

of

limestone-gypsum slurry 20 which is the alkali absorbent

discharged from the wet SOx removal unit Z21.

[0046] According to the present embodiment, the enrichment

n

-

O ]

I

p——

OL

Br in the limestone-gypsum slurry 20 at a unit bottom portion

the wet SOx removal unit 21 is measured by a Br enrichment

meter 60. Further, based on a measurement result thereof, the

state is held as it is in the case where the predetermined



10

15

20

25

30

CA 02884575 2015-03-11

Docket No. PMHA-15005-PCT
14

enrichment 1s Kkept.

P

Further, in the case where the enrichment of Br becomes

the predetermined enrichment or lower, control to adjust an

P

opening degree of a valve Vg is executed by a control unit 61

”

so as to increase a supply amount of HBr supplied from the HBr

supply

unit 50.

g
p—

In contrast, in the case where the enrichment of Br exceeds

the predetermined enrichment, control to adjust an opening

g~

level of a valve Vs interposed on a line L3 1s executed by the

control unit 61 so as to return separate liquid 34 separated

—

at a water separator 33 to a unit bottom portion side of the

wet SOx removal unit Z21.

(0047 ]
having

1n the

g

As a result of this control, the enrichment of Br

an appropriate volume can be constantly kept, andmercury

flue gas 12 and removed by the SOx removal unit can Dbe

stabilized in the ligquid phase.

[Third
(0048]

Embodiment ]

Next, a treatment system for mercury 1n a flue gas

according to a third embodiment of the present invention will

p—
p—

be described. Note that components same as those of first and

second

embodiments are denoted by the same reference signs and

g——

repetition of a description therefor will be omitted.

FIG. 3 is a schematic diagram illustrating the treatment

system

for mercury in the flue gas according to the third

-

embodiment of the present invention.

As illustrated in FIG. 3, a treatment system for mercury

in a flue gas 10C supplies, as a denitration aid, ammonium

bromide (NH;Br) solution 14B into a flue gas 12 flowing 1n a

15B from an ammonium bromide (NH;Br) solution supply unit 16B

flue gas duct 13 via an ammonilum bromide (NH4Br) supply line

in a previous stage side of an NOx removal unit 17.

Further, NOx in the flue gas 12 is reduced by NH3 gas and

also metal mercury (Hg") is oxidized by a denitrification
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pn.

catalyst in coexistence of an HBr gas.

For the NOx removal unit 17, a general unit 1including a

reducing and denitrating catalyst can be used. The reducing

and denitrating catalyst is not specifically limited, but for

example, a catalyst in which metal oxide of W, Sn, In, Co, Ni,

Fe, Ni, Ag, Cu, etc. is supported on a carrier such as zeolite

can be used. An amount of the reducing and denitrating catalyst
included in the NOx removal unit 17 may be increased more than

a normal amount in order to improve mercury oxidation

efficiency.

(004 9] According to the present embodiment, the ammonilum

bromide (NH;Br) solution 14B is used as an example, and an

oxidation aid and a reduction aid are generated and also the

flue gas 12 is made to contain HBr when the ammonium bromide

(NH;Br) solution 14B is vaporized.

Here, according to the present embodiment, an aid that

functions as an oxidation aid used to oxidize metal mercury (Hgo)

in coexistence of an oxidation aid and also functions as a

reducing agent to reduce NOx with a reduction aid 1s referred

to as a reduction and oxidation aid. According to the present

embodiment, the HBr gas is used as the oxidation aid, and NH;

gas 1s used as the reduction aid.

Note that the oxidation aid (e.g., HBr gas) and the

reduction aid (e.g., NH; gas) may be separately introduced as

well.

[0050] The NH,Br solution 14B is supplied, via the ammonium

bromide (NH Br) solution supply line 15B, from the NH4Br

solution supply unit 16B into the flue gas 12 discharged from

the boiler 11.

(0051 ] Droplets of the NH4Br solution 14B sprayed 1nto the

flue gas duct 13 from the NH;Br solution supply unit 16B are

evaporated and vaporized due to a high atmospheric temperature

of the flue gas 12, and fine solid particles of NH4sBr are
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generated and decomposed into HBr and NH3 as shown in a following

formula (7). Therefore, NH/Br solution 14B sprayed from a spray

unit is decomposed and HBr and NH; are generated, and then the

NH; gas and the HBr gas are supplied into the flue gas duct 13.

NH;Br — NH3+HBr (/)

[0052] Preferably, a temperature of the flue gas 12 in the

flue gas duct 13 is, for example, 320°C or more and 420°C or

less, but more preferably, 320°C or more and the 380°C or less

although it depends on combustion conditions at the boller 11.

F

The reason is that denitration reaction of NOx and oxidation

F

reaction of Hg can be effectively achieved on the

denitrification catalyst 1n this temperature range.

[0053] Further, the flue gas 12 is fed to the NOx removal

unit 17 after containing the HBr gas and the NH; gas generated

from the droplets of the NH4;Br solution 14B sprayed from the

NH,Br solution supply unit 16B into the flue gas duct 13. In

the NOx removal unit 17, the NH; gas generated by decomposing

NH,Br is used to reduce and denitrate NOx, and the HBr gas 1is

used to oxidize Hg, and NOx and Hg are removed from the flue

gas 12. Therefore, amercury removal rate is more improved than

the case of using ammonla.

[0054 ] More specifically, on the denitrification catalyst

charged into a denitrification catalyst layer filled in the NOX

removal unit 17, the NH; gas reduces and denitrates NOX as shown

in a following formula (1) and Hg is oxidized by the HBr gas

as shown in a following formula (8).

ANO+4NH3+0, > 4N,+6HL0 (1)
Hg+1/202+2HBI —> HgBI‘Z"'HzO (8)
[0055] The flue gas 12 is passed through a heat exchanger

18 and a precipitator (ESP) 19, and then fed to a wet 50X removal

unit 21 after reducing NOx in the flue gas 12 and oxidizing Hg

in the flue gas 12 at the NOx removal unit 17. Further, a heat
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recovery device may be disposed between the heat exchanger 18

and the precipitator (ESP) 19.

[0050] After that, SOx is desulfurized at the wet SOxX removal

F
p—

unit 21, but at this point, since enrichment of Br inside

limestone-gypsum slurry is set high, reaction in a following

formula (5) progresses in a leftward direction 1n the slurry
absorbent, and since mercury exists 1n an 1onlic state. As a

result, mercury can be stabilized 1n a ligquid phase.

Hg?*+S0,°” < HgSOy (5)

[0057] Further, according to the present embodiment, 1t 1is

not necessary to separately provide an HBr supply unit 50

configured to supply HBr like the first embodiment because,

dif

ferent from the first embodiment, the reducing agent and the

Vol

oxidizing agent for denitrification are generated by using the

ammonium bromide as the reducing and oxidizing agent used 1n

the NOx removal unit 17 and further the flue gas 12 1s 1ntroduced

into the wet SOx removal unit 21 after being made to contailn

hydrogen bromide (HBr).
(0058] According to the present embodiment, the enrichment

pr——
—

of Br inside the limestone-gypsum slurry 20 at the unit bottom

portion of the wet SOx removal unit 21 1s measured by a Br

enrichment meter 60. Further, based on a measurement result

o

thereof, the state is held as it is in the case where the

predetermined enrichment 1is kept.

P

Further, in the case where the enrichment of Br becomes

predetermined enrichment or lower, control to adjust an opening

degree of a valve V; is executed by a control unit 6l so as to

increase a supply amount of NH Br supplied from the ammonium

bromide (NH,Br) solution supply unit 16B.

p—
e

In contrast, in the case where the enrichment of Br exceeds

the predetermined enrichment, control to adjust an opening

pr——

level of a valve Vs interposed on a line L3 is executed by the

control unit 61 so as to return separate liquid 34 separated
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P

at a water separator 33 to a unit bottom portion side of the

wet SOx removal unit Z21.

gy,

[0059] As a result of this control, the enrichment of Br

having an appropriate volume can be constantly kept, andmercury

in the flue gas 12 and removed by the SOx removal unit can Dbe

stabilized in the liquid phase.

[Fourth Embodiment]

(0060 ] Next, a treatment system for mercury in a flue gas

according to a fourth embodiment of the present inventlon will

ﬁ

be described. Note that components same as those of first to

third embodiments are denoted by the same reference signs and

repetition of a description therefor will be omitted.

FIG. 4 is a schematic diagram 1llustrating the treatment

system for mercury in the flue gas according to the fourth

embodiment of the present invention.

As illustrated in FIG. 4, a treatment system for mercury

in a flue gas 10D according the present embodiment includes a

heating mercury separation device 80 configured to remove water

from separate liquid 34 containing mercury separated at a water

separator 33 of the first embodiment.
[0061] The heating mercury separation device 80 sprays the

separate liquid 34 into the unit body 21la and also supplies steam

81 to the inside, and separates mercury as a gas state by heat

of the steam 81, and the mercury in the gas body is transferred

into an emitted gas 82.

(00062 ] Treated water 83 from which mercury is removed at the
heating mercury separation device 80 1s reused as make-up water.

[0063] Further, gas-like mercury transferred into the

emitted gas 82 is introduced into, for example, tO a mercury

absorber 85 filled with activated carbon 84. Then, mercury 1s

absorbed and removed with the activated carbon 84 1nside the

mercury absorber 85. Further, treated water 86 from which

mercury is removed may be used for evaporation treatment oOr



10

20

25

30

CA 02884575 2015-03-11

Docket No. PMHA-15005-PCT

19
reused 1n a different way.
[Fifth Embodiment]
(0064 ] Next, a treatment system for mercury 1n a flue gas

ifth embodiment of the present invention will

1)

according to a :

be described. Note that components same as those of first to

fourth embodiments are denoted by the same reference signs and

repetition of a description therefor will be omitted.

FIG. 5 is a schematic diagram i1llustrating the treatment

fifth

system for mercury in the flue gas according to the

p—

embodiment of the present 1nvention.

As illustrated in FIG. 5, the treatment system for mercury

in a flue gas 10E according the present embodiment supplies

ammonium chloride instead of ammonium bromide used 1n a NOX

pre—v

removal unit 17 of the third embodiment.

According to the present embodiment, an ammonium chloride

(NH,C1l) solution supply unit 16C configured to spray NHyCl

solution 14C containing ammonium chloride (NH,Cl) as a reduction

and oxidization aid; and a NOx removal unit 17 configured to

reduce NOx in a flue gas 12 with NH; gas and also including a

denitrification catalyst to oxidize metal mercury (Hg") in

s

coexistence of an HCl gas are provided in a flue gas duct 13

at a downstream of a boiler 11.
[0065] According to the present embodiment, NH4Cl 1s used
as an example, but not limited thereto, any reduction and

oxidization aid can be used as long as the reduction and

oxidization aid is halide that generates an oxidation aid and

a reduction aid when vaporized. Here, according to the present

embodiment, an aid that functions as an oxidation ald used tO

p

oxidize metal mercury (Hg’) in coexistence of an oxidation aid

and also functions as a reducing agent to reduce NOx with a

reduction aid is referred to as the reduction and oxidation aid.
According to the present embodiment, HCl gas is used as the

oxidization aid, and NH; gas is used as the reduction aid.
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Further, the oxidization aid (e.g., HCl gas) and the
reduction aid (e.g., NHs; gas) may be separately introduced as

well.
[00060] The NH;Cl solution 14C is supplied from an NHyCl

solution supply unit 16C via an ammonium chloride (NH4Cl) supply

line 15C to the flue gas 12 discharged from the boiler 11.
[0067] Droplets of the NH4Cl solution 14C sprayed 1nto the

flue gas duct 13 from the NH;Cl solution supply unit 16C are

evaporated and vaporized due to a high atmospheric temperature

F

of the flue gas 12, and fine solid particles of NH4Cl are

generated and decomposed into HC1 and NH3 as shown in a followling

pr—
amad

L YOIl

formula (9). Therefore, the NH4Cl solution 14C sprayed

a spray unit generates HCl and NHj3, and supplies the NH; gas

and the HCl gas into the flue gas duct 13.

NH,Cl — NH3+HCL (9)

(0068 ] Preferably, a temperature of the flue gas 12 in the

flue gas duct 13 is, for example, 320°C or more and 420°C or

less, but more preferably, 320°C or more and the 380°C or less

although it depends on combustion conditions at the boiler 11.

The reason is that denitration reaction of NOx and oxidation

— -
-

reaction of Hg can be effectively achleved on the

denitrification catalyst in this temperature range.

» N

fed to the NOx removal

(00069 ] Further, the flue gas 12 1s

unit 17 after containing the HC1l gas and the NH3 gas generated

pr—

from the droplets of the NH4Cl solution 14C sprayed 1into the

flue gas duct 13 from the NH,Cl solution supply unit 1leC. In

the NOx removal unit 17, the NHj; gas generated from decomposing

NH,Cl is used to reduce and denitrate NOx, and the HCl gas 1s

used to oxidize Hg, and NOx and Hg are removed from the flue

gas 12. Therefore, amercury removal rate ismore improved than

the case of using ammonia.

(0070] More specifically, on the denitrification catalyst
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charged to a denitrification catalyst layer filled in the NOZX

removal unit 17, the NH; gas reduces and denitrates NOX as shown

in a following formula (10) and Hg 1s oxidilized by the HCl gas

as shown in a following formula (11).

4NO+4NH3+0, > 4N,+06H,0 (10)
Hg+1/20,+2HC1 — HgCl,y+H0 (11)
[0071] The flue gas 12 lowers the temperature of the flue

gas 12 by a heat exchanger 18 after reducing NOx in the flue

gas 12 and oxidizing Hg in the flue gas 12 at the NOx removal
unit 17.

(0072 ] Note that only ammonia may be supplied and nitrogen

oxide in the flue gas 12 may be denitrated using ammonla by the

NOx removal unit.

pre——

Further, in the case where an amount of nitrogen oxide 1n

the flue gas 12 is little, flue gas treatment may be applied

without providing the NOx removal unit. In thils case, mercury

oxidation, mercury is oxidized by halide (e.g., chloride) or

the like contained in the flue gas 1Z2.

(007 3] Next, after dust removal at a precipitator 19, the

flue gas 12 is fed to a wet SOx removal unit 21 for

desulfurization treatment.

P

According to the present embodiment, HBr 1s supplied from

an HBr supply unit 50 into limestone-gypsum slurry 20 of the

wet SOx removal unit 21. This increases enrichment of HBr

inside the limestone-gypsum slurry Z20.

(0074 ] As a result, HBr having predetermined enrichment or

more is contained inside slurry absorbent. Therefore, since

reaction in a following formula (5) progresses in a leftward
direction and mercury exists in an ionic state, mercury can be

stabpilized in a liquilid phase.

Hg*"+S04°" < HgSO, (5)

1)

[0075] According to the present embodiment, enrichment of
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bromine inside alkali absorbent in the wet SOx removal unit 21

1S

set to the predetermined enrichment or higher by separately

supplying HBr from the HBr supply unit 50. By thus setting the

enrichment of bromine to the predetermined enrichment or higher,

mercury in the flue gas 12 can be stabilized in an 1onic state

Hg
20

2+

, for example, inside solution of limestone-gypsum slurry

which is the alkali absorbent discharged from the wet 50X

removal unit 21.

[0076] According to the present embodiment, the enrichment

#
po—

OT

Br inside the limestone-gypsum slurry 20 at the unit bottom

F

portion of the wet SOx removal unit 21 1s measured by a Br

enrichment meter 60. Further, based on a measurement result

P

thereof, the state i1s held as it is in the case where the

predetermined enrichment 1s kept.

Further, in the case where the enrichment of Br becomes

the predetermined enrichment or lower, control to adjust an

opening degree of a valve Vi or a valve Vg is executed by a control

unit 61 so as to increase a supply amount of NH;Br supplied from

the ammonium bromide (NH;Br) solution supply unit 16B or

increase a supply amount O:

1)

HBr supplied from the HBr supply

unit 50.

F
p—

In contrast, in the case where the enrichment of Br exceeds

the predetermined enrichment, control to adjust an opening

level of the valve Vs interposed on a line L; is executed by

the control unit 61 so as to return separate liquid 34 separated

at

a water separator 33 to a bottom portion side of the wet SOX

removal unit 21.

[0077] As a result of this control, the enrichment of Br

having an appropriate volume can be constantly kept, andmercury

1n

the flue gas 12 and removed by the SOx removal unit can be

stabilized in the liquid phase.

(Six Embodiment]

[0078] Next, a treatment system for mercury 1in a flue gas
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according to a sixth embodiment of the present invention will

P
—

be described. Note that components same as those of first to

Fh

ifth embodiments are denoted by the same reference signs and

—

repetition of a description therefor will be omitted.

FIG. 6 1s a schematic diagram illustrating the treatment

system for mercury in the flue gas according to the sixth

-

embodiment of the present invention.

As illustrated in FIG. 6, a treatment system for mercury

in a flue gas 10F according to the present embodiment supplies

HBr from an HBr supply unit 50 into a flue gas duct 13 configured

to introduce a flue gas 12 into a wet SOx removal unit 21,

— 1
d

different from a fifth embodiment.

HBr having been introduced into the wet SOx removal unit

21 together with the flue gas 12 is dissolved 1into

limestone-gypsum slurry 20, thereby increasing enrichment oI

HBr in the limestone-gypsum slurry 20 to predetermined

enrichment or higher.

(0079] As a result, HBr is contained in slurry absorbent,

and therefore reaction in a following formula (5) progresses

in a leftward direction and mercury exists in an i1onic state.

Therefore, mercury can be stabilized in a liquid phase.

Hg?*+50,°” < HgSO, (5)

[0080] According to the present embodiment, HBr 1is

separately supplied from the HBr supply unit 50 into the flue
gas 12 introduced to the wet SOx removal unit 21, and enrichment

of bromine inside alkali absorbent inside the wet SOx removal

unit 21 is increased to predetermined enrichment or higher. By

thus setting the enrichment of bromine to the predetermined

enrichment or higher, mercury in the flue gas 12 can be

stabilized in an ionic state Hg®", for example, inside solution

of limestone-gypsum slurry 20 which is the alkall absorbent

——

discharged from the wet SOx removal unit Z1.

According to the present embodiment, the enrichment of Br
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inside the limestone-gypsum slurry 20 at the unit bottom portion

ﬂ

of the wet SOx removal unit 21 is measured by a Br enrichment

meter 60. Further, based on a measurement result thereof, the

state is held as it is in the case where the predetermined

enrichment 1s kept.

F

Additionally, in the case where the enrichment of Br becomes

to the predetermined enrichment or lower, control to adjust an

opening degree of a valve V; is executed by a control unit ol

so as to increase a supply amount of HBr supplied from the HBr

supply unit 50.

P

In contrast, in the case where the enrichment of Br exceeds

the predetermined enrichment, control to adjust an opening
level of a valve Vs interposed on a line L3 is executed by the
control unit 61 so as to return separate liquid 34 separated

-

at a water separator 33 to a unit bottom portion side of the

wet SOx removal unit 21.

-

[0081] As a result of this control, the enrichment of Br

having an appropriate volume can be constantly kept, andmercury

in the flue gas 12 and removed by the SOx removal unit can Dbe
stabilized in the liquid phase.

Reference Signs List

[0082] 10A - 10F Treatment system for mercury i1n flue gas

11 BRoiler

12 Flue gas
16A NH; solution supply unit

16B NH,Br solution supply unit
16C NH,Cl solution supply unit
17 NOx removal unit

18 Heat exchanger (AH)

50 HBr supply unit

60 Br enrichment meter

61 Control unit
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CLAIMS

1. A treatment system for mercury in a flue gas, which is a

system to remove Hg contained 1n the flue gas flowing from a

boiler, comprising:

a heat exchanger configured to execute heat exchange for

the flue gas flowing from the boiler;

a preciplitator configured to remove soot dust in the flue

gas;

a wet SOx removal unit configured to remove mercury oxide

Hg?* in the flue gas with alkali absorbent and also desulfurize

sulfur oxide 1in the flue gas; and

a Br compound supply unit configured to supply a Br

compound into the flue gas or into the alkall absorbent of the

wet SOx removal unit,

wherein enrichment of bromine inside the alkalil absorbent
in the wet SOx removal unit is set to predetermined enrichment

or higher.

2. The treatment system for mercury in a flue gas according
toclaiml, including an NOx removal unit disposed on an upstream

side of the heat exchanger and provided with a denitrification

catalyst configured to denitrate NOxX in the flue gas and oxidize

metal mercury (Hgo).

i

3. The treatment system for mercury in a flue gas according

toclaiml or 2, wherein the alkall absorbent 1s limestone slurry,

and a water separator configured to draw off limestone-gypsum

slurry generated in the wet SOx removal unit and separate gypsum

from the drawn-off limestone-gypsum slurry 1s provided.

4. The treatment system for mercury in a flue gas according

to claim 3, wherein flocculation treatment is applied to solid

content contained inside separate liquid after the gypsum
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separation, and a floc 1s separated, and further treated ligquid

obtained after separation is reused in the wet SOx removal unit

or applied with wastewater treatment.

5. The treatment system for mercury 1in a flue gas according

to claim 3, wherelnmercury contained inside the separate liquid

after the gypsum separatlion 1s separated as a gas body at a

heating mercury separation device, andmercury contained inside

emitted gas 1s scavenged by a scavenging unit.
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