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Description

Field of the Invention

[0001] The proposed invention relates to a system and
method for removing mercury from a process gas stream
containing mercury. More particularly, the proposed in-
vention is directed to a flue gas processing system for
removing CO2 from a flue gas stream. The proposed
invention provides for contacting an aqueous desulphuri-
zation liquor with a flue gas stream to capture mercury
that may be contained in the flue gas stream. A promoter
is mixed with the liquor to prevent oxidized mercury in
the liquor from reducing into elemental mercury.

Cross Reference to Related Application(s)

[0002] This application claims priority to co-pending U.
S. provisional application entitled, "Process for Promot-
ing Mercury Retention in Wet Flue Gas Desulfurization
Systems", having ser. no. US 60/992,381 filed on
12/05/2007.

Summary of The Invention

[0003] The present invention provides a system and
method for removing mercury from a process gas stream
according to claims 1 and 3, respectively. Briefly de-
scribed, in architecture, one embodiment of the system,
among others, can be implemented so as to include a
reaction vessel configured to receive a flue gas stream
containing mercury and an aqueous liquor supply; and
liquid to gas mass transfer device disposed within the
interior of the reaction vessel. Embodiments of the
present invention can also be viewed as providing a
method for removing mercury from a flue gas stream. In
this regard, one embodiment of such a method, among
others, can be broadly summarized by the following
steps: contacting an aqueous liquor with a flue gas
stream containing mercury; and mixing the aqueous liq-
uor with an oxidizer to prevent
[0004] oxidized mercury contained in the aqueous liq-
uor from being reduced to elemental mercury.
[0005] Other systems, methods, features, and advan-
tages of the present invention will be or become apparent
to those with ordinary skill in the art upon examination of
the following drawings and detailed description.

Background

[0006] Removal of mercury from the flue gas streams
emitted from, for example, fossil fuel fired boilers/boiler
systems, is becoming a goal for industries to meet by
way of mandate of environmental laws. Various systems
and methods have been proposed to remove mercury
from gas streams, such as flue gas streams. Most of
these known systems and methods attempt to use, to
some extent, existing pollution control equipment de-

signed for removal of elemental/chemical components
and particle matter other than mercury. Wet flue gas des-
ulfurization (WFGD) systems/methods are known.
[0007] These systems and methods are typically em-
ployed to remove sulfur oxides from the flue gas stream
emitted from, for example, coal fired boilers/boiler sys-
tems. These systems do not remove or attempt to remove
mercury from the flue gas stream. Given the environmen-
tal regulatory climate and the general public demand for
a cleaner environment, the future points to the need for
and implementation of many more of these WFGD sys-
tems to accommodate the anticipated (increased)
number of industrial and power generation facilities that
will incorporate fossil fuel fired boilers/boiler system.
These WFGD systems are not inexpensive to construct
or operate.
[0008] Given the costs associated with implementing
flue gas processing systems and equipment, it would be
desirable to have a single gas processing system that
could remove more than a limited number of pollutants
from a flue gas stream. Thus, a heretofore unaddressed
need exists in the industry to address the aforementioned
deficiencies and inadequacies.
[0009] Further, features of the present invention will be
apparent from the description and the claims.
[0010] US 2004/0202596 A1 describes a system and
a method for removing mercury in exhaust gas. An oxi-
dizing agent is added to the bottom section of a scrubber
in addition to a washing liquid supply in the upper portion
of the scrubber.
[0011] Similar systems and methods are disclosed in
DE 19850054 A1, EP 0235414 A and US 2007/154373
A1.

Brief Description of the Drawings

[0012] Many aspects of the invention can be better un-
derstood with reference to the following drawings. The
components in the drawings are not necessarily to scale,
emphasis instead being placed upon clearly illustrating
the principles of the present invention. Moreover, in the
drawings, like reference numerals designate corre-
sponding parts throughout the several views. The inven-
tion will now be described in more detail with reference
to the appended drawings in which:

FIG. 1A is a diagram generally depicting a typical
flue gas processing system.
FIG. 1B is a diagram generally depicting details of a
wet flue gas desulphurization system (WFGD) 100.
FIG. 2A is a diagram generally depicting one em-
bodiment of a WFGD configured to remove mercury
from a flue gas stream (FG) wherein an oxidizer is
provided to the reaction vessel 150 via a designated
inlet (not part of the invention).
FIG. 2B is a diagram generally depicting a WFGD
according to the invention configured to remove mer-
cury from a flue gas stream (FG) wherein an oxidizer
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is provided to the reaction vessel 150 via mixing it
with make up water supply.
FIG. 2C is a diagram generally depicting one em-
bodiment of a WFGD configured to remove mercury
from a flue gas stream (FG) wherein an oxidizer is
provided to the reaction vessel 150 via mixing it with
a limestone supply that is used in the reagent (not
part of the invention).
FIG. 2D is a diagram generally depicting one em-
bodiment of a WFGD configured to remove mercury
from a flue gas stream (FG) wherein an oxidizer is
provided to the reaction vessel 150 via mixing it with
a reagent supply (not part of the invention).
FIG. 2E is a diagram generally depicting one em-
bodiment of a WFGD configured to remove mercury
from a flue gas stream (FG) wherein an oxidizer is
provided to the reaction vessel 150 via a sprayer
system (not part of the invention).

Discussion

[0013] The proposed invention is directed to a system
and method for removing at least a portion of mercury
from a flue gas stream that contains mercury. If mercury
can be captured by these WFGD systems, then a poten-
tially large capital and operating cost savings can be re-
alized relative to installing new equipment dedicated
solely to mercury removal.
[0014] FIG. 1A is a diagram generally depicting a flue
gas processing system 15 for use in removing various
pollutants from a flue gas stream FG emitted by the com-
bustion chamber of a boiler system 26 used in a steam
generator system of, for example, a power generation
plant 25. This system 15 includes a selective catalytic
reduction (SCR) system 40 configured to remove nitro-
gen oxides from the flue gas stream, dust removal system
50 configured to remove particulate matter from the flue
gas stream, a scrubber system 60 configured to remove
sulfur oxides, including sulphur dioxide (SO2) and sul-
phur trioxide (SO3), from the flue gas stream FG and a
CO2 removal system 70 that is configured to remove
CO2 from the flue gas stream FG before emitting the
cleaned flue gas stream to an exhaust stack 90 (or alter-
natively additional processing). The scrubber system 60
may be, for example a wet flue gas desulphurization (WF-
GD) system.
[0015] FIG. 1B is a diagram generally depicting a
scrubber system 60 that includes a wet flue gas desul-
phurization system (WFGD) 100. The WFGD 100 in-
cludes a desulphurization reaction vessel (reaction ves-
sel) 150. The reaction vessel 150 includes one or more
spray head devices and/or piping systems 101 for spray-
ing an aqueous desulphurization liquor (liquor) into the
interior of the reaction vessel 150. A reagent supply tank
131 is provided for storing the reagent. A limestone sup-
ply 103 is provided to serve as the reagent. A ball mill
133 is provided and configured to grind the limestone to
a desired size/level of fineness. The reaction vessel 150

is configured to receive a flue gas stream (FG), as well
as an air supply (AIR) and a make up water supply 105.
The desulphurization liquor may contain, for example,
water and a reagent of some type. The reagent may be,
for example, lime or limestone.
[0016] Mercury in the flue gas generated from the com-
bustion of coal typically exists in two primary general
forms - elemental mercury and oxidized mercury (both
in gaseous states). Oxidized mercury exists as a com-
pound in which the mercury is combined with another
element, typically chlorine, in the flue gas. Elemental
mercury is that mercury which is uncombined with an-
other element.
[0017] Oxidized mercury may be effectively captured
in WFGD systems while elemental mercury can not. In
the flue gas leaving the combustion chamber of, for ex-
ample, a coal-fired boiler, the majority of the mercury
contained in the flue gas (up to approximately 90%) is in
the elemental form while only about 10% is oxidized.
[0018] After the portion of oxidized mercury in the flue
gas has been increased by an effective method, such as,
for example, the addition of calcium bromide or via sub-
jecting the flue gas stream to processing via a selective
catalytic reaction (SCR) system or NOx removal system,
oxidized mercury can be very easily absorbed by the liq-
uor of a WFGD system. However, the oxidized mercury
absorbed by the liquor is unstable and will typically be
reduced to elemental mercury in the WFGD liquor and
re- emitted to the atmosphere.
[0019] This reduction process is influenced by the spe-
cific chemical species in the liquor and the physical con-
ditions in the WFGD reaction vessel, such as tempera-
ture and static pressure. Sulfite ion (SO3

=) is postulated
to be a key factor in reducing the previously captured/ab-
sorbed oxidized mercury back to its elemental state
(Hg°). While the majority of sulfite ions are removed from
the water portion of the liquor via the WFGD system/proc-
ess through forced air oxidation to sulfate (SO4

=) ions in
the system reaction tank, a small portion of sulfite ions
(soluble sulfite in the water portion of the liquor) remains
in the liquor and may be sufficient to reduce the mercury
to its elemental form.
[0020] In order to capture mercury that may be con-
tained in a process gas stream, such as, for example, a
flue gas stream, a system and method is proposed in
which a wet flue gas desulphurization (WFGD) system
is configured to receive an oxidizer and mix it with a des-
ulphurization liquor (liquor) that is supplied to the WFGD
system.
[0021] The desulphurization liquor is typically com-
posed of suspended solids and dissolved solids. The sus-
pended solids may include, for example, lime and/or lime-
stone, calcium sulfate, calcium sulfite, coal ash, and lime-
stone impurities. The dissolved solids may include calci-
um, magnesium, sodium, potassium, sulfate, sulfite, car-
bonates, chlorides, and fluorides. The desulphurization
liquor is typically contacted with a flue gas stream via a
liquid to gas mass transfer device(s) contained within the
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interior of, for example, a WFGD reaction vessel. By con-
tacting the desulphurization liquor with the flue gas
stream, SO2 and SO3 contained in the flue gas stream
may be captured/removed from the flue gas stream (FG).
Other gases that may be contained in the flue gas from
fossil fuel fired boilers/boiler systems and removed by
the desulphurization liquor may include, for example, hy-
drogen chloride and hydrogen fluoride. In addition, the
oxidized mercury contained in the flue gas is removed
by the desulphurization liquor.
[0022] The proposed invention provides for an oxidizer
to be introduced into the system 200 and used in con-
junction with a desulphurization liquor to oxidize any
sulfites that may remain in the WFGD reaction vessel
150 after air oxidation to sulfates. The oxidizer is prefer-
ably a strong oxidizer, such as, for example, such as
hydrogen peroxide (H2O2). In this way, the specie which
acts to reduce mercury may be removed.
[0023] The oxidizer may be introduced into the typical
WFGD system 200 via several ways, including, but not
limited to introducing the oxidizer into the WFGD reaction
vessel directly. This may be accomplished via pumping
the strong oxidizer from a strong oxidizer storage tank
and into the WFGD reaction vessel via one or more
sprayer devices. It may also be directly mixed with the
desulphurization liquor and introduced into the WFGD
reaction vessel as a combined mixture. Further, it may
be introduced into the WFGD reaction vessel 150 collec-
tion area toward the bottom 151 of the WFGD reaction
vessel 150 where desulphurization liquor sprayed into
the vessel collects prior to be pumped out of the vessel
for regeneration and recirculation in the WFGD system.
The strong oxidizer may be mixed with the desulphuri-
zation liquor at any other location/point within the WFGD
system in which the oxidizer can ultimately be transport-
ed and mixed with/into the desulphurization liquor.
[0024] FIG. 2A depicts an example of one embodiment
of a Wet Flue Gas Desulfurization (WFGD) System 200
that includes provisions for introducing a oxidizer 225
into the system 200 in a manner that will allow it to be
mixed with the desulphurization liquor. In this example,
the oxidizer is provided to the reaction vessel 150 via a
designated inlet 202 so that it is combined with the des-
ulphurization liquor used to contact flue gas stream FG.
The liquor may also include other dissolved compounds
and suspended solids. The suspended solids may be a
mixture of undissolved limestone plus the products of the
reaction between the liquor and the chemicals/chemical
components in the flue gas stream (reaction products) -
mainly calcium sulfate (gypsum).
[0025] The oxidizer does not need to contact the flue
gas, it only needs to end up in the absorber reaction tank.
The oxidizer does not oxidize the mercury which has
been oxidized in the flue gas by another means. It is
provided to oxidize any sulfite ions that may be contained
in the WFGD reaction tank 150 to sulfate. Sulfite is a
potential cause for the reduction of oxidized mercury res-
ident in the reaction vessel back in to elemental mercury.

The proposed invention is directed to decreasing this re-
duction of oxidized mercury resident in the reaction ves-
sel back to elemental mercury by minimizing the amount
of sulfite in the reaction vessel. This is accomplished via
the addition of an oxidizer. The liquor containing the ox-
idized mercury may then be disposed of as is typical with
standard WFGD systems.
[0026] Strong oxidizers other than hydrogen peroxide
may also be used. The proposed system and method
can be used to prevent mercury reduction in WFGD sys-
tems in the absence of flue gas mercury oxidation pro-
moters, or in combination with, or in addition to, known
methods of flue gas mercury oxidation enhancement.
The proposed system may be used to process flue gas
from any type of combustion chamber, whether fired via
coal, gas, oil or other means.
[0027] The oxidizer 225 may be introduced to the sys-
tem 200, for example, via the spray head 101 (201);
and/or via direct introduction into the reaction vessel 150
(202); and/or, via introduction into/with the limestone 103
input (203); and/or, via introduction into/with the reagent
supply (204) and/or via introduction into/with the make-
up water 105 (205). It will be recognized that the strong
oxidizer may be introduced into the system 200 at other
points or via other means and still achieve the intended
results contemplated herein.
[0028] FIG. 2B depicts an example according to the
present invention of a further embodiment of a Wet Flue
Gas Desulfurization (WFGD) System 200 wherein an ox-
idizer is introduced to the system 200 via providing an
oxidizer to the reaction vessel 150 via mixing it (205) with
a make up water supply 105.
[0029] FIG. 2C depicts an example of a further embod-
iment of a Wet Flue Gas Desulfurization (WFGD) System
200 wherein an oxidizer is introduced to the system 200
via providing an oxidizer to the reaction vessel 150 via
mixing it with a limestone supply that is used in the rea-
gent supply used for the liquor.
[0030] FIG. 2D depicts an example of a further embod-
iment of a Wet Flue Gas Desulfurization (WFGD) System
200 wherein an oxidizer is introduced to the system 200
via providing an oxidizer to the reaction vessel 150 via
mixing it with a reagent supply.
[0031] FIG. 2E depicts an example of a further embod-
iment of a Wet Flue Gas Desulfurization (WFGD) System
200 wherein an oxidizer is introduced to the system 200
via providing an oxidizer to the reaction vessel 150 via
wherein an oxidizer is provided to the reaction vessel 150
via a sprayer system.
[0032] FIG. 2A - FIG. 2D depict several possible means
of introducing the strong oxidizer into the system so that
it might be combined with the absorbent slurry. Any one
or all, or a combination, of these means may be imple-
mented to introduce the strong oxidizer into the system
200 so that it can be combined with the desulphurization
liquor.
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Claims

1. A system for removing mercury from a flue gas
stream containing mercury and sulfur oxides, the
system comprises:

a reaction vessel (150) configured to receive a
flue gas stream containing mercury and sulfur
oxides that is discharged from a boiler (26);
an aqueous liquor supply configured to supply
aqueous liquor to the reaction vessel (150),
wherein the aqueous liquor comprises water
and lime or limestone as a reagent; an oxidizer
supply configured to supply oxidizer to the aque-
ous liquor in the reaction vessel (150);
liquid to gas mass transfer device disposed with-
in the interior of the reaction vessel (150);
the liquid to gas mass transfer device is config-
ured to contact the flue gas stream with the
aqueous liquor supply;
wherein the reaction vessel (150) has a make-
up water supply (105) at its bottom; and
the oxidizer supply (205) is configured to supply
the oxidizer via introduction into the make-up
water at the bottom of the reaction vessel (150).

2. The system of claim 1 further comprising a sprayer
device disposed within the interior of the reaction
vessel (150) and configured to introduce the absorb-
ent supply into the reaction vessel (150).

3. A method of removing mercury from a flue gas
stream using a system according to any one of the
preceding claims, the method comprising the steps
of:

contacting an aqueous liquor with a flue gas
stream containing mercury; and
mixing the aqueous liquor with an oxidizer to pre-
vent oxidized mercury contained in the aqueous
liquor from being reduced to elemental mercury.

4. The method of claim 3 wherein the oxidizer compris-
es a strong oxidizer.

5. The method of claim 4 wherein the strong oxidizer
comprises hydrogen peroxide (H2O2).

Patentansprüche

1. System zum Entfernen von Quecksilber aus einem
Rauchgasstrom, der Quecksilber und Schwefeloxi-
de enthält, wobei das System umfasst:

ein Reaktionsgefäß (150), das konfiguriert ist,
um einen Rauchgasstrom aufzunehmen, der
Quecksilber und Schwefeloxide enthält, der aus

einem Kessel (26) ausgegeben wird;
eine wässrige Flottenzufuhr, die konfiguriert ist,
um wässrige Flotte dem Reaktionsgefäß (150)
zuzuführen, wobei die wässrige Flotte Wasser
und Kalk oder Kalkstein als Reagens umfasst;
eine Oxidationsmittelzufuhr, die konfiguriert ist,
um der wässrigen Flotte im Reaktionsgefäß
(150) Oxidationsmittel zuzuführen;
eine Flüssigkeit-zu-Gas-Massenübertragungs-
vorrichtung, die im Inneren des Reaktionsgefä-
ßes (150) angeordnet ist;
die Flüssigkeit-zu-Gas-Massenübertragungs-
vorrichtung konfiguriert ist, um den Rauchgas-
strom mit der wässrigen Flottenzufuhr zu kon-
taktieren;
wobei das Reaktionsgefäß (150) an seinem Bo-
den eine Nachspeisewasserversorgung (105)
aufweist; und
die Oxidationsmittelzufuhr (205) konfiguriert ist,
um das Oxidationsmittel durch Einleiten in das
Nachspeisewasser am Boden des Reaktions-
gefäßes (150) zuzuführen.

2. System nach Anspruch 1, weiter umfassend eine
Sprühvorrichtung, die im Inneren des Reaktionsge-
fäßes (150) angeordnet ist und konfiguriert ist, um
die Absorptionsmittelzufuhr in das Reaktionsgefäß
(150) einzuführen.

3. Verfahren zum Entfernen von Quecksilber aus ei-
nem Rauchgasstrom unter Verwendung eines Sys-
tems nach einem der vorstehenden Ansprüche, wo-
bei das Verfahren die Schritte umfasst:

Kontaktieren einer wässrigen Flotte mit einem
quecksilberhaltigen Rauchgasstrom; und
Mischen der wässrigen Flotte mit einem Oxida-
tionsmittel, um zu verhindern, dass das in der
wässrigen Flotte enthaltene oxidierte Quecksil-
ber zu elementarem Quecksilber reduziert wird.

4. Verfahren nach Anspruch 3, wobei das Oxidations-
mittel ein starkes Oxidationsmittel umfasst.

5. Verfahren nach Anspruch 4, wobei das starke Oxi-
dationsmittel Wasserstoffperoxid (H2O2) umfasst.

Revendications

1. Système pour éliminer le mercure d’un courant de
gaz de combustion contenant du mercure et des oxy-
des de soufre, le système comprend :

un récipient de réaction (150) configuré pour re-
cevoir un courant de gaz de combustion conte-
nant du mercure et des oxydes de soufre qui est
déchargé à partir d’une chaudière (26) ;
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une alimentation en liqueur aqueuse configurée
pour fournir une liqueur aqueuse au récipient de
réaction (150), la liqueur aqueuse comprenant
de l’eau et de la chaux ou du calcaire comme
réactif ;
une alimentation en oxydant configurée pour
fournir un oxydant à la liqueur aqueuse dans le
récipient de réaction (150) ;
un dispositif de transfert de masse liquide à ga-
zeuse disposé à l’intérieur du récipient de réac-
tion (150) ;
le dispositif de transfert de masse liquide à ga-
zeuse est configuré pour mettre en contact le
courant de gaz de combustion avec l’alimenta-
tion en liqueur aqueuse ;
dans lequel le récipient de réaction (150) pos-
sède une alimentation en eau d’appoint (105)
au niveau de sa partie inférieure ; et
l’alimentation en oxydant (205) est configurée
pour fournir l’oxydant par introduction dans l’eau
d’appoint au niveau de la partie inférieure du
récipient de réaction (150).

2. Système selon la revendication 1 comprenant en
outre un dispositif de pulvérisation disposé à l’inté-
rieur du récipient de réaction (150) et configuré pour
introduire l’alimentation en absorbant dans le réci-
pient de réaction (150).

3. Procédé d’élimination de mercure d’un courant de
gaz de combustion à l’aide d’un système selon l’une
quelconque des revendications précédentes, le pro-
cédé comprenant les étapes consistant à :

mettre en contact une liqueur aqueuse avec un
courant de gaz de combustion contenant du
mercure ; et
mélanger la liqueur aqueuse avec un oxydant
pour empêcher le mercure oxydé contenu dans
la liqueur aqueuse d’être réduit en mercure élé-
mentaire.

4. Procédé selon la revendication 3 dans lequel l’oxy-
dant comprend un oxydant puissant.

5. Procédé selon la revendication 4 dans lequel l’oxy-
dant puissant comprend du peroxyde d’hydrogène
(H2O2).
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