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Description

Technical field

[0001] The present invention relates to an apparatus for removing trace amounts of toxic substances contained in
exhaust gas resulting from the combustion of petroleum or coal, inparticular, metallic mercury compounds, and a method
of operating the same. Specifically, it relates to an apparatus for removing trace amounts of toxic substances from
exhaust gas which is capable of removing metallic mercury compounds stably and efficiently after a prolonged operation
thereof and a method of operating the same.

Background Art

[0002] Exhaust gas from combustion equipment such as a boiler using petroleum or coal etc., contains not only nitrogen
oxides (NOx) and sulfur oxides (SOx) which are causative substances of photo-chemical smog and acid rain but also
compounds of heavy metals such as metallic mercury as trace amounts of toxic substances. As an efficient method of
removing NOx, a method of denitration of exhaust gas in which reducing agents such as ammonia (NH3) are used to
effect selective catalystic reduction has been widely adopted mainly at thermal power plants. Mainlyused catalysts are
those in which vanadium (V), molybdenum (Mo) and tungsten (W) are used as active compositions and titaniumoxide
(TiO2) is used as a carrier. Inparticular, those in which vanadium is contained as one of active compositions have now
been mainly used as denitration catalysts due to the fact that they are not only high in activity but also less likely to be
deteriorated by impurities contained in exhaust gas and can be used at lower temperatures (Japanese Published Un-
examined Patent Application No. S50-128681 and others). Further, the catalyst compositions are ordinarily formed and
used in a honey-comb shape or a plate-shape structure, and methods for manufacturing them have been invented for
various types.
[0003] On the other hand, regarding the removal of SOx contained in exhaust gas from the combustion equipment,
a wet desulfurization unit in which limestone slurry is used to absorb and remove SOx in the exhaust gas is able to attain
a highly efficient desulfurization. Therefore, this desulfurization unit has been mainly used for desulfurization. Independent
of this unit, there has been proposed a semidry desulfurization unit in which lime or magnesium hydroxide (Mg (OH)2)
is used as an absorbent. A desulfurization method using the semidry desulfurization unit is a method in which an absorbent
such as limestone is directly sprayed into exhaust gas inside a flow channel of exhaust gas on the upstream side of a
dust removal unit and retained inside the flow channel of exhaust gas or the dust removal equipment for a predetermined
period of time after the spraying, thereby removing SOx from the exhaust gas. This method is advantageous in that it
is economical because of the lower cost of the equipment, although not suitable for attaining a highly efficient desulfuri-
zation.
[0004] Meanwhile, over the last few years, studies have been actively conducted for reducing the exhaust of metallic
mercury compounds in exhaust gas resulting from the combustion of petroleum or coal. The metallic mercury compounds
are to seriously affect humans through the food chain once they are emitted into the atmosphere. Regarding trace
amounts of toxic substances such as metallic mercury resulting from the combustion of petroleum or coal, compositions
evaporated by the combustion are moved into exhaust gas. In most cases, metallic mercury is said to be exhausted as
gaseous metallic mercury at a combustion zone in the vicinity of 1,500°C. It has been confirmed that metallic mercury
is partially oxidized by concurrent hydrogen chloride (HCl) to give mercury chloride (HgCl2) in a relatively low temperature
region (from 300 to 450°C) of a flow channel of exhaust gas as shown by the following formula (1). It is also known that
the reaction is facilitated on a denitration catalyst set in a temperature range of approximately 300°C to 450°C. Further,
it is known that the reaction proceeds substantially completely in the rightward direction at a temperature lower than
300°C and metallic mercury is oxidized to mercury chloride.

Hg+HCl+l/2O2=HgCl2+H2O (1)

[0005] Mercury chloride (HgCl2) generated in the above reaction formula (1) is lower in steam pressure than metallic
mercury, absorbed on dust and removed by a dust removal unit disposed on the downstream side of the flow channel
of exhaust gas. Further, it is known that since mercury chloride (HgCl2) is easily absorbed by water, it is absorbed by
an absorption liquid such as limestone slurry in a wet desulfurization unit or absorbed and removed by a spray absorbent
in a semidry desulfurization unit.
[0006] However, there are fears that metallic mercury kept unoxidizedmaybe exhausted mostly from smokestacks in
a gaseous state (metallic mercury vapor) as it is.
[0007] Thus, as technologies for decreasing an exhausted amount of metallic mercury, there have been proposed
several methods: that is, a method (conventional technology 1) in which activated carbon is sprayed into a flow channel
of exhaust gas on the upstream side of dust removal equipment disposed at a low temperature region to remove metallic
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mercury effectively by the absorption effect and catalyst effect of the activated carbon; a method (conventional technology
2) in which, as shown in the invention described in Japanese Published Unexamined Patent Application No. 2003-53142,
a solid oxidation catalyst layer is disposed in a low temperature region (300°C or lower) on the downstream side of a
heat exchanger in a flow channel of exhaust gas where a denitration catalyst, an air preheater, a dust removal unit and
the heat exchanger are disposed in sequence from the upstream side, thereby oxidizing metallic mercury and then
absorbing and removing the metallic mercury by an absorbing liquid in a wet desulfurization unit; and a method (Japanese
Published Unexamined Patent Application No. H10-66814, conventional technology 3) using an exhaust gas-treating
bag filter in which a metallic mercury-absorbing agent is retained on a filter cloth for removing toxic substances contained
in exhaust gas.
[0008] And a CFB reactor or combustor having a selective catalytic reduction (SCR) system employed down stream
of the CFB reactor or combustor furnace together with a dry scrubber system to achieve enhanced NOx reduction are
described in WO 01/58581 A1 (Patent Document 4).
[0009] US-A-4 309 386 discloses a filter house employing a selective catalytic reduction process for removing NOx
emissions from a flue gas stream while simultaneously filtering out and collecting entrained particulate matter from the
stream. Accordingly, the filter house includes flue gas inlet and outlet passages and a plurality of porous filter bags. The
bags are treated with a suitable catalyst to facilitate the selective catalytic reduction process.

Patent Document 1: Japanese Published Unexamined Patent Application No. 2003-53142
Patent Document 2: Japanese Published Unexamined Patent

Application No. H10-66814

[0010] Patent Document 4 : WO01/58581 A1

Disclosure of the Invention

Problems to be Solved by the Invention

[0011] The above-described conventional technologies (1 to 3) have the following problems. Specifically, the conven-
tional technology 1 is enormous in the amount of gas to be treated when used for combustion equipment in large-scale
power generation facilities, thus resulting in an extremely great amount of activated carbon to be used. Thus, it is not
only uneconomical but also practically difficult to use continuously activated carbon. There is also a problem that a great
amount of activated carbon is contained in dust which has been recovered by a dust removal unit and it is difficult to
treat the dust.
[0012] Further, the conventional technology 2 is a method in which attention is given to the fact that the catalyst
reaction shown in the above formula (1) proceeds more effectively at low temperatures. However, an oxidation catalyst
layer needs to be newly added to an existing exhaust-gas treating system. Therefore, since a space is needed for
disposing the oxidation catalyst layer, it is disadvantageous in terms of cost in coping with the problem by using the
existing exhaust-gas treating system. Further, the newly disposed oxidation catalyst layer would result in a great increase
in ventilation resistance inside a flow channel of exhaust gas, which would additionally require the installation of induced
draft fans etc., in the flow channel of exhaust gas. Where a great amount of SOx is present in exhaust gas, as shown
in Fig. 3, such a problem is posed that a low-temperature oxidation catalyst is greatly deteriorated with the lapse of time
and not stable if stored for a prolonged period of time.
[0013] Still further, the conventional technology 3 is a method of retaining a metallic mercury adsorbent on a filter
cloth. Since the adsorbent is decreased in adsorption capacity with the lapse of use time to result in a saturated adsorption
amount where metallic mercury is adsorbed and treated, the adsorbent must be exchanged within a shorter period of
time. Therefore, this method is not only uneconomical but also huge in cost for discarding the filter cloth which has
adsorbed a great amount of metallic mercury compounds.
[0014] The dry scrubber 220 in Patent Document 4 is supposed to be a combination of a semidry desulfurization unit
and a dust removal unit. They provide a particulate collection means 190 at upstream of the dry scrubber 220 and it is
not realistic because there are two dust scrubbers 190 and 220 in the plant system in Patent Document 4.
[0015] And semidry desulfurization unit (8b) in the present invention is completely different from a dry scrubber 220
in Patent Document 4.
[0016] An object of the present invention is to provide an apparatus for removing trace amounts of toxic substances
from exhaust gas which is stable over a prolonged period of time and is highly reliable by solving the problems of the
above conventional technologies and a method of operating the same.
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Means for Solving the Problems

[0017] The invention described in the first aspect of invention is an apparatus for removing trace amounts of toxic
substances from exhaust gas, which is comprising of an air preheater (6) adapted for heat exchange between air for
combustion in combustion equipment (4) and exhaust gas, and a dust removal unit (7) having a bag filter provided with
a filter cloth carrying an oxidation catalyst for metallic mercury are disposed in sequence from the upstream side in a
flow channel of exhaust gas emitted from combustion equipment (4) for burning petroleum or coal, and
which is further comprising of either
a denitration unit (5) including a denitration catalyst layer having functions capable of removing nitrogen oxides from the
exhaust gas and capable of oxidizing metallic mercury is disposed in a flow channel of exhaust gas on the upstream
side of the air preheater (6), and a wet desulfurization unit (8a) for spraying an absorbent slurry into the flow channel of
exhaust gas on the downstream side of the dust removal unit (7) to remove sulfur oxides from the exhaust gas is disposed,
or
a denitration unit (5) including a denitration catalyst layer having functions capable of removing nitrogen oxides from the
exhaust gas and capable of oxidizing metallic mercury is disposed in a flow channel of exhaust gas on the upstream
side of the air preheater (6), and a semidry desulfurization unit (8b) for spraying an absorbent slurry into the flow channel
of exhaust gas to remove sulfur oxides from the exhaust gas is disposed in the flow channel of exhaust gas between
the air preheater (6) and the dust removal unit (7).
[0018] A metallic mercury composition contained in exhaust gas emitted from combustion equipment (4) such as a
boiler which uses petroleum or coal as a fuel is metallic mercury resulting from the decomposition of metallic mercury
compounds in the fuel during the combustion process of the fuel at high temperatures of around 1500°C. Metallic mercury
in the exhaust gas is present substantially as metallic mercury vapors, although depending on the properties of the fuel.
The exhaust gas is lowered in temperature while clarified in a flow channel of exhaust gas, and metallic mercury vapors
emitted from the combustion equipment (4) such as a boiler are oxidized by concurrent hydrogen chloride (HCl) in the
exhaust gas, as shown in the formula (1) during the process of the lowering in temperature, and partially changed to
mercury chloride (HgCl2).
[0019] This reaction proceeds in the rightward direction of the reaction formula (1) more easily as the temperature is
lower due to a thermodynamic equilibrium, and is greatly influenced by the retention time of metallic mercury vapors in
an atmosphere of 60 to 400°C. Further, it is known that the reaction is facilitated by a denitration catalyst of a denitration
unit (5) which is one constituent of an exhaust-gas treating system used at a temperature condition of 300 to 400°C and
particularly facilitated where the concentration of HCl in exhaust gas is high. Thus, metallic mercury compounds oxidized
by the denitration catalyst and converted to HgCl2 or others are adsorbed on the surface of dust inside the dust removal
unit (7) which is one constituent of an exhaust-gas treating system disposed on the downstream side of the denitration
unit (5) in a flow channel of exhaust gas due to the characteristics and also easily absorbed by an absorbent such as
lime slurry by desulfurization units (8a, 8b). Therefore, an exhaust-gas treating system in which the denitration catalyst
inside the denitration unit (5) is used to oxidize metallic mercury and remove the thus oxidized metallic mercury compounds
obtained by the constituents on the downstream side of the denitration unit (5) is effective means for removing the
metallic mercury compounds in the exhaust gas.
[0020] However, the efficient means can be provided even if only a bag filter carrying a catalyst is disposed in a flow
channel of exhaust gas of the combustion equipment without the denitration unit (5) which uses a denitration catalyst
in existing facilities.
[0021] According to the first aspect of invention, the bag filter in itself is given functions capable of oxidizingmetallic
mercury, and the metallic mercury is oxidized on the bag filter, by which compounds converted to mercury chloride or
others are easily adsorbed on dust particles. Further, since non-woven cloth is used as a filter cloth, gas flow is not
simple (streamline flow) as compared with an ordinary solid oxidation catalyst, that is, the flow is disrupted. Therefore,
even when low concentrations of HCl and metallic mercury are used, HCl and metallic mercury are high in contact
efficiency, by which it can be expected that metallic mercury undergoes a highly efficient oxidation reaction.
[0022] As described so far, in the first aspect of invention, the dust removal unit (7) having a bag filter carrying an
oxidation catalyst for metallic mercury is structurally adapted for oxidizing the low concentration of metallic mercury in
exhaust gas relatively lowered in temperature through heat exchange by the air preheater (6) at a high contact efficiency.
[0023] Even where the denitration unit (5) is disposed on the upstream side and a leakage amount of NH3 is greatly
increased due to deterioration of the denitration unit (5) with the lapse of time, etc., the dust removal unit (7) having a
bag filter carrying the oxidation catalyst of the invention is able to facilitate the deposition of fine-pore blocking substances
such as acid ammonium sulfate in which a cake layer of dust formed on the surface of a filter cloth of the bag filter is
deposited at a low temperature to suppress the deterioration of an oxidation catalyst for metallic mercury contained in
the filter cloth. Therefore, it is possible to operate the unit stably over a prolonged period of time (acid ammonium sulfate
is deposited on the cake layer of dust formed on the surface of the filter cloth of the bag filter, and ammonium sulfate
will not arrive at the filter cloth on which the oxidation catalyst is attached, thereby fine pores of the filter cloth will not
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be blocked with ammonium sulfate).
[0024] It is noted that in the conventional technology 3, metallic mercury adsorbed on the filter cloth is in a state of
metal, and the filter cloth is decreased in adsorption capacity with an increase in use time of the filter cloth. However,
in the present invention, metallic mercury is converted to mercury chloride and others by an oxidation catalyst carried
on the bag filter, and the mercury chloride and others are detached easily from the filter cloth. Thus, there is no chance
that the filter cloth is blocked.
[0025] Therefore, according to the invention, trace amounts of toxic substances contained in exhaust gas emitted
from the combustion equipment (4) which burns petroleum or coal can be subjected to oxidation and decomposition
stably over a prolonged period of time, thereby removing and treating efficiently.
[0026] It is noted that the apparatus for removing trace amounts of toxic substances as described above may be
additionally provided with the wet desulfurization unit (8a) on the downstream side of the semidry desulfurization unit (8b).
[0027] Incidentally, in the U.S. and others, there are now used mainly two types of coal. They are EB (Eastern Bitu-
minous) coal and PRB (Powder Rover Basin) coal. In particular, since PRB coal is abundant in reserves and low in price,
the coal is expected to be used in an increased amount continuously. These types of coal have the following character-
istics.
[0028] EB coal is characterized in that high concentrations of SOx and HCl are contained in exhaust gas resulting
from combustion of the coal because of sulfur and chlorine contained at high concentrations. Further, PRB coal is
characterized in that substances derived from the coal easily attach on the wall of a boiler due to a high concentration
of ash, although chlorine is contained at extreme low concentrations.
[0029] Therefore, the technology for treating exhaust gas resulting from combustion of these types of coal is in general
carried out as according to the following procedures.

EB coal; exhaust gas → denitration → heat exchange → dust removal → wet desulfurization (high efficiency des-
ulfurization) → smokestack (a)
PRB coal; exhaust gas → denitration → heat exchange → semidry desulfurization (simple desulfurization) → dust
removal → smokestack (b)

[0030] In the above process (b), there is a case where a wet desulfurization step is additionally incorporated on the
downstream side of the dust removal step. Further, the above process (a) corresponds to the invention, and the process
(b) corresponds to the invention of the present invention.
[0031] Regarding the removal of metallic mercury in exhaust gas from the boiler, in the process (a), an oxidation
catalyst contained in a denitration catalyst in the denitration step is used to recover the metallic mercury as mercury
chloride relatively easily due to the presence of HCl at high concentration in the exhaust gas. However, in the process
(b), since the concentration of HCl is low in exhaust gas, it is difficult to cause the oxidation reaction by the oxidation
catalyst in the denitration step. Particularly in the process (b), the greatest technical concern is how to remove metallic
mercury effectively.
[0032] In the inventions of the present invention, metallic mercury in exhaust gas will be removed as follows.
[0033] Metallic mercury is removed by being oxidized and converted to mercury chloride and by allowing hydrogen
chloride to be adsorbed on dust particles. In the process (a), as described above, since the concentration of HCl in
exhaust gas is relatively high and the temperature condition is also matched, the reaction in the rightward direction of
the reaction formula (1) is facilitated inside the denitration unit (5), thereby oxidation products of metallic mercury are
obtained more abundantly than in the process (b). Then, unreacted metallic mercury is subjected to oxidation by a bag
filter carrying an oxidation catalyst for metallic mercury, some of which is adsorbed and removed by the bag filter. Further,
the oxidation products of metallic mercury flowing from the bag filter to the downstream side of the flow channel of
exhaust gas is removed by a method in which they are absorbed by an absorption liquid inside the wet desulfurization
unit (8a).
[0034] In other words, in the process (a), exhaust gas prior to passage through the wet desulfurization unit (8a) is
allowed to be treated by the denitration unit (5) and the dust removal unit (7), by which the high concentration of HCl in
the exhaust gas can be effectively utilized to effect the oxidation to mercury chloride. Therefore, HCl is not consumed
by the wet desulfurization unit (8a).
[0035] Further, in the process (b), since the concentration of HCl in exhaust gas is relatively low, metallic mercury is
not oxidized inside the denitration unit (5) to such an extent that is found in the process (a). However, the metallic mercury
is oxidized by an oxidation catalyst on the bag filter of the dust removal unit (7) located at a relatively low temperature
region and converted to mercury compositions such as mercury chloride. Then these compositions can be recovered
and removed from the dust removal unit (7).
[0036] In the process (b), the exhaust gas is lowered in temperature by the air preheater (6) disposed in a flow channel
of exhaust gas on the downstream side of the denitration unit (5), by which the reaction given by the reaction formula
(1) easily proceeds in the rightward direction by an oxidation catalyst carried on a bag filter located in a region the
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temperature of which is lower than a reaction temperature at the denitration unit (5). Thereby, the metallic mercury is
able to undergo the oxidation reaction and easily oxidized effectively even at a low concentration of HCl.
[0037] In other words, in the process (b), even where the concentration of HCl in exhaust gas is relatively low, the
oxidation catalyst allows metallic mercury to undergo oxidation (Hg+1/2O2 = HgO) due to oxygen, in addition to chlorine
on the bag filter of the dust removal unit (7). And, the metallic mercury can be efficiently converted to mercury chloride
by the bag filter carrying the oxidation catalyst in a low temperature region, although it is not sufficiently changed to
mercury chloride (HgCl2) on a denitration catalyst layer of the denitration unit (5) (HgO+2HCl=HgCl2+H2O).
[0038] Oxidation products of metallic mercury such as mercury chloride recovered together with the processes (a)
and (b) are moved to a water tank and subjected to clarification treatment. In the process (b), a slurry-state absorbent
in the step of semidry desulfurization is sprayed into exhaust gas, dried up and recovered by the dust removal unit (7).
Since the absorbent must be removed together with dust, it is impossible to change the order of "semidry desulfurization
→ dust removal." In the process (b), even in the step of semidry desulfurization, a certain amount of mercury compositions
such as mercury chloride resulting from the oxidation of metallic mercury inside the denitration unit (5) on the relatively
upstream side can be removed. However, the removal is not sufficient. Further, some of HCl (HCl has properties to
facilitate the oxidation by an oxidation catalyst for metallic mercury) in exhaust gas is also removed in the step of semidry
desulfurization. Therefore, a bag filter disposed in the step of dust removal set in a low temperature region preferable
in terms of equilibrium is allowed to carry an oxidation catalyst, thereby effecting at the same time the oxidation of metallic
mercury and adsorption of the mercury chloride on dust collected by a filter cloth. Further, since non-woven cloth is used
as the filter cloth, gas flow is not a simple streamline flow as compared with an ordinary solid oxidation catalyst, or the
gas flow is disrupted when exhaust gas passes through the filter cloth. Therefore, the low concentration of HCl in the
exhaust gas is increased in contact efficiency with metallic mercury, by which the metallic mercury undergoes a highly
efficient oxidation reaction.
[0039] As shown in Fig. 2(a) which is a side elevational view of the bag filter and Fig. 2(b) which is an enlarged view
of the surface thereof, there is secured sufficient time (retention time) for adsorbing dust from the time when metallic
mercury in exhaust gas is oxidized by an oxidation catalyst carried at a projected portion 1a on the surface of the filter
cloth of the bag filter 1 and converted to mercury chloride up to the time when metallic mercury compounds 2 such as
the thus obtained particulate mercury chloride are collected together with the dust adsorbed down to a relatively inner
part of the filter cloth and dislodged from the filter cloth thereafter. The present invention has revealed that the above
fact is quite effective in removing the metallic mercury compounds 2 which are oxidation products.
[0040] Thus, even in a case of the process (b) where the semidry desulfurization unit (8b) must be disposed on the
upstream of the bag filter, it is possible to remove mercury chloride effectively by the oxidation catalyst carried on the
bag filter.
[0041] As described above, according to the present invention, even in the process (a) or the process (b), it is possible
to oxidize effectively metallic mercury and recover the thus obtained mercury chloride at a high removal rate.
[0042] Conventionally, mercury oxidation products in dust must be recovered and removed by a desul furi zation unit
af ter metal l ic mercury is oxidized to mercury chloride or others. Thereby, the step of desulfurization must be provided
in a subsequent step of oxidation of metallic mercury. However, according to the present invention, even in an exhaust-
gas treating system which uses coal as a fuel to require the semidry desulfurization unit (8b) (mercury chloride, that is,
an oxidation product of metallic mercury, is recovered at a relatively lower rate than when the wet desulfurization unit
(8a) is used), a bag filter carrying an oxidation catalyst for metallic mercury is disposed in a flow channel of exhaust gas
on the downstream side of the semidry desulfurization unit (8b). Thus, it is possible to remove metallic mercury compo-
sitions from the exhaust gas.at a high removal rate.
[0043] As described above, in the invention made up of the process (a), oxidation products of metallic mercury gen-
erated in the denitration unit (5) and the bag filter on the upstream side are partially adsorbed and removed by the bag
filter and further absorbed and removed by an absorbing liquid inside the wet desulfurization unit (8a) at a high efficiency.
[0044] Further, in the invention made up of the process (b), a certain amount of oxidation products such as mercury
chloride mainly by oxygen resulting from the oxidization of metallic mercury by the denitration unit (5) on the upstream
side is removed by the semidry desulfurization unit (8b). In addition, the oxidation of metallic mercury and the adsorption
of oxidation products on dust collected by a filter cloth are carried out at the same time by a bag filter containing an
oxidation catalyst disposed in a low temperature region, thus making it possible to remove the metallic mercury at a high
efficiency.
[0045] The second aspect of the invention is the apparatus for removing trace amounts of toxic substances from
exhaust gas described in the first aspect of the invention in which a denitration catalyst of the denitration catalyst layer
is made up of a first composition of two or more types of compounds selected from titanium oxide (TiO2), silicon oxide
(SiO2) and aluminum oxide (Al2O3) and a second composition of two or more types of metals selected from molybdenum
(Mo), vanadium (V) and tungsten (W) or the oxidation products thereof.
[0046] According to the second aspect of the invention, the denitration catalyst of the denitration catalyst layer is made
up of a first composition of two or more types of compounds selected from TiO2, SiO2 and Al2O3 and a second composition
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of two or more types of metals selected from Mo, V and W or the oxidation products thereof. The first composition has
the function as a carrier of catalysts, while the second composition has the function to effect the denitration reaction and
the oxidization of metallic mercury. However, the actions of the first composition and the second composition are con-
sidered not to be simple. On the contrary, these actions are considered to be complicated by the first composition and
the second composition.
[0047] According to the second aspect of the invention, conversion of Hg to HgCl2, HgO2 and others is facilitated by
a denitration catalyst due to HCl, oxygen and others contained in exhaust gas. Further, the thus obtained HgCl2 and
others are adsorbed on the surface of dust by the dust removal unit and also made easily absorbed by an absorbent
such as lime slurry in the desulfurization unit.
[0048] Incidentally, the denitration catalyst layer of the denitration unit (5) having functions capable of oxidizing metallic
mercury disposed for treating exhaust gas from the combustion equipment (4) such as a boiler is in general divided into
a plurality of denitration catalyst layers for attaining a target denitration rate and disposed in a plurality of stages in a
gas flowing direction. NH3 is supplied in an amount corresponding to a required denitration performance, thereby effecting
the denitration of exhaust gas. NH3 supplied into the exhaust gas is adsorbed on an active site on the surface of the
denitration catalyst to react with NOx in the exhaust gas and decomposed into harmless nitrogen (N2). The NH3 is
adsorbed on the active site of the denitration catalyst, by which metallic mercury (Hg) is suppressed from being adsorbed
at the active site of the denitration catalyst. Therefore, metallic mercury is decreased in oxidation reaction speed.
[0049] Therefore, plural stages of denitration catalyst layers are disposed in a gas flowing direction inside the denitration
unit (5). In some of the denitration catalyst layers on the relatively upstream side among them, NH3 supplied into exhaust
gas is present at high concentrations. Thus, these layers are relatively ineffective in allowing the oxidation reaction of
Hg to proceed, and Hg is finally effectively oxidized in a region close to the denitration catalyst layer on the relatively
downstream side at which NH3 is consumed by denitration reaction. Where the concentration of HCl in the exhaust gas
is low, the oxidation reaction of Hg is further decreased in reaction speed. It may be better to consider that the denitration
catalyst layer on the upstream side in which the concentration of NH3 inside the denitration catalyst layer is high may
hardly contribute to the oxidation reaction of Hg.
[0050] Therefore, an amount of the denitration catalyst necessary for obtaining a desired denitrationperformance may
often result in a case where the oxidation of Hg is not sufficiently carried out. Further, since exhaust gas resulting from
the combustion of petroleum or coal may abundantly contain alkali, alkali earth metals, arsenic (As) compounds and
phosphorous (P) compounds and others as catalyst poisons, the denitration catalyst is deteriorated when used over a
prolonged period of time. In this instance, an amount of NH3 adsorbed by the denitration catalyst is greatly decreased
due to the poisoning compositions adsorbed on the surface of the catalyst, and NH3 is supplied therefrom at a high
concentration also to the denitration catalyst layer on the downstream side. As a result, there is caused a greater decrease
in oxidation speed of Hg. Where the concentration of HCl in exhaust gas is low, the oxidation speed of Hg is markedly
decreased.
[0051] Meanwhile, as described above, in order that the denitration catalyst is used to oxidize metallic mercury (Hg)
at a low temperature in the presence of HCl to generate HgCl2, the concentration of Hg to be oxidized is quite low. Thus,
the use of an ordinary solid denitration catalyst will require ingenuity so that the low concentration of HCl is in contact
with the low concentration of metallic mercury at an increased rate. Further, the reaction of sulfur oxides (SOx) present
in exhaust gas with NH3 leaked from the denitration catalyst on the upstream side is responsible for generating acid
ammonium sulfate (NH4HSO4), thus resulting in a great decrease in oxidation capacity of the denitration catalyst. Under
the above circumstances, ingenuity is required for suppressing the deposition of acid ammonium sulfate as much as
possible.
[0052] Further, exhaust gas emitted from combustion equipment which uses petroleum or coal as a fuel contains a
relatively high concentration of dust. Therefore, where a solid denitration catalyst layer is disposed inside a flow channel
of exhaust gas after removal of the dust, it is necessary to dispose plural stages of denitration catalyst layers at a certain
interval (an inter-catalyst opening; pitch). An increase in pitch between adjacent catalyst layers becomes a factor for a
decrease in speed at which a trace composition of metallic mercury is dispersed and adsorbed on the surface of the
catalyst. Therefore, it is desirable to set a denitration catalyst layer in which the pitch between the catalyst layers is
designed so as to be made as small as possible. However, in this instance, the gas flow channel is blocked inside the
catalyst layer resulting from dust or an increase in the loss of pressure which is not negligible is caused, thereby the
efficiencyof generating electricity at a power plant is reduced. Further, there may be a case where the concentration of
HCl necessary for the oxidation reaction of metallic mercury is decreased depending on the type of a fuel to be used.
In this instance, it is necessary to raise the contact efficiency of the low concentration of HCl with the low concentration
of metallic mercury.
[0053] The third aspect of the invention has been made in view of the above situation. The invention described in the
third aspect of the invention is the apparatus for removing trace amounts of toxic substances from exhaust gas described
in the first and the second aspect of the invention in which the concentration of the second composition of the denitration
catalyst on the denitration catalyst layer on the relatively downstream side among plural stages of denitration catalyst
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layers disposed inside the denitration unit in a gas flowing direction is made lower in a stepwise manner than that of the
second composition of the denitration catalyst on the denitration catalyst layer on the relatively upstream side.
[0054] In order to maintain a desired denitration performance, as shown in Fig. 5, the exhaust gas denitration unit is
normally provided with plural stages of denitration catalyst layers 3 in a gas flowing direction (denitration catalyst layers
3a, 3b and others given in Fig. 5). According to the third aspect of the invention, it is characterized that the second
composition of the denitration catalyst is carried at a high concentration in a disintegrated manner on a denitration catalyst
layer at the relativelyupstreamstage side (for example, the denitration catalyst layer 3a) among plural stages of denitration
catalyst layers disposed in a gas flowing direction. In this instance, nitrogen oxides are subjected to denitration efficiently
on the denitration catalyst layers carrying the high concentration of the second composition at the relatively upstream
stage side. As a result, NH3 supplied into exhaust gas is mostly consumed on the denitration catalyst layers at the
relatively upstream stage. It is, thereby, possible to oxidize efficiently metallic mercury in the exhaust gas on a denitration
catalyst layer at the relatively downstream stage side (for example, the denitration catalyst layer 3b). In this instance,
denitration catalysts on individual catalyst layers are planned for the denitration performance so as to obtain a satisfactory
denitration rate on the denitration catalyst layers 3 as a whole.
[0055] Further, exhaust gas resulting from the combustion of petroleum or coal abundantly contains sulfur oxides
(SOx) therein, thus making it necessary to suppress the oxidation of SO2. Since the denitration catalyst layer at the
relatively lower downstream stage side is low in the amount of carrying the second composition with the oxidative activity,
it is possible to suppress the oxidation rate of SO2 as denitration catalysts as a whole.
[0056] This is based on the following mechanism. That is, the oxidation of SO2 is expressed by the chemical formula
(2) given below and in an equilibrium relationship with the concentration of SO2 in exhaust gas. Therefore, if the oxidation
reaction of SO2 proceeds on a denitration catalyst layer rich in the second composition of the denitration catalyst at the
relatively upstream stage side, the concentration of SO3 is increased on a denitration catalyst layer on the relatively
downstream side. Then, the oxidation reaction of SO2 is less likely to take place due to a chemical equilibrium, acting
to suppress the oxidation of SO2 as catalysts as a whole.

SO2+1/2O2 → SO3 (2)

[0057] According to the third invention, the second composition with oxidative activity carried at a relatively high
concentration in a disintegrated manner on a denitration catalyst layer at the relatively upstream stage side amongplural
stages of denitration catalyst layers in a gas flowing direction, which are plural stages of denitration catalyst layers
disposed in a gas flowing direction, is able to effect an efficient denitration of exhaust gas in the presence of ammonia.
Further, the second composition carried at a relatively low concentration in a disintegrated manner on the denitration
catalyst layer at the relatively downstream stage side is able to oxidize efficiently metallic mercury in the exhaust gas
on a denitration catalyst layer on the downstream side in which the concentration of ammonia for inhibiting the oxidation
reaction is lower than at the upstream stage side. Further, the above-described denitration catalyst layer at the relatively
downstream stage side is low in concentration of carrying the second composition with the oxidative activity, thus making
it possible to suppress the oxidation rate of SO2 as denitration catalysts as a whole and also suppress the concentration
of SO3 in the exhaust gas to a lower level.
[0058] The invention described in the forth aspect of the invention is the apparatus for removing trace amounts of
toxic substances from exhaust gas described in any one of the first to third aspect of the invention in which an oxidation
catalyst for metallic mercury used in a bag filter of the dust removal unit (7) is made up of metals such as titanium (Ti),
molybdenum (Mo) and vanadium (V) or the oxidation products thereof.
[0059] Even if a denitration catalyst which contains an oxidation catalyst is arranged in a temperature range (300 to
400°C) at which the denitration catalyst layer of the denitration unit (5) is normally disposed to convert metallic mercury
to mercury chloride, it is difficult to oxidize metallic mercury at a high temperature and in particular at a low concentration
of HCl in exhaust gas.
[0060] Therefore, the air preheater (6), which is one constituent of an exhaust gas clarification system, is installed
together with a bag filter carrying the oxidation catalyst in exhaust gas in a low temperature region after heat exchange,
thus making it possible to oxidize metallic mercury in exhaust gas, with the exhaust gas kept lowered in temperature.
[0061] According to the forth aspect of the invention, the oxidation catalyst for metallic mercury used in the bag filter
of the dust removal unit (7) is made up of metals such as Ti, Mo and V or the oxidation products thereof. Further, metals
or the oxidation products thereof substantially similar to the denitration catalyst compositions may be used as an oxidation
catalyst for metallic mercury as they are.
[0062] According to the forth aspect of the invention, the oxidation catalyst in the bag filter of the dust removal unit (7)
is used to oxidize metallic mercury remaining in exhaust gas. Thus, it is possible to collect mercury oxidation products
such as the thus obtained mercury chloride by the bag filter.
[0063] The fifth aspect of the invention is the apparatus for removing trace amounts of toxic substances from exhaust
gas described in any one of the first to forth aspect of the invention in which an amount of the oxidation catalyst for
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metallic mercury used in the bag filter of the dust removal unit (7) to be carried on a filter cloth is an amount of the
oxidation catalyst in the denitration catalyst used in the denitration unit (5) or more, with the usage range from 100 to
500g/m2.
[0064] According to the fifth aspect invention, the concentration of the oxidation catalyst in the bag filter of the dust
removal unit (7) disposed in a flow channel of exhaust gas on the downstream side from the denitration catalyst layer
of the denitration unit (5) can be made higher than that of the second composition, which is the same composition of
the denitration catalyst layer of the denitration unit (5). This is due to the fact that the reaction oxidation of SO2 to SO3
resulted in an oxidation catalyst temperature range in the bag filter is least likely to take place at low temperatures.
[0065] The bag filter which carries the oxidation catalyst has a cross section structure as shown in Fig. 2, which is a
structure in which exhaust gas can sneak through a clearance between the fiber of the bag filter 1 and a catalyst carried
by the fiber. The structure is that in which the movement of substances is facilitated. As described previously, metallic
mercury in exhaust gas is present in a very trace amount. In particular, where the concentration of HCl in the exhaust
gas is low, it is necessary to raise the contact efficiency of metallicmercury with HCl so that they are allowed to react
effectively on the oxidation catalyst in the bag filter. However, as described above, the fiber of non-woven cloth disrupts
the gas flow to increase the speed of movement of the substances and therefore is suitable in raising the contact efficiency
of metallicmercury with HCl. Further, in order to suppress the pressure loss, the bag filter 1 is normally designed to be
1m/min or lower in passage speed of the filter cloth, thereby securing a sufficient time during which metallic mercury is
in contact with HCl inside the bag filter 1.
[0066] Any filter cloth is acceptable as a filter cloth used in the bag filter 1 including functions capable of acting as the
oxidation catalyst, as long as it is a material usable in treating exhaust gas resulting from the combustion of petroleum
or coal. The material may include, for example, polyimide, polyamide, polyphenylenesulfide, polytetrafluoroethylene and
glass fiber. A usage amount of the oxidation catalyst carried on and used in the filter cloth is from 100g/m2 to 500 g/m2

per area of the filter cloth and preferably from 200 to 400 g/m2. As shown in Fig. 4, this is due to the fact that where an
excessively small amount of the oxidation catalyst cannot provide a sufficient catalyst effect, while an excessively great
usage amount thereof can increase the pressure loss of a system and fail in sufficiently dislodging dust on regeneration
of the filter cloth after treatment of exhaust gas.
[0067] According to the fifth aspect of the invention, the concentration of the oxidation catalyst of the bag filter carrying
the oxidation catalyst is made higher than that of the second composition with oxidative activity on the denitration catalyst
layer of the denitration unit (5), thus making it possible to suppress the oxidation of SO2 in exhaust gas to SO3 on the
denitration catalyst layer. On the other hand, the oxidation catalyst is located in a lower temperature region on the bag
filter than the denitration catalyst layer of the denitration unit (5). The oxidation reaction of SO3 to SO3, is less likely to
take place , thus there is no fear that SO2 is oxidized to give SO3 and even a trace amount of metallic mercury can be
oxidized by a sufficient amount of the oxidation catalyst.
[0068] An amount of the oxidation catalyst for metallic mercury to be carried in the filter cloth which is used in the bag
filter of the dust removal unit (7) is to be in a range of 100 to 500g/m2, thereby providing a sufficient catalyst effect,
keeping the pressure loss on passage of exhaust gas through the bag filter to a reasonable level, and effecting the
oxidation of metallic mercury without affecting the dust dislodging effect.
[0069] The sixth aspect of the invention is a method of operating the apparatus for removing trace amounts of toxic
substances from exhaust gas described in any one of the first to fifth aspect of the invention in which the denitration unit
(5) is operated at a temperature of 250°C to 450°C and the bag filter containing the oxidation catalyst for metallic mercury
of the dust removal unit is operated at a temperature of 120°C to 250°C.
[0070] According to the sixth aspect of the invention, the denitration reaction is facilitated at 250°C to 450°C at which
the denitration catalyst is active, thus making it possible to oxidize metallic mercury at 120°C to 250°C at which the
oxidation catalyst is active.
[0071] Even if a denitration catalyst carrying an oxidation catalyst is arranged in a temperature range (300 to 400°C)
at which the denitration catalyst is normally disposed to convert metallic mercury to mercury chloride, it is difficult to
oxidize metallic mercury at a high temperature and in particular at a low concentration of HCl in exhaust gas.
[0072] Thus, the air preheater (6), which is one constituent of an exhaust gas clarification system, is installed together
with a bag filter carrying the oxidation catalyst in exhaust gas in a low temperature region after heat exchange, thus
making it possible to oxidize metallic mercury in exhaust gas, with the exhaust gas kept lowered in temperature.
[0073] As described above, according to the sixth aspect of the the invention, it is possible to effect the denitration of
exhaust gas and the oxidation of metallic mercury respectively in a temperature range at which the denitration catalyst
is active and at a temperature in which the oxidation catalyst is active.
[0074] It is noted that the denitration catalyst used in the present invention can be provided with the same effect not
only in a plate shape but also in a honey-comb shape, to which the present invention shall not be limited.
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Brief Description of the Drawings

[0075]

Fig. 1 is flow diagrams showing an exhaust gas treating system of an example of the present invention.
Fig. 2 is views showing major structures of a bag filter carrying an oxidation catalyst.
Fig. 3 shows change in functions of a denitration catalyst in the coexistence of SOx at low temperatures.
Fig. 4 shows a correlation between the denitration catalyst carrying amount and functions of the catalyst.
Fig. 5 shows a structure at which a catalyst layer is disposed in a denitration unit.

Best Mode for Carrying Out the Invention

[0076] Hereinafter, a description will be given for examples of the present invention.
[0077] Exhaust gas emitted from a boiler will be treated in accordance with the flow diagrams given in Fig. 1(a) and
Fig. 1(b) in the following examples of the present invention.
[0078] As shown in the flowdiagramof Fig. 1(a), there are disposed in sequence from the upstream side in a flow
channel of exhaust gas emitted from a boiler 4 for burning petroleum or coal a denitration unit 5 including a denitration
catalyst layer having functions capable of removing nitrogen oxides from the exhaust gas in the presence of ammonia
and also capable of oxidizing metallic mercury; an air preheater 6 adapted for heat exchange between air for combustion
in the combustion equipment and the exhaust gas; a dust removal unit 7 having a bag filter containing an oxidation
catalyst for metallic mercury; a desulfurization unit 8 for removing sulfur oxides from the exhaust gas by using an
absorbent such as limestone slurry; and a smokestack 9 for emitting the thus clarified exhaust gas into the atmosphere.
[0079] Further, as shown in the flow diagram of Fig. 1(b), there are disposed in sequence from the upstream side a
denitration unit 5 including a denitration catalyst layer having functions capable of removing nitrogen oxides from the
exhaust gas in the presence of ammonia and capable of oxidizing metallic mercury; an air preheater 6 adapted for heat
exchange between air for combustion in the combustion equipment and the exhaust gas; a semidry desulfurization unit
8b for directly spraying an absorbent such as limestone into the exhaust gas to remove SOx from the exhaust gas; a
dust removal unit 7 having a bag filter containing an oxidation catalyst for metallic mercury; and a smokestack 9 for
emitting the thus clarified exhaust gas into the atmosphere.

Example 1

[0080] As an oxidation catalyst formetallicmercury to be carried on a bag filter, ammonium molybdate
((NH4)6·Mo7O24·4H2O), 10.7kg, ammonium metavanadate (NH4VO3), 9.9kg, and oxalic acid, 12.8kg, were added to
titanium oxide powder (TiO2 content: 90wt% or more, SO4 content: 3wt% or less), 85kg, the resultant was in sequence
subjected to kneading, granulation, drying, and calcination, with the water content adjusted, and the thus obtained powder
was crushed into appropriately-sized particles to obtain a raw material powder for the catalyst. Water was added to the
raw material powder to obtain a catalyst slurry. A Tefaire-made filter cloth was submerged into the catalyst slurry, and
after catalyst compositions were carried and treated, the filter clothwas dried at 150°C to obtain a bag filter carrying an
oxidation catalyst for metallic mercury. The bag filter carrying the catalyst was in an amount of 350g/m2.
[0081] Further, as a first composition of the denitration catalyst, used were titanium oxide powder (TiO2 content :
90wt% or more, SO4 content: 3wet% or less), 70kg, aluminum compound powder (Al2O3) and silica sol (SiO2), 70kg.
As a second composition, molybdenum trioxide (MoO3), 7kg, and ammonium metavanadate (NH4VO3), 1.6kg, were
added and alumina/silicate fiber was also added. Thereafter, the resultant was kneaded, with the water content adjusted.
The thus obtained catalyst paste was applied on an expanded metal and pressed into a predetermined shape to obtain
a plate-shape denitration catalyst. The plate-shape catalyst was calcinated at 500°C.
[0082] A catalyst layer containing the above-described denitration catalyst was disposed on coal-fired boiler test
equipment, and an air preheater for decreasing the temperature of exhaust gas and a bag filter carrying the oxidation
catalyst were disposed in sequence on the downstream side. Further, a wet desulfurization unit (limestone/gypsum
process) was disposed on the downstream thereof.

Example 2

[0083] As with Example 1, a bag filter carrying an oxidation catalyst formetallicmercurywas prepared. Further, as a
first composition of the denitration catalyst, titanium oxide powder (TiO2 content: 90wt% or more, SO4 content: 3wt% or
less), 70kg, and aluminum compound powder (Al2O3), 0.9kg, were used. As a second composition, molybdenum trioxide
(MoO3), 7kg, and ammonium metavanadate (NH4VO3), 1.6kg were added, and alumina/silicate fiber was also added.
Thereafter, the resultant was kneaded, with the water content adjusted. The thus obtained catalyst paste was applied
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on an expanded metal and pressed into a predetermined shape to obtain a plate-shape denitration catalyst. The plate-
shape catalyst was calcinated at 500°C.
[0084] A catalyst layer containing the above-described denitration catalyst was disposed on coal-fired boiler test
equipment, and an air preheater and a bag filter carrying the oxidation catalyst were disposed in sequence on the
downstream side. Further, a wet desulfurization unit (limestone/gypsum process) was disposed on the downstream side
thereof.

Example 3

[0085] As with Example 1, a bag filter carrying an oxidation catalyst for metallicmercury was prepared. Further, as a
first composition of the denitration catalyst, titanium oxide powder (TiO2 content: 90wt% or more, SO4 content: 3wt% or
less) , 70kg, and aluminum compound powder (Al2O3), 0.9kg, were used. As a second composition, ammonium meta-
tungstate (NH4)6[H2W12O40], 20kg, and ammonium metavanadate (NH4VO3), 1.6kg, were added, and alumina/silicate
fiber was also added. Thereafter, the resultant was kneaded, with the water content adjusted. The thus obtained catalyst
paste was applied on an expanded metal and pressed into a predetermined shape to obtain a plate-shape denitration
catalyst. The plate-shape catalyst was calcinated at 500°C.
[0086] A catalyst layer containing the above-described denitration catalyst was disposed on coal-fired boiler test
equipment, and an air preheater and a bag filter carrying the oxidation catalyst were disposed in sequence on the
downstream side. Further, a wet desulfurization unit (limestone/gypsum process) was disposed on the downstream side
thereof.

Example 4

[0087] As with Example 1, prepared was a bag filter carrying the denitration catalyst and the oxidation catalyst. The
bag filter carrying the catalyst was in an amount of 76g/m2. The test equipment was disposed in the same manner as
that of Example 1.

Example 5

[0088] Molybdenum trioxide (MoO3), 7kg, ammonium metavanadate (NH4VO3) , 3.2kg, and aluminum compound
powder (Al2O3), 0.9kg, as a second composition were added to titanium oxide powder (TiO2 content: 90wt% or more,
SO4 content: 3wt% or less), 70kg, as a first composition of the denitration catalyst. Alumina/silicate fiber and silica sol
(SiO2), 14kg, were added. Thereafter, the resultant was kneaded, with the water content adjusted. The thus obtained
catalyst paste was applied on an expanded metal and pressed into a predetermined shape to obtain a plate-shape
denitration catalyst. The plate-shape catalyst was calcinated at 500°C.
[0089] The catalyst was used on the denitration catalyst layer at the relatively downstream stage and the denitration
catalyst prepared in Example 1 was disposed on the denitration catalyst layer at the relatively upstream stage side to
give a denitration unit, thereby disposing the test equipment described in Example 1. It is noted that the bag filter carrying
the denitration catalyst and the oxidation catalyst in this instance was the same as that of Example 1.

Example 6

[0090] The bag filter carrying the denitration catalyst and the oxidation catalyst used in Example 1 was used. And, the
denitration catalyst and an air preheater were disposed in sequence on the similar test equipment in the same way.
Further, a semidry desulfurization unit was disposed on the downstream part thereof. Thereafter, disposed was a bag
filter carrying the catalyst.

Example 7

[0091] The denitration catalyst layer used in Example 1 was not used. After a lowering in temperature by using an air
preheater, a bag filter carrying the oxidation catalyst was disposed and a wet desulfurization unit was disposed on the
downstream part thereof.

Comparative example 1

[0092] The test equipment was disposed in the same way as Example 1 to conduct an experiment by using the same
oxidation catalyst as the oxidation catalyst carried on the bag filter of Example 1, except that the vanadium composition
high in oxidative activity was decreased in content.
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[0093] Specifically, as an oxidation catalyst for metallic mercury to be carried on a bag filter, ammonium molybdate
((NH4)6·Mo7O24·4H2O), 10.1kg, ammonium metavanadate (NH4VO3), 2.0kg, and oxalic acid, 2. 6kg were added to
titanium oxide powder (TiO2 content: 90wt% or more, SO4 content : 3wt% or less), 85kg. The resultant was subj ected
in sequence to kneading, granulation, drying, and calcination, with the water content adjusted, and the thus obtained
powder was crushed into appropriately-sized particles to obtain a raw material powder for the catalyst. Water was added
to the raw material powder to obtain a catalyst slurry. A Tefaire-made filter cloth was submerged into the catalyst slurry,
and after catalyst compositions were carried and treated, the filter cloth was dried at 150°C to obtain a bag filter carrying
an oxidation catalyst for metallic mercury. The bag filter carrying the catalyst was in an amount of 350g/m2.

Comparative example 2

[0094] The denitration catalyst layer of Example 1 was disposed. Further, an ordinary bag filter free of functions of
the oxidation catalyst was disposed and a wet desulfurization unit was disposed on the downstreampart thereof. The
test equipment was arranged in the same manner as that of Example 1.
[0095] It is noted that the ordinary bag filter used in this instance free of functions of the oxidation catalyst is a type
such that in which glass fiber is used experimentally as a material of filter cloth and reverse washing is performed by a
pulse jet process at the passage flow rate of 0.8 to 1.3m/min.
[0096] Comparison was made for Hg removing performance in constitutions of Examples 1 to 7 and Comparative
examples 1, 2 under the conditions given in Table 1 by using the above-described test equipment which has simulated
a whole exhaust-gas clarification system. Obtained results were tabulated in Table 2. As apparent from Table 2, where
catalysts are constituted according to the present invention to build a system, it is found that the Hg removing performance
is excellent as a whole.

Industrial Applicability

[0097] The present invention is applicable to the treatment of exhaust gas emitted from a boiler etc., as an apparatus
for removing in particular metallic mercury compounds as trace amounts of toxic substances contained in exhaust gas
resulting from the combustion of petroleum or coal and a method of operating the same.

[Table 1]
Reaction temperature 300°C
AV approximately 15m/h
Type of exhaust gas Exhaust gas resulting from combustion of Black Thunder coal (Powder River Basin coal)
NO approximately 50ppm
NH3/NO 0.84
O2 approximately 3%
HCl approximately 10ppm
Hg approximately 10Pg/m3N

[Table 2]

Catalyst Hg removal rate (%)

Example 1 90

Example 2 92

Example 3 89

Example 4 86

Example 5 93

Example 6 83

Example 7 75

Comparative example 1 65

Comparative example 2 60



EP 2 044 997 B1

13

5

10

15

20

25

30

35

40

45

50

55

Claims

1. An apparatus for removing trace amounts of toxic substances from exhaust gas, which is comprised of an air
preheater (6) adapted for heat exchange between air for combustion in combustion equipment (4) and exhaust gas,
and a dust removal unit (7) having a bag filter provided with a filter cloth carrying an oxidation catalyst for metallic
mercury are disposed in sequence from the upstream side in a flow channel of exhaust gas emitted from combustion
equipment (4) for burning petroleum or coal, and
a denitration unit (5) including a denitration catalyst layer having functions capable of removing nitrogen oxides from
the exhaust gas and capable of oxidizing metallic mercury is disposed in a flow channel of exhaust gas on the
upstream side of the air preheater (6), and which is further comprised of either a wet desulfurization unit (8a) for
spraying an absorbent slurry into the flow channel of exhaust gas on the downstream side of the dust removal unit
(7) to remove sulfur oxides from the exhaust gas is disposed, or
and a semidry desulfurization unit (8b) for spraying an absorbent slurry into the flow channel of exhaust gas to
remove sulfur oxides from the exhaust gas is disposed in the flow channel of exhaust gas between the air preheater
(6) and the dust removal unit (7).

2. The apparatus for removing trace amounts of toxic substances from exhaust gas according to claim 1, wherein a
denitration catalyst of the denitration catalyst layer is made up of a first composition of two or more types of compounds
selected from titanium oxide (TiO2), silicon oxide (SiO2) and aluminum oxide (Al2O3) and a second composition of
two or more types of metals selected from molybdenum (Mo), vanadium (V) and tungsten (W) or the oxidation
products thereof.

3. The apparatus for removing trace amounts of toxic substances from exhaust gas according to claim 1 or claim 2,
wherein the concentration of the second composition of the denitration catalyst on the denitration catalyst layer on
the relatively downstream side among plural stages of denitration catalyst layers disposed inside the denitration unit
(5) in a gas flowing direction is made lower in a stepwise manner than that of the second composition of the denitration
catalyst on the denitration catalyst layer on the relatively upstream side.

4. The apparatus for removing trace amounts of toxic substances from exhaust gas according to any one of claim 1
to claim 3, wherein an oxidation catalyst for metallic mercury used in a bag filter of the dust removal unit (7) is made
up of metals such as titanium (Ti), molybdenum (Mo) and vanadium (V) or the oxidation products thereof.

5. The apparatus for removing trace amounts of toxic substances from exhaust gas according to any one of claim 1
to claim 4, wherein an amount of the oxidation catalyst for metallic mercury used in the bag filter of the dust removal
unit to be carried on a filter cloth is an amount of the oxidation catalyst in the denitration catalyst used in the denitration
unit or more, with the usage range from 100 to 500g/m2.

6. A method of operating the apparatus for removing trace amounts of toxic substances from exhaust gas according
to any one of claim 1 to claim 5, wherein the denitration unit (5) is operated at a temperature of 250°C to 450°C and
the bag filter containing the oxidation catalyst for metallic mercury of the dust removal unit (7) is operated at a
temperature of 120°C to 250°C.

Patentansprüche

1. Vorrichtung zum Entfernen von Spurenmengen toxischer Substanzen aus Abgas, umfassend einen Luftvorwärmer
(6), der zum Wärmeaustausch zwischen Luft zur Verbrennung in einer Verbrennungseinrichtung (4) und Abgas
eingerichtet ist, und eine Staubentfernungseinheit (7) mit einem Beutelfilter, der mit einem Filtergewebe ausgestattet
ist, das einen Oxidationskatalysator für metallisches Quecksilber trägt, die in Reihe von der stromaufwärtigen Seite
in einem Strömungskanal von Abgas, das von der Verbrennungseinrichtung (4) zum Verbrennen von Petroleum
oder Kohle emittiert wird, angeordnet sind, und
eine Denitrierungseinheit (5), die eine Denitrierungskatalysatorschicht mit Funktionen fähig zum Entfernen von
Stickoxiden aus dem Abgas und fähig zum Oxidieren von metallischem Quecksilber beinhaltet, ist in einem Strö-
mungskanal von Abgas an der stromaufwärtigen Seite des Luftvorwärmers (6) angeordnet, und welche ferner
umfasst, entweder
eine nass-Desulfurierungseinheit (8a), die an der stromabwärtigen Seite der Staubentfernungseinheit (7) angeordnet
ist, zum Sprühen einer Absorptionsmittelaufschlämmung in den Strömungskanal von Abgas, um Schwefeloxide aus
dem Abgas zu entfernen, oder
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eine halbtrocken-Desulfurierungseinheit (8b), die in dem Strömungskanal von Abgas zwischen dem Luftvorwärmer
(6) und der Staubentfernungseinheit (7) angeordnet ist, zum Sprühen einer Absorptionsmittelaufschlämmung in
den Strömungskanal von Abgas, um Schwefeloxide aus dem Abgas zu entfernen.

2. Vorrichtung zum Entfernen von Spurenmengen toxischer Substanzen aus Abgas nach Anspruch 1, wobei ein De-
nitrierungskatalysator der Denitrierungskatalysatorschicht aus einer ersten Zusammensetzung von zwei oder mehr
Arten von Verbindungen ausgewählt aus Titaniumoxid (TiO2), Siliziumoxid (SiO2) und Aluminiumoxid (Al2O3) und
einer zweiten Zusammensetzung aus zwei oder mehr Arten von Metallen ausgewählt aus Molybdän (Mo), Vanadium
(V) und Wolfram (W), oder den Oxidationsprodukten davon, hergestellt ist.

3. Vorrichtung zum Entfernen von Spurenmengen toxischer Substanzen aus Abgas nach Anspruch 1 oder 2, wobei
die Konzentration der zweiten Zusammensetzung des Denitrierungskatalysators auf der Denitrierungskatalysator-
schicht an der relativ stromabwärtigen Seite entlang mehrerer Stationen von Denitrierungskatalysatorschichten, die
in einer Gasströmungsrichtung innerhalb der Denitrierungseinheit (5) angeordnet sind, schrittweise geringer ge-
macht wird als die der zweiten Zusammensetzung des Denitrierungskatalysators auf der Denitrierungskatalysator-
schicht an der relativ stromaufwärtigen Seite.

4. Vorrichtung zum Entfernen von Spurenmengen toxischer Substanzen aus Abgas nach einem der Ansprüche 1 bis
3, wobei ein Oxidationskatalysator für metallisches Quecksilber, das in einem Beutelfilter der Staubentfernungsein-
heit (7) verwendet wird, aus Metallen, wie etwa Titan (Ti), Molybdän (Mo) und Vanadium (V), oder den Oxidations-
produkten davon, hergestellt ist.

5. Vorrichtung zum Entfernen von Spurenmengen toxischer Substanzen aus Abgas nach einem der Ansprüche 1 bis
4, wobei eine Menge des Oxidationskatalysators für metallisches Quecksilber, das in dem Beutelfilter der Staubent-
fernungseinheit verwendet wird, der auf einem Filtergewebe zu trägern ist, einer Menge des Oxidationskatalysators
in dem Denitrierungskatalysator, der in der Denitrierungseinheit verwendet wird, oder mehr entspricht, mit dem
Verwendungsbereich von 100 bis 500 g/m2.

6. Verfahren zum Betreiben der Vorrichtung zum Entfernen von Spurenmengen toxischer Substanzen aus Abgas nach
einem der Ansprüche 1 bis 5, wobei die Denitrierungseinheit (5) bei einer Temperatur von 250°C bis 450°C betrieben
wird und der Beutelfilter der Staubentfernungseinheit (7), der den Oxidationskatalysator für metallisches Quecksilber
enthält, bei einer Temperatur von 120°C bis 250°C betrieben wird.

Revendications

1. Appareil pour éliminer des quantités de traces de substances toxiques de gaz d’échappement, qui comprend un
système de préchauffage d’air (6) adapté à un échange de chaleur entre de l’air de combustion dans un équipement
de combustion (4) et des gaz d’échappement, et une unité d’élimination de poussières (7) ayant un filtre à sac prévu
avec un tissu filtrant portant un catalyseur d’oxydation pour le mercure métallique sont disposés en séquence à
partir du côté amont dans un canal d’écoulement de gaz d’échappement émis de l’équipement de combustion (4)
pour brûler du pétrole ou du charbon, et
une unité de dénitration (5) incluant une couche de catalyseur de dénitration ayant des fonctions aptes à éliminer
des oxydes d’azote des gaz d’échappement et aptes à oxyder le mercure métallique est disposée dans un canal
d’écoulement de gaz d’échappement sur le côté amont du système de préchauffage d’air (6), et
qui comprend en outre soit
une unité de désulfurisation humide (8a) pour pulvériser une suspension épaisse absorbante dans le canal d’écou-
lement de gaz d’échappement sur le côté aval de l’unité d’élimination de poussières (7) pour éliminer des oxydes
de soufre des gaz d’échappement est disposée, soit
une unité de désulfurisation semi-sèche (8b) pour pulvériser une suspension épaisse absorbante dans le canal
d’écoulement de gaz d’échappement pour éliminer des oxydes de soufre des gaz d’échappement est disposée
dans le canal d’écoulement de gaz d’échappement entre le système de préchauffage d’air (6) et l’unité d’élimination
de poussières (7).

2. Appareil pour éliminer des quantités de traces de substances toxiques de gaz d’échappement selon la revendication
1, dans lequel un catalyseur de dénitration de la couche de catalyseur de dénitration est constitué d’une première
composition de deux types ou plus de composés choisis parmi l’oxyde de titane (TiO2), l’oxyde de silicium (SiO2)
et l’oxyde d’aluminium (Al2O3) et d’une deuxième composition de deux types ou plus de métaux choisis parmi le
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molybdène (Mo), le vanadium (V) et le tungstène (W) ou les produits d’oxydation de ceux-ci.

3. Appareil pour éliminer des quantités de traces de substances toxiques de gaz d’échappement selon la revendication
1 ou la revendication 2, dans lequel la concentration de la deuxième composition du catalyseur de dénitration sur
la couche de catalyseur de dénitration sur le côté relativement aval parmi des étages multiples de couches de
catalyseur de dénitration disposées à l’intérieur de l’unité de dénitration (5) dans un sens d’écoulement des gaz est
rendue plus basse d’une manière par étapes que celle de la deuxième composition du catalyseur de dénitration sur
la couche de catalyseur de dénitration sur le côté relativement amont.

4. Appareil pour éliminer des quantités de traces de substances toxiques de gaz d’échappement selon l’une quelconque
de la revendication 1 à la revendication 3, dans lequel un catalyseur d’oxydation pour le mercure métallique utilisé
dans un filtre à sac de l’unité d’élimination de poussières (7) est constitué de métaux tels que le titane (Ti), le
molybdène (Mo) et le vanadium (V) ou des produits d’oxydation de ceux-ci.

5. Appareil pour éliminer des quantités de traces de substances toxiques de gaz d’échappement selon l’une quelconque
de la revendication 1 à la revendication 4, dans lequel une quantité du catalyseur d’oxydation pour le mercure
métallique utilisé dans le filtre à sac de l’unité d’élimination de poussières devant être porté sur un tissu filtrant est
une quantité du catalyseur d’oxydation dans le catalyseur de dénitration utilisé dans l’unité de dénitration ou plus,
avec la plage d’usage de 100 à 500 g/m2.

6. Procédé de fonctionnement de l’appareil pour éliminer des quantités de traces de substances toxiques de gaz
d’échappement selon l’une quelconque de la revendication 1 à la revendication 5, dans lequel l’unité de dénitration
(5) est utilisée à une température de 250°C à 450°C et le filtre à sac contenant le catalyseur d’oxydation pour le
mercure métallique de l’unité d’élimination de poussières (7) est utilisé à une température de 120°C à 250°C.
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