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1099{19‘0 ABSTRACT OF THE DISCLOSURE APR 21 1981

Removal of mercury from mercury vapour-containing gases
by passing them continuously through a bed of active carbon on

which a halogen is adsorbed having a thickness of at most S om,

while maintaining the chlorine content of the active cuarbon batween

.3 and 12% by weight. This is preferably effected by adding to said

gases chlorine in an amount such that the carbon is caused to
absorb a gquantity thereof which equals the quantity that is con-

sumed during the adsorption of mercury.
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The present invention relates to a process for removing
mercury from mercury vapour—containing gases by contacting these
gases with activated carbon on which a halogen is adsorbed.

A process of the type indicated above disclosed, inter
alia, in United States Patent Specifications Nos. 1,984,164 and
3,849,267. According to the former patent specification a halogen,
more particularly iodine, is previously applied to the carbon,
whereaé according to the latter patent specification a gas con-
taining mercury and chlorine is passed over activated carbon, as a
result of which the mercury content of the gas can be reduced to
2.01 mg/m>. _

Moreover, in Soviety Chemical Industry 1972 (no. 8) p.
535-536, and from Tsvet. Metally, 1958 (31) p. 31-37, the use is
disclosed of carbon loaded with chlorine as adsorbent of mercuxry-—
containing gases. In these publications mention is made of chlorine

contents of the carbon which do not exceed 4% of the carbon weight.

For practical purposes the methods described are not attractive in

that the filter thicknesses required are unacceptably high or the
residual concentrations of mercury are higher than the ones obtained
with the present invention.
| Applicant has found that the long-term effectiveness of
these methods is very much dependent on the halogen content of the
activated carbon and that a process for the continuocus removal of
mercury vapour from large amounts of gas is only suitable to be
applied in actual practice if the activated carbon contains chlerine
in an amount which is between particular critical limits.

According to the présent invention in a process of the
type indicated heretofore the gas to be freed from mercury vapour
is continuously passed through a bed of activated carbon having &
maximum thickness of 5 cm, care being taken that during said passage
the activated carbon has a chlorine content in the range of from

5 to 12% by weight.

S +
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It.has been found that the use of a lower chlorine content
will result in the bed retaining a low percentage of mercury. A
total absence of chlorine will cause this percentage to be lower
than 50%; and after a few days it will drop to a few per cent. The
total amount of mercury which can be retained by the carbon then
will be well below 0.1% mercury, calculated on the weight of the

carbon. At a chlorine content which is somewhat lower than the

‘minimum amount reguired the percentage of mercury collected will

initially be good (over 90% of the mercury present can be collected
initially). But this percentage will rapidly decrease to beloﬁ 60%
and the carbon will be found to be irreversibly clogged. In other
words the effectiveness of the carben cannot be restored by a
chlorinating treatment then and regeneration of the carbon by remov-
ing the mercury collected by it is not very well feasible. At a
chlorine content above the above-mentioned maximum limit the carbon

is found to release much chlorine during the process and moreover,

especially when the air passed through contains a high percentage

of moisture, the carbon will be gttacked, resulting in mechanical
weakening; it must therefore be sooner replaced than when the
chlorine content is within the above-specified limits. The chiorine
content can be kept between the afore-mentioned limits in a simple
ranner by adding such an amount of chlorine to the gas that fhe
carbon will adsorb therefrom as much chlorine as will be lost from
it during the adsorption of the mercury. This loss of chlorine
during the adsorption of the mercury is the result on the one -hand
of desorption and on the other of the formation on the carbon of
mercury chloride, and is moreover due to reactions between chlorine
and other constituents of the air, particularly water. It has been
found that a stable sgituation can be reached whén the chlorine
content of the gas is such that per atom of mercury 15 to 25 atoms
of chlorine are present in it. To this continuous feeding of chlor-

ine there may be very special advantages. Such is the case when the
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gases to be treated already contain some chlorine, which will
inevitably be present in it in a very low concentration for in-
stance in rooms in which common salt is subjected to hydrolysis.
Chlorine need then be added only until the desired level has been
reached. -

It should be noted that aceording to United States Patent

Specification 3,849,267 {column 2, lines 1-10) gas containing mer-

- cury and chlorine alsc is brought into contact with activated carbon.

In that case, however, the chlorine content is not controlled; for
as minimum concentration of mercury contained in the purified gas

3 is mentioned. fThis points to the Ffact that the

0.01 mg per m
chlorine content of the carbon must have been beyond the limits
indicated.

Another particularly attractive way of keeping the chlorine
content of the activated carbon within the limits indicated cbnsists

in that the carbon is periodically contacted with a chlorine-

containing gas. In this pericdic chlorine make-up it must be

"eénsured that the chlorine content of the activated carbon does not

temporarily get beyond the limits indicated, in which case the

above-described disadvantages may be encountered. In actual practice

it is found that when the chlorine content is made up once a week

very favourable results can be obtained. For in one week the

collecting capacity of the carbon for mercury is reduced by as

little as less than 5 per cent. By subsequently contacting the

activated carbon with a chlorine-containing gas the original
collecting capacity is restored. The amount of chlorine the acti-
vated caxbon is made to adsorb when it is pericdically treated with
a chlorine-containing gas may foxr instance be 0.30-0.40% of the
weight of the carbon.

It has been found that:use of the process according to
the invention may lead to very favourable results with gases having

a mercury content of about 0.01-0.15 mg/m3. According to the inven-—
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tion, this content may be reduced to 0.001~0.008 mg/m3, which is a
level that is quite acceptable under all circumstances and cannot
be attained with any of the known processes. At higher mercury
contents of the gas to be purified it is recommended that the air
should first be subjected to some other mercury-~degorbing process,
for instance by washing with a sodium hypochlorite solution or
uging the method described in United States Patent Specification
3,849,267.

Further advantages of the present method are that the
desired result can be obtained with very short contacting times in
the range of 25 to 100 milliseconds and that, depending on the
initial mercury content and the chosen contacting time, the percen-
tage mercury collected is between 85 and 99%. Owing to the short
contacting times there is only need to use thin (and hence inexpen-—
sive) carbon beds. Excellent results are obtained with a carbon

bed having a thickness of, for instance, 2 cm. With the process

according to the invention it is generally possible with 1 kg of

activated carbon to treat gas at a rate of 50 to 200 m3 rer hour.

In the process according to the invention the effective life of

- the carbon is extraordinarily long. At a mercury content of the

gas of 0.05 mg/m3 and a passage of 100 m3/h per kg of carbon the
expected effective life cbtained according to the present invention
is over 400 days. '

Should the carbon be loaded with mercury, i.e. mercury
chloride, to such a degree that its effectiveness will decrease,
then it can be regenerated in a simple manner for instance by
washing with an aqueous liguid containing chloride ions. In a
mercﬁry electrolysis apparatus preferably use is made for this
purpose of process liquids, so that the mercury compoundg released
upon regeneration are fed back into the process and no secondary
contamination takes place during regeneration. After the greater

part of the mercury present has been removed, the carbon is washed
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with water to get rid of any clogging salts. After drying and
loading with chlorine the carbon is ready to beused in a new
adsorption period.

- Regeneration of the carbon loaded with mercury is possible
in that the mercury is present on it in the form of mercury chloride
whickh is converted into water-soluble complex compound in a chloride-—
containing agueous solution.

An unduly high moisture content of the gas from which
mercury is to be removed should be avoided because the effectiveness
of the activated carbon is reduced then and water is collected
instead of mercury. It is preferred that the relative humidity
should ke kept below 75%. The relative humidity can be controlled
in such a way that the excess water is isolated by previous cocoling
or the gas is heated to a temperature such that the desired relative
huﬁidity is obtained.

In the process according to the invention use may be made

of normal activated carbon.. So there is ne need to employ sbecially

prepared carbons or other costly sorbents. Preference is given to

the use of extruded carbon granules having a diameter of about 1.5
mm. The process according to the invention may be applied in the
removal of mercury from, for instance, hydrogen gas. The process
is particularly suitable for the removal of mercury from aixr which
is vented from plant buildings by fans. The mercury content of
such air is usually low because people who have to work in it must
not be exposed to high mercury concentrations. The volumes of air
to be discha;ged then are therefore generally larxge.

The process accordiﬁg t0 the invention is attractive
especially in that it provides an inexpensive treatment of very
large volumes of air having a low mercury content. As a result,
even small environmental pollution by mercury can still be further
reduced. If the air to be purified is not dust-free, this does not

present any difficulty because the presence of dust does not have
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any unfavourable influence on the process.

As the usual fans generally have a small head, the air to
be vented by them can be passed only through filters having a low
resistance. That is why the process according to the invention is
so. important; for the filters to be used need only have a small
thickness.

The present invention is further illustrated by way of
“the following Examples.

Example 1
From a room in which sodium chloride is subjected to electrolysis
by the amalgamation process air is withdrawn at a rate of 10.106

m3 rer hour by means of 25 fans.

This air contains mercury vapour in an amcunt of about 0.05 mg/m3. !
Per fan, this air, which has a relative humidity of 50% at a temp-
erature of 32°C, is passed throcugh a filter bed having a surface
area of 37 m2. The air displacement per fan is 40 x 103 m/h. The
bed is formed by a 1.6 ¢m thick layer of granules of activated
carbon 1.5 mm in diameter, The presgsure drop across the filters
is less than 10 mm hydrostatic head. The amount of carbon ig 338
kg per fan. Before use the carbon is contacted with a chlorine—
containing gas until the chlorine content is 7% by weight. The air
is passed through the filters at a rate of 0.6 m/sec., so that the
contacting time is 2?.10*3 sec. After the air has left the filter,

© its mercﬁry content is less than 0.004 mg/cmB, so that the effective-
ness of the filter under these conditions is more than 92%. After
the filter has been in use for a week, its effectiveness has
decreased to 809%.

Then air containing 60 mg of chlorine per m® is passed

through for 30 minutes and the free chlorine content of the activated
carbon is restored to 7% by weight. Upon thé subsegquent passage

of mercury-—containing air the effectiveness of the mercury removal

is again found to be more than 92%.
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After one year's operation of the system in the above-
described way the mercury content of the carbon is 4.3% by weight.
The carbon is then regenerated by washing for 10 hours with a
concentrated hydrochloric acid solution. Subsequently the hydro-
chloric acid is removed by washing with water, after ﬁhich the
carbon is dried by passing air through it.

When the carbon is dry (drying time about 1 hour), it is

* loaded with chlorine up to the original level, after which it is

ready again for further adsorption. In an experiment in which the
chleorine content is made up when the effectiveness of the mercury
removal is 86%, it can be restored to 22% in the above-described
way. In an experiment in which the chlorine make-up is not qarried
out unﬁil the effectiveness of the mercury removal has decreased to
84%, 1t i=s found that it can no longer bhe restored to 92% by
chlorine make-up. The chlorine content has then been reduced by

adsorption teo a level such that the decrease has become irreversible.

Example 2

From a room in which sodium chloride is subjected to electrolysis
by the amalgamation process air is withdrawn in the way described
in BExample 1. The air ig treated in the manner indicated in Example
1, except that the carbon is not periodically brought into contact

with a chlorine-containing gas. In this case the chloxine content

-of the carbon is kept at the desired level by having the fan air

continuously contain a small amount of chlorine.

The chleorine content of the air is 0.35 p.p.m.

In this way the effectiveness of the mercury removal can
be kept at 92% for ayear, with the mercury content of the purified
air amounting to less than 0.004 mg/m3.

When the chlorine content of the air has been reduced
until the effectiveness is less than 84%, the decrease is found to

be irreversible. By increasing the chlorine feed rate it can no

long be restored then to the originally high level.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN BXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. In a process for removing mercury from a mercury
vapour-—containing gas by contacting the gas with activated carbon
on which a halegen is adsorbed, the improvement in which the gas
to be freed from mercury vapour is continuocusly passed through a
bed of activated carbon having a maximum thickness of 5 cm, care
_“being taken that during said passage the activated carbon has a
chlorine content in the range of from 5 to 12% by weight.

2. A process according to claim 1, in which the chlorine
content of the activated carbon isg kept within said limits by adding.
such an amount of chlorine as is lost Ffrom it during the adsorption
of the mercury. ‘

3. A process according to claim 2, in which the chlorine
content of the gas is such that per atom of mercury 15 to 20 atoms
of chlorine are present, -

4. A process according to claim 1, in which the <chlorine
conten£ of the activated carbon is kept between said limits by

pefiodically contacting the carbon with a chlorine—-containing gas.
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ABSTRACT OF THE DISCLOSURE.

A method and apparatus for the continuous separation of
mercury from flowing gases, in particular from exhaust gases from
thermal processes, e.g. melting of mercury containing glas shards
from fluorescent lamps. At least one halogen, in particular
iodine and/or bromine, is added to the gases when they flow into
a reaction vessel. The halogen reacts with the mercury to form
mercury halide, which is separated in the solid state from the
gases prior to their outflow from the reaction vessel, for
example by deposition on a cooled metal surface or by filtration.
Excess halogen is separated by means of adsorption. 2a regulating
device is optionally provided which readjusts the feed rate of
the halogen in such a way that a predetermined small mercury
concentration is set in the outflowing gases, e.g. less than 0.2

mg per m® of gas.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

"METHQOD AND APPARATUS FOR CONTINUQUSLY
SEPARATING MERCURY FROM FLOWING GASES"
Reference to related patent and application, the disclosures
of which are hereby incorporated by reference:
U.s, 4,729,882, Ide et al.;
International Application PCT/EP 92/01557, published WO

93/02713, U.S. designated, Kirzinger et al.

Reference to related patentsa:
Buropean © 289 810 Al, Vogyg;
German 41 40 969 Cl, Kbérner et al.

w A ok R Kk k %

FIELD OF THE INVENTIONM.

The present invention relates to an apparatus and
method for continuously separating mercury from flowing gases,
in particular from exhaust gases of thermal processes. Such
gases arlse during operation of a glass melting installation

for fragmented mercury-containing lightbulbs, e.g. fluorescent

lamps or metal halide lamps.

BACKGROUND .,

Conventionally, some mercury separation methods
employ activated charcoal for binding the mercury. For

example, the activated charcoal may be in the form of filters

or screens, and

27813-39
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possibly used for pre-cleaning (for example WO 93/02773,
Kurzinger et al.). Since activated charcoal is highly flammable,
its employment is limited to cleaning gases at an appropriately
low temperature.

The following methods are suitable for higher gas
temperatures. Lime, to which green coke has been added, is used
as the reaction agent for binding mercury, see EP 0 289 810. The
nercury-green coke-adsorbate being generated is separated in a
precipitator and stored. A large amount of special waste is
generated, which is disadvantageous for this type of method.

Another method involves bringing the mercury- containing
gases inte contact with precious metal halides. In such a
method, the precious metals are reduced and the corresponding

‘mercury halide is separated. However, high costs are incurred

because of the use of precious metals.

Some amalgam~forming methods are known. In the simplest
case, a sheet metal plate forming an amalgam is disposed in the
gas flow.. The relatively small surface and the resultant short
service times are disadvantageous. To avoid this problem, it is
proposed in the German Patent Disclosure Document DE-0S 41 40 969
to apply amalgam-forming metals, for example gold, silver,
copper, tin, zinc, palladium, iridium, or rhodium, on a substrate
with a large inner specific surface (up to approximately
90 m?/g). However, the cost of these metallized substrates is
high.

A method for cleaning mercury-containing gases from
municipal waste incineration plants is disclosed in US Patent No.
4,729,882, Ide et al. In a first method step the mercury is
converted to water-soluble mercury chloride by the addition of
chlorine gas. The mercury is washed out of the gas in a
subsequent wet-chemical method step by means of a washing
solution. However, the high chemical aggressiveness of chlorine
is disadvantageous. Furthermore, wet washing causes an
additional pressure loss in the gas flow which is equivalent to
an increased energy outlay.
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THE INVENTION.

It is an object of the invention to provide an efficient

method and apparatus for separating mercury {(Hg) from gases on a
large industrial scale and so that the threshold values for
mercury concentrations in exhaust air fall below those prescribed
in the relevant regulations, while overcoming the previously
mentioned disadvantages.

Briefly, at least one halogen X, in particular iodine
and/or bromine, is admixed directly and continuously at a
controllable feed rate to mercury-containing gas in order to
thereby trigger a quantitative reaction of Hg + X, —> HgX,. By
means of this reaction the concentration of elementary mercury in
the gas flow is directly reduced. The nmercury halide(s) HgX,
generated in the course of the reaction is or are subsequently
separated in the solid state from the gas flow, possibly together
with further mercury compounds present in the gas flow.

Todine is a preferred reactant, because it reacts well
with mercury to form mercury iodide. It is furthermore
advantageous in that as compared to chlorine and fluorine, iodine
is clearly less chemically aggressive. In addition, mercury
iodide has a lesser water solubility (approximately 0.006%) than
mercury bromide (approximately 0.62%), mercury chloride
(approximately 6.9%) and mercury fluoride (dissociates), as well
as a relatively high evaporation temperature (approximately
354°C). Because of this, the humidity and temperature of
mercury-containing exhaust gases have a lesser effect on the
separation of the mercury iodide than with the other mercury
halides mentioned. 1In spite of this, however, it is possible in
principle to employ halegens other than iodine as reactants,
provided a reduced efficiency of the separation is acceptable.

It is also possible to use two or more different types of
halogens simultaneously as reactants.
In a first embodiment of the invention, the halogen is
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continuously supplied in manually preset amounts. Optionally,
the feed rate of the halogen(s) is increased to such a degree
that the gas flow shows an excess of halogen. In this manner, the
elemental mercury can be conpletely converted to the greatest
extent into mercury halide(s) and separated from the gas flow.
The excess halogen contained in the gas flow after the reaction
is separated in a further method step.

In a second embodiment of the method, the mercury
concentration is selectively and continuously measured following
the reaction. The feed rate of the halogen(s) is readjusted as a
function of the measured value in such a way that a preselectable
threshold value of the mercury concentration occurs, particulariy
less than 0.2 mg mercury per m® of exhaust gas. In a preferred
embodiment of the method, the mercury concentration is adjusted
to a value which, although lying below a prescribed threshold
value, lies above zero. Overdosing with halegen is prevented in
this manner, even with fluctuating mercury concentrations in the
inflowing'gas. Accordingly, in this embodiment it is possible to
omit the additional method step for separating excess halogen,
which is generally required with the uncontrolled method. A
further advantage is the flexible adaptation of the supplied
amount of halogen to fluctuating mercury concentrations. Haleogen
use is reduced to a minimum as well. This embodiment is
particularly efficient.

A basic apparatus which carries out the method in accordance
with the invention has a reaction vessel open on both ends,
wherein the mercury-containing gases flow in through its first
open end and flow out through its second open end. The flow can
be created by thermal convection or by means of a blower. The
reaction vessel is preferably pipe-shaped and the cross section
can be arbitrary, for example circular or polygonal, e.qg.
rectangular. The reaction vessel has a supply or feed device for
supplying at least one halogen or for placing the halogen into
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the reaction vessel.

In addition, the apparatus provides a separating device, in
which the mercury halide(s) can be separated from the gas flow in
the solid state, possibly together with further mercury compounds
present in the gas flow. In the process, the mercury halide
either (a) cools to a temperature below the evaporation
temperature in the separating device or (b) flows at an already
appropriate temperature into the separating device. When
employing two or more halogens, cooling is performed to below the
lowest evaporation temperature of the mercury halides used. For
example, for mercury iodide and for mercury bromide the
evaporation temperatures are approximately 354°C and 319°C,
respectively. Thus, if both halogens are used, the temperature
must be lower than 319°C,.

In a preferred form of the first embodiment, a heat
exchanger is used as the separating device. The advantage here
is that by this step the energy balance is improved at the same
time and in this way the efficiency of the entire system
increased. 1In conventional installations the heat exchanger is
primarily used in a manner known per se for the partial return of
the process heat contained in the exhaust gas. For this purpose
the heat exchanger has a large effective surface cooled by a
fluid. The mercury halide(s) is {are) deposited thereon.

Because of this, the effective flow cross section of the heat

exchanger is increasingly reduced and as a consequence the flow

resistance is increased. If it exceeds a threshold value, the
heat exchanger must be cleaned. The time when a change is due is
determined by means of two pressure probes, one in the inflow and
the other in the outflow of the heat exchanger. With the flow
speed being constant, the pressure difference between the two
probes, i.e., the pressure loss caused by the heat exchanger, is
a direct measurement of the flow resistance.

In the second embodiment, a filter is used as the separating
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unit, for example an electrostatic filter (E-filter) or a
mechanical one. The advantage of the E-filter is a reduced
pressure loss and consequently a reduced additional energy
outlay. However, a mechanical filter, for example a conventional
fibrous or textile filter, is cheaper.

To assure intimate mixing and reaction of mexcury and
halogens, a minimum distance must be maintained between the
region where the halogen(s) enter(s) and where the corresponding
mercury halides are separated from the gas flow. In individual
cases this depends on the respective flow conditions and the type
of admixture of the halogen(s). In a conventional exhaust gas
installation the minimum distance is six times the hydraulic
diameter of the exhaust gas conduit. It may be advantageous to
assist admixing by suitable elements for the generation of flow
eddies disposed in the interior of the reaction vessel.

The apparatus may have a second separating device. By
means of this second separating device, halogen, which may be in
excess after the reaction, is separated from the gas chamber, for
example by means of an adsorption agent.

Preliminary tests with iodine have shown that aluminum chips
are well suited as an adsorption medium. With dry gases it was
possible to achieve an iodine absorption of 60 percent by weight,
and with moist gases, such as is the general case with fossil-
fired thermal processes, an iodine absorption of 40 percent by
weight, at least, related to the adseorption medium. In
comparison therewith, a clearly lesser iodine absorption was
measured in the case of zinc chips (with dry gases, only
15 percent by weight). Aluminum chips, such as occur as waste
products in machining operaticns, for example, are suitable.
However, prior to their use as an adsorption agent, it is
necessary to remove adhering lubricants which are often present.

In contrast, aluminum needles have not proven themselves
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useful because of the high apparent weight. Also, the air
resistance of a corresponding filter is too great and the needles
tend to adhere together, particularly with moist gases.

An apparatus for realizing the method in accordance with the
invention with controlled halogen metering additionally has an
Hg-measuring device for measuring the concentration of elemental
mercury, as well as a control and regqulating unit connected with
the Hg-measuring device and acting on the feed device for the
halogen. The measuring sensor of the Hg—-measuring device is
disposed at a distance downstream from the place where the
halogen is added; the distance corresponds to at least six times
the hydraulic diameter of the reaction vessel. This assures that
at the place of measuring, the previously metered and supplied
halogen has reacted essentially completely with the mercury and
that therefore the actual remaining concentration of elemental
mercury is measured.

The second separating device for separating excess halogen
in the controlled apparatus may be omitted. The control unit
preferably is adjusted in such a way that although the remaining
concentration of mercury in the exhaust gas lies below a
prescribed threshold value, it still lies above zero. In this
way overdosing with halogen is impossible, i.e., the ocutflowing
gas is sufficiently free of halogen even without an appropriate
separating device.

DRAWINGS ;

The invention will be explained below by means of some
exemplary embodiments.

Fig. 1 is a schematic flow diagram of the method for the
continuous separation of mercury from flowing gases in accordance
with the invention. The additiocnal method steps required for a
controlled operation (second embodiment) are those framed by
dashed lines.

Fig. 2 is schematic representation of an apparatus for
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executing the directed embodiment of the method of Fig. 1.
Fig. 3 is a schematic representation of an apparatus
for executing the controlled embodiment of the method of
Flg.1l.
Fig. 4 is a schematic fragmentary view il1llustrating

the gseparating device in form of a heat exchanger.

DETAILED DESCRIPTION,

Flg. 2 shows an apparatus 8 for performing the method
of the first embodiment of the invention. The apparatus uses
lodine as the reactant for the mercury and comprises the
following components a tube-shaped reaction vessel 2 that is
open at both ends and has a circular cross section, and a feed
device 3-4-5 for introducing the icdine into the reactilon
vessel. The feed device includes at least one reservolr 3,
which contalns at least one halogen such as solld iodine and
which 18 connected to a halogen holder 4, e.g. an evaporation
trough, for charging the holder 4 with the halogen. The
holder 1s displaceable (e.g., In a direction transverse to
that of the gas flow) via a displacement unit 5 driven by a
motor M. The apparatus also includes within the reaction
vessel 2 a separation device 6, such as a fibrous or textile
filter or an electrostatic filter 6a {Filg. 3), and an
adsorption agent 7.

The feed device introduces at least one halogen into
the reaction vessel 2, s8¢0 that a predetermined amount of the
appropriate halogen vapour 1s admixed with the gas flow. The

evaporation holder 4 1s introduced into vessel 2 by driving

- 8 -
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the displacement unit 5, e.g. a supply belt, with the motor M.
The reservolr 3 is external to the reaction vessel 2; the
temperature of the halogen within the reservoir 3 may be
approximately 30°C which is less than the temperature of the
gas flow within the reaction vessel 2.

The reaction vesgel 2 1s placed into an exhaust air
condult of a glass melting installation (not shown) for
mercury-containing fragments of light bulbs. Mercury-
containing gases flow through 1t in the direction of the
arrow, wherein the gases flow in through the first open end of
The reaction vessel 2 and, after having passed through the
adjoining reaction area 8, flow out through the second open
end of the reactlon vessel, essentially free of mercury.

The evaporation holder 4 of the feed device is
located in the area of the first end of the reaction vessel 2
and i1s charged with sblid iodine from the regervoir 3. The
feeding rate of gaseous iodine to supply the gas flow
corresponds to the evaporation rate of the 1odine and can
therefore be affected by the temperature of the evaporation
holder 4 and by the ilodine surface exposed insilde the reaction
vessel, 1.e., by the manually preselectable length of the
partial area of the evaporation holder 4 introduced into the
reaction vessel 2. A heat exchanger 25 can be located
upstream of the feed device if the temperature of the Hg-laden
gases entering vessel 2 is excessively high,

Because of the gas flow, the individual gas
components are mixed with each other relatively quickliy in the

adijoining reaction region 8 and the iodine combines with the

-9 -
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mercury to form mercury ilodide.

Within the reaction area 8, whose length L
corresponds to approxXimately six times the diameter D of the
reaction vessel 2, the reaction vessel 2 may have a simple and
therefore cost-effective separation device 6 in the form of a
fibrous or textile filter, which filters out the mercury
lodide. The installation position of the apparatus 1 in
relation to an exhaust gas conduilt (not shown) and the
connect lon position of the upstream heat exchanger 25, bring
the mercury lodide flowing through the vessel 2 and then
through the fibrous or textile filter 6 to a temperature below
the evaporation temperature of the lodlde (approximately
354°C). The downstream-connected adsorption agent 7 1s made

of aluminum chips at whose surfaces possible excess iodine is

adsorbed.
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The particular advantage of this apparatus lies in its
simple and cost-efficient design. However, the evaporation rate
and therefore also the metering of the iodine is possibly
affected by the temperature of the gas flowing around the
evaporation trough 4. 1In that case it is not possible to use
very small metered amounts and it may be necessary to accept
overdosing.

In a particularly simply designed and therefore cost-
effective embodiment, the supply or feed device consists of a
wide-meshed metal net. It extends preferably over the entire
cross section of the reaction vessel and is partially covered
with solid iodine. The gases flow around the iodine through the
uncovered mesh of the metal net, heat it and generate the desired
vapor pressure. This embodiment is suitable for uses which do
not require the exact control of the feed rate of halogen.

Fig. 3 schematically illustrates an apparatus 9 for
carrying out the method in accordance with the second embodiment
of the invention. The basic design is similar to that in Fig. 2.
The flow direction has again been marked by arrows. The
difference with respect to the embodiment of Fig. 2 lies in a
changed feed device for the iodine, an additional regulating
device and the omission of an adsorption agent.

The feed device uses a thermostat- controlled reservoir 11
of solid iocdine 12, a suction line 13 provided with a blowback
safety valve 14 and drying cartridge 15. The suction line 13
terminates in the reservoir 11 via a controllable pressure pump
16 and a continuous pressure line 17. A supply pipe 18 connects
the reservoir 11 with the interior of the reaction vessel 10.
The pressure pump 16 sucks ambient air through the drying
cartridge 15 and the suction line 13 and introduces it via the
pPressure line 17 into the reservoir 11. The reservoir 11 is
located inside a thermostat-controlled housing 19 which keeps the
iodine 12 at a temperature of approximately 30°C. A suitably

10
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high vapor pressure of the iodine in the reservoir 11 is thereby
created. The compressed air flows over the surface of the iodine
12 and is enriched with iodine vapor. The iodine-air mixture
subsequently reaches the reaction vessel 10 through the supply
pipe 18. The feed rate of the mixture can be controlled by means
of controlling the flowing volume of the compressed air as well
as the temperature and therefore the vapor pressure of the

iodine 1i2.

The regulating device essentially includes an Hg-
measﬁring device 20 for the selective measurement of the mercury
concentration and a regulating device 21 connected therewith and
controlling the controllable pressure pump 16. A measuring probe
22 of the Hg-measuring device 20 is disposed inside the reaction
vessel 10 downstream of the supply pipe 18 at a distance A which
approximately corresponds to six times the diameter D of the
reaction vessel 10. A separation device 6 such as a fibrous or
textile filter 6 (Fig. 2) or an electrostatic filter 6a (Fig. 3)
is placed downstream of the measuring probe 22.

Preliminary tests have shown that this embodiment can react
rapidly to fluctuations in the mercury content of the gas flow,
so that with a suitable setting of the control 20, 21, no iodine
overdosing occurs. For this reason an adsorption agent for
iodine was omitted here, in contrast to Fig. 2.

Fig. 3 also shows, highly schematically, the separating
device in form of an electrostatic precipitator 6a, connected to
a voltage source 6b, the other terminal of which is connected to
the vessel 10.

Fig. 4 shows, highly schematically, the separating device in
form of a heat exchanger 26, located in the stream of gas flow,
for use if the temperature of the gas and/or of the mercury
halide goes above the evaporation temperature of the halogen
being used. Heat recovered can be re-used. Cooling fluid is
connected to couplings 27, 28.

i1l
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Various changes and modifications may be made, and
any features described herein in connection with any one of
the embodiments may be used with any of the others, within the

gcope of the inventive concept.

Example of an operative embodiment:

Inside diameter D of the reaction vessel 2, 10:
1.10 m temperature of gases at inlet end of reaction vessel 2,
10: 350°C gas flow rate through the reaction vessel: about
4.2 m3/sec temperature of gases 1in region of introduction of
halogen (Fig. 2: 4; Fig. 3: 18): 150°C rate of supply of
halogen vapour from conduit 18 (Fig. 3) is such that the
3

remaining concentration of mercury will be about 10 pg/m

temperature of gases with mercury halides at separator 6, 6a,

26+ 140°C,

- 12 -
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN BXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method for continuously separating mercury from a
gag flow, comprising the gteps of:

adding a reactant to the gas flow to form a reaction
product with the mercury and thereby separate the mercury from
the gas flow,

wherein, in accordance with the invention,

the reactant is at least one halogen, reacting with the
mercury 1in the gas to form a reaction product, the reaction
product including at least one mercury halide;

converting the mercury halide into solid state; and

separating the mercury halide from the gas flow.

2. The method of claim 1, wherein the step of converting
includes bringing the at least one mercury hallide into contact
with a surface having a temperature below the evaporation
temperature of the at least one mercury halide so that the at

least one mercury halide deposits on this surface.

3. The method of claim 1, wherein the reaction product
includes a plurality of mercury halldes; and

the step of converting includes cooling the mercury
halides to a temperature below a temperature which 1s lower
than the lowest one of the evaporation temperatures of the

mercury halides.
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4. The method of claim 1, wherein the separation of the

mercury halide from the gas flow comprises electrogtatic

filtering.

5. The method of claim 1, wherein the separation of the

mercury halide from the gas flow comprises mechanical

filtering.

- 13a -
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6. The methoed of claim 1, further comprising the steps of
selectively measuring the mercury concentration in the gas, and

readjusting the feed rate of the halogen as a function of
the measured mercury concentration in such a way that a
preselectable threshold value of the mercury concentration is
set; and

wherein the steps of selectively measuring and readjusting
are carried out after the reaction product is formed.

7. The method of claim 6, wherein the preselectable
threshold value is less than 0.2 mg of mercury per m’ of the gas.

8. The method of claim 1, further comprising the step of

separating excess halogen from the gas flow.

2. The method of claim 8, wherein the step of separating
excess halogen comprises an adsorption step.

10. The method of claim 1, wherein the at least one halogen
includes an element selected from the group consisting of iodine
and bromine.

14
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11. An apparatus for continuously separating mercuxy from a
gas flow,

carrying out the method of claim 1,

comprising

a reaction vessel (2, 10) having a first open end through
which the gas flows in and a second open end through which the
gas flows out,

said reaction vessel (2, 10) having a feed device (3-4,
11-17) in the vicinity of said first open end, for supplying and
placing at least one halogen into the reaction vessel, and

said reaction vessel further having a separating device (6,
6a, 26) in a vicinity of said second open end for separating
mercury halide formed in the reaction vessel (2, 10) from the gas
flow.

12. The apparatus of claim 11, wherein the separating
device includes a heat exchanger {26).

13. The apparatus of claim 11, wherein the separating
device includes an electrostatic filter (6a).

14. The apparatus of claim 11, wherein the separating
device includes a mechanical filter (&), optionally a fibrous or
textile filter.

15. The apparatus of claim 11, wherein the reaction vessel
(2, 10) is substantially tubular in shape and the separating
device and the feed device are disposed at a distance (A) from
each other which corresponds to at least six times the hydraulic
diameter (D) of the reaction vessel (2, 10).

16. The apparatus of claim 11, wherein said reaction vessel
(2, 10) has an additional separating device (7) located in the

15
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vicinity of said second end, said additional separating device

containing an adsorption agent for separating excess halogen from
the gas flow.

17. The apparatus of claim 16, wherein the adsorption agent
consists essentially of aluminum chips (7) when the halogen
comprises essentially iodine.

18. The apparatus of claim 11, wherein the feed device
includes

at least one halogen reservoir (3) containing the halogen,
and means (4, 5) for receiving the halogen from said reservoir
(3} and for controllable feeding said at least one halogen into
the reaction vessel (2), so that a predetermined amount of the
halogen vapor emitted from said at least one halogen is admixed
with the gas flow, for reaction with the mercury within said gas
flow.

19. The apparatus of claim 11, wherein the feed device has
at least one reservoir (11) containing the at least one halogen
(12); '

means (13-17) for introducing pressurized gas inteo the
reservoir (1l1):; and

a halogen supply conduit (18) extending from the reservoir
(11) into the reaction vessel (10) to provide a predetermined
amount of the respective at least one halogen for admixture with
the gas flow.

20. The apparatus of c¢laim 19, wherein the pressurized gas
introduction means includes a controlled element (16);

a halogen measuring device (20, 22) measuring the
concentration of elemental mercury within the gas flow;

and a control circuit (21), responsive to the measuring

16
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device (20, 22) as a function of the concentration of elemental
mercury, and controlling said controlled element (16) to thereby
control the amount of halogen admixed to the gas flow.

21. The apparatus of claim 20, wherein the mercury
measuring device (20, 22) has a measuring probe located in the
the gas flow downstream of the supply conduit (18) where the at
least one halogen is admixed into the gas, said probe being
spaced from the conduit (18) by a distance (A) of at least six
times the hydraulic diameter (D) of the reaction vessel (10).

17
Fetherstonhaugh & Co.,
Ottawa, Canada
Patent Agents

BHE ET AL. EXHIBIT 1025
Page 445



2150529

174

Hg-CONTAINING
GAS FLOW

MIX | MEASURE Hg
I CONCENTRATION

HMALOGEN X
FEED RATE

HgXs +
GAS FLOW

MEASURED
VALUE WITHIN

NO

SEPARATE
HALOGEN

I

I

I

I

|

|

|

SEPARATE i
HgXn ] I
[

|

I

I

I

GAS FLOW

BEVOID OF Hyg

DEVOID OF
HALOGEN

FIG. 1 Puseih Agents
Fetherstonhiauah & Co.

BHE ET AL. EXHIBIT 1025
Page 446



2/ 4
——D ——|
] S TR AT T —"_ 7
XONIIII XX X i t—— B
1—>
8 > L
3
- o ;
: M
v et
d 4 P s
25— l4— HEAT EXCHANGER
FIG. 2

Patent Agents
Fetherstonhavah & Co.

BHE ET AL. EXHIBIT 1025
Page 447



2150529

3/4
) D |
| ' o 6b
KRR Eerrrxrorex——Ba
B B 29 Hg MEASURING DEVICE
> I

. +— 20

* «—21

9—» I .
A CONTROLLER 13
/
Y 16
N
| I S 14
18 15
10 - "\ [[3-
11
i 12
.;:’ = ' ,;.':‘_',‘ ::.
— f | ik 19
F1G. 3
Datent Agents

Fetherstonhauah & Co,

BHE ET AL. EXHIBIT 1025
Page 448



2150528

4/4

i

FIG. 4

Patent Agents
Fetherstonhauah & Co.

BHE ET AL. EXHIBIT 1025
Page 449



(19

I * Canadian
Intellectual Property
Office

An Agency of
Industry Canada

Office de la Propript, 11 CA 2 400 898 13 A1

Intellectuelle

du Canada

(40) 30.08.2001
{43) 30.08.2001

Un organisme
d'Industrie Canada

(12)
(21

(22)

2 400 898

20.02.2001

(51)
(85)
(86)
{(87)

Int. C1.7: B01D 53/04
22.08.2002
PCT/US01/05259

WO01/062368

(30)

(1)

09/8512.408 US 24.02.2000

MERCHK & CO., INC,,

126 East Lincoln Avenue, RAHWAY, XX (US).

(72)
MAES, RUDY J. (US).
SETH, SUBASH (US).
EL-SHOUBARY, YOUSSEF (US).

(74)
OGILVY RENAULT

54
(54)

(7)

POUDRE ADSORBANTE DESTINE A L'ELIMINATION DE MERCURE DANS DES COURANTS GAZEUX A
TEMPERATURE ET HUMIDITE ELEVEES
ADSORPTION POWDER FOR REMOVING MERCURY FROM HIGH TEMPERATURE, HIGH MOISTURE GAS

STREAMS

There is disclosed an adsorption powder effective

for capturing mercury from a high temperature, high
moisture gas stream comprising: about 1-97% carbon;
about 1-97% calcium hydroxide, about 1-97% cupric
chloride impregnated carbon, and about 1-80% carbon
impregnated with KI3. Additionally,
removing mercury from high temperature, high moisture
gas streams is disclosed.

a method of

BHE ET AL. EXHIBIT 1025
Page 450



l*l Office de la Proprieté Canadian CA 2400898 A1 2001/08/30

Intellectuell Intellectual P
di Canada Sheg o Fropery en 2 400 898
grorganisme ﬁ;;jg;;gaﬁ;da 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
oz Al
86) Date de dépdt PCT/PCT Filing Date: 2001/02/20 (513 CLInt.’Ant.CL.7 BO1D 53/04

(&7) Date publication PCT/PCT Publication Date: 2001/08/30| (71) Demandeur/Applicant:
(85) Entrée phase nationale/National Entry: 2002/08/22 MERCK & CO., INC., US

< P . (72) Inventeursfinventors.:
(86) N* demande PCT/PCT Application No.: US 2001/005259 MAES RUDY J. US:

37) N° publication PCT/PCT Publication No.: 2001/082368 EL-SHOUBARY, YOQUSSEF, US;

(30) Priofité/Priority: 2000/02/24 (09/512,409) US SETH, SUBASH, US
(74 Agent: OGILVY RENAULT

t54) Titre : POUDRE ADSORBANTE DESTINE A L'ELIMINATION DE MERCURE DANS DES COURANTS GAZEUX A
TEMPERATURE ET HUMICITE ELEVEES

&4 Tile: ADSORFTION POWDER FOR REMOVING MERCURY FROM HIGH TEMPERATURE, HIGH MOISTURE
GAS STREAMS

{57) Abrégé/Abstract
Thers ig disclosed an adsorption powder effective for capturing mercury from a high tamperature, high meisture gas stream
comprising: about 1-87% carbon; about 1-97% calcium hydroxide; about 1-87% cupric chloride impregnated carbon, and about
1-60% carbon impregnated with KI3. Additionally, 2 method of removing mercury from high temperature, high moisture gas
streams is disclosed.

CITO

-
C an a dg Aripfiopic.ge.ca Ottawa-Hull K1A 0WC9 - Aerpeiidon, g o OPIC

QTIC - CITO 121

BHE ET AL. EXHIBIT 1025
Page 451



0 01/62368 Al

=

CA 02400898 2002-08-22

(12) INTERNATIONAL AFPPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Burean

(43) 1nternational Publication Date

{10y International Publication Number

30 August 2001 (30.08.2001) PCT WO 01/62368 Al
(51) International Patent Classifieation’: BO1D 53/04 Subash [USAJS]: 126 East Lincoln Avenue, Rahway, NJ
07065-0907 (US).
(21) International Application Number: PCT/MUS0OL/05259
(74$) Common Representative: MERCK & CO., INC.; 126

{22) Interpational Filing Date: 20 February 2001 (20.02.2001)

{25) Filing Language: English

{26} Publication Language: English
{30) Prioerity Data:

09/512,409 24 February 2000 (24.02 2Ky US

{63) Related by continuation (CON) or continuation-in-part
(CIP) ro earlier application:

s
Filed on

09/512.409 (CON)
24 Fchruary 2000 (24.02.2000)

(71} Applicant (for afi designated States exceopt U5 MERCK
& CO., TNC. [TIS/TS]; 126 Bust Lincoln Avenue, Raliway,
NI 070650007 (US).

{72) Inventors; and

{75) Inventors/Applicants {or US onfypl: MAES, Rudy, 1
JUS/US; 126 Liast Lincoln Avcnuc, Rahway, NJ (07065-
0907 {US). EL-SHOUBARY, Youssef [US/US]; 126 East
Lincoln Avenue, Ruhway, NJ 07065-0907 (US). SETH,

East Lincoln Avenue, llahway, MNJ 07065-0907 (US).

{81) Designated States rearional): AL, AG, AL, AM. AT, AU,
AL BABB, BG, BR, BY, B, CA, CH, UN, CR, CU, CZ,
PE, DK, DM, DZ, EE, ES, Fl, GB, GD, GE, Gl1, GM, 1LE,
HU. ID, IL,IN,IS, JP. KE. KG, KR, KZ,L.C, LK, LR, LS,
LT, LU, LV, MA, MD, MG, MK. MN, MW, MX, MZ, NO,
N7, Pl PT, RO, RU, SD, SF, 5G, ST, SK, ST.. TI, TM, TR,
TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW.

{84) Designnted States (regionad): ARIPO patent (GIL, GM,
KE, LS, MW, MY, 5D, 5L, 87, ‘12, Ui, '2W), Eurasian
patent (AM, AZ. BY, KG. KZ, MD. RU, TI. TM). Eurapean
palcrt (AT, BE, CIL, CY, DE, DK, ES, F1, FR, GB, GR. IE,
I'L, LU, MC, NI, PT, SE, TR)Y, OAPI patent (BE. BI, CH,

CG, CI CM, GA, GN, GW, ML, MR, NE. SN, TD, TG).

Published;
with international search repor

Low two-lefter codes and other abbreviations, vefer to the "(uid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular isswe of the PCT Gazeite.

{54) Title: ADSORPTION POWDER FOR REMOVING MERCURY FROM HIGH TEMPERATURE, HIGH MOISTURE GAS

STREAMS

{57) Abstract: There is disclosed an adsorption powder ellective lor capluring mercury [rom a high emperature. high moisture gas
stream comprising: about 1-97% carbon; about 1-97% calcium hydroxide; about 1-07% cupric chloride impregnated carbon, and
about 1-60v% carbon impregnated with KI3. Additionally, a merhod of removing mercury from high temperature, high moisture gas

streams is disclosed.

BHE ET AL. EXHIBIT 1025
Page 452



CA 02400898 2002-08-22

WO 01/62368 PCT/US01/05259

10

15

20

25

30

ADSORPTION POWDER I'OR REMOVING MERCURY FROM HIGH
TEMPERATURE, HIGH MOISTURE GAS STREAMS

BACKGROUND OF THE INVENTION

The present invention relates generally to removal of pollutants from

high temperature, high moisture gas strearns such as those found in devices designed
to (reat contaminaied soil and in hazardous material incinerators. More pariicularly,
the invention relates to the capiure of mercury and other metals, dioxins, furans and
other organic compounds from high temperature, high moisture gas streams using an
adsorption powder containing cupric chloride.

Strict standards exist for particulate and total mercury emissions by
coal-fired power plants, petroleum fefineries, chemical refineries, coal fired furnaces,
trash burning facilities, incinerators, metallurgical operations, thermal treatment units
and other particulate and mercury emitting facilities. These same restrictions apply to
mercury vapor, which can enter the atmosphere as a vesult of low temperature thermal
desorption (LTTD) treatment of contaminated soils.

These stringent standards exist in order to protect the environment and
the community. When mercury-containing gases are released, the gases disperse and
mercury is deposited over a wide area. The dispersed mercury can accumulate in the
soil or water supplies, where it may be incorporated info the food chain. Mercury
is extremely harmful to aquatic life and ultimately to the humans who consume
mercury-contaminated plants and animals. It is necessary, therefore, to have a safe
and effective method of eliminating mercury from the environment.

The problem of the capture and treatment of mercury vapor, typically
in the context of coal-fired power plants and waste incinerators, has been previously
considered. For example, U.S. Patent No. 3,193, 987 discloses passing mercury-
containing vapor over activated carbon impregnated with a metal which forms an
amalgam with mercury. U.S. Patent No, 4,094,777 discloscs passing a mercury-

containing vapor over an adsorption mass consisting essentially of a support, sulfided
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copper and sulfided silver. U.S. Patent No. 3,876,393 discloses passing mercury-
containing vapors over activated carbon that has been impregnated with sulfuric acid.
Selenium has also been used in the removal of mercury from a vapor. U.S. Patent
No. 3,786,619 discloses passing a mercury-containing gas over a rnass containing

as an active component, selenium, selenium sulfide or other selenium compounds.
Elecirostatic precipitators and various filters have iraditionally been used for mercury
removal, although complex apparatus have also been disclosed. (See e.g., U.S. Patent
Nos. 5,409,522 and 5,607,496.)

The problem of recapturing mercury from power plant gas streams
is analogous to the need for recapturing mercury from incinerators that treat
confaminaied soils. A process curently in use at soil treatment facilities is known as
low temperature thermal desorption (LTTD). LTTD is the main process by which
contaminaied soils are treated to remove mercury and other contaminants. In this
process, contaminated soils are fed into a heating furnace, most commonly a rotary
kiln/drum, where the goil is heated by conduction. The heating volatizes the soil
components and when a thermal oxidizer is added, the componenis are oxidized to
nanageable gases, such as CO,, Cls, NO, and SO,, where x is 1-3.

The hot gas stream is subsequently cooled. The siream may be
quenched with water, which cools the stream and concurrently increases the moisture
content. Although water quenching is a highly effective cooling method, this treat-
ment increases the difficulty of removing mercury from the gas stream. The gas
stream is further treated to reduce and remove metals, HCl, NO, and SO;x using acid
scrubbers, carbon beds, condensation units and through the addition of adsorption
powders.

‘When adsorption powders are injected into the gas stream, mercury
and other metals bind to moieties present in the powder, precipitating them from
the gas stream. The powder-bound mercury is nltimately collected in a bag house
for appropriate disposal, while the clean gas stream is exhausted to the cutside
aimosphere. The problem with standard L'T'TD methods is that some mctals, such

as mercury, are not removed from the stream at high etficiency and will move with

-
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the gas stream, ultimately into the environment. Other methods require the nse of
complex machinery and expensive adsorption beds. LTTD and other methods also
suffer from the limitation that mercury removal from high moistare gas streams is
much more difficult than mercury removal from dry streams.

Available adsorption powders remove organics, metals and other
contaminants, but they do not effectively remove mercury. For example, one
available powder (Sorbalite ™) consisting of carbon, calcium hydroxide and sulfur
renoves H(_:l [rom a gas stream, but removes only about 55-65% of the mercury.,
Another powder (WUELFR Asorb-C ™) consisting of alcohol saturated lime and
activated carbon is also inefficient at removing mercury.

Some powders include sulfur or iodine impregnated carbon. At
temperatures of 75°C or less, sulfur or iodine impregnated carbon based powders
show a 95% mercury removal efficiency, however, powders formulated with sulfur
impregnaied carbon require a dry or low moisture gas stream to show this level of
remowval,

Finally, the mercary removal efficiency of the powders described
and other available powders is known {0 be very temperature dependent, placing
an additional limitation on powder formulations.

A pending application describing a process from the satme inventors
involved the use of solid fine cupric chloride that is not impregnated on carbon. This
was found to be more difficult to handle because of the grinding process required to
pulverize the cupric chloride which is generally provided in rock sizes. The grinding
process requires a great amount of attention due to the dusi production and associated
heath hazards. Additionally, the powder is very corrosive and results in breakdown of
the machinery used in the process.

Accordingly, there i3 a need in the industry for an adsorption
powder that effectively removes metals and other organic compounds, in general, and
mercury, in particular, from high temperature, high moisture gas streams generated by
the incineration of contaminated soils, treatment of hazardous materiais, combustion

of coal and other mercury liberating sources. The powder must be inexpensive and
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easy to use. Ideally, such an adsorption powder can be employed af treatment
facilities already in place and can take advantage of equipment already in position,

without requiring retooling or reconfiguring existing equipment.

SUMMARY OF THE INVENTION

There is disclosed an adsorption powder and method for removing
mercury and other metals and contaminants from a high temperature, high moisture
gas stream comprising: about 1-97% carbon; about 1-97% calcium hydroxide; about
1-97% cupric chloride impregnated carbon and about 1-60% KI; impregnated carbon.
A methed for removing mercury and other metals, dioxins, furans and other organic
compounds [rom high temperature, high moisture gas streams nsing the claimed

powder is also disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

The instant invention will be more fully understood in the following

detailed description, it being understood, however, that the invention is not confined
to the precise disclosure. Changes and modifications may be made that do not affect
the spirit of the invention, nor exceed the scope thereof, as expressed in the appended
claims. Accordingly, the instant invention will now be described with particular
reference 10 the accompanying drawings.

Figure 1 is a schematic diagram illusirating the design of an LTTD

facility in which the claimed adsorption powder can be used to remove mercury from
gas streams.

DETAILED DESCRIPTION OF THE INVENTION

There is disclosed an adsorption powder for removing mercury and
other metals from a gas sircam comprising:

a) about 1-97% carbon;

b) about }-97% calcium hydroxide;

c) about 1-97% cupric chloride impregnated carbon; and

d) about 1-60% Kz impregnated carbon.

-4-
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The powder more particularly comprises about 10-70% carbon, about
20-80% calcium hydroxide, about 1-50% copric chloride impregnated carbon and
about 1-50% K13 impregnated carbon. A preferred adsorpiion powder comprises
about 20-60% carbon, about 30-70% calcium hydroxide, about 1-30% cupric chloride
impregnated carbon and about -30% KI; impregnated carbon.

In a more preferred embodiment, the adsorption powder comprises
about 25-45% carbon, about 40-60% calcitmn hydroxide, about 1-15% cupric chloride
impregnated carbon and about 1-15% Kl; impregnated carbon. The most preferred
embodiment comprises about 40% carbon, about 40% calcium hydroxide, about 10%
cupric chloride impregnated carbon and about 10% KI; impregnated carbon.

The use of the K13 impregnated carbon has been found to be optional
as the powder lacking this component performed equally as well as one containing the
KI5 impregnated carbon.

Thus, in another embodiment of the invention, , the adsorption powder
comprises about 10-70% carben, about 20-80% calcium hydroxide and about 1-50%
cupric chioride impregnated carbon.

There is also disclosed a process for removing mercury from a gas
stream using the adsorption powder of the invention comprising the steps of:

a) placing a solid phase mercury-containing contaminated soil feed into a rotary
kiln/drum;
b) heating said kiln/drum containing said soil feed to form gaseous and solid

components of the sample;
c) transferring the gaseous component of said soil feed to an exhaust ¢cleaning

unit/afterburner and the solid component of clean soil to a soil cooling unit;

d) heating the gaseous component of said contaminated soil feed in said exhaust
cleaning unit/afterburner;
€) cooling the gaseous component of said contaminated soil feed;
! adding the adsorption powder of Claim 1 to the gaseous component;
g) transferring the powder-containing gaseous component to a baghouse; and
-5
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h) releasing the substantially mercury-free gaseous component of said sample to

the atmosphere.

An adsorption powder for the removal of mercury and other metals,
dioxins, furans and other organic compounds must be efficient under a range of
conditions. Currently available powders do not function well at high temperatures
and in high moisturc environiments, conditions that are favorable to mercury removal.

High temperatures are necessary for effective removal of contaminants
from seil. Temperatures of about 180G0°F are necessary to volatize organics, metals
and other impurities from the contaminated soil. Mercury that is trapped in
contaminated soil, however, is most efficiently adsorbed on carbon at about 300-
500°F. The most practical method of cooling a gas strcam exiting an 1800°F oven
is to inject water into the gas streamn. Water injection cools the gas siream to a
iemperature favorable to mercury removal, but also increases the moisture content of
the sample, which decreases the efficiency of available mercury adsorption powders.
The mercury absorbing properties of available powders suffer dramatically in a high
moisture environment. The adsorption powder of the invention, however, operates
etfectively even in a higher moisture environment.

Experiments with carbon sources showed that coal carbon was superior
to wood carbon for mercury adsorption. Many available adsorption powders use
wood carbon as a component, rather than coal cathbon. Cupric chloride was observed
to significantly enhance the adsorption of mercury from a gas stream and is the key to
the instant invention. Cupric chloride supplies chlorine and activated copper to the
elemental mercury in the cxhaust stream. Elemental mercury reacts with the chlorine
to form mercury chloride and the activated copper to form a stable mercury amalgam.
Both forms of mercury arc easily captured from the cxhaust gas stream. Kls
impregnated carbon was also found to increase mercury adsorption when it was
included in the powder.

Figure 1 shows a schematic diagram of the actual process and equip-
ment vsed to carry out the invention. Prescreened contaminated feed soil ready to be
processed 2 is placed within soil cleaning unit 4. The contaminated soil is heated to
about 900°F or a temperature that will completely volatize the contaminates from the
soil and generate a gas stream, as well as a clean/remediated solid soil component.
Preferably, soil cleaning unit 4 is a rotary kiln. The gas stream is then passed out
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of soil cleaning unit 4 to dust remover 6, while any solid fraction of the feed soil is
transferred to clean soil cooling unit 8, where the soil is cooled and prepared for reuse.
Dust remover 6 is preferably a multi-tube dust collector.

After dust remover 6 removes any pariiculate matter from the gas
stream sample, the gas stream is passed into the Exhaust Cleaning Unit 10, Lhe
Exhaust Cleaning Unit heats the volatilized coniaminates to a temperature of about
1800°F for a minimum of two seconds retention time, which assures compleie
destruction of any remaining organic or other contaminants. From the Exhaust
Cleaning Unit 10, the gas stream then passes through cooling chamber 12 wherein
a water pump (not shown) injects water into the cooling chamber 12 to lower the
temperature of the sampie to about 360°F. This cooling process consequentially
increases the moisture content of the sample.

The high temperature, high moisture gas stream is then contacted to the
adsorpiion powder of the invention, which is stored in adsorbent storage silo 14 and
injected into the gas stream. This powder formulation is effective in removing metals,
particularly mercury, and other conlaminanis.

After the gas stream has been contacted to the adsorption powder,
the powder/gas stream mixture continues on to baghouse 16. The carbon component
of the adsorption powder collects on the walls of bags and acts as a particulate filter
for the gases leaving the baghouse. Baghouse 16 collects the particulate mercury-
containing fraction of the adsorption powder mixture, which is transported to a
suitable bulk storage facility 20 and subsequently removed. The gascous fraction
is released to the outside atmosphere through vent 18, while the remaining dust
particulate fraction is handled in a similar manner to the particulate mercury fraction
of the adsorption powder mixture 20.

EXAMPLE 1

A series of field tests were performed employing a preferred adsorption
powder formulation. Three soil samples containing about 4.2 mg/kg of mercury were
prepared by screening to 1 inch. The coarse material was discarded, and the remain-
ing soil was fed into a scil cleaning unit and heated to about 200°F. The cleaned soil
was transferred to a soil cooling unit and prepared for rense. The exhaust stream was
sent to a dust remover and the precipitated material was sent to the soil cooling unit.
The exhaust stream was then fed into an exhaust cleaning unit, which was heated to

-7_
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about 1850°F. The exhaust gas was then cooled to about 360°F by quenching with
water, and subsequently an adsorption powder comprising 40% coal carbon, 10% K1

impregnated carben, 40% calcium hydroxide and 10% cupric chloride impregnated
carbon was added. The exhaust stream/adsorption powder mixture was fed into a
baghouse, where the mercury-bound patticulate was separated from the mercury-free
exhaust gas. The particulate material was removed from the baghouse for analysis
and disposal, while gas analyzers on the exhaust stack recorded mercury emission
levels. The results of the three, two hour runs are reported in the following table.

Run 1 Run 2 Run 3 Average
LTTD Mercury Input (Ibs/hr) 0.193 0.199 (.199 0,197
Clean Soil Mercury Output (Ihs/hr) (:.0020 0.0020 0.0020 (.0020
Mercury Emission Rate (Ibs/hr) 0.0012 0.0006 0.0007 | 0.0008
Mercury Removal Efficiency’ 99.4% 90 7% 99.6% | 99.6%

TRemoval Efficiency (%) = (Mass input - Stack Qutput- Clean Sail Outpur)/(Mass Input - Clean Soil Output)

The average mercury removal efficiency of 99.6% exceeds the current

mercury control efficiency specification of 96.5% efficiency, set by NJDEP air permit

legislation. Mercury emissions were determined by EPA method 29-060.

Although the adsorption powder and method described and claimed
are presented in the context of mercury removal from a gas stream, it should be
appreciated that the powder and method are also useful for removing organics,

metals and other contaminants from a gas stream.
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WHAT IS CTLATMED 18:

1, An adsorption powder for removing mercury and other metals,
dioxins, furans and other organic compounds from a gas stream comprising;

a) about 1-97% carbon;

b) about 1-97% calcium hydroxide;

c) about 1-97% cupric chloride; and

d) about 1-60% KI; impregnated carbon.

2, The adsorption powder of claim | wherein the adsorption
powder comprises about 10-70% carbon, about 20-80% calcium hydroxide, about
1-50% cupric chloride impregnated carbon and about 1-50% Kl; impregnated carbon.

3. The adsorption powder of claim 1 wherein the adsorption
powder comprises about 20-60% carbon, about 30-70% calcium hydroxide, about
1-30% cupric chloride impregnated carbon and about -30% Kl impregnated carbon.

4. The adsorption powder of claim 1 wherein the adsorption
powder comprises about 25-45% carbon, about 40-60% calcium hydroxide, about
1-153% cupric chloride impregnated carbon and about 1-15% Kl; impregnated carbon.

5. The adsorption powder of claim [ wherein the adsorption
powder comprises about 30% carbon, about 50% calcium hydroxide, about 10%

cupric chloride impregnated carbon and about 10% KI5 impregnated carbon.

6. The adsorptton powder of claim 1 wherein the adsorption
powder comprises about 1G-70% carbon, about 20-80% calcium hydroxide, about

1-50% cupric chloride impregnated carbon.

7. The adsorpiion powder of claim 1 wherein the carbon is coal

carbon.
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8. A method for removing mercury and other metals, dioxins,

furans and other organic compounds from a gas stream using the adsorption powder

of claim 1 comprising the steps of:

a)

b)

c)

d

€)

f)

&)
h)

placing a solid phase mercury-containing contaminated soil feed into a rotary
kiln/drsm;

heating said kiln/drum containing said soil feed to form gaseous and solid
components of the sample;

transferring the gaseous component of said soil feed to an exhaust cleaning
unit/afterburner and the solid component of clean soil to a soil cooling unit;
heating the gaseous component of said contaminated soil feed in said exhaust

cleaning unit/afterburner;

.cooling the gaseous component of said contaminated soil feed;

adding the adsorption powder of Claim 1 to the gaseous componett;
transferring the powder-containing gaseous component to a baghouse; and
releasing the substantially mercury-free gaseous component of said sampie to

the atmosphere.

9. The method of Claim 8 wherein the adsorption powder used in

step f) comprises about 40% carbon, about 40% calcium hydroxide, about 10% cupric

chloride impregnated carbon and about 10% Kl impregnated carbon.
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Verfahren zur Abscheidung und Beseitigung von organischen Schadstoffen, insbesondere von polychiorierten

Dibenzodioxinen (PCDD} aus Rauchgasen

Die Erfindung betrifft ein Verfahren zur Abscheidung und
Beseitigung von organischen Schadstoffen, insbesondere
polyhalogenierten, aromatischen Verbindungen aus Rauch-
gasen oder sonstigen Abgasen durch thermische Zerset-
zung der Schadstoffe bei Temperaturen von Gber 1000°C,
wobei die organischen Schadstoffe aus dern Rauchgas zu-
niichst adsorptiv, vorzugsweise mittals gines Aktivkohlefil-
ters, entfernt, danach bei erhdhten Temperaturen desorbiert
und aus dem Desorptionsgas, das nur einsn Bruchteil des
Volumens des Rauchgases ausmacht, durch Verbrenaung
bei Temperaturen von 1000 bis 1400°C entfernt werden. Die
Aufheizung des Desorptionsgases erfolgt mittels Fremd-
wihrme. ZweckmaRig wird der Wirmeinhalt des heiBen Ver-
brennungsgases, beispieisweise zur Vorwarmung der Ver-
brennungsluft ausgenutzt.
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Patentanspriche

Verfahren zur Abscheidung und B&éseitigung von

schwer zersetzlichem organischen Schadstoffen, ins-
besondere polyhalogenierten aromatischen Verbindﬁngen
aus Rauchgasen durch Erhitzen des schadstoffhaltigen
Rauchgases auf Temperaturen von > 1000°C, dadurch
gekennzeichnet, dass die Schadstoffe aus dem Rauchgas
adsorptiv entfernt, die adsorptiv gebundenen Schad-
stoffe durch Erhitzen auf hShere Temperaturen desor-
biert und das Desorptionsgas durch Zufiihrung von
Fremdwirme auf Temperaturen von iitber 1000°C, vorzugs-
weise 1000 bis 1400°C bei einer zur Spaltung der Schad-
stoffe ausreichenden Verweilzeit erhitzt werden.

Verfahren nach Anspruch 1, dadurch gekennzeichnet,
dass die organischen Schadstoffe durch Adsorption
mittels Aktivkoks oder Aktivkohle aus dem Rauchgas
entfernt werden.

Verfahren nach einem der Ansprﬁche 1 oder 2, dadurch
gekennzeichnet, dass die Desorption der organischen
Schadstoffe bei Temperaturen im Bereich von 350 bis
750° zusammen mit anderen absorbiereten Schadstoffen
vorgenommen wird.

Verfahren nach einem der Anspriiche 1 bis 3, dadurch
gekennzeichnet, dass die thermische Spaltung der
Schadstoffe im Desorptionsgas in einer Spaltkammer ex-
folgt.
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5., Verfahren nach einem dexr Anspriiche 1 oder 2, dadurch
gekennzeichnet, dass die Desorption und die thermische
Zersetzung der Schadstoffe mittels des auf die Zer-
setzungstemperaturen aufgeheizten Desorptionsgases

vorgenommen wird.

6. Verfahren nach einem der Anspriiche 1 bis 5, dadurch
gekennzeichnet, dass das aus der thermischen Zersetz—
ung der Schadstotffe resultierende heife Abgas unter
Ausnutzung seines Wiarmeinhalts, vorzugsweise zur Vor-
wirmung der verbrennungsluft anderer Gase, odex 2zur
Nutzung im Wasserdampfkreislauf abgekiihlt wird.
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Verfahren zur Abscheidung und Beseitigung von orga-
nischen Schadstoffen, inspgsondére von polychlorierten
Dibenzodioxinen-{PCDD) aus ‘Rauchgasen

Die Erfindung betrifft ein trodkenes Vexfahren zur Ab-
scheidung von in Rauchgasen oder in sonstigen Abgasen
enthaltenen organlschen schwer zersepzlichen Schad-~
stoffen, insbesondere von polychlorierten Dibenzo-

dioxinen. g -

Bei der Verbrennung von Industrie— und Hausmull in Mill-
verbrennungsanlagen entstehen verschledene organische
Schadstoffe, vor allem aromatischer yatur wie

Polyzyklische aromatische thlénwaéserstoffe (PAK)
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polychlorierte Biphenyle (BCB)
polychlorierte Dibenzodioxine (PCDD)
polychlorierte Dibenzofurane (PCDF)

Wegen der bekannten gesundheitsschiddlichen Wirkung
ist die Beseitigung dieser Substanzen deshalb von be-
sonderem Interesse, da sie nur schwer abbaubar sind
und deswegen die Gefahr einer mbglichen Anreicherung

in der Natur besteht.

Die Beseitigung der organischen Schadstoffe ist durch
Zerstidrung der Molekiilstrukturen bei hohen Spalttempe-
raturen meist im Bereich von iber 1000°C mdglich. Hier-—
bei spielen Spalttemperaturen und die Verweilzeit der
organischen Schadstoffe im hohen Temperaturbereich,

die meist einige Sekunden betragen soll, eine wesent-
liche Rolle. '

dus diesem Grund werden Scnderabfdlle, vor allem Ab-
fdlle aus der chemischen Produktion, vor allem in
Sondermiill-Verbrennungsanlagen,. die mit Verbrennungs-
Reaktionstemperaturen von iiber etwa 1100°C arbeiten,
bei Verweilzeiten der Rauch-/Abgage in diesem hohen
Temperaturbereich von bis zu & Sekunden verbrannt.

Ban und Betrieb solcher Abfallverbrennungsanlagen sind
im Vergleich zu normalen Haus/Industrie-Mﬁllverbren—
nungsanlagen sehr kostenaufwendig und wirtschaftlich
nur dann vertretbar, wenn diese Anlage speziell fir
die Spaltung dieser organischen Schadstoffe eingesetzt

wixd.

In normalen Haus-/Industrie~Milllverbrennungsanlagen
treten diese Schadstoffe jedoch nicht stdndig, sondern
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nur dann auf, wenn diese organischen Schadstoffe im zu
verbrennenden Abfall anfallen. Die RKonzentrationen
im Rauchgas sind damit sehr unterschiedlich und kSnnen
stark schwanken, z.B von einigen Pikogramm bis zu
mehreren Hundert Pikogramm .

Eine generelle Auslegung, Bau und Betrieb aller Mill-
und Abfallverbrennungsanlagen bei diesen hohen Tempera-
turen fihrt neben hohen Kosten fiir Investition und
Betrieb vor allem auch zu anderen Nachteilen, wie bei~-
spielsweise hther NO-Konzentrationen im  Rauchgas und
zu erhdhter RKorrosionsgefahr an den Verbrennungsein-
richtungen, wie beispielsweise den Rosten sowie den
Dampfkessel oder Widrmeaustauschern.

Diese Nachteile treten dann nicht auf, wenn es gelingt,
diese organischen Schadstoffe aus den Rauchabgasen ab-

zuscheiden und dann in geeigneter Form zu beseitigen.

Gegenstand der Erfindung ist ein Verfahren zur Abschei-
dung und Beseitigung von schwer zersetzlichen, orga-
nischen Schadstoffen, insbesondere polyhalogenierten
aromatischen Verbindungen aus Rauchgasen. durch Er-
hitzen des schadstoffhaltigen Rauchgases auf Tempera-
turen von >» 1000°C, dadurch gekennzeichnet, dass die
Schadstoffe aus dem Rauchgas adsorptiv entfernt, die
adsorptiv gebundenen Schadstoffe durch Erhitzen auf
hohere Temperatur desorbiert und das Desorptionsgas
durch 2zufiihrung von Fremdwdrme auf Temperaturen von
iber 1000°C, vorzugsweise 1000 bis 1400°C bei einer
zur Spaltung der Schadstoffe ausreichenden Verweil-

zeit erhitzt werden.

Als Adsorptionsmittel sind besonders A-Kohle oder A-Koks
geeignet. Dieser A-~Koks, A-Kohle oder ein anderes ge-
eignetes Adsorptionsmittel werden in an sich bekannter
Weise durch Erhitzen auf hShere Temperaturen desorbiert,
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Die Kohleschicht weist eine Dicke von z.B. 1,50 bis

2 m auf.

Da bei der Reinigung von Rauchgasen mittels eines
A-Koks (A-Kohle-)Filterbettes auch andere Schadstoffe
wie SO2 und Schwermetalle simultan abgeschieden werden,
ist es bisher bekannt, die Desorption dieser A-Kokse/
A-Kohle mit inerten Gasen im Temperaturbereich von etwa
350-750°C durchzufiihren. Diese Temperatur reicht damit
aber zur thermischen Spaltung der organischen Schad-

stoffe noch nicht aus.

GemdB einer Ausfiithrungsform der Erfindung wird das De-
sorptionsmittel hinter dem Desorber durch Zufiihren von
Fremdwdrme, wie beispielsweise durch Zubrennen von Erd-
gas, Heizdl, sonstigen fossilen Brennstoffen oder auch
durch Erwdrmung mit elektrischer Energie in einer Spalt-
kammer auf Temperaturen von {iber 1000°C bis zu etwa
1400°C erhitzt. Die Verweilzeit der Gase in der Spalt-
kammer wird so bemessen, dass geniigend Zeit zur vollstédn-
digen Spaltung der organischen Schadstoffmolekiile besteht.
Sie liegt in der Gré&Benordnung von mehreren Sekunden
(z.B. 5 bis 10 Sekunden). Das heiBe Gas wixd nach der
Spaltung wieder mittels eines Wdrmeaustauschers abge-
kithit, wobei die freiwerdende Wirme in widrmewirtschaft-
lich sinnveoller Weise, alsc beispielsweise zur Vorwdrmung
der Verbrennungsluft anderer Gase, aber auch zur wirme-
wirtschaftlichen Nutzung imIWasserdampfkreislauf einexr

solchen Miillverbrennungsanlage ausgenutzt.

GemidB8 einer weiteren Ausfilhrungsform der Erfindung kann
die Spaltkammer fiir die thermische Zersetzung der Schad-
stoffe in Desorptionsgas entfallen. In diesem Falle wird
die Desorption gleich mit einem heiBen Desorptionsgas
vorgencmmen, das die zur thermischen Spaltung der Schad-
stoffe notwendige Wirmeenergie enthdlt. Diese Ausfilhrungs-
weise ist modglich, da die A~Kohle des Filters hohe Tempe-
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raturen im Bereich von 1000 bis 1300 °C ohne weilteres
aushdlt. Das Desorptionsgas (iiblicherweise entweder durch
Verbrennung von Heiz8l oder Erdgas mit unterstdchome-
trischen Sauverstoffmengen erhalten) wird dann bei den
fiir die Z2ersetzung erforderlichen Temperaturen in der
GréBenordnung ven 1200°C in den Desorber geleitet.

Der Vorteil dieses Verfahrens liegt somit darin, dass
die in sehr niedrigen Konzentrationen im grofen Rauch-
gasvolumen enthaltenen Schadstoffe zunéchst aus diesem
herausgefiltert werden und dann lediglich in der sehr
viel geringeren Desorxptionsmenge, die nun natiirlich
eine hdhere Schadstoffkonzentration aufweist, auf die
erforderlichen Spalttemperaturen zu erhitzen, wodurch
ein wesentlich wdrmewirtschaftlicherer Betrieb erreicht
wird, da die Rauchgasmenge um ein vielfaches, teilweise
bis zum Faktor 100~200, gr&Ber ist als die Desorptions-
gasmenge.

Pie Erfindung wird anhand der nachfolgenden Zeichnung
beispielhaft erlautert:

Das mit den organischen Schadstoffen béladene Rauchgas
(1} tritt in den Adsorber (2) ein, der mit einem geeig-
neten Adsorptionsmittel wie Aktivkoks beschickt ist und
wird dann iiber den Schornstein (3} abgefihrt. Das mit den
Schadstoffen beladene Adsorptionsmaterial wird ﬁber
Leitung (4) in den Desorber (5) transportiert, dort bei
erh6hten Temperaturen mittels einesDesorptionsgéses

der Schadstoff ausgetrieben und in eine Verbrennungs-
kammer (8) transportiert. Diese ﬁird mittels des durch
Leitung (7) zugefihrten heiBen Gases auf die zur Zer-
setzung der Schadstoffe erforderlichen Temperaturen von
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> 1000°C bis zu etwa 1400°C aufgeheizt. In dieser Spalt-
kammer erfolgt die thermische Zersetzung bzw. Verbrennung
der Schadstoffe. Das heiBe Gas verldsst die Spaltkammer
und gibt in einem Wirmetauscher (9) wenigstens einen

Teil seines Wirmeinhalts an das zur Aufheizung der

Kammer (8) verwendete Gas ab, bevor es in die Reinigungs-
anlage (10) eintritt.

Bei der weiteren Ausfilhrungsform gemdB der Erfindung
entfillt die Spaltkammer (8). Bei (6} wird in den Absor-
ber heiBes Desorptionsgas eingeleitet, das dann wieder
im Wiarmeaustauscher (9) wenigstens einen Teil seines
Wirneinhalts abgibt, vorzugsweise zum Aufheizen des
gleichzeitig zur Desorption und der thermischen Zersetz-
ung verwendeten in den Desorber eintretenden Gases.
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{54) Bezeichnung: Verfahren zur Abscheidung von Quecksilber aus Rauchgasen

(57) Zusammenfassung: Die Erfindung beschreibt ein Ver-
fahren zur Abscheidung von Quecksilber aus Rauchgasen
von Hochtemperaturanlagen, insbesondere von Kraftwer-
ken und Abfallverbrennungsanlagen, bei dem der, gegebe-
nenfalls mebrstufigen, Feuerung und/oder dem Rauchgas
in einem der Feuerung nachgeschalteten Anlagenteil gine
bromhaltige Verbindung zugefilhrt wird, wobei die Tempe-
ratur beim Kontakt der bromhaltigen Verbindung mit dem
Rauchgas mindestens 500°C, vorzugsweise mindestens
800°C, betragt. Die Verbrennung erfolgt in Gegenwart einer
schwefelhaligen Verbindung, insbesondere Schwefeldio-
xid. Im Anschluss an die Feuerung wird das Rauchgas ei-
ner, gegebenenfalls mehrstufigen, Reinigung zur Abtren-
nung von Quecksilber aus dem Rauchgas unterzogen, wel-
che eine Nasswasche und/oder eine Trockenreinigung um-
fasst.
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Beschreibung

[0001] Die Erfindung betrifft ein Verfahren zur Abscheidung von Quecksilber aus Rauchgasen von Hochtem-
peraturanlagen, insbesondere von Kraftwerken und Abfallverbrennungsanlagen.

Stand der Technik

[0002] Aufgrund der hohen Toxizitat von Quecksilber, insbesondere von organisch gebundenem Quecksilber,
das direkt oder indirekt (ber die Nabrungskette auch vom Menschen aufgencommen wird, existieren strenge
Grenzwerte flir die gesetzlich zulassige Emission von Quecksilber z.B. aus Verbrennungsanlagen und Kraft-
werken. Trotz der heute bereits niedrigen Quecksilber-Reingaskonzentrationen — der derzeit in Deutschland
zulassige Halbstundenmittelwert fir Quecksilberemissionen aus Abfallverbrennungsanlagen betragt 30 pg/m®
i. N.tr. (i. N. tr.: im Normalzustand trocken) — werden aufgrund grofler Volumenstrome, beispielsweise aus
Grolikraftwerken, beachtliche Quecksilberfrachten erzielt, so dass eine weitere Minderung der derzeit zuldssi-
gen Grenzwerte angestrebt wird.

[0003] Diverse Verfahren zur Minderung von Quecksilberemissionen aus Kraftwerken, Abfallverbrennungs-
anlagen oder dgl. sind aus der Literatur bekannt. Welches der Verfahren fiir eine bestimmte Anwendung
rweckmadlig ist, hangt stark von der eingebrachten Fracht und vom Chlorgehalt des Feuerungsgutes ab. Bei
hohem Chlorgehalt ist der Anteil an ionischem Quecksilber im Rauchgas hoch. lonisches Quecksilber lasst
sich gut in Waschern abscheiden. Das quasi-wasserunldsliche metallische Quecksilber kann beispielsweise
durch den Zusatz von Oxidationsmitteln, wie Peroxide, Ozon oder Natriumchlorit, im Kesselrohgas vor der
Rauchgasreinigung oder im entstaubten Kesselrohgas in ionisches Quecksilber tiberfiihrt und anschlieflend in
Waschern abgeschieden werden. Weitere Verfahren zur Abscheidung des Quecksilbers sind: der Zusatz von
Reaktionsmitteln, wie Natriumtetrasulfit, zur Bindung des Quecksilbers mittels Schwefel im Kesselrohgas vor
Rauchgasreinigung oder im teilgereinigten Reingas; die verbesserte Auswaschung von ionischem Quecksilber
durch pH- bzw. pCl-Absenkung in der sauren Wasche oder durch Beaufschlagung mit 1,3,5-Triazin-2,4.6-trithi-
ol {Trimercaptc-S-triazin, TMT) in der schwach sauren oder schwach alkalischen Wasche,; die sorptive Ab-
scheidung von ionischem und metallischem Quecksilber unter Zusatz von pulvrigen Sorbentien oder zerstaub-
ten Suspensionen.

[0004] Bisherige Techniken zur Minderung sind nicht ausreichend effektiv und sind aufgrund ibrer z.T. hohen
Zusatzinvestitionen und dem zusatzlichen Betriebsmittelverbrauch relativ teuer.

Aufgabenstellung

[0005] Aufgabe der Etfindung ist es, ein Verfahren zur Abscheidung von Quecksilber, insbesondere zur weit-
gehend volistandigen Abscheidung von Quecksilber {Hg), aus Rauchgasen von Hochtemperaturprozessen
bereitzustellen. Das Verfahren soll breitestmdgliche Anwendung finden, wie im Falle von im Wesentlichen kon-
stanten niedrigen Hg-Konzentrationen, z.B. in Kohlekraftwerken, aber auch im Falle von relativ hohen Hg-Kon-
zentrationen, z.B. in der Klarschlammverbrennung, oder sehr hohen Hg-Konzentrationen z.B. in der Hausmill-
oder Sondermullverbrennung. Des Weiteren sollte das Verfahren keiner umfangreichen Nachristung der
Hochtemperaturanlagen bediirfen sowie mdglichst geringer zusatzlicher Beltriebsmittel, so dass das Verfahren
kostengUnstig implementiert und betrieben werden kann.

[0006] Gegenstand der Erfindung ist ein Verfahren zur Abscheidung von Quecksilber aus Rauchgasen von
Hochtemperaturanlagen, insbesondere von Kraftwerken und Abfallverbrennungsanlagen, welches darin be-
steht, dass der, gegebenenfalls mehrstufigen, Feuerung und/oder dem Rauchgas in einem der Feuerung nach-
geschalteten Anlagenteil Brom und/oder eine brombaltige Verbindung und/oder eine Mischung verschiedener
bromhaltiger Verbindungen zugefiihrt wird, wobei die Temperatur beim Kontakt der bromhaltigen Verbindung
mit dem Rauchgas mindestens 500°C, vorzugsweise mindestens 800°C, betragt, die Verbrennung in Gegen-
wart einer schwefelhaltigen Verbindung, inshesendere Schwefeldioxid, gegebenenfalls unter Zusatz von
Schwefel und/oder einer schwefelhaltigen Verbindung und/oder einer Mischung verschiedener schwefelhalti-
ger Verbindungen erfolgt und anschlieend das Rauchgas einer, gegebenenfalls mehrstufigen, Reinigung zur
Abtrennung von Quecksilber aus dem Rauchgas unterzogen wird, welche eine Nasswéasche und/oder eine
Trockenreinigung umfasst.

[0007] Die Abscheidung von Quecksilber aus Rauchgasen in einer der Verbrennung oder einem ahnlichen
Hochtemperaturprozess nachgeschalteten Rauchgasreinigung hangt entscheidend davon ab, in welcher Spe-
ziesform das Quecksilber vor Eintritt in die Rauchgasreinigung vorliegt. Ein mbdglichst hoher Anteil an ioni-
schem Quecksilber ist von Vorteil, da das ionische Quecksilber gut wasserldslich, also auswaschbar, sowie an
diversen Adsorbentien gut adsorbierbar ist. Der Zusatz von Brom bzw. bromhaltigen Verbindungen zur Feue-
rung bewirkt unter den gegebenen Bedingungen eines Hochtemperaturprozesses oder dgl. in Gegenwart einer
schwefelhaltigen Verbindung, insbesondere in Gegenwart von Schwefeldioxid, eine weitgehende, im Wesent-
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lichen vollstandige, Oxidation des Quecksilbers und erlaubt daher eine starke Abscheidung des Quecksilbers
aus Rauchgasen.

[0008] Unter Hochtemperaturanlagen werden im Sinne der vorliegenden Erfindung insbesondere Abfallver-
brennungsanlagen, beispielsweise Hausmdll-, Sondermdll- und Klarschlammyverbrennungsanlagen, sowie
Kraftwerke, beispielsweise Steinkohle- oder Braunkohlekraftwerke, aber auch sonstige Anlagen fir Prozesse
hoher Temperatur, wie z.B. das Zementbrennen, sowie Abfall mitverbrennende Hochtemperaturanlagen oder
kombinierte {mehrstufige) Hochtemperaturanlagen, wie z.B. Kraftwerke oder Zementdrehrohréfen mit vorge-
schalteter Abfallpyrolyse oder Abfallvergasung, verstanden. Die Dimension der Hochtemperaturanlage spielt
flr das erfindungsgemaie Verfahren keine Rolle. Vorteilhaft an dem erfindungsgematen Verfahren ist gerade,
dass es auf unterschiedliche Typen von Hochtemperaturanlagen und auf Hochtemperaturanlagen ven unter-
schiedlicher Grifenordnung anwendbar ist. Dies schlieldt Anlagen mit einem Rauchgasvolumenstrom von nur
15.10* m® i. N. tr./h, beispielsweise zur Kldarschlammverbrennung, oder von 50-10° m*i. N. tr./h, z.B. in Sonder-
millverbrennungsanlagen, oder von 150.-10° m® i. N. tr./h, z.B. in der Hausmillverbrennung, ebensc ein wie
Grolkraftwerke mit z.B. 2-3.10%i. N. tr./h.

[0002] Fiir das erfindungsgemate Verfahren ist es unerheblich, in welcher Form das zugefiihrte Brom vor-
liegt. Es ist méglich, freies oder organisch gebundenes oder anorganisch gebundenes Brom einzusetzen. Das
Brom oder die bromhaltigen Verbindungen kénnen ginzeln oder im Gemisch zugefiibrt werden. Besonders be-
vorzugt wird eine wassrige Lésung von Bromwasserstoff oder ein Alkalibromid, insbesondere Natriumbromid,
oder eine wassrige Losung des Alkalibromids verwendet. Durch diese Ausflhrungsform ist das Verfahren wirt-
schaftlich besonders interessant, da die Kosten fiir zusatzliche Betriebsmittel niedrig gehalten werden kénnen.
Weiterhin bavorzugt ist eine Ausfithrungsform, in der die bromhaltige Verbindung bzw. das Gemisch verschie-
dener bromhaltiger Verbindungen aus bromreichen Abfallstoffen, wie z.B. niedrig- oder hachhalogenierte Flis-
sigabfalle, bestehen, welche Teil des Verbrennungsguts sind oder dem Verbrennungsgut, beispielsweise Son-
dermiill, beigemengt werden.

[0010] Das erfindungsgemale Verfahren findet in Gegenwart einer schwefelhaltigen Verbindung statt. Die
Zugabe einer bromhaltigen Verbindung nach dem erfindungsgemanien Verfahren flihrt zu einer Gasphasenre-
aktion zwischen Quecksilber und Brom in Gegenwart von Schwefeldioxid. Da bei den im Sinne dieser Erfin-
dung Gblichen Verbrennungs- und sonstigen Hochtemperaturprozessen in der Regel Schwefeldioxid entsteht,
ist fur das erfindungsgemalie Verfahren in der Regel ein ausreichendes Angebot einer schwefelhaltigen Ver-
bindung vorhanden. Ein ausreichendes Angebot im Sinne dieser Erdindung liegt vor, wenn unter Zugahe einer
bromhaltigen Verbindung zu der Feuerung der Gehalt an Schwefeldioxid im Rauchgas vor der Rauchgasreini-
gung deutlich groler als Null ist. Wird bei einem Verbrennungsprozess jedoch kein oder nicht ausreichend
Schwefeldioxid gebildet, muss dem Prozess eine schwefelhaltige Verbindung zugefiihrt werden. Dies kann in
Form von freiem oder gebundenem Schwefel, beispielsweise Schwefelgranulat, Abfallschwefelsiure oder an-
dere schwefelreiche Abfallstoffe, erfolgen. Darliber hinaus kann insbesondere auch zur Minderung eines zu
hohen Gehalts an freien Halogenen im Rauchgas eine schwefelhaltige Verbindung zugesetzt werden, wenn
z.B. mehr bromhaltige Verbindung zugeflihrt worden ist, als zur Oxidation des vorliegenden Quecksilbers not-
wendig ist. Die Zudosierung siner schwefelhaltigen Verbindung kann z.B. nach dem in der bisher unveréffent-
lichten Patentanmeldung DE 10131464 beschriebenen Verfahren zur korrosions- und emissionsarmen Mitver-
brennung hochhalogenierter Abfélle in Abfallverbrennungsanlagen erfolgen. Nach diesem Verfahren wird in
den primaren und/oder sekundéaren Feuerraum Schwefel oder ein entsprechender Schwefeltrdger geregelt zu-
dosiert. Die Regelung der Schwefelmenge erfolgt im Wesentlichen proportional zur mit den Abfallen eingetra-
genen aktuellen Halogengesamtfracht im Kesselrauchgas. Der zudosierte Schwefel verbrennt im Feuerraum
z1u Schwefeldioxid, was kesselintern zu einer weitgehenden Unterdrickung zwischenzeitlich gebildeter freier
Halogene im Kesselrauchgas sowie nachfolgend zur stabilen Halogeneinbindung in der alkalischen Wasche
fibhrt. Die Zudosierung von Schwefel wird so geregelt, dass der Soll-Schwefeldioxidgehalt im Rauchgas am
Kesseleingang oder der Soll-Schwefeldioxidrestgehalt am Kesselende, d.h. im Kesselrohgas vor einer bei-
spielsweise nassen Rauchgasreinigung, im stationéren Betriebszustand Ober einen einfachen priméaren Regel-
kreis eingehalten werden.

[0011] Wird speziell Natriumbromid der Feuerung zugesetzt, so ist ein Mehrverbrauch an Schwefeldioxid zu
beobachten, welcher auf die Sulfatierung des Natriumbromids im Hochtemperaturbereich zuriickzufiihren ist.
[0012] Andererseits stellt ein relativ hoher Gehalt einer schwefelhaltigen Verbindung, insbesondere an
Schwefeldioxid, im Rauchgas keinen Nachteil fir das erfindungsgemafe Verfahren dar. Ein hoher Gehalt an
Schwefeldioxid kann beispielsweise bei der Verbrennung von Steinkohlen auftreten, welche Gblicherweise zwi-
schen 0.5 und 1 Gew.-% Schwefel enthalten, oder bei einer geregelten Zudosierung einer schwefelhaltigen
Verbindung, welche zur Unterdriickung zwischenzeitlich gebildeter freier Halogene (s.0.) zugesetzt wird. Unter
den gegebenen Bedingungen eines Hochtemperaturprozesses findet auch in Gegenwart von Gberschiissigem
Schwefeldioxid die Oxidation des Quecksilbers statt, welche nach dem erfindungsgemdalien Verfahren durch
den Zusatz einer oder mehrerer bromhaltiger Verbindungen erzielt wird. Darin liegt ein besonderer Vorteil des
votliegenden Verfahrens, denn die Oxidation des Quecksilbers durch den Zusatz von bromhaltigen Verbindun-
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gen zeigt sich — anders als durch den Zusatz von chlorhaltigen Verbindungen — weitgehend unempfindlich ge-
geniiber einem Uberschuss an Schwefeldioxid.

[0013] Die Zugabe einer bromhaltigen Verbindung sowie gegebenenfalls einer schwefelhaltigen Verbindung
erfolgt erfindungsgemaf zur Feuerung und/oder zum Rauchgas in einem der Feuerung nachgeschalteten An-
lagenteil, wobei die Temperatur beim Kontakt der brombaltigen Verbindung mit dem Rauchgas mindestens
500°C, vorzugsweise mindestens 800°C, betragt. Die bromhaltige Verbindung, z.B. Natriumbromid, kann ent-
weder in fester, z.B. als Salz, oder flissiger Form, z.B. als wassrige Ldsung, dem zu verfeuernden Abfallge-
misch, der Kohle oder dgl. vor der Feuerung beigemengt werden. Die Zugabe kann auch in einen der Feuerung
vorgeschalteten Anlagenteil erfolgen, beispielsweise einer Pyrolysetrommel, welche z.B. dem thermischen
Aufschluss mitverbrannter Abfallstoffe dient, oder einer Kohlemiihle. Die Verbindung kann ebenso wahrend
des Verbrennungsprozesses zugeflhrt werden. Umfasst die Feuerung mehrere Stufen, z.B. eine primére und
eine sekundare Feuerung, kann die bromhaltige Verbindung in eine oder beide Brennkammern, beispielsweise
in den Drehrohrofen und/oder die Nachbrennkammer, ebenfalls in fester oder flissiger Form eingefihrt wer-
den. Vorzugsweise wird eine wassrige Losung der Verbindung in einer der Brennkammern eingedist. Ferner
kann die Zugabe auch nach der Verbrennung, z.B. in einem nachgeschalteten Abhilzekessel, erfolgen, sofern
die Temperatur des Rauchgases ausreichend hoch ist, d.h. mindestens 500°C, insbesondere mindestens
800°C, betragt. In anderen Hochtemperaturprozessen, wie z.B. dem Zementbrennen, wird beispielsweise der
heilRe Ofenkopf des Zementdrehrohrafens und/oder die befeuerte Entsduerungsstufe des nachgeschalteten
Zementrohmehlvorwarmers mit der bromhaltigen Verbindung bestlickt.

[0014] In einer weiteren Ausfiihrungsform des erfindungsgemaken Verfahrens ist es auch méglich, die brom-
haltige Verbindung, beispielsweise eine wassrige Lisung ven Bromwasserstoff oder van Natriumbromid, fein
dispergiert der Verbrennungsluft und/oder gegebenenfalls einem rickgefiihrten Teilstrom, insbesondere riick-
gefiihrtem Rauchgas, riickgefilhrter Asche und riickgefiihrten Flugstauben, zuzufiihren.

[0015] Um eine mbglichst vollstandige, insbesondere 100%ige, Oxidation des Quecksilbers durch die Zugabe
giner bromhaltigen Verbindung zu erzielen, wird die bromhaltige Verbindung bevorzugt in einem Massenver-
haltnis von Brom. zu Quecksilber im Bereich von 102 bis 10 zugegeben. Wird die bromhaltige Verbindung in
grolkem Uberschuss zugefiigt, wirkt sich dies nicht nachteilig auf das erfindungsgemaRe Verfahren aus. Ein zu
aroRer Uberschuss muss jedoch vermieden werden, nicht zuletzt aus Kostengriinden. Gegebenenfalls miis-
sen zwischenzeitlich gebildete freie Halogene, wie z B. freies Brom, durch die Zugabe einer schwefelhaltigen
Verbindung unterdrickt bzw. stabil eingebunden werden (s.0.), da auch Bromemissionen in der Regel gesetz-
lich festgelegten Grenzwerten unterliegen.

[0016] Die Oxidation von Quecksilber kann prinzipiell auch durch chlorhaltige oder jodhaltige Verbindungen
erfolgen. Es zeigt sich jedoch, dass bromhaltige Verbindungen Quecksilber unter den gegebenen Bedingun-
gen von Hochtemperaturprozessen, wie der Temperatur, und inshesondere auch bei einem hohen Gehalt an
Schwefeldioxid (s.0.) wirksamer oxidieren als chlorhaltige Verbindungen. Jodhaltige Verbindungen oxidieren
im Vergleich zu brombhaltigen Verbindungen Quecksilber wirksamer. Aus wirtschaftlichen Gesichtspunkten
werden in dem erfindungsgemafien Verfahren allerdings bromhaltige Verbindungen bevorzugt eingesetzt. Ge-
gebenenfalls in den Abfallstoffen, z.B. in Sondermiill, vorliegende chlor- oder jodhaltige Verbindungen tragen
demnach zur Oxidation des Quecksilbers bei. In einer bevorzugten Ausfihrungsform erfolgt das erfindungsge-
mahie Verfahren zusatzlich zu den bromhaltigen Verbindungen in Gegenwart von Chlor und/oder Jod undfoder
einer chlorhaltigen Verbindung und/oder einer jodhaltigen Verbindung und/oder einem Gemisch solcher Ver-
bindungen. Die chlorhaltige undfoder jodhaltige Verbindung kann beispielsweise in Form von chlor- oder jod-
reichen Abfallstoffen in Erganzung zu oder unter teilweisem Ersatz der zugesetzten bromhaltigen Verbindung
zugeflihrt werden.

[0017] Nach dem erfindungsgeméafen Verfahren folgt nach der Verbrennung oder einem ahnlichen Hochtem-
peraturprozess unter Zusatz einer brombhaltigen Verbindung eine Reinigung des Rauchgases, wodurch das
oxidierte Quecksilber maglichst weitgehend aus dem Rauchgas abgeschieden wird. Verschiedene Rauchgas-
reinigungsverfahren zur Abscheidung von u.a. ichischem Quecksilber sind aus dem Stand der Technik be-
kannt. Sie basieren entweder auf einer Nasswasche oder einer Trockenreinigung oder einer Kombination bei-
der und kann ggf. mehrstufig sein. Die Nasswasche umfasst z.B. eine saure Wéasche, welche beispielsweise
in einer mit Kreislaufwaschwasser bedlisten Quenche, einem Druckdlisen- oder Rotationszerstauberwischer
oder einem Flllkérperwascher erfolgt. Eine Wasche kann aber ggf. auch nur schwachsauer oder alkalisch aus-
gefiihrt sein, beispielsweise im Fall niedriger Chlorwasserstofffrachten, aber hoher Schwefeldioxidfrachten.
[0018] In einer bevorzugten AusfGhrungsform umfasst die Rauchgasreinigung sine mehrstufige nasse
Rauchgaswasche mit mindestens einer stark sauren {pH kleiner 1) und/oder mindestens einer schwach sauren
(pH 3-4) undfoder mindestens einer alkalischen Waschstufe.

[0019] Die Rauchgasreinigung kann auch eine auf der Adsorption von ionischen Quecksilberverbindungen
basierende Trockenreinigung umfassen. Eine solche Reinigung kann beispielsweise durch quasitrockene Ent-
schwefelung in einem Sprihtrockner durchgeflihrt werden, welcher mit einer Kalkmilch-Kohle-Suspension be-
aufschlagt ist, oder mit Hilfe von Festbettadsorbern, z.B. auf Basis von kérniger Aktivkohle oder von Herdofen-
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koks oder von Mischungen derartiger Adsorbentien mit gekdrntem Kalk, oder mit Hilfe von Flugstromadsor-
bern, z.B. elekirostatischen Gasreinigungsfiltern (EGR-Filter), oder mit Hilfe von Gewebefiltern, welche mit ei-
nem eingeblasenen feinpulvrigen Kalkhydrat-Aktivkohle- oder Kalkhydrat-Herdofenkoks-Gemisch beauf-
schlagt sind. Auch Zeolithe eignen sich zur Abscheidung von quecksilberhaltigen Verbindungen. Im Bezug auf
die trockene Rauchgasreinigung zeigt sich ein weiterer Vorteil des erfindungsgemanen Verfahrens. Die An-
wendung des Verfahrens ist insbesondere auch flr jene Hochtemperaturanlagen interessant, welche Uber kei-
ne nasse Rauchgasreinigung, sondern ausschlieRlich Uber eine trockene Reinigung mit einer Quecksilbersorp-
tionsstufe verfligen. Quecksilbercromid HgBr, adsorbiert starker an Trockensorbentien als Quecksilberchlorid
HgCl,. Beispielsweise verstarkt sich die Adsorption von Quecksilber am Flugstaub von EGR-Filtern.

[0020] In einer bevorzugten Ausfiihrungsform umfasst die Rauchgasreinigung daher mindestens eine trocke-
ne oder quasitrockene, auf Adsorption basierende Reinigungsstufe, insbesondere unter Verwendung von elek-
trostatischen oder filternden Staubabscheidern.

[0021] Des weiteren werden die mit Quecksilber beladenen Flugstdube aus gegebenenfalls vorhandenen
Staubabscheidern zwecks Quecksilberentfrachtung vorzugsweise thermisch nachbehandelt, insbesondere in
einer auf Temperaturen von mindestens 200°C beheizten Drehtrommel.

[0022] Bevorzugt wird in dem erfindungsgemafen Verfahren der Quecksilbergehalt des Rauchgases, insbe-
sondere der Gehalt an metallischem Quecksilber, nach der Rauchgasreinigung kontinuierlich gemessen und
anhand des gemessenen Quecksilbergehalts die Menge an zugeflihriem Brom und/oder bromhaltigen Verbin-
dungen und/oder der Mischung bromhaltiger Verbindungen sowie gegebenenfalls Schwefel und/oder schwe-
felhaltigen Substanzen undfoder der Mischung schwefelhaltiger Substanzen geregelt. Ein relativ hoher Gehalt
ah metallischem Quecksilber im Rauchgas ist ein Indikator dafir, dass die Oxidation des Quecksilbers unvoll-
standig verlauft und damit das Quecksilber in der Rauchgasreinigung unvollstindig abgetrennt wird. Um
Quecksilber mdglichst vollsténdig zu oxidieren, muss in einem solchen Fall mehr bromhaltige Verbindung zu-
gefihrt werden. Zusatzlich kann der Gehalt an ionischem Quecksilber nach der Rauchgasreinigung gemessen
werden und daraus der Abscheidegrad des ionischen Quecksilbers in der Rauchgasreinigung bestimmt wer-
den. Der Gehalt an metallischem Quecksilber und ggf. an Quecksilber insgesamt im Kesselrohgas kann nach
entsprechender Gasaufbereitung beispielsweise mit Hilfe eines Differenz-Absorptionsphotometers gemessen
werden. Die kontinuierliche Messung von metallischem Quecksilber und ggf. auch von Quecksilber insgesamt
im Reingas nach der nassen undfoder trockenen Rauchgasreinigung erfolgt vorzugsweise vor einer gegebe-
nenfalls vorhandenen, nachgeschalteten SCR-Entstickungsanlage (SCR: selective catalytic reduction), da der
metalloxidreiche Festbettkatalysator erhebliche Mengen an metallischem Quecksilber adsorbiert.

[0023] Nachfolgend wird die Erfindung anhand der Beispiele unter Bezugnahme auf die anliegenden Figuren
naher erlautert. Es zeigen:

[0024] Fig. 1 ein Schema einer Sondermillverbrennungsanlage

[0028] Flg. 2 ein Diagramm, welches denh Gehalt von metallischem Quecksilber (Hg,,.,) im gewaschenen Kes-
selrauchgas, d.h. im Reingas, nach der Nasswésche in ug/m?i. N. tr. (Kurve 21, linke Ordinate) sowie den Ge-
samtgehalt von Brom (Br,,) im Kesselrauchgas in mg/m? i. N. tr. (Kurve 22, rechte Ordinate) in Abhangigkeit
von der Zeit darstellt,

[0026] Fig. 3 ein Diagramm, welches den Gesamtgehalt von Quecksilber (Hg,.,) im Kesselrauchgas, d.h. zu-
gleich im Kesselrohgas, vor der Nasswasche in ug/m®i. N. tr. (Kurve 31, linke QOrdinate) sowie den Gehalt von
metallischem Quecksilber (Hg,,.,} im Reingas nach der Nasswasche in pg/m3 i. N. tr. (Kurve 32, rechte Ordi-
nate) in Abhangigkeit von der Zeit darstellt,

[0027] Fig. 4 ein Diagramm, welches den Gesamtgehalt von Brom (Br,__ ) im Kesselrauchgas, d.h. zugleich
im Kesselrohgas, vor der Nasswasche in mg/m® i. N. tr. (Kurve 41, linke Ordinate) sowie den Gehalt von me-
tallischem Quecksilber {Hg,,..) im Reingas nach der Nasswésche in pg/m®i. N. tr. (Kurve 42, rechte Ordinate)
als Funktion der Zeit darstellt,

[0028] Fig. 5 ein Diagramm, welches das Massenverhalinis von Brom zu Quecksilber im Kesselrauchgas
(Kurve 51, linke Ordinate) sowie den erzielten Gesamtabscheidegrad von Quecksilber in der mehrstufigen
Nasswische in (Kurve 52, rechte Ordinate) als Funktion der Zeit darstellt,

[0022] Flg. 6 ein Diagramm, welches das Gewichtsverhdltnis von metallischem Quecksilber zur Summe aus
metallischem und ionischem Quecksilber (Hg,,./Hg,.). d.h. den Hg, Speziesanteil im Kesselrohgas, in
Gew.-% als Funktion des Gesamltgehaltes an Chlor (Kurve 61) bzw. an Brom (Kurve 62) im Kesselrohgas in
mg/m® i, N. tr. darstellt,

[0030] Flg. 7 ein Diagramm, welches den Gesamtgehalt an Quecksilber {Hg,..) im entstaubten Rohgas nach
der elektrostatischen Gasreinigung (Kurve 71, linke Ordinate) bzw. den Gehalt an metallischem Quecksilber
(Hg,..) nach der elektrostatischen Gasreinigung (Kurve 72, linke Ordinate) sowie die durch Quecksilberzudo-
sierung herbeigefuhrte Anhebung des Gesamtgehalts an Quecksilber (Hg,..} im Kesselrauchgas (Kurve 73,
rechte Ordinate) als Funktion der Zeit darstellt,

[0031] Fig. 8 ein Diagramm, welches das Gewichtsverhaltnis von metallischem Quecksilber (Hg,,..) zu der
Summe aus metallischem und ionischem Quecksilber (Hg,..), d.h. den Hg, Speziesanteil (Hg,./Hg,..), im
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entstaubten Kesselrohgas nach der elektrostatischen Gasreinigung in Gew.-% (Kurve 82) sowie den Gesamt-
gehalt an Brom (Br,.,} im Kesselrauchgas in mg/m? i. N. tr. (Kurve B1) als Funktion der Zeit darstellt.
[0032] Fig. 2 ein Schema eines Industriekraftwerks mit zwei Schmelzkammerkesseln.

Beispiele

[0033] Die Beispiele 14 wurden in einer dem Schema in Fig. 1 entsprechenden Sondermuliverbrennungs-
anlage der Bayer AG in Leverkusen durchgefhrt. Der Drehrohrofen 3 als primarer Feuerraum wird mit Fest-
stoffabfallen aus dem Bunker 1 (ber einen Krangreifer 2, mit Flissigabfallen aus einem Fllissigabfalltank sowie
mit Abfallgebinden iber eine Gebindeaufgabe befeuert. Auch die Nachbrennkammer 4 als sekundarer Feuer-
raum wird mit Flissigabfallen befeuert. Das Rauchgas wird (iber den Abhitzekessel § abgekihit und anschlie-
Rend, als sogenanntes Kesselrohgas, der nassen Rauchgasreinigung (mehrstufige Wasche) zugefiihrt, wel-
che eine Quenche 6, einen sauren Rotationszerstiuberwdscher 7, einen alkalischen Rotationszerstiuberwa-
scher 8 und eine elektrostatische Gasreinigung mit Wasserdampf-Teilkondensation 9 (KEGR) umfasst. Uber
Saugzlige 10 gelangt das gewaschene Rauchgas, als sogenanntes Reingas, in die nachgeschaltete katalyti-
sche Entstickungsanlage 11 (selektive katalytische Entstickung des Reingases mittels Ammaoniak) und wird
van dort Gber den Kamin 12 emittiert. Der Gehalt an metallischem Quecksilber (Hg,,.) sowie gegebenenfalls
der Gesamtgehalt an Quecksilber (Hg,..) im gewaschenen Reingas nach KEGR wurde — nach entsprechender
Aufbereitung — an der Messstelle 16 mit Hilfe eines Differenz-Absorptionsphotometers kontinuierlich bestimmt.
Der Gehalt an Quecksilber insgesamt (Hgges) im emittierten Reingas wurde an der Messstelle 17, d.h. in einer
Kaminhéhe von 22 m, gquasikontinuierlich bestimmt durch Amalgamierung an einer periodisch ausgeheizten
Goldfolie mit nachfolgendem Differenz-Absorptionsphotometer.

[0034] Beispiel 5 beschreibt die Anwendung des erfindungsgemafen Verfahrens in einem Kohlekraftwerk der
Bayer AG in Uerdingen, welches im Wesentlichen einen Schmelzkammerkessel und eine kraftwerkstypische
Rauchgasreinigung, bestehend aus einer trockenen elektrostatischen Gasreinigung (EGR), einem schwach-
sauren, auf Kalkstein basierten Nasswéascher zur Rauchgasentschwefelung sowie einer SCR-Entstickungsan-
lage (SCR: selective catalytic reduction), umfasst.

Ausfihrungsbeispiel
Beispiel 1

[0035] Uber einen Zeitraum von 116 Minuten wurde dem sekundaren Feuerraum (Nachbrennkammer 4) Gber
die Schauluke 15 eine Serie von Proben von metallischem Quecksilber in Kunststoffkapseln zugeflhrt {in Sum-
me 3400 g, siehe Tabelle 1). Die Zugabe erfolgte in Abstanden von ca. 5-10 Minuten mit zunehmender Queck-
silbermenge. Das eingeworfene Quecksilber verdampft innerhalb von ca. 2—4 Minuten; demzufolge kénnen die
im Kesselrauchgas mit einem Volumenstrom von ca. 45-103 m® i. N. tr./h aufgetretenen momentanen Spitzen-
kanhzentrationen an Quecksilber abgeschatzt werden. Die Abschatzung liefert zum Versuchsende hin Spitzen-
konzentrationen von mehr als 130-10° pug/m®i. N. tr.
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Tabelle 1: Zugabe der Hg-Proben

Uhrzeit Hg-Menge [g] Uhrzeit Hg-Menge [g]
9:24 5 10:32 180
9:32 10 10:37 200
9:38 15 10:43 220
9:49 20 10:48 240
9:54 40 10:53 260
9:59 60 10:58 280
10:04 80 11:03 300
10:09 100 11:08 310
10:15 120 11:13 320
10:20 140 11:20 340
10:26 160
Versuchsdauer [min] Hg-Gesamtmenge [g]

116 3400

[0036] Wahrend des Versuchszeitraums wurde durch Mitverbrennung eines hochbromierten Flissigabfalls
(Zugabe zum Drehrohrofenkopf) im Kesselrauchgas von 45.10° m® i.N. tr./h ein Bromgehalt von ca. 4.10°
mg/m?i. N. tr. aufrechterhalten, wie die Kurve 22 (rechte Ordinate) in Flg. 2 zeigt (Bestimmung anhand des
Durchsatzes und Bromgehaltes des hochbromierten Fliissigabfalls). Der Rest-S80,-Gehalt im Kesselrohgas
vor der Quenche war dabei mittels Zudosierung von Schwefelgranulat zum Drehrohrofenkopf auf 5,5.10°
mg/Nm?® i. N. tr. ungewdhnlich hoch eingestellt {direkte SO,-Messung im Kesselrohgas vor der Quenche). Da-
mit war sichergestellt, dass flr das erfindungsgemaiie Verfahren ein ausreichendes Angebot an Schwefeldio-
xid vorhanden war. Das sonstige Verbrennungsgut bestand aus Festabfallen und schwachchlorierten Lésemit-
teln. Vor, wahrend und nach der Quecksilberzugabe wurde an der Messstelle 16, d.h. nach der Rauchgasrei-
nigung, der Gehalt an Quecksilber im Rauchgas gemessen. Wie die Kurve 21 (linke Ordinate) in Fig. 2 zeigt,
steigt trotz der Zugabe von erheblichen Quecksilbermengen der Gehalt an metallischem Quecksilber, welches
durch die Wasche durchschlagt, praktisch nicht an.

[0037] Dariiber hinaus sind in Tabelle 2 die momentanen Austragungsstréme von Quecksilber um 11:30 Uhr,
d.h. kurz nach der Zugabe der letzten Quecksilberprobe und damit zum Zeitpunkt der hdchsten Quecksilber-
konzentration, aufgeflhrt, welche mit den Wascherabwassern der nassen Rauchgasreinigung ausgetragen
wurden. Umfangreiche abwasserseitige Messungen belegen, dass ca. 99,93 % des insgesamt ausgetragenen
Quecksilbers als ionisches Quecksilber mit dem Abwasser der stark sauren Quenche (pH-Wert kleiner 1) und
ca. 0,066 % mit dem Abwasser des alkalischen Rotationszerstauberwaschers (pH-Wert ca. 7,5) ausgetragen
wurden. Der geringe, nicht ausgewaschene Rest von nur 0,004 % des insgesamt ausgetragenen Quecksilbers
wurde mit dem gewaschenen Reingas als metallisches Quecksilber ausgetragen. Nachweislich war im gewa-
schenen Reingas praktisch kein Hg,,, zu finden (Hg,,, = Null, d.h. vollstandige Auswaschung des ionischen
Quecksilbers und somit Hg,.. = Hg,..,).
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Tabelle 2: Momentane Quecksilber-Austragungsstrome [g/h] um 11:30 Uhr

Quenche (einschlieBlich dem sauren 1931

Rotationszerstiuberwischer)

(Saurer Rotationszerstiuberwiischer, dessen (468)

Abwasser zur Quenche riickgefiihrt wird)

Alkalischer Rotationszerstiuberwischer 1,32

Gewaschenes Reingas nach KEGR 0,069

Beispiel 2:

[0038] Uber einen Zeitraum von 130 Minuten wurde dem sekundaren Feuerraum (Nachbrennkammer 4) Giber
eine Duse in der Nachbrennkammerdecke kontinuierlich eine wassrige HgCl,-Lésung zugefihit. Dabei wurde
die zudosierte Menge in Zeitschritten von etwa § Minuten angehoben. Fig. 3 zeigt den so herbeigefihrten An-
stieg der Konzentration von Quecksilber im Kesselrauchgas in der Zeit zwischen ca. 10:45 und 13:00 Uhr. Das
eindosierte Quecksilber wird in der Nachbrennkammer unverziiglich als metallisches Quecksilber Hg, ., freige-
setzt. Die Gesamtkonzentration von Quecksilber im Kesselrauchgas stieg auf diese Weise bis auf Werte von
18-10°* pg/m® i. N. tr. an {Kurve 31 und linke Ordinate}. Die Hg-Kanzentration im Kesselrauchgas wurde aus
dem zugegebenen Quecksilbermengenstrom und dem betrieblich gemessenen Rauchgasvolumenstrom be-
rechnet. Wahrend des Versuchszeitraums wurde durch Mitverbrennung eines hochbromierten Flissigabfalls
(Zugabe liber einen Brenner am Drehrohrofenkopf) im Kesselrauchgas von 45-10° m? I.N. tr./h ein Bromgehalt
van ca. 2-10° mg/m?i. N. tr. aufrechterhalten (Bestimmung anhand des Durchsatzes und Bromgehalt des mit-
verbrannten hochbromierten Fllssigabfalls). Der Rest-SO.-Gehalt im Kesselrohgas vor Quenche war dabei
mittels Zudosierung von Schwefelgranulat zum Drehrohrofenkopf auf ca. 4-10° mg/Nm? i. N. tr. eingestellt (di-
rekte SO,-Messung im Kesselrohgas vor der Quenche).

[0039] Im Zeitraum zwischen ca. 11:00 und 13:00 Uhr wurde im gewaschenen Reingas nach der KEGR eine
Konzentration von metallischem Quecksilber von weniger als 10 pug/m? i. N. tr. beobachtet. Nachweislich war
im gewaschenen Reingas auch hier praktisch kein Hg,,,, zu finden (Hg,,,, = Null, d.h. vollstandige Auswaschung
des ionischen Quecksilbers und somit Hg,, = Hg,,.,). Bei einem kurzzeitigen Ausfall der Bromzugabe gegen
13:05 Ubr stieg die Konzentration von Hg,,., sprunghaft auf ca. 800 pyg/m?i. N. tr. an und kehrte aber unverziig-
lich auf ihren niedrigen Ausgangswert von weniger als 10 pg/m® i. N. tr. zurick, als die Bromzugabe wieder
einsetzte (Kurve 32 und rechte Ordinate).

Beispiel 3:

[0040] In der Zeit zwischen ca. 8:30 und 14:45 Uhr, d.h. (ber einen Zeitraum von 675 Minuten, wurde dem
sekundaren Feuerraum (Nachbrennkammer 4} Gber eine Diise in der Nachbrennkammerdecke kontinuierlich
eine wassrige HgCl,-Lésung zugeflhrt. Dabei wurde nunmehr aber der zudesierte Hg-Mengenstrom konstant
gehalten, entsprechend einer Konzentration von Quecksilber im Kesselrauchgas von ca. 9,6-10% pg/m®i. N. tr.
[0041] In diesem Versuchszeitraum (vgl. Fig. 4 bzw. Fig. 5) wurde Brom in Form eines hochbromierten Fllis-
sigabfalls Gber einen Brenner am Drehrohrofenkopf zugegeben, jedoch wurde die zugegebene Brommenge
schrittweise verringert, womit der Bromgehalt im Kesselrauchgas stufenweise von ca. 9-10° auf ca. 3.10°
mg/m? i. N. tr. abgesenkt wurde {(Kurve 41 in Fig. 4 und linke Ordinate). Der mittels Zudosierung von Schwe-
felgranulat herbeigefiihrte Rest-SO,-Gehalt im Kesselrohgas war mit ca. 4,3-10° mgim? i. N. trin diesem Ver-
suchszeitraum wiederum sehr hoch gewahlt worden. Neben dem hochbromierten Fliissigabfall wurde auch ein
chlorierter Fllissigabfall mitverbrannt.

[0042] Wie Fig. 4 bzw. Fig. 6 zu entnehmen ist, war der Gehalt an metallischem Quecksilber im gewasche-
nen Reingas nach KEGR dsutlich kleiner als 2 pg/m=i. N.

[0043] ftr. (Kurve 42 in Fig. 4 und rechte Ordinate). Nachweislich war im gewaschenen Reingas auch hier
praktisch kein Hg,,,, zu finden (Hg,,,, = Null, d.h. vollstindige Auswaschung des iohischen Quecksilbers und so-
mit Hg,,, = Hg,,.,). Entsprechend war der Abscheidegrad von Quecksilber in der Nasswasche deutlich grobber
als 99,98 % (Kurve 52 in Fig. 5 und rechte Ordinate), solange der Bromgehalt géRer als 3-10° mg/m?> i. N. tr.
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(Kurve 41 und linke Ordinate) bzw. das Brom-Quecksilber-Massenverhaltnis gréler als 500 yg Brom/ug
Quecksilber betrug {Kurve 51 in Fig. 5 und linke Ordinate). Gegen 13:30 Uhr sinkt der Bromgehalt im Rauch-
gas auf 3-10° mg/m?i. N. tr. bzw. das Brom-Quecksilber-Massenverhaltnis auf ca. 335 ug Brom/lg Quecksilber.
Dabei steigt die Kenzentration von metallischem Quecksilber nach der Nasswasche auf bis zu 20 pg/m® i. N.
tr. (Kurve 42 in Fig. 4 und linke Ordinate) bzw. nimmt der Hg-Abscheidegrad auf 99,8 % ab (Kurve 52 in Fig. 5
und rechte Ordinate). Darlber hinaus fiihit eine kurzzeitige Unterbrechung der Chlor-Zugabe kurz nach 14:30
Uhr zu einer Spitzenkonzentration von metallischem Quecksilber nach der Wésche von ca. 117 pg/m® i. N, tr,
(Kurve 42 in Flg. 4 und linke Ordinate) bzw. zu einem kurzzeitigen Abfall des Abscheidegrades aufca. 98,4 %
(Kurve 51 in Fig. 5 und rechte Ordinate). Hieran wird die gegeniiber Brom vergleichsweise gertinge Wirkung
von Chilor deutlich.

Beispiel 4:

[0044] Fig. 6 illustriert einen Versuch zum Vergleich der Wirkung von Brom und Chlor auf die Oxidation von
Quecksilber im Kesselrauchgas der cben beschriecbenen Sondermdllverbrennungsanlage. Dabei lagen ein
durch Zudosierung von HgCl, eingestelliter Hgges Gehalt von 130 pg/m® i. N. tr. bei einem durch Mitverbren-
nung chlorarmer Ldsemittel eingestellten Chlorgehalt (Cl ) im Kesselrauchgas von 1 35.10° mg/m®i. N. tr. so-
wie einem durch Zudosierung von Schwefelgranulat eingesteliten Restgehalt an Schwefeldioxid im Kesselrah-
gas von 1,5.10° mg/m? i. N. tr. vor. Der Messpunkt 63 zeigt den zundchst ohne Bromzusatz, d.h. allein durch
Chlor, erzielten Hg, -Speziesanteil von ca. 63 Gew.-% im Kesselrohgas vor der Nasswéasche. Die anlagenspe-
zifische Kurve 61, welche auf ca. 20 Betriebsversuchen an einer Sondermillverbrennungsanlage mit Verbren-
nung hochchlorierter Flissigabfalle basiert, zeigt, wie der Hgmet-Speziesanteil (Hg,/Hg,..) mit wachsendem
Chlorgehalt Cl,,,, im Kesselrauchgas zurlickgeht.

[0045] Ausgehend von einem Hgmet-Speziesanteil von ca. 63 Gew.-% im Kesselrohgas vor der Nasswasche
(Messpunkt 63 mit Cl.-Gehalt als Abszisse bzw. Messpunkt 63" mit Brges Gehalt als Abszisse) wurde gann
in drei Schritten eine zunehmende Menge einer brombhaltigen Verbindung zudosiert {vgl. Pfeil 64, der den Uber-
gang von der Darstellung des Hg, -Speziesanteil in Abhangigkeit von dem Cl , Gehalt zu der Darstellung in
Abhangigkeit von dem Br,.-Gehalt markiert). Dabei wurde der Bromgehalt im Kesselrauchgas von zunachst
0 mgim? i. N. tr. (Messpunkt 63" mit Br,..-Gehalt als Abszisse) durch Zudosierung von wassriger Bromwasser-
stofflosung bzw. von wassriger Natriumbromidldsung (Eindlsung an der Nachbrennkammerdecke 14, Fig. 1)
in drei Schritten auf 50, 100 und 120 mg/m? i. N. tr. (Messpunkte 62 mit Brges Gehalt als Abszisse) angehoben.
Dabei ging der Hg,,,-Speziesanteil (Hg,../Hg,..} im Kesselrohgas vor der Nasswasche — ausgehend von ca.
63 Gew -% - bis auf 30 Gew-% zuriick.

[0046] Der Vergleich weist die deutlich effektivere Oxidation des Quecksilbers durch bromhaltige Verbindun-
gen im Vergleich zu chlorhaltigen Verbindungen am Beispiel einer Sondermilllverbrennungsanlage nach. Um
allein mittels Chlor einen Hg,,.-Speziesanteil von nur 30 Gew.-% zu erreichen, misste man den Cl . -Gehalt
geman der Chlorierungskurve 61 auf 4-10° mg/m® i. N. tr. erhdhen. Statt dessen erreicht man dies mit nur 120
mg/m? i. N. tr. an Brom. Brom erscheint daher etwa 25-fach wirksamer als Chlor, Die Hg-Bromierungskurve 65
(Br,..-Gehalt als Abszisse) entspricht unter Beriicksichtigung dieses Faktors der vollsténdig vermessenen
Hg-Chlorierungskurve 61 (Cl-Gehalt als Abszisse). Gleiches gilt fir im Fall von Kraftwerksrauchgasen, wo
allerdings die anlagenspezifische Hg-Chlorierungskurve und die entsprechende Hg-Bromierungskurve 65 zu
wesentlich niedrigeren Halogengehalten hin verschoben sind.

Beispiel 5:

[0047] Flg. 7 und Flg. 8 illustrieren Versuche zum Nachweis der Wirkung von Brom auf die Quecksilberab-
scheidung in einem Kohlekraftwerk der Bayer AG in Uerdingen (vgl. Fig. 9). In dem Kohlekraftwerk erfolgte ein
Versuch mit Zudosierung von wassriger HgCl,-Lésung und von wassriger NaBr-Ldsung in den Feuerraum zum
Nachweis der Wirkung von Brom auf die Hg-Oxidation. Das Kraftwerk umfasst zwei parallele Schmelzkammer-
kessel 91, 91" mit Temperaturen im Feuerraum um 1450°C. Die Schmelzkammerkesssel 91, 91' werden mit
Kohle 92, 92' hestiickt. Uber die jeweiligen Lufvorwarmer 93, 93" wird den Schmelzlkammerkesseln 91, 91°
Frischluft 94, 94*' zugefiihrt. Das Kesselrohgas 95, 95 wird (ber elektrostatische Gasreiniger (EGR) 96, 96°
dem gemeinsamen schwachsauren (pH = 5,3) Nasswascher als Rauchgasentschwefelungsanlage (REA-Wa-
scher) 97 zugefiihrt. Das gewaschene Kesselrauchgas (Reingas) wird anschlieffend in zwei parallele kataly-
tisch wirkende Entstickungsanlagen (SCR-Entstickungsanlage) 98, 98' Gberfihrt, bevor es (ber Kamine 100,
100" emittiert wird. Der in den EGR abgeschiedene Flugstaub 99, 99° wird zu 100 % in die Feuerung des je-
weiligen Schmelzkammerkessels zuriickgefihrt. An der Messstelle 101 nach der EGR 96 wurden die Gehalte
an Hg,,.. und Hgges im entstaubten Kesselrohgas kontinuietlich erfasst.

[0048] Es wurde kein Schwefel zudosiert. Der Gehalt an Schwefeldioxid im Kesselrauchgas von 1,3-10° i, N,
tr. resultierte ausschlieilich aus dem verbrannten Kohleschwefel selbst. Der Gesamtquecksilbergehalt im ent-

920
BHE ET AL. EXHIBIT 1025

Page 482



DE 102 33 173 A1 2004.02.12

staubten Rohgas nach der EGR, d.h. vor der Nasswasche, betrug zu Beginn bei reiner Kohleverbrennung (pol-
nische Steinkohle) im Mittel nur 22,5 pg/m? i. N. tr., vgl. Fig. 7, Kurve 71 (Gesamtgehalt an Quecksilber Hg,..)
um 8:30 Uhr, der Gehalt an metallischem Quecksilber im Mittel nur 8,8 pg/m®i. N. tr., vg). Fig. 7, Kurve 72 (Ge-
halt an metallischem Quecksilber Hg,,.,) um 8:30 Uhr. Die Zahnung beider Kurven 71, 72 im 10-Minuten-Takt
beruht auf der regelméaRigen Abklopfung der EGR; wodurch unmittelbar nach Abreinigung der Staubschichten
im entstaubten Kesselrohgas hinter der EGR hdhere Gehalte auftreten. Um 9:15 Uhr wurde mit der Zudosie-
rung von Quecksilber (als wassrige HgCl,-Léung) und um 10:30 dann auch mit der Zudosierung ven Brom (als
wassrige NaBr-Losung) in den Feuerraum begonnen. Die Kurve 73 (Fig. 7, rechte Ordinate) stellt die durch
Zudosierung von Quecksilber herbeigeflbrte Erhdhung des Hg,..-Gehalts im Kesselrauchgas dar. Zwischen
ca. 9:30 und 13:00 Uhr betrug die mittels HgCl,-Zudosierung herbeigefihrte Anhebung des Gesamtgehalts an
Quecksilber im Rauchgas vor der EGR mindestens ca. 220 ug/m?i. N. tr. (Kurve 73, rechte Ordinate). Die Kur-
ve 81 in Fig. 8 stellt die durch Zudosierung von wassriger NaBr-Losung herbeigefiihrte Erhéhung des Br-Ge-
halts im Kesselrauchgas dar. Um 10:30 Uhr wurde der Bromgehalt im Rauchgas vor der EGR zunédchst um
mindestens 75 mg/m® i. N. tr. angehoben und schrittweise wieder abgesenkt. Um 16:10 Uhr erfolgte eine neu-
erliche Anhebung des Bromgehalts um ca. 43 mg/m?® i. N. tr. Wegen der Rickfiihrung der Flugasche in die
Schmelzkammerfeuerung und somit auch der Rickfiihrung von an der Flugasche sorbiertem Quecksilber bzw.
Brom handelt es sich hierbei um Mindestanhebungen, wie sie sich aus den zudosierten Mengenstrémen und
dem Rauchgasvolumenstrom {ca. 110-10° m® i. N. tr./h) ergeben. Die tatsdchlichen Hg- und Br-Gehalte im Roh-
gas vor der EGR liegen demzufolge (Kreislauf zwischen Schmelzkammerfeuerung und EGR) etwas hdher.
[0049] Die Kurven 71 bzw. 72 (linke Ordinate) in Fig. 7 zeigen, wie mit dem Zusatz der bromhaltigen Verbin-
dung der Gehalt an Quecksilber im Rauchgas deutlich zurlickgeht. Dies gilt einerseits flr das ionische Queck-
silber (Differenz zwischen Hg,., und Hg,,..). welches in Anwesenheit der bromhaltigen Verbindung vermehrt ge-
bildet und offensichtlich am riickgeflhrten Flugstaub adsorbiert wird, und gilt andererseits aber starker noch
fir das metallische Quecksilber, dessen Gehalt im entstaubten Rohgas nach EGR trotz des Zusatzes von
Quecksilber annahernd auf den Ausgangsgehalt vor der Quecksilberzugabe zurlckkehrt. Von 10:30 Uhr bis
13:00 Uhr (Ende der Br-Zudosierung) und weit darliber hinaus betrug der Gehalt an Hg,,., weniger als 10 pg/m?
i. N. tr. Erst mit dem Ende der neuerlichen Zugabe der Natriumbromidlésung gegen 19:00 Uhr steigt der Gehalt
von Hg,., deutlich an. Weiterhin zeigt die Kurve 82 in Fig. 8 den zunachst schlagartigen Riickgang des Spezi-
esanteils an metallischem Quecksilber mit der Zugabe von Brom (Absenkung von ca. 40 Gew.-% auf ca. 10
Gew.-% gegen 10:30 Ubr). Entsprechendes zeigt sich nach ca. 17:00 Uhr bei der neuerlichen Quecksilber- und
Bromzugabe an dem allméhlichen Rackgang des Hg,,..-Speziesanteils bis auf nur ca. 5§ Gew.-% gegen 20:45
Uhr. Infolge der Hg-Zudosierung und der verstarkten Hg-Adsorption stieg der Hg-Gehalt im zur Schmelzkam-
mer rGckgeflhrten EGR-Flugstaub von anfanglich ca. 2-5 mg/kg im Laufe des Versuchs auf 55 mg/kg an.

Patentanspriiche

1. Verfahren zur Abscheidung von Quecksilber aus Rauchgasen von Hochtemperaturanlagen, insbeson-
dere von Kraftwerken und Abfallverbrennungsanlagen, dadurch gekennzeichnet, dass
- der, gegebenenfalls mehrstufigen, Feuerung und/oder dem Rauchgas in einem der Feuerung nachgeschal-
teten Anlagenteil Brom und/oder eine bromhaltige Verbindung undfoder eine Mischung verschiedener brom-
haltiger Verbindungen zugefuhrt wird, wobei die Temperatur beim Kontakt der bromhaltigen Verbindung mit
dem Rauchgas mindestens 500°C, vorzugsweise mindestens 800°C, betragt,
- die Verbrennung in Gegenwart einer schwefelhaltigen Verbindung, insbesondere Schwefeldioxid, gegebe-
nenfalls unter Zusatz von Schwefel und/oder einer schwefelhaltigen Verbindung und/oder einer Mischung ver-
schiedener schwefelhaltiger Verbindungen erfolgt
—und anschlieend das Rauchgas einer, gegebenenfalls mehrstufigen, Reinigung zur Abtrennung von Queck-
silber aus dem Rauchgas unterzogen wird, welche eine Nasswasche undfoder eine Trockenreinigung umfasst.

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass die bromhaltige Verbindung eine wassrige
Lésung von Bromwasserstoff und/oder ein Alkalibromid, insbesondere Natriumbromid, und/oder eine wéassrige
Lésung von Alkalibromid ist.

3. Verfahren nach einem der Anspriiche 1 bis 2, dadurch gekennzeichnet, dass die bromhaltige Verbin-
dung undfoder die Mischung bromhaltiger Verbindungen flissige und/oder feste bromreiche Abfallstoffe sind.

4. Verfahren nach einem der Anspriche 1 bis 3, dadurch gekennzeichnet, dass das Brom und/oder die
bromhaltige Verbindung und/oder die Mischung bromhaltiger Verbindungen der Verbrennungsluft und/oder ge-
gebenenfalls einem riickgefGhrten Teilstrom, insbesondere dem rickgefuhrtem Rauchgas und den rlickgefiihr-
ten Flugstduben, zugesetzt wird.
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5. Verfahren nach einem der Anspriche 1 bis 4, dadurch gekennzeichnet, dass das Massenverhaltnis von
Brom zu Quecksilber im Bereich von 102 bis 10* liegt.

6. Verfahren nach einem der Anspriiche 1 bis 5, dadurch gekennzeichnet, dass die Verbrennung zusatzlich
in Gegenwart von Chlor und/oder einer chlorhaltigen Verbindung und/cder einer Mischung verschiedener
chlorhaltiger Verbindungen und/oder Jod und/oder einer jodhaltigen Verbindung und/oder einer Mischung ver-
schiedener jodhaltiger Verbindungen durchgefihrt wird.

7. Verfahren nach einem der Anspriiche 1 his 6, dadurch gekennzeichnet, dass die Rauchgasreinigung
eine mehrstufige nasse Rauchgaswasche mit mindestens einer stark sauren und/oder mindestens einer
schwach sauren und/cder alkalischen Waschstufe umfasst.

8. Verfahren nach einem der Anspriiche 1 his 7, dadurch gekennzeichnet, dass die Rauchgasreinigung
mindestens eine trockene oder quasitrockene, auf Adsorption basierende Reinigungsstufe umfasst, insbeson-
dere unter Verwendung von elektrostatischen oder filternden Staubabscheidern.

9. Verfahren nach Anspruch 8, dadurch gekennzeichnet, dass die mit Quecksilber beladenen Flugstaube
aus gegebenenfalls vorhandenen Staubabscheidern zwecks Quecksilberentfrachtung thermisch nachbehan-
delt wird, insbesondere in einer auf Temperaturen von mindestens 200°C beheizten Drehtrommel.

10. Verfahren nach einem der Anspriiche 1 bis 9, dadurch gekennzeichnet, dass der Quecksilbergehalt
des Rauchgases, insbesondere der Gehalt an metallischem Quecksilber, nach der Rauchgasreinigung konti-
nuietlich gemessen wird und anhand des gemessenen Quecksilbergehalts die Menge an zugefiihitemm Brom
undfoder brombaltigen Verbindungen sowie gegebenenfalls Schwefel und/oder schwefelhaltigen Verbindun-
gen geregelt wird.

Es folgen 9 Blatt Zeichnungen
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Anhéngende Zeichnungen

Fig. 1

%)
gt

12/20
BHE ET AL. EXHIBIT 1025

Page 485



DE 102 33 173 A1 2004.02.12

Gehalt Brygg [mg/m?i. N. tr.]

o o o o
O S
o o o S
[+ w =t o o ™
3
&N
O
=)
\ (o]
o
' \
) 8
< -—
‘} ! —
{
—
N-—"""’f >
N “ o
=
‘ G
i
— E
r —~ —
{ AN H“"-—-‘-L o = -
= O
&
| O LL
- N
o
= =
= &
) o
——r ™
&
~_
o
— =
>
o
™
T o o) o
< F ™ 3 & & - 2 0 o

[11 N 1 WyBA]PYBH yeyso

13/20

BHE ET AL. EXHIBIT 1025
Page 486



1000
a00

DE 102 33 173 A1 2004.02.12

Gehalt Hg ¢ [Hg/m3i. N. tr]

= o Q jo= o j= j=
(=) o L] o o o< o
I~ w w =< o d —

800

o

14:00

13:30

13:00

1230

v
/

7
12:00

"
11:30

Zeit [hh:mm]
Fig. 3

11:00

AN
10:30

31

10:00

9:30

20000
18000

9:00

16000
14000
12000
0000
8000
6000 1 ———
4000
2000

—

‘N I ¢w/Brl] °°6H yeyso

-
| .
G

14/20
BHE ET AL. EXHIBIT 1025

Page 487



DE 102 33 173 A1 2004.02.12

Gehalt Hg, o [Mg/m3i. N. tr.]
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Abscheidegrad Hg [%]
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Gehalt Hgge [Mg/m®i. N. tr.]
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@ A process for removal of mercury vapor and vapor of chiorodibenzodioxins'and -hurans from a stream of hotflua gas,

@ Mercury vepor and/or vapor of chlorodibenzodioxing
sndior vapor of chiorodibenzoturans are removed from &
stream of hot flue gas together with acidic components of the
flue gas in a spray shsorplion process. The absorbent used in
said process is an aqueous liquid which besides alkeline com-
ponents containg suspended activated carbon.
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A process for removal of mercury vapor and vapor of
chlorodibenzo-dioxins and -furans from. a stream of hot
flue gas.

FIELD OF THE INVENTION.

It is a well recognized fact that - flue gases
often contain mercury vapor in such amounts that their
release into the atmosphere is regarded as being hazard-
ous. This especially applies to flue gases from inci-
neration plants where domestic refuse is incinerated but
also flue gas formed by combustion of certain coals may
contain mercury vapor in such amounts that it is highly
desirable to remove a substantial part of said mercury
vapor Dbefore releasing the flue gas into the
atmosphere. '

In the present specification and the attached
claims the term mercury vapor means elementary mercu-
Ty as well as mercury-containing chemical compounds in
the vapor phase. ' -

In recent years a growing concern has arisen as
to the presence in flue gases of the toxic polychloro-
dibenzodioxines {PCDD) and polychlorodibengzofurans
(PCDF). Said two series of compounds may be represented
by the following formulae

mn ) CIm

(0]

PCDD ' PCDF

wherein n and m each independently is an integer from 0
through 4 provided that n + m is at least 2.

PCDD and PCDF are present in flue gases from in-
cineration plants and in minor proportion also in the
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flue gases from power plants. In flue gases these com-
pounds are primarily present in vapor phase and in the
present specification the above abbreviations dencte the
compounds as vapors.

The ei:tremely high toxicity of certaln of these
compounds makes it desirable to avoid their release into
the atmosphere.

DESCRIPTION OF PRIOR ART.

Namerous methods have been suggested for removing
or recovering mercury from gases. However, the majority
of the prior art processes have been created with the
purpose of removing mercury from relative small amounts
of gas having high mercury concentration. These pro-
cesses are not suitable for cleaning flue gas since
costs of chemicals would be prohibitive or operation
would be impracticable in connection with large volumes
of flue gas.

Processes for removing mercury from air of
relatively low mercury content have also been suggested.
Such a process is disclosed in published European Patent
Application No. 1.456. (Akzo N.V.). Said process which
is described as particularly suitable for the removal of
mercury from air which is vented from buildings, is
based on the principle that mercury vapor is absorbed as
mercury chloride when passing a bed of activated carbon
having a specific chlorine content. According to the
specification to said European application high moisture
content‘ of the gas from which mercury is to be removed,
should be avoided since the effectiveness of the
activated carbon is reduced thereby. From said specifi-
cation it also appears that activated carbon used in a
stationary bed without chlorine is unsatisfactory as
absorbent for mercury and has a very low capacity for
that purpoee.
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The process of said European ipplication seoms
unsuitable for treating flue gas since it would require
the total amount of flue gas to be passed through a bed
of activated carbon to which gaseous chlorine is added,
which obviously involves the risk that a surplus of
chlorine may be entrainred with the flue gas to the
atmosphere. _

A process for removing mercury vapor from a hot
hydrogene chloride-containing flue gas is disclosed in
published European patent appiication no. 13.567,
{Svenska Fliktfabriken). Accordirig to said process
the gas which contains hydrogen chloride and minor
amounts of mercury vapor, is cohtacted with powdered
calcium hydroxide, preferably in a fluidized bed. The
hydrogen chloride in the gas reacts with the calciunm
hydroxide to form calcium chloride which apparently is
essential to the removal of mercurjr.' Said process is
restricted to gases having a substantial contents of
hydrogen chloride. Thig condition will often be ful-
filled by the flue gas from a waste incineration plant
while flue gasses from other sources mny be def1c1ent in
that respect.

US patent specifiéation '4_.273.747 (Rasmussen)
discloses removal of mercury from hot waste gagses by
atomizing an agqueocus liguid into the waste gasses in
the presence of fly ash suspended in the gas and
subsequently separating the fly ash t.ogethér with a
substantial part of the mercury originally present
as vapor. It is essential that by said treatment the
gas stream is cooled from a temperature of at least
200°C to a temperature. below 160°C. The aqueous
liquid may be just water or it may be an agueous
solution or suspension of an alka'liné compound,
preferably calcium hydroxide. '

Obviously said@ method will not be suitable in
case it 1is not acceptable to cool the gas to the
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extent regquired or if +the amount of fly ash is
insufficient due to the use of a preceding f£fly ash
separation.  Even when the conditions as to fly ash
contents of the flue gas and cooling are satisfied it
would in certain applications be desired to increase
the efficiency of the removal of mercury vapor in said
process.

Efforts to reduce the PCDD and PCDF lavels in
flue gas have hitherto mainly concentrated on thermal
destruction. A reliable thermal destruction is,
however, difficult to establish, since a very high
temperature is required to ensure a complete destruct-
ion.

According to a paper of A.J. Teller and J. D.
Lauber : "Control of Dioxin Emissions from Incineration"
presented at the 76th annual meeting of the Air Pollu-
tion Control Association, Atlanta, Georgia, June 19 -
24, 1983, dioxin theoretic estimations indicate that
emission may be reduced by condensing the dioxin there-
of. However, A. Nottrodt et al: "Emissionen wvon poly-
chlorierten Dibenzodioxinen und polychlorierten Dibenzo-
furanen aus Abfallverbrennungsanlagen”", Mill und Abfall
11/84, p. 313-327 (Erich Schmidt Verlag GmbH Berlin,
Bielefeld, Miinchen) state results showing high vapor
phase concentrations after several wet scrubbings with
flue gas temperatures lower than those obtained in the
theoretic estimations made in said paper by Teller and
Lauber.

Consequently =a need excists for efficient
measures for removing not only mercury vapor but also
PCDD and PDCF vapors from flue gases.

SUMMARY OF THE INVENTION.
The present invention is directed to a novel
process for efficient removal of mercury vapor and PCDD
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and PCDF from a stream of hot flue gas, which process
provides a simultaneous removal of acidic components of
the flue gas.

It has turned out that incorporation of a
relatively small amount of  activated carbon in an
alkaline feed suspension to be spraydried in a spray
absorption process enables a surprising improvement of
the ability of the process to remove mercury, PCDD and
PCDF.

Consequently the  process according ¢to the
invention is characterized in that an aqueous liquid
which besides alkaline components comprises suspended
activated carbon is spray dried in the flue gas which
subsequently is freed from the resulting particulate
material. . _

The amount of activated carbon to be used depends

on the amount of mercury vapor as well as PCDD and PCDF
in the flue gas, on the limits for emission which it is
intended to meet, on the extent to which cooling of the |
gas is permissible, on the proportion of fly ash and the
character thereof, etc.
' Usually the amount of activated carbon will
correspond to at least 5 mg per Hn_n3 flue gas to be
treated. For economic reasons the amount will usually
not exceed 500 mg per Nm3 flue gas, peferrably not 200
mg per Nm3.

Since the prior art describes activated carbon
as not being very suitable for absorption of mercury
vapor when no chlorine is present and since high
moisture conditions are described as harmful to mercury
sorption Dby means of activated carbon together with
chlorine it could not be predicted that a very efficient
mercury removal is obtained by the very simple measures
prescribed by the present process. It is also surprising
that the rather small additions of activatet carbon to
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the aqueous liguid to be atomized, which come into
consideration by the present process, enables a re-
duction of PCDD and PCDF levels to extremely low values.

The preferred alkaline component for the
simultanecus removal of acidic components of the gas is
calcium hydroxide which by chemical reaction absorbs e.
g. sulphur oxides and hydrogen chloride. However, it is
to be observed that by the process of the invention
presence of hydrogen chloride and consequently product-
ion of calcium chloride is not necessary to achieve an
efficient removal of mercury vapor.

The fact that in the present process the
activated carbon 1is initially present in agueous
suspension in the atomized droplets and subsequently is
embedded in the particulate material comprising the
reaction products of e.g. calcium hydroxide and the
acidic components of the gas, apparently does not have
any substantial adverse influence on the absorption
ability of the activated carbon, as would have been
expected.

The process of the present invention may be
performed using those measures which are conventional in
spray absorption processes for desulfurization of flue
gases, e.g. as described in US patent 4,279,873
(Felsvang et al), incorporated herein by reference.

In the typical embodiment the process of the
invention is performed on a stream of flue gas the fly
ash -of which has previously -been removed in a particle
collector, e.g. an electrostatic precipitator. However,
the absorption of mercury vapor by activated carbon may
be used as a supplement to the absorption by means of
fly ash as described in the above cited US specification
4,273,747, in which case at least a portion of the fly
ash present in the flue gas stream remains in said
stream during the spray absorption process and is re-
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covered together with the particulate material formed by
the spray absorption process. _
It is also Posaible to add fly ash to the 1iquid i
to be atomized, thereby utilizing the so:ption ability
5 of the fly ash to reduce the requirement for activated
carbon. ) . '
_ Also other absorbents sudh aa ailicates may be

- added to the liquid to be atomized to mininize the re-
quirement as to actlvated carbon.

10 As 1nd1cated above the amount of actxvated carbon
necessary to achieve a suhstantial. reductl.on of the
concentration of mercury vapor and PCDD ﬁnd PCDF in the
flue gas is surprisingly small. The actual amounts to
be used in each individual case may aasily be fixed by a

15 person akilled in the art on the basis of a few tests.

' It is an 1mportant feature of the invention that
by very simple measures a very flexible process is
obtained since even flue gasea with substantially vary—

; ing levels of Hg, PCDD and PCDF may be coped with just

20 by changing the amount of.activate carbon added to the
liquid to be atomlzed._ | . ‘

The partlculate material formsd in the spray |
absorption process and typically compriling calcium
sulfite, calcium sulfate, calcium hydroxide and activat-

25 ed carbon and posaihly Ely ash is preferably separated
from the flue gas in a baghouse which enables a prolong-
ed contact between the particulate material and the flue,

'-gas.

In the follwzng the process according to the

30 inventlon w111 ‘be further 11;ustrated‘ by‘{maqna of
examples. | o | ._

in these examples analysls was performed on flqe
gas withdrawn by means of a heated probe with glass
lining and equipped with a glass wool filter. _The_'

35 mercury was collected in two 1mp1nger_£1aak§ ip series
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containing an aqueous 5% potassium permanganate -
nitric acid solution. Mercury was analyzed by flameless
atomic absorption using NaBHg4 as a reductant (MHS-20,
Mercury/ Hydride System by Perkin Elmer, ref. 338 -
A2-M 294/ 12.79).

It is to be observed that methods previously used
for determination of Hg in flue gases have not always
been accurate and have often indicated values lower than
the actual ones. Consequently the reults obtained as to
removal of Hg vapor in the following examples may not be
comparable with prior art results determined by means of
1esé accurate methods of analysis.

EXAMPLE 1

Eight test runs were performed using a partial
stream of the flue gas £from an incineration plant
wherein domestic waste was incinerated.

The spray absorption process was performed in a
spray absorber the chamber of which comprised a
eylindrical portion having a diameter of 1.2 m and a
hight of 0.8 m, and a conical bottom portion the cone
angle of which was 60°. The spray absorber was provided
with a rotary atomizer. Downstream of the spray absorber
particle separation was performed using a baghouse.

An aqueous suspension of salaked lime or an
aqueous solution of sodium carbonate (solids content of
the suspension or solution app. 5%) was used as feed for
the atomizer.

‘The'temperature of the flue gas when led to the
spray absorber was 225-300°C and the amount of fly ash
therein was 0.5-1.0 g/Hm3 in run nos. 1-5 whereas run
nos. 6—8 were performed using f£flue gas with substantial-
ly no f£fly ash. The flue gas was supplied in an amount
of 300 kg/h.

The concentration of mercury vapor was mreasured
upstream of the spray absorber, between the spray ab-
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sorber and the baghouse filter and downstream of the
baghouse filter.

Run nos. ) and 7 were performed for comparison
and no activated carbon was added to the feed suspension
of slaked lime or feed solution of sodium carbonate. In
runs 2 through 6 and in run 8 activated carbon was added

" to said feed solution in an amount of app. 2% by weight

10

of the sgolids content. correuponding to 0,04-0,05 u/bm
of flue gas.
The following results were obtained:
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The above results clearly indicate that activat-
ed carbon acts as a very efficient absorbent for mercury

vapor when utilized in the process of the present inven-
tion.

EXAMPLE 2
Two further test runs was made in the same plant
and under similar conditions as descridbed in example 1,

except that the flue gas temperature varied between 280
and 300°C.

The results obtained are listed in the following
table:

- 'Run No.

9 10
Upstream of spray absorber ' '
PCDD’ +PCDF, ng/Nm3 0.38 0.53
Absorbent ' slaked slaked lime

lime =+ activated
carbon
Between spray absorber .
and baghouse _ _ .
Gas temperature, °C ' 150 150
PCDD' +PCDF, pg/Nm3 not 0.28
analysed

Downgtream the baghouse
pcDD' +PCDF, ug/Nm3 0.047 0.01
% rewoval 87.8 98.1

! The pcOD contentg were approximately 35-45% of the

total contents of PCDD and PCDF.

BHE ET AL. EXHIBIT 1025
Page 505



- 12 - 0208490
CLAIMS

A process for removal of mercury vaper and/or
vapor of echlorodibenzodioxins and/or vapor of
chlorodibenzofurans from a stream of hot flue gas
combined with a simultaneous removal of acidie
components of the flue gas, characterized in that an
aqueous liquid, which besides alkaline components
comprises suspended activated carbon is spray dried in
the flue gas which subsequently is freed from the
resulting particulate material,

The process of claim 1, wherein the amount of
activated carbon in said aguecus liguid amounts to 5-
500 mg per Nm3 flue gas being treated.

The process of ¢laim 1, wherein the amount of
activated carbon in said aqueous liquid amounts to
5-200 mg per Nm3 flue gas being treated.

The process of claim 1, wherein said alkaline
components comprise calcium hydroxide in a guantity at
least sufficient to neutralize a substantial part of
the acidic components, such as sulfuroxides and
hydrogen chloride, of the flue gas.

The process of claim 1, wherein said
particulate material is recovered in a baghouse.

The process of eclaim 1, wherein at least a
portion of any fly ash present in the flue gas stream
remains in said stream during the spray absorption
process and is recovered together with the particulate
material formed by the spray absorption process.

The process of claim 1, wherein at least a
portion of any fly ash present in the flue gas stream
is collected from said stream before said aqueogus
liquid is spray dried therein, and at least & part of
the collected fly ash is suspended in said aqueocus
liquid before spraying thereof.
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ADSORPTION POWDER FOR REMOVING MERCURY FROM HIGH
TEMPERATURE, HIGH MOISTURE GAS STREAMS

BACKGROUND OF THE INVENTION

The present invention relaies generally to removal of pollutants from

high temperature, high moisture gas streams such as those found in devices designed
to treat contaminated soil and in hazardous material incinerators. More particularly,
the invention relates to the capture of mercury and other metals, dioxins, furans and

other organic compounds from high temperature, high moisture gas streams using an
adsorption powder containing cupric chloride.

Strict standards exist for particulaie and total mercury emissions by
coal-fired power plants, petroleum feﬁneries, chemical refineries, coal fired furnaces,
trash burning facilities, incinerators, metallurgical operations, thermal treatment units
and other particulate and mercury emitting facilities. These same restrictions apply to
mercury vapor, which can enter the atmosphere as a result of low temperature thermal
desorption (LTTD) freatment of contaminated soils.

These stringent standards exist in order to protect the environment and
the community. When mercury-containing gases are released, the gases disperse and
mercury is deposited over a wide area. The dispersed mercury can accumulate in the
soil or water supplies, where it may be incorporated into the food chain. Mercury
is extremely harmful to aguatic life and ultimately to the humans who consume
mercury-contaminated plants and animals. It is necessary, therefore, to have a safe
and effective method of eliminating mercury from the environment.

The problem of the capture and treatment of mercury vapor, typically
in the context of coal-fired power plants and waste incinerators, has been previously
considered. For example, U.S. Patent No. 3,193, 987 discloses passing mercury-
containing vapor over activated carbon impregnated with a metal which forms an
amalgam with mercury. U.S. Patent No. 4,094,777 discloses passing a mercury-

containing vapor over an adsorption mass consisting essentially of a support, sulfided
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copper and sulfided silver. U.S. Patent No. 3,876,393 discloses passing mercury-
containing vapors over activated carbon that has been impregnated with sulfuric acid.
Selenium has also been used in the removal of mercury from a vapor. U.S. Patent
No. 3,786,619 discloses passing a mercury-containing gas over a mass containing

as an active component, selenium, selenium sulfide or other selenium compounds.
Elecirostatic precipitators and various filters have traditionally been used for mercury
removal, although complex apparatus have also been disclosed. (See e.g., U.S. Patent
Nos. 5,409,522 and 5,607,496.)

The problem of recapturing mercury from power plant gas streams
is analogous to the need for recapturing mercury from incinerators that treat
contaminated so1ls. A process currently in use at soil treatment facilities is known as
low temperature thermal desorption (LTTD). LTTD is the main process by which
contaminated soils are treated to remove mercury and other contaminants. In this
process, contaminated soils are fed into a heating furnace, most commonly a rotary
kiln/dram, where the soil is heated by conduction. The heating volatizes the soil
components and when a thermal oxidizer is added, the components are oxidized to
manageable gases, such as CO,, Clp, NOy and SOy, where x is 1-3.

The hot gas stream is subsequently cooled. The stream may be
quenched with water, which cools the stream and concurrently increases the moisture
content. Although water quenching is a highly effective cooling method, this treat-
ment increases the difficulty of removing mercury from the gas stream. The gas
stream 1s further treated to reduce and remove metals, HC], NO, and SOy using acid
scrubbers, carbon beds, condensation units and through the addition of adsorption.
powders.

When adsorption powders are injected into the gas stream, mercury
and other metals bind to moieties present in the powder, precipitating them from
the gas stream. The powder-bound mercury is ultimately collected in a bag house
for appropriate disposal, while the clean gas stream is exhausted to the outside
atmosphere. The problem with standard LTTD methods is that some metals, such

as mercury, are not removed from the stream at high efficiency and will move with
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the gas stream, ultimately into the environmeni. Other methods require the use of
complex machinery and expensive adsorption beds. LTTD and other methods also
suffer from the limitation that mercury removal from high moisture gas streams is
much more difficult than mercury removal from dry streams.

Available adsorption powders remove organics, metals and other
contaminants, but they do not effectively remove mercury. For example, one
available powder (Sorbalite ™) consisting of carbon, calcium hydroxide and sulfur
removes HCI from a gas stream, bui removes only about 55-65% of the mercury.
Another powder (WUELFRAsorb-C ™) consisting of alcohol saturated lime and
activated carbon is also inefficient at removing mercury.

Some powders include sulfur or iodine impregnated carbon. At
temperatures of 75°C or less, sulfur or iodine impregnated carbon based powders
show a 95% mercury removal efficiency, however, powders formulated with sulfur
impregnated carbon require a dry or low moisture gas siream to show this level of
removal.

Finally, the mercury removal efficiency of the powders described
and other available powders is known to be very temperature dependent, placing
an additional limitation on powder formulations.

A pending application describing a process from the same inventors
involved the use of solid fine cupric chloride that is not impregnated on carbon. This
was found to be more difficult to handle because of the grinding process required to
pulverize the cupric chloride which is generally provided in rock sizes. The grinding
process requires a great amount of atiention due to the dust production and associated
heath hazards. Additionally, the powder is very corrosive and results in breakdown of
the machinery used in the process.

Accordingly, there is a need in the indusiry for an adsorption
powder that effectively removes metals and other organic compounds, in general, and
mercury, in particular, from high temperature, high moisture gas streams generated by
the incineration of contaminated soils, treatment of hazardous materials, combustion

of coal and other mercury liberating sources. The powder must be inexpensive and

-3~
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casy to use. Ideally, such an adsorption powder can be employed at treatment
facilities already in place and can take advantage of equipment already in position,

without requiring retooling or reconfiguring existing equipment.

SUMMARY OF THE INVENTION

There is disclosed an adsorption powder and method for removing

mercury and other metals and contaminants from a high temperature, high moisture
gas stream comprising: about 1-97% carbon; about 1-97% calcium hydroxide; about
1-97% cupric chloride impregnated carbon and about 1-60% Klz impregnated carbon.
A method for removing mercury and other metals, dioxins, furans and other organic
compounds from high temperature, high moisture gas streams using the claimed

powder is also disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

The instant invention will be more fully understood in the following
detailed description, it being understood, however, that the invention is not confined
to the precise disclosure. Changes and modifications may be made that do not affect
the spirit of the invention, nor exceed the scope thereof, as expressed in the appended
claims. Accordingly, the instant invention will now be described with particular
reference 10 the accompanying drawings.

Figure 1 is a schematic diagram illustrating the design of an LTTD

facility in which the claimed adsorption powder can be used to remove mercury from
gas streams.

DETAILED DESCRIPTION OF THE INVENTION

There is disclosed an adsorption powder for removing mercury and
other metals from a gas stream cormprising:

a) about 1-97% carbon;

b) about 1-97% calcium hydroxide;

¢) about 1-97% cupric chloride impregnated carbon; and

d) about 1-60% KI; impregnated carbon.

-4-
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The powder more particularly comprises about 10-70% carbon, about
20-80% calcium hydroxide, about 1-50% cupric chloride impregnated carbon and
about 1-50% Kl impregnated carbon, A preferred adsorption powder comprises
about 20-60% carbon, about 30-70% calcium hydroxide, about 1-30% cupric chloride
impregnated carbon and about -30% Kl; impregnated carbon.

In a more preferred embodiment, the adsorption powder comprises
about 25-45% carbon, about 40-60% calcium hydroxide, about 1-15% cupric chloride
impregnated carbon and about 1-15% Kl impregnated carbon. The most preferred
embodiment comprises about 40% carbon, about 40% calcium hydroxide, about 10%
cupric chloride impregnated carbon and about 10% Kls impregnated carbon,

The use of the Klz impregnated carbon has been found to be optional
as the powder lacking this component performed equally as well as one containing the
KI5 impregnated carbon.

Thus, in another embodiment of the invention, , the adsorption powder
comprises aboui 10-70% carbon, about 20-80% calcium hydroxide and about 1-50%
cupric chloride impregnated carbon.

There is also disclosed a process for removing mercury from a gas
stream using the adsorption powder of the invention comprising the steps of:

a) placing a solid phase mercury-containing contaminaied soil feed into a rotary
kiln/drum;
b) heating said kiln/drum containing said soil feed to form gaseous and solid

components of the sample;
c) transferring the gaseous component of said soil feed to an exhaust cleaning
unit/afterburner and the solid component of clean soil to a soil cooling unit;
d) heating the gaseous component of said contaminated soil feed in said exhaust

cleaning unit/afterburner;

e) cooling the gaseous component of said contaminated soil feed;

£ adding the adsorption powder of Claim 1 to the gaseous component;

g) transferring the powder-containing gaseous component to a baghouse; and
-5
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h) releasing the substantially mercury-free gaseous component of said sample to

the atmosphere.

An adsorption powder for the removal of mercury and other metals,
dioxins, furans and other organic compounds must be efficient under a range of
conditions. Currently available powders do not function well at high temperatures
and in high moisture environments, conditions that are favorable to mercury removal.

High temperatures are necessary for effective removal of contaminants
from soil. Temperatures of about 1800°F are necessary to volatize organics, metals
and other impurities from the contaminated soil. Mercury that is trapped in
contaminated soil, however, is most efficiently adsorbed on carbon at about 300-
500°F. The most practical method of cooling a gas stream exiting an 1800°F oven
1s to inject water into the gas stream. Water injection cools the gas stream to a
iemperature favorable to mercury removal, but also increases the moisture content of
the sample, which decreases the efficiency of available mercury adsorption powders.
The mercury absorbing properties of available powders suffer dramatically in a high
moisture environment. The adsorption powder of the invention, however, operates
effectively even in a higher moisture environment.

Experiments with carbon sources showed that coal carbon was superior
to wood carbon for mercury adsorption. Many available adsorption powders use
wood carbon as a component, rather than coal carbon. Cupric chloride was observed
to significantly enhance the adsorption of mercury from a gas stream and is the key to
the instant invention. Cupric chloride supplies chlorine and activated copper to the
elemental mercury in the exhaust stream. Elemental mercury reacts with the chlorine
to form mercury chloride and the activated copper to form a stable mercury amalgam.
Both forms of mercury are easily captured from the exhaust gas stream. Xl
impregnaied carbon was also found to increase mercury adsorption when it was
inciuded in the powder,

Figure 1 shows a schematic diagram of the actual process and equip-
ment used to carry out the invention. Prescreened contaminaied feed soil ready to be
processed 2 is placed within soil cleaning unit 4. The contaminaied soil is heated to
about 900°F or a temperature that will completely volatize the contaminates from the
soil and generate a gas stream, as well as a clean/remediated solid soil component.
Preferably, soil cleaning unit 4 is a rotary kiln. The gas stream is then passed out

-6 -
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of soil cleaning unit 4 to dust remover 6, while any solid fraction of the feed soil is
transferred to clean soil cooling unit 8, where the soil is cooled and prepared for reuse.
Dust remover 6 is preferably a muiti-tube dust collector.

After dust remover 6 removes any particulate matter from the gas
stream sample, the gas stream is passed into the Exhaust Cleaning Unit 10, The
Exhaust Cleaning Unit heats the volatilized contaminates to a temperature of about
1800°F for a minimum of two seconds retention time, which assures complete
destraction of any remaining organic or other contaminants. From the Exhaust
Cleaning Unit 10, the gas stream then passes through cooling chamber 12 wherein
a water pump (not shown) injects water into the cooling chamber 12 to lower the
temperature of the sample to about 360°F. This cooling process consequentialily
increases the moisture content of the sample.

The high temperature, high moisture gas stream is then contacted to the
adsorption powder of the invention, which is stored in adsorbent storage silo 14 and
injected into the gas stream. This powder formulation is effective in removing metals,
particularly mercury, and other contaminants.

After the gas stream has been contacted to the adsorption powder,
the powdet/gas stream mixture continues on to baghouse 16. The carbon component
of the adsorption powder collects on the walls of bags and acts as a particulate filter
for the gases leaving the baghouse. Baghouse 16 collects the particulate merctiry-
containing fraction of the adsorption powder mixture, which is transported to a
suitable bulk storage facility 20 and subsequently removed. The gaseous fraction
is released to the outside atmosphere through vent 18, while the remaining dust
particulate fraction is handled in a similar manner to the particulate mercury fraction
of the adsorption powder mixture 20.

EXAMPLE 1

A series of field tests were performed employing a preferred adsorption
powder formulation. Three soil samples containing about 4.2 mg/kg of mercury were
prepared by screening to 1 inch. The coarse material was discarded, and the remain-
ing soil was fed into a soil cleaning unit and heated to about 900°F. The cleaned soil
was transferred to a soil cooling unit and prepared for reuse. The exhaust stream was
sent to a dust remover and the precipitated material was sent to the soil cooling unit.
The exhaust stream was then fed into an exhaust cleaning unit, which was heated to
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about 1850°F. The exhaust gas was then cooled to about 360°F by guenching with

water, and subsequently an adsorption powder comprising 40% coal carbon, 10% Kl
impregnated carbon, 40% calcium hydroxide and 10% cupric chloride impregnated
carbon was added. The exhaust stream/adsorption powder mixture was fed into a
baghouse, where the mercury-bound particulate was separated from the mercury-free
exhaust gas. The particulate material was removed from the baghouse for analysis
and disposal, while gas analyzers on the exhaust stack recorded mercury emission
levels. The results of the three, two hour runs are reported in the following table.

B Run 1 Run 2 Run 3 Average
LTTD Mercury Input (Ibs/hr) 0.193 0.199 0.199 0.197
Clean Soil Mercury QOutput (Jbs/hr) 0.0020 0.0020 0.0020 0.0020
Mercury Emission Rate (1bs/hr) 0.0012 0.0006 0.0007 0.0008
Mercury Removal Efficiency’ 99.4% 99.7% 99.6% 99.6%

! Removal Efficiency (%) = (Mass input - Stack Qutput- Clean Soil Outpuat}/(Mass Input - Clean Soil Qutput)

The average mercury removal efficiency of 99.6% exceeds the current
mercury control efficiency specification of 96.5% efficiency, set by NJDEP air permit
legislation. Mercury emissions were determined by EPA method 29-060.

Although the adsorption powder and method described and claimed
are presented in the context of mercury removal from a gas stream, it should be
appreciated thai the powder and method are also useful for removing organics,
metals and other confaminants from a gas stream.
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WHATIS CTATMED IS:

1, An adsorption powder for removing mercury and other metals,
dioxins, furans and other organic compounds from a gas stream comprising:
5 a) about 1-97% carbon;
b) about 1-97% calcium hydroxide;
¢} about 1-97% cupric chloride; and
d) about 1-60% KIl; impregnated carbon.

10 2. The adsorption powder of claim 1 wherein the adsorption
powder comprises about 10-70% carbon, about 20-80% calcium hydroxide, about

1-50% cupric chloride impregnated carbon and about 1-50% K15 impregnaied carbon.

3. The adsorption powder of claim 1 wherein the adsorption
15  powder comprises about 20-60% carbon, about 30-70% calcium hydroxide, about
1-30% cupric chloride impregnated carbon and about -30% Kl impregnated carbon.

4., The adsorption powder of claim 1 wherein the adsorption
powder comprises about 25-45% carbon, about 40-60% calcium hydroxide, about
20  1-15% cupric chloride impregnated carbon and about 1-15% KI; impregnated carbon.

5. The adsorption powder of claim I wherein the adsorption
powder comprises about 30% carbon, about 50% calcium hydroxide, about 10%

cupric chloride impregnated carbon and about 10% KI5 impregnated carbon.

25
6, The adsorption powder of claim 1 wherein the adsorption
powder comprises about 10-70% carbon, about 20-80% calcium hydroxide, about
1-50% cupric chloride impregnated carbon.
30 7. The adsorption powder of claim 1 wherein the carbon is coal

carbon.

BHE ET AL. EXHIBIT 1025
Page 529



WO 01/62368

10

15

20

PCT/US01/05259

8. A method for removing mercury and other metals, dioxins,

furans and other organic compounds from a gas stream nsing the adsorption powder

of claim 1 comprising the steps of:

a)

b)

8)
h)

placing a solid phase mercury-containing contaminated soil feed into a rotary
Ialn/drum;

heating said kiln/drum containing said soil feed to form gaseous and solid
components of the sample;

transferring the gaseous component of said soil feed to an exhaust cleaning
unit/afterburner and the solid component of clean soil to a soil cooling unit;
heating the gaseous component of satd contaminated soil feed in said exhaust

cleaning unit/afterburner;

.cooling the gaseous component of said contaminated soil feed;

adding the adsorption powder of Claim 1 to the gaseous component;
transferring the powder-containing gaseous component to a baghouse; and
releasing the substantially mercury-free gaseous component of said sample to

the atmosphere.

9, The method of Claim 8 wherein the adsorption powder used in

step f) comprises about 40% carbon, about 40% calcium hydroxide, about 10% cupric

chloride impregnated carbon and about 10% Kl3 impregnated carbon.

-10 -

BHE ET AL. EXHIBIT 1025
Page 530



PCT/US01/05259

WO 01/62368

— .O_l_._ ININVITD LSNVHX3 ININVT1D 0S
A A
e "N N
_
| 30N3Y ¥04
- MRS 15T | 08 NTD
. | R
W30S 1500 [ L40dSNYAL 1ng 0L _ % % + # T.,m [ND
_ INT009
ol N3 * | j
! 1SIVHX3 _ s oS
Ol IOV =1 ~
,.-;.||u,..........._..........4[1!;]..................._ _ ||J _
| HOAIANDD
0c 3005 | Q30T0N3
ISNOHOVE "
| 8l SHILNIMNY ] o
\, _ .
| T i _ “
N f J _
m * 04 IN0 _ “
m ININYIT) _ o
] F !
/1 30V801S ﬂ _ WY38IS 1SNVHY3 ”
agiosqy ¢l YAV _
|
_

INI00D AY3ULS [SYHX3

¢ BNVED 38 Ol
31ld ¥30LS 05

BHE ET AL. EXHIBIT 1025

Page 531



INTERNATIONAL. SEARCH REPORT

International application No.
PCT/US01/05259

A.
IPC{(H

CLASSIFICATION OF SUBJECT MATTER

:BOLD 53/04

UsS CL :95/133, 134, 141, 900; 96/154; 423/210
According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

L4
CUS.

95/133, 134, 141,

Minimum decumentation searched (classification system followed by classification symbols)
142, 900, 96/108, 132, 135, 154; 423/210

NONE

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terma used)

NONE
C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the Televant passages Relevant to claim No.
A US 3,193,987 A (MANES et al.) {3 July 1965 (13.07.65). 1-9

A US 3,194,629 A (DREIBELBIS et al.) 13 July 1965 (13.07.65). 1-9

A US 3,876,393 A (KASAI et al.) 08 April 1975 (08.04.75). 1-9

A US 4,094,777 A (SUGIER et al.) 13 June 1978 (13.06.78) 1-9

A US 4,273,747 A (RASMUSSEN) 16 June 1981 (16.06,81) 1-9

A US 5,409,522 A (DURHAM et al.) 25 April 1995 (25.04.95). 1-9

Further documents are listed in the continuation of Box C.

D See patent family annex.

AL

B0

T

e

npu

Special caiegories of cited documents;

document defining the general atele of the art which is not considered
to be of particular relevance

earlier decument published on or afler the mternational filing date

document which may throw doubts an pricrity claim(s) or which is
cited to establish the publication date of anwther citation or other
speeial reason (as specified)

document relerting to an oral disclosure, use, exhibition or other
means

document published prior to the international filing dale byt later than
the priorily date claimed

=T tater document pubfished after the international filing date or priority
date and not in conflict with the applicalion but ciled o understand

the prinsiple or theery underlying the invention

document of particular relsvance; the claimed inventon cannot be
considered novel or cannot be copaiered lo invelve an inventive slep
when the document is taken alone

" document of particular relsvance; the claimed invention cannot be
considered ta involve an inventive step when the document is
combined with one or more ather such documents, such combination
being obvious 1o @ person skilled in the art

- document member of the same petent family

Date of the actual completion of ihe international search

09 APRIL 2001

Date of mailing of the international search report

07 iay 20

Name 2nd mailing address of the ISA/US
Commissioner of Patents and Trademarks

Box PCT
Washingten, D.C. 20231
Facsimile No. (703) 305-3230

Authorized officer L Z/» 1
- é
ROBERT H. SPITZER %75 / [/.»:/ %

Telephone Na. {703y 308-0651

Form PCT/ISA/210 (second sheet) (July 1998) »

BHE ET AL. EXHIBIT 1025
Page 532




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US01/05259 J

C {Confinuation), DOCUMENTS CONSIDERED TO BE RELBEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A US 5,575,982 A (REISS et al.) 19 November 1996 (19.11.96). 1-9
A US 5,607,496 A (BROOKS) 04 March 1997 (04.03.97). 1-9
A US 5,659,110 A (HERDEN et al.) 19 August 1997 (19.08.97). 1-9

Form PCT/ISA/210 (continuation of seccond sheet) (July 1998) »

BHE ET AL. EXHIBIT 1025
Page 533




Electronic Acknowledgement Receipt

EFS ID: 6546477
Application Number: 12419219
International Application Number:
Confirmation Number: 1149

Title of Invention:

SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

First Named Inventor/Applicant Name: Edwin S. Olson
Customer Number: 23552
Filer: Dennis Robert Daley/Rebecca Krueger
Filer Authorized By: Dennis Robert Daley

Attorney Docket Number:

16291.0001U5C1

Receipt Date: 01-DEC-2009
Filing Date: 06-APR-2009
Time Stamp: 12:54:40

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment ho
File Listing:
Document Document Description File Name File Slze(B)ttes)f Multl. .Pages
Number Message Digest | Part/.zip| (ifappl.)
261616
] Information Disclosure Statement {IDS) \DS.PDF o 5
Filed (SB/08) ' _ _
ad 12099653 [ab06a% 3231 alchie 16524715
aldcc
Warnings:
Information:
BHEET AL, EXHIBIT 1025

Page 534




This is not an USPTO supplied IDS fillable form

6738855
2 NPL Documents AttachmentA.PDF no 106
25412734 564548 3234 7170 14 70a | {61 16 |
Warnings:
Information:
251213
3 NPL Documents AttachmentB.PDF no 7
acab a8 T 61 M 2020159 | b2 B350 dH
a3t
Warnings:
Information:
214193
4 NPL Documents AttachmentC.PDF no 4
Tak069chdaq | 488340595 % 2dd 337 a1
bk
Warnings:
Information:
402398
5 Foreign Reference CA1099490.FDF no 11
03858612052 1044 3chd 504 7 8bfd cadlcBsd
Warnings:
Information:
817971
6 Foreign Reference CA2150529.FPDF no 25
b4 22 S50 7 A7 0 Al de dapBddd 2o
Toct
Warnings:
Information:
541007
7 Foreign Reference CA2400898.FDF no 14
G007 Fe0634 385 ala% 32 | haghdalidFa ¥
056
Warnings:
Information:
335197
8 Foreign Reference DE3426059.PDF no 10
TB6750M 3 | 0bAd7e 1030240 delcBB 7162
Warnings:
Information:
1203266
o] Foreign Reference DE10233173.PDF no 20
6801 1798Mda4345 1 a8N 066 Shdalx 32 oy
Warnings:
Information:
564646
10 Foreign Reference EP0208490.PDF no 14
dAl3f7hab 6837 Mkml ¥ [cdbcs 5 555 Saeeei
3dz2

BHE ET AL. EXHIBIT 1025

Page 535




Warnings:

Information:

194669
11 Foreign Reference JP4943197 PDF no 3

efdabe3f 199052 5cd ebbeeaShiE 1 32dabhy
3]

Warnings:
Information:
185302
12 Foreign Reference JP4953593-W-Abstract.PDF no 4
Sd137d 105 2220015
dect
Warnings:
Information:
285430
13 Foreign Reference JP506438.PDF no 5
Saf :ﬂ;‘) | |
Warnings:
Information:
674867
14 Foreign Reference WO01_62368.PDF no 14
Dc77ociate 1901398230 eacGR222E63TISr
Hica
Warnings:
Information:
869729
15 NPL Documents Dunham-Mercury-Capture.PDF no ]

2d292531 20332364 103balaecf753ab534h)
74562

Warnings:

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the
Image File Wrapper and may affect subsequent processing

Information:

Fel M Reducti 529923
16 NPL Documents elsvang e;g:;y eduction. ne 19

cohd4a303 180a0305f0a5 323c37a 125064

Warnings:

Information:

- : 1592606
Ghorishi-Sorption-of-Mercury.

17 NPL Documents POF

ne 12

MOBT653a3a6d2361 3cPhefdal cFae 34T
aled

Warnings:

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the
Image File Wrapper and may affact subsequent processing

Information:

‘ ‘ 1694247
18 NPL Docurments Landa-Adsor;;gc'):n-of-Mercury‘ o 14

et oha 3 3iddd5%ad | 3 2bogsald

Warnings:




The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the
Image File Wrapper and may affact subsequent processing

Information:

) 131348
19 NPL Documents OIson-The-R:cEI)L;ctlon-of-Gas. o 13
17676062 3ca2 | 1edebakdacSoheh 181 %
Warnings:
Information:
1425947
20 NPL Documents Vosteen-Chlor.PDF no 31
ST502e A0S | (lae0dei%2baal I68edc)
dsa2
Warnings:
Information:
Total Files Size (in bytes); 18914430

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similarto a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-{d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

MNational Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.5.C, 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date {(see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/R0O/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

BHE ET AL. EXHIBIT 1025
Page 537




UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark (Hfice

Address COMMISSIONER FOR PATENTS
P Box 1450

Ql\i:vﬁg$ag\;?m 223131450
APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
12/419,219 04/06/2009 1795 631 16291.0001USC1 24 1
CONFIRMATION NO. 1149
23b52 UPDATED FILING RECEIPT

MERCHANT & GOULD PC

P.0. BOX 2003 T O

MINNEAPOLIS, MN 55402-0903
Date Mailed: 11/16/2009

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information; the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts” for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)

Edwin S. Olson, Grand Forks, ND;

Michael J. Holmes, Thompson, ND;

John H. Pavlish, East Grand Forks, MN;
Assignment For Published Patent Application

Energy & Environmental Research Center Foundation, Grand Forks, ND
Power of Attorney: None

Domestic Priorlty data as clalmed by applicant
This application is a CON of 12/201,595 08/29/2008
which is a DIV of 11/209,163 08/22/2005 PAT 7,435,286
which claims benefit of 60/605,640 08/30/2004

Foreign Applications

If Reqquired, Foreign Fillng License Granted: 08/31/2009

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 12/419,219

Projected Publication Date: 02/25/2010
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **

page 10f 3

BHE ET AL. EXHIBIT 1025
Page 538



Title

SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY
Preliminary Class

430

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifles the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
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issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
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Electronic Acknowledgement Receipt

EFS ID: 6392353
Application Number: 12419219
International Application Number:
Confirmation Number: 1149

Title of Invention:

SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

First Named Inventor/Applicant Name: Edwin S. Olson
Customer Number: 23552
Filer: Dennis Robert Daley/Rebecca Krueger
Filer Authorized By: Dennis Robert Daley

Attorney Docket Number:

16291.0001U5C1

Receipt Date: 04-NOV-2009
Filing Date: 06-APR-2009
Time Stamp: 16:15:09

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment ho
File Listing:
Document Document Description File Name File Slze(B)ttes)f Multl. .Pages
Number Message Digest | Part/.zip| (ifappl.)
32222
1 Miscellaneaus Incoming Letter Resp-MParts.PDF no 1
caldb7 a2 MBaaTeaf7dsoes 3183961203 849

S

Warnings:

Information:
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457852
Drawings-only black and white line

2 - Replacement-Figs.PDF no 10
drawings
44 77 a3 732 ae 3425 36 1 75 213
Pl
Warnings:
Information:
Total Files Size (in bytes); 450074

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similartoa
Post Card, as described in MPEP 503,

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application,

National Stage of an International Application under 35 U.S.C, 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.5.C. 371 will be issued in addition to the Filing Receipt, in due course,

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark (Hfice

Address COMMISSIONER FOR PATENTS
P Box 1450

Ql;&ﬁg$i£ﬂg\;:guua 223131450
APPLICATION FILING or GRP ART
NUMBER 371lic) DATE TINIT FIL FEE REC'D» ATTY DOCKET.NO TOT CLAIMESQIND CLAIMS
127419219 040672009 1795 631 16291,0001USCI 24 ]
CONFIRMATION NO. 1149
23552 FILING RECEIPT

MERCHANT & GOULD PC

PO.BOX2M | LA AR

Date Mailed: 09/04/2009

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information; the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts” for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)

Edwin S. Olson, Grand Forks, ND;

Michael J. Holmes, Thompson, ND;

John H. Pavlish, East Grand Forks, MN;
Assignment For Published Patent Application

Energy & Environmental Research Center Foundation, Grand Forks, ND
Power of Attorney: None

Domestic Priorlty data as clalmed by applicant
This application is a CON of 12/201,595 08/29/2008
which is a DIV of 11/209,163 08/22/2005 PAT 7,435,286
which claims benefit of 60/605,640 08/30/2004

Foreign Applications

If Reqquired, Foreign Fillng License Granted: 08/31/2009

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 12/419,219

Projected Publication Date: To Be Determined - pending completion of Corrected Papers
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **

page 10f 3

BHE ET AL. EXHIBIT 1025
Page 554



Title

SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY
Preliminary Class

430

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifles the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant’s license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9189, or it
can be viewed on the USPTO website at hitp://www.uspto .gov/web/cffices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http//www stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits™ giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.8.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espicnage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774), the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.5.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark (Hfice

Address COMMISSIONER FOR PATENTS
P Box 1450

Q1;$E$ag\;?m 223131450
| APPLICATION NUMBER | FILING OR 3714C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NOJTITLE |
12/419,219 04/06/2000 Edwin S. Olson 16291.0001USC1
CONFIRMATION NO. 1149
23552 FORMALITIES LETTER

MERCHANT & GOULD PC

B0, B 2000 A

MINNEAPOLIS, MN 55402-0903
Date Mailed: 09/04/2009

NOTICE TO FILE CORRECTED APPLICATION PAPERS
Filing Date Granted

An application number and filing date have been accorded to this application. The application is informal since
it does not comply with the regulations for the reason(s) indicated below. Applicant is given TWO MONTHS
from the date of this Notice within which to correct the informalities indicated below. Extensions of time may be
obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

The required item(s} identified below must be timely submitted to avoid abandonment:

» Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121(d} are required. The drawings
submitted are not acceptable because:

» The drawings have a line quality that is too light to be reproduced (weight of all lines and letters must
be heavy encugh to permit adequate reproduction) or text that is illegible (reference characters, sheet
numbers, and view numbers must be plain and legible} see 37 CFR 1.84(1) and {p)(1)}}; See Figure(s) 2,
4-10.

* Numbers, letters, and reference characters on the drawings must measure at least 0.32 cm (1/8 inch) in
height. See Figure(s) 3-10.

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.
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Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply ta this notice via EFS-Web.
hitps/ rtal. gov/authenti Authenti rLocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/atesfaye/

Cffice of Data Management, Application Assistance Unit (571) 272-4000, or (571} 272-4200, or 1-888-786-0101
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Electronic Patent Application Fee Transmittal

Application Number:

12419219

Filing Date:

Title of Invention:

SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

First Named Inventor/Applicant Name:

Edwin 5. Olson

Filer:

Dennis Robert Daley/Carla Catalano

Attorney Docket Number:

16291.0001U5C1

Filed as Small Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Su B_;S[tsa}l in
Basic Filing:
Utility filing Fee {Electronic filing) 4011 1 82 82
Utility Search Fee 2111 1 270 270
Utility Examination Fee 2311 1 110 110
Pages:
Claims:
Claims in excess of 20 2202 4 26 104
Miscellaneous-Filing:
Late filing fee for oath or declaration 2051 1 65 65
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Description Fee Code Quantity Amount Su B_;S[tsa}l in
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellanecus:
Total in USD ($) 631
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Electronic Acknowledgement Receipt

EFS ID: 52043844
Application Number: 12419219
International Application Number:
Confirmation Number: 1149

Title of Invention:

SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

First Named Inventor/Applicant Name: Edwin S. Olson
Customer Number: 23552
Filer: Dennis Robert Daley/Carla Catalano
Filer Authorized By: Dennis Robert Daley

Attorney Docket Number:

16291.0001U5C1

Receipt Date: 23-APR-2009
Filing Date:
Time Stamp: 13:52:32

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type Credit Card
Payment was successfully received in RAM $631

RAM confirmation Number 187

Deposit Account 132725
Authorized User DALEY,DENNIS R.

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 CF.R. Section 1.17 (Patent application and reexamination processing fees)

Charge any Additional Fees required under 37 CF.R. Section 1.21 (Miscellaneous fees and gla_{&es]
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File Listing:

Document Document Describtion File Name File Size(Bytes)/ Multi Pages
Number P Message Digest | Part/.zip| (ifappl.)
38213
1 Fee Worksheet (PTO-875) fae-info.pdf no 2
et 62955 36% ] 1M | daSfely2367200

4215

Warnings:

Information:

Total Files Size {in bytes); 38213

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similarto a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-{d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

MNational Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.5.C, 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date {(see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/R0O/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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IN THE UNITED STATES PATENT AND TRADEMARK QFFICE

DOCKET NUMBER ANTICIPATED CLASSIFICATION OF FHIS PRIOR APPLICATION
APPLICATION:
CLASS SUBCLASS EXAMINER ART UNIT
16291.0001USC1 1797
EFS Filing

Commissioner for Patents

P.O. Box 1450

CONTINUATION APPLICATION UNDER 37 C.E.R. § 1.53(b)

Alexandria, Virginia 22313-1430

Dear Sir:

This is a request for filing a continuation application under 37 CFR § 1.53(b) of Serial No. 12/201,595, filed on August 29,

2008 entitled SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY by the following inventor(s):

Full Name Family Name First Given Name Second Given Name
Of Inventor Edwin S. Olson
Residence City State or Foreign Country Country of Citizenship
& Citizenship Grand Forks North Dakota U.S.A
Post Office Post Office Address City State & Zip Code/Country
Address 223 Circle Hills Drive Grand Forks North Daketa 58201 U.S.A.
Full Name Family Name First Given Name Second Given Name
Of Inventor Michaet L Holmes
Residence City State or Foreign Country Country of Citizenship
& Citizenship Thompson North Dakota U.5.A
Post Office Post Office Address City State & Zip Code/Country
Address 614 - 6th Avenue Thompson North Dakota 58278 U.S.A.
Full Name Family Name First Given Name Second Given Name
Of Inventor John H. Pavlish
Residence City State or Foreign Country Country of Citizenship
& Citizenship East Grand Forks Minnesota U.S.A.
Paost Office Post Office Address City State & Zip Code/Country
Address 42204 - 210th Street S W. Eagst Grand Forks Minnesota 56721 U.S.A.
1. 7] Enclosed is a copy of the prior application; including the specification, claims, drawings, a signed oath or

declaration, and any amendments referred to in the oath or declaration filed to complete the prior application. (It is
noted that no amendments referred to in the oath or declaration filed to complete the prior application introduced
new matter therein.} The prior application is as follows: 29 pages of specification, 33 claims, I page of abstract, 7
sheets of drawings, and 1 pages of oath or declaration.

X The entire disclosure of the prior application, from which a copy of the oath or declaration is supplied, is considered
as being part of the disclosure of the accompanying application and is hereby incorporated by reference therein.
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The filing fee is calculated below:

X Small entity status is claimed pursuant to 37 CFR 1.27.
Payment of fees:
X PAYMENT OF THE FILING FEE IS BEING DEFERRED,

The Commissioner is hereby authorized to charge any additional fees as set forth in 37 CFR §§ 1.16 to 1.18 which
may be required by this paper or credit any overpayment to Account No. 13-2725.

A set of formal drawings ( sheets) is enclosed.

Priority of application Serial No. 60/605,640, filed on August 30, 2004 in the U.8.A., is claimed under 35 U.S.C.
119.

The certified copy has been filed in prior application Serial No.

The prior application is assigned of record to Energy & Environmental Research Center Foundation, 15 North 23rd
Street, Grand Forks, North Dakota 58262-9018.

The Power of Attorney in the prior application is to:

Conley Rose, P.C., P.O. Box 3267, Houston, Texas 77253-3267

A preliminary amendment is enclosed. (Claims added by this amendment have been properly numbered
consecutively beginning with the number next following the highest numbered original claim in the prior
application.)

Fee for excess claims is attached.

A petition and fee has been filed to extend the term in the prior application until . A copy of the petition for
extension of time in the prior application is attached.

The inventor(s) in this application are less than those named in the prior application and it is requested that the
following inventors identified above for the prior application be deleted:

A Non-publication Request under 37 CFR 1.213(a) is enclosed.
Information Disclosure Statement, Form 1449 and reference(s).
Application Data Sheet, 4 pages.

Also Enclosed:

Address all future communications to the Attention of Dennis R. Daley associated with the customer number below
(may only be completed by attorney or agent of record)
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17. 1< A return postcard is enclosed.

235582 Respectfully submitted,
PATENT TRADEMARK
—— MERCHANT & GOULD P.C.
T
=
Dated: fWé}'//f By:é/ vm%
4 ennis R. Daley /
Reg. No. 34,994
GAS/TP)/kmn
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2380-00207

FTOIEBA] A (D801}

Approved for use through 06/3¢/2006. OMB 06510032

V.5, Potent and Trademark Office; (1.8, DEFARTMENT OF COMMERCE
1o 1 eollection of infarmation unless it d a vetid OME eantrsl pumiber.

ired to
DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING
AN APPLICATION DATA SHEET (37 CFR 1,76)

Title of Invention | SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

As below named inventors, we declare thats

This Declaration is directed to:
O The attached application, or
x| Application No. 12/201,595, filed on August 29, 2008,
O a5 amended on (if applicable);

We believe that we are the original and first inventors of the subject matter which is claimed and for which a patent
is sought;

We have reviewed and understand the contents of the above-identified application, including the claims, as amended
by any amendment specifically referred to above;

We acknowledge the duty to disclose to the United States Patent and Trademark Office ait information Imown to us
o be matesial to patentability as defined in 37 CFR 1.56, including for continuation-in-part applicstions, material
information which became available between the filing date of the prior application and the national or PCT
International filing date of the continuation-in-part application.

Al statements made herein of our own knowledge are true, all siitemenis made herein on information and belief are
believed to be true, and further that these statements were made with the knowledge that witlful false statements and
the like are punishable by fine or imprisorment, or both, under 18 U.5.C. 100!, and may jeopardize the validity of
the appiication or any patent issuing thereon.

FULL NAME OF INVENTOR(S) _
Inventorone:  BEdwin $. Olson Date: /2 - ':[ , 2008
Signature:. : /d» o itizen oft US
Inventor two:  Michast J, Holmes Date: 3/-:.5/ ,2008
Citizen oft US

Inventor three; :? Date: ?/ 2{' / , 2008
|_Signature: Citizen of: US

Inventor t‘% Date: , 2008

Signature: Citizen oft
Inventor five; Date: , 2008
Signatare; Citizen oft

_ ! ] Additional Inventors are being named on____additional formy(s) attached hereio.

7] JEy 35 US.C 118 and CFR 1.6, mmmwmuwmwm«rmmﬁmyumulmmhmﬁc(wuymtfﬁwwmm
lppﬁmmMenﬂﬂ‘uyhpvmdbyisus.c.IZIMJ?CMI(«MMawNMwuhlummM Inshuding gathering, and submirting the
lpmlﬂnfomlo USPTO. Tinae witl vary depending upon Tdual caze. Ay om the smount of ime yob requim 16 completa this form sndlor soagestions Sor
redotheg Ut ardon, should bs sem yo the Chlef Tnformation Ofiteer, U&MNTMOMUSWWMF 0. Box 1450, Alexandria, YA 233 13- 1450, D NOT
SEMD FEES OR COMPLEYED PORMS T0 THIS ADDRESS. SEND TO; Cortmlsslones fur Prien, P. . Box 1450, Aloandia, VA 22113-1450.
W you need assivtance in comphcing the foem, eall 1-B0G-PTD-S1 wnd aekeet option 2,
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Application Data Sheet

Application Information

Application Type:: Regular
Subject Matter:: Utility
Suggested Classification::

Suggested Group Art Unit::

CD-ROM or CD_R?:: None

Number of CD disks::

Number of copies of CDs::

Sequence Submission:: No

Computer Readable Form (CRF)7?:: No

Title:: SORBENTS FOR THE OXIDATION AND REMOVAL
OF MERCURY

Attorney Docket Number:: 16291.0001USC1

Request For Early Publication:: No

Request For Non-Publication:: No

Suggested Drawing Figure:: 1

Total Drawing Sheets:: 7

Small Entity:: Yes

Latin Name::

Variety Denomination Name::

Petition Inciluded:: No
Petition Type::

Licensed US Govt. Agency::

Contract or Grant Numbers::

Secrecy QOrder in Parent Appl.?7:: No

Initial 04/06/09
Page # 1
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Applicant Information

Applicant Authority Type::
Primary Citizenship Country::
Status::

Given Name::

Middle Name::

Family Name:;

Name Suffix::

City of Residence::

State or Province of Residence::
Country of Residence::

Street of mailing address::

City of mailing address::

State or Province of mailing address::
Country of mailing address::

Postal or Zip Code of mailing address::
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2380-00207

SORBENTS FOR THE OXIDATION AND REMOVAL OF MERCURY

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application is a divisional of U.S. Patent Application No. 11/209,163 filed August 22,
2003, entitled “Sorbents for the Oxidation and Removal of Mercury”, which claims the benefit of
U.S. Provisional Application Serial No. 60/605,640, filed August 30, 2004, both applications are

hereby incorporated herein by reference in their entirety for all purposes.

STATEMENT REGARDING F EDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

[0002] This invention was made with United States Government support under Grant Numbers R
827649-01 and CR 830929-01 awarded by the United States Environmental Protection Agency and
under Confract Number DE-FC26-98FT40320 awarded by the United States Department of Energy.

The United States Government has certain rights in this invention,

BACKGROUND OF THE INVENTION

Technical Field of the Invention

[0003] The present invention relates to methods and materials for the removal of pollutants from flue
gas or product gas from a gasification system. In particular, mercury is removed from gas streams
generated during the burning or gasification of fossil fuels by highly reactive regenerable sorbents.

Backeround of the Invention

[0004] The combustion and gasification of fossil fuel such as coal generates flue gas that contains
mercury and other trace elements that originate from the fuel. The release of the mercury (and other
pollutants) to the environment must be controlled by use of sorbents, scrubbers, filters, precipitators,
and other removal technologies. Mercury is initially present in the elemental form during
combustion and gasification. In downstream process sections, such as in the ducts and stack of a
combustion system, some of the elemental mercury is oxidized. The amount that is oxidized depends
on the amount of acid gases present in the flue gas and other factors. Amounts of mercury vary with
the fuel, but concentrations of mercury in the stream of flue gas from coal combustion are typically
less than 3 parts per billion (ppb). Large coal combustion facilities such as electric utilities may emit
a pound of mercury, or more, per day. Mercury removal applications include, without limitation,

flue gas from coal (or other fossil fuel) combustion, waste incineration, product gas from
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gasification, as well as off gases from mineral processing, metal refining, retorting, cement
manufacturing, chloralkali plants, dental facilities, and crematories.

Mercury Sorbent Technologies

[0005} Several types of mercury control methods for flue gas have been investigated, including
injection of fine sorbent particles into a flue gas duct and passing the flue gas through a sorbent bed.
Fine-particle injection sorbents include activated carbon, metal oxide sorbent, sodium sulfide
particles, and basic silicate or oxide sorbents, When patticle injection is employed, the mercury
captured on the sorbent particles is removed from the gas stream in a bag house or electrostatic
precipitator (ESP) and collected along with ash particulate. The sulfide and basic silicate and oxide
particles are effective only for the oxidized mercury, and the metal oxide sorbents exhibit slower
capture kinetics than the carbon pasticles. Additionally, injection of fine carbon particles into the
flue gas stream has been only partially successful in removing mercury, especially elemental
mercury, where effective removal of only about 60% is attained for some applications with a FF
(fabric filter) to collect carbon and ash. Even lower removal rates have been observed when using an
ESP to collect the carbon because the contact time of the carbon with the gas is very short.

[0006] A major problem with existing carbon injection systems is that the sorbent is initially
unreactive, and only after extended exposure to the flue gas does the sorbent become effectively
seasoned and provide increased reactivity with the mercury in the gas. Consequently, these sorbents
must be used in large amounts, at high sorbent-to-mercury ratios, to effectively capture the mercury.
These sorbents tend to be relatively expensive and cannot be easily separated from the ash for
regeneration and reuse. The collection of carbon in the ash also creates solid waste disposal
problems, and the spent sorbent may contaminate the collected ash, preventing its use in various
applications,

[0007] Accordingly, there remains a need for more economical and effective mercury removal
technology. This invention provides for cost-effective removal of pollutants including mercury,
using sorbent enhancement additives and/or highly reactive sorbents, with contact times of seconds

(or less), and that may be regenerated and reused.

SUMMARY

[0008] It is thus an object of the present invention to overcome the deficiencies of the prior art and
thereby to provide new and economical methods for the removal of mercury from the gases produced

in the utilization of fossil fuels.
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[0008] A halogen/halide promoted activated carbon sorbent is described that is highly effective for
the removal of mercury from flue gas streams. The sorbent comprises a new halide-modified carbon
form containing a reactive compound produced by the reaction of bromine {or halide or other
halogen) with the carbon. Optional secondary components and alkali may be added to further
increase reactivity and mercury capacity. Mercury removal efficiencies obtained exceed or match
conventional methods with added benefits such as reduced costs. Optionally, the sorbent can be
regenerated and reused. Sorbent treatment and/or preparation methods are also described. New
methods for in-flight preparation, introduction, and control of the active sorbent into the mercury
contaminated gas stream are described.,

[0010] In some embodiments, a promoted carbon sorbent is provided comprising a base activated
carbon that has reacted with a promoter selected from the group consisting of halides, halogens, and
combinations thereof, such that the reaction product is effective for the removal of mercury from a
gas stream,

[0011] In an embodiment, a promoted carbon sorbent is provided wherein the base activated carbon
is selected from the group consisting of powdered activated carbon, granular activated carbon, carbon
black, carbon fiber, aerogel carbon, pyrolysis char, activated carbon with an average particle size
greater than that of flyash produced such that it is physically separable therefrom, and combinations
thereof, and the promoter is selected from the group consisting of molecular halogens, Group V
(CAS nomenclature is used throughout) halides, Group VI halides, hydrohalides, and combinations
thereof. In an embodiment, the base activated carbon may have a mass mean particle diameter such
that it can be substantially separated by physical means from entrained ash in the gas stream from
which mercury is to be removed. In an embodiment, the base activated carbon may have a mass
mean particle diameter greater than about 40 micrometers.

[0012] In another embodiment, the sorbent comprises from about 1 to about 30 grams promoter per
100 grams of base activated carbon. Another embodiment fusther comprises an optional secondary
component comprising a halogen or a hydrohalide such that the reactivity and mercury capacity of
the sorbent are enhanced,

[0013] In another embodiment, the concentration of the optional secondary component on the
finished sorbent is within the range of from about 1 to about 15 wt-% of the concentration of the
promoter on the finished sorbent.

[0014] In another embodiment, an optional alkali component may preferably be added to provide a
synergistic effect through combination of this alkali with the primary sorbent.

[0015] In another embodiment, the optional secondary component is selected from the group
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consisting of Group V halides, Group VI halides, HI, HBr, HCl, and combinations thereof. In
another embodiment, the promoter is substantially in vapor form when combined with the base
activated carbon. In another embodiment, the promoter is combined with an organic solvent prior to
reaction with the base activated carbon. In another embodiment, the promoter and optional
secondary component are combined with the base activated carbon substantially simultaneously.
Another embodiment further comprises adding a mercury-stabilizing reagent selected from the group
consisting of S, Se, H»S, SO, H.Se, SeQ,, CS, P»Ss, and combinations thereof. Another
embodiment further comprises adding an optional alkali component.

[0016] In an embodiment, a method is provided comprising providing a granular activated carbon;
reacting the activated carbon with a promoter selected from the group consisting of halogens, halides,
and combinations thereof, such that the reaction product comprises a promoted carbon sorbent
effective for removal of mercury from a gas stream. In a further embodiment, the reaction product
comprises from about 1 to about 30 grams promoter per 100 grams activated carbon. In another
embodiment the reaction product has an average particle size distribution greater than the average
size of entrained ash particles in the gas stream from which mercury is to be removed, such that the
reaction product can be substantially removed from the entrained ash particles by physical means. In
another embodiment the reaction product has a mass mean particle diameter greater than about 40
micrometers.

{0017] In another embodiment, the promoter is selected from the group consisting of molecular
halogens, hydrohalides, Group V halides, Group VI halides, and combinations thereof. In another
embodiment the promoter is in the gas phase when contacting the activated carbon. In another
embodiment, the promoter is in an organic solvent when contacting the activated carbon.

[0018] In another embodiment, the promoter is selected from the group consisting of Br,, a Group V
bromide, a Group VIbromide, and combinations thereof,

[0019] In another embodiment, the method further comprises reacting the granular activated carbon
with an optional secondary component comprising a halogen or a hydrohalide such that the reactivity
and mercury capacity of the sorbent are enhanced. In another embodiment, the promoter and
optional secondary component are contacted simultaneously with the activated carbon. In another
embodiment the method further comprises adding a mercury-stabilizing reagent selected from the
group consisting of S, Se, H2S, SOz, HaSe, SeO,, CSa, P2Ss, and combinations thereof. In an
embodiment, a method is provided for control of mercury in a flue gas with substantially lower
sorbent requirements. Through enhanced sorbent reactivity, mercury removal per gram of sorbent is

increase, thereby decreasing the capital and operating costs by decreasing sorbent requirements.
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[0020] In an embodiment, a method is provided for reducing mercury in flue gas comprising
providing a sorbent, injecting the sorbent into a mercury-containing flue gas stream, collecting
greater than 70 wt-% of the mercury in the flue gas on the sorbent to produce a cleaned flue gas, and
substantially recovering the sorbent from the cleaned flue gas. In embodiments where less than 70
wt-% mercury removal is desired, the required removal may preferably be attained using less than
half as much carbon as would be required with standard (non-enhanced) carbon. In a further
embodiment, the method further comprises monitoring the mercury content of the clean flue gas,
regenerating the recovered sorbent, and using the monitored mercury content of the cleaned flue gas
to control the rate of injection of the sorbent. In another embodiment the injected sorbent is prepared
in-flight by reacting an activated casbon and a promoter within 2 pneumatic transport line from which
the reaction product is injected to the mercury-containing flue gas stream.

[0621] In another embodiment, the promoter is selected from the group consisting of molecular
halogens, halides, and combinations thereof. In another embodiment, the promoter is reacted in the
gas phase or as a vapor. In another embodiment, the promoter is added at from about 1 to about 30
grams per 100 grams of activated carbon.

10022) In another embodiment, the injected sorbent is prepared in-flight by reacting an activated
carbon, a promoter, and an optional secondary component to enhance the reactivity and capacity of
the sorbent within a pneumatic transport line from which the reaction product is injected to the
mercury-containing flue gas stream,

[0023] In another embodiment, the optional secondary component is selected from the group
consisting of iodine, hydrohalides, Group V halides, Group VI halides, and combinations thereof. In
another embodiment, the optional secondary component is added at from about 1 to about 15 wt-% of
the promoter content. In another embodiment, the method further comprises adding to the sorbent a
mercury-stabilizing reagent selected from the group consisting of S, Se, HzS, SO, HzSe, SeOs, CSa,
P,Ss, and combinations thereof.

[0024] In an embodiment, the method further comprises co-injecting an optional alkaline material,
including without limitation alkaline and alkaline earth components, to improve the efficiency of
mercury capture by capturing oxidized mercury and/or capturing gaseous components that might
otherwise reduce sorbent capacity. In another embodiment, the opfional alkaline material may
preferably comprise calcium oxide, sodium carbonate, and the like, as are known in the art.

{0025} In another embodiment, the method further comprises using the menitored mercury content
of the cleaned flue gas to control the composition of the sorbent. In another embodiment, the

injected sorbent is prepared in-flight by reacting an activated carbon and a promoter within a
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pneumatic transport line from which the reaction product is injected to the mercury-containing flue
gas stream, wherein the promoter is selected from the group consisting of molecular halogens,
halides, and combinations thereof, wherein the promoter is reacted in the gas phase or as a vapor,
wherein the promoter is added at from about 1 to about 30 grams per 100 grams of activated carbon,
wherein the rate at which the promoter is added and the rate of sorbent injection are determined by a
digital computer based at least in part on the monitored mercury content of the cleaned flue gas.
10026] In an embodiment, a method for reducing the mercury content of a mercury and ash
containing gas stream is provided wherein particulate activated carbon sorbent with a mass mean size
greater than 40 pm is injected into the gas stream, mercury is removed from the gas by the sorbent
particles, the sorbent particles are separated from the ash particles on the basis of size, and the
sorbent particles are re-injected to the gas stream. In another embodiment, the mercury-containing
sorbent particles are regenerated to remove some or substantially all of the mercury. In another
embodiment, an alkaline component is co-injected into the gas stream. In another embodiment, the
sorbent may further comprise a promoter. The promoter may preferably comprise a halide, a
halogen, or both.

{0027] As will be described in more detail below, the present invention thus provides several
advantages over previously known techniques, including significantly more effective and economical
mercury sorbents for effluent gases, advantageously applicable to treating gas streams from fired
equipment and gasification systems,

[0028] The foregoing has outlined rather broadly the features and technical advantages of the present
invention in order that the detailed description of the invention that follows may be better
understood, Additional features and advantages of the invention will be described hereinafter that
form the subject of the claims of the invention. It should be appreciated by those skilled in the art
that the conception and specific embodiments disclosed may be readily utilized as a basis for
modifying or designing other structures for carrying out the same purposes of the present invention.
It should also be realized by those skilled in the art that such equivalent constructions do not depart
from the spirit and scope of the invention as set forth in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] For a more detailed description of the preferred embodiments of the present invention,

reference will now be made to the accompanying drawings.
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[0030] Figure 1 schematically illustrates methods for preparation of promoted carbon sorbents in
accordance with the present invention,
[0031) Figare 2 illustrates a proposed mechanistic model of the chemical reactions resulting in the
oxidation and capture of mercury,
[0032] Figure 3 schematically illustrates preparation of promoted carbon sorbents and processes for
flue gas mercury reduction in flue gases and/or product gases from a gasification system in
accordance with the present invention, including in-flight preparation of promoted carbon sorbent.
[0033] Figure 4 is a diagram illustrating breakthrough curves for 5 wt/wt% brominated NORIT
Darco FGD sorbent (37 mg + 113 mg sand) in low-HCl (1 ppm) synthetic flue gas.
[0034] Figure 5 is 2 diagram illustrating breakthrough curves for non-halogenated NORIT Darco
FGD sorbent (37 mg + 113 mg sand) in low-HCI (1 ppm) synthetic flue gas.
[0035) Figure 6 is a bar chart illustrating pilot-scale mercury removal results, including large-size
sorbent results.
[0036) Figure 7 is a diagram illustrating the effects of sorbent size and injection rate on mercury
removal for ESPs and fabric filters.
{0037] Figure 8 is a diagram illustrating the breakthrough curves for a brominated NORIT Darco
FGD sorbent with inert sand,
[0038] Figure 9 is a diagram illustrating the breakthrough curves for brominated NORIT Darco FGD
sorbent with a co-injected alkali material.
[0039] Figure 10 is a plot of mercury removal vs. carbon injection rate with and without co-injection
of alkali material.

DETAILED DESCRIPTION
[0040] Herein will be described in detail specific preferred embodiments of the present invention,
with the understanding that the present disclosure is to be considered an exemplification of the
principles of the invention, and is not intended to limit the invention to that illustrated and described
herein. The present invention is susceptible to preferred embodiments of different forms or order and
should not be interpreted to be limited to the specifically expressed methods or compositions
contained herein. In particular, various preferred embodiments of the present invention provide a
number of different configurations and applications of the inventive method, compositions, and their
uses,
[0041] The present invention provides a cost-effective way to capture pollutants by utilizing
exceptionally reactive halogen/halide promoted carbon sorbemts using a bromide (or other

halogen/halide) treatment of the carbon, that capture mercury via mercury-sorbent surface reactions,
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at very short contact times of seconds or less. The sorbent does not require in siru activation (no
induction period) in the gas stream to achieve high reactivity, as do conventional activated carbon
sorbents. The reactivity of the sorbent toward the pollutants is greatly enhanced and the sorption
capacity can be regenerated, the promoted sorbent may be regenerated, recycled and/or reused.

[0042] The treated carbons, treatment techniques, and optional additives discussed herein have
applicability to mercury control from the product or effluent gas or gases from gasification systems,
syngas generators, and other mercury-containing gas streams, in addition to the flue gas from
combustion systems. Thus, it should be understood that the terms combustion system and flue gas as
used throughout this description may apply equally to gasification systems and syngas or fuel gas, as
will be understood by those skilled in the art.

{0043] Referring now to Figure 1, there is shown a block flow diagram illustrating some preferred
embodiments of the process of the present invention to prepare promoted sorbents useful for mercury
capture from flue gas and/or product gas form a gasification system streams. In a preferred
embodiment illustrated by path 10-20, block 10 illustrates providing a base activated carbon, and
adding a halogen or halide promoter that reacts with the carbon, illustrated at block 20, to produce a
product promoted carbon sorbent. In embodiments where the halogen or halide is added, for
example, as a vapor, no further steps may be necessary. In embodiments where the halogen or halide
is added in, for example, a solvent, it may be desirable to employ solvent removal as illustrated by
block 20A.

[0044] Referring still to Figure 1, another preferred embodiment of the process of the present
invention is illustrated by path 10-20-30, comprising providing a base activated carbon as shown by
block 10, adding a halogen or halide promoter that reacts with the carbon, illustrated at block 20, and
adding a secondary component illustrated at block 30 that reacts with the result of block 20 to
produce a product promoted carbon sorbent. In embodiments where both the halogen or halide
promoter and the secondary component are added, for example, as a vapor, no further steps may be
necessary. In embodiments where the halogen or halide promoter and/or secondary component are
added in, for example, a solvent, it may be desirable to employ solvent removal as illustrated by
block 30A,

[0045] Referring still to Figure 1, another preferred embodiment of the process of the present
invention is illustrated by path 10-40, comprising providing a base activated carbon as illustrated at
block 10, and adding a halogen or halide promoter and a secondary component to the activated
carbon together, with which they react as illustrated by block 40, producing a product promoted

carbon sorbent. As above, in embodiments where vapor additions are made to the activated carbon
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no further steps may be desired. In embodiments where one or more components are added in
solvent, a solvent removal step may be provided as illustrated by block 40A.

[0046] Referring still to Figure 1, also illustrated are preferred embodiments in which, as illustrated
by block 50, a flue gas stream is treated with product promoted carbon sorbent prepared as described
above,

[0047] In some preferred embodiments the activated carbon provided may preferably be any of
several types, as understood by those skilled in the art. For example, the activated carbon may
include powdered activated carbon, granular activated carbon, carbon black, carbon fiber, carbon
honeycomb or plate structure, aerogel carbon film, pyrolysis char, regenerated activated carbon from
product promoted carbon sorbent, or other types as known in the art.

[0048] In some preferred embodiments the activated carbon provided may preferably be any of
several types, as understood by those skilled in the art. For example, the activated carbon may
include powdered activated carbon, granular activated carbon, carbon black, carbon fiber, carbon
honeycomb or plate structure, aerogel carbon film, pyrolysis char, an activated carbon or regenerated
activated carbon with a mass mean particle size greater than fly ash in a flue gas stream to be treated.

[0049] In some preferred embodiments the activated carbon provided may preferably be any of
several types, as understood by those skilled in the art. For example, the activated carbon may
include powdered activated carbon, granular activated carbon, carbon black, carbon fiber, carbon
honeycomb or plate structure, acrogel carbon film, pyrolysis char, an activated carbon or regenerated
activated carbon with a mass mean particle diameter preferably greater than 40 micrometers, more
preferably greater than 60 micrometers, or a particle size distribution greater than that of the fly ash
or entrained ash in a flue gas stream to be treated, such that the activated carbon and ash can be
separated by physical means.

[0050] In some preferred embodiments, the halogen or halide promoter that is added to, and reacts
with, the base activated carbon may preferably comprise, by way of illustration and not limitation, a
molecular halogen in vapor or gaseous form, a molecular halogen in an organic solvent, a Group V or
Group VI halide, such as PBr; or SC,, respectively, in vapor, liguid, or solution form (though not in
an aqueous solvent).

[0051] Embodiments are also provided in which the organic solvent may preferably comprise a
chlorinated hydrocarbon, such as dichloromethane, a hydrocarbon solvent, including for example,
petroleum ether, ligroin, pentane, hexane, toluene, and benzene, carbon disulfide, a waste solvent, an
ether, a recycled solvent, a supercritical solvent, such as supercritical CO,, water (though not in the

case of a Group V or Group VT halide), and others as will be apparent to those of skill in the art.
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[0052] Referring now to Figure 2, there is illustrated a theory developed from scientific evidence to
explain the nature of the promoting compounds. For example, as illustrated in Figure 2, hydrogen
bromide reacts with the unsaturated structure of the activated carbon. This may be, by way of
illustration only, a carbene species on the edge of the graphene sheet structures of the carbon.
Molecular bromine or a bromine compound reacts to form a similar structure, with a positive carbon
that is active for oxidizing the mercury with subsequent capture by the sorbent.

[0053] It has now been found that the formation of the new bromide compound with carbon
increases their reactivity toward mercury and other pollutants. Additionally, the resulting bromide
compound is uniquely suited to facilitate oxidation of the mercury. The effectiveness of the
oxidation apparently results from the promotion effect of the halide, exerted on the developing
positive charge on the mercury during the oxidation, known in the chemical art as a specific catalytic
effect. Thus, as the mercury electrons are drawn toward the positive carbon, the halide anion
electrons are pushing in from the other side, stabilizing the positive charge developing on the
mercury and lowering the energy requirement for the oxidation process. Bromide is especially
reactive, owing to the highly polarizable electrons in the outer 4p orbitals of the ion. Thus, adding
HBr or Br; to the carbon forms a similar carbon bromide, in which the positive carbon oxidizes the
mercury with the assistance of the bromide ion,

{0054] Referring now to Figure 3, a schematic flow diagram is provided of mercury control system
100 comprising preparation of promoted carbon sorbents, and flue gas mercury reduction, in
accordance with preferred embodiments of the present invention. There is provided base activated
carbon reservoir 110, an optional halogen/halide promoter reservoir 120, an optional secondary
component reservoir 130, and an optional akali component reservoir 180, each of which with
corresponding flow control device(s) 201, 202, 203, and 208/209, respectively. In conjunction with
the optional alkali component reservoir 180, optional flow control devices 208 and 209 can be used
independently, together, or not at all.

10055] Reservoirs 110, 120, 130, and 180 connect through their respective flow control devices and
via associated piping, to transport line 115. Optional alkali component reservoir 180 may also
connect, through respective flow control devices and via associated piping, to transport line 118. A
source of air, nitrogen, or other transport gas(es) is provided by gas source 170 to transport line 115
for the purpose of entraining materials discharged from reservoirs 110, 120, 130, and 180 and
injecting such materials, via injection point 116, into contaminated flue gas stream 15. A source of
air, nitrogen, or other transport gas(es) may be provided by gas source 171 to transport line 118 for

the purpose of entraining materials discharged from reservoirs 180 and injecting such materials, via
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injection point 119, into flue gas stream 15. Gas sources 170 and 171 may be the same or different,
as desired. Alternatively, transport gas(es) may be provided to both transport lines 115 and 118 by
gas source 170 (connection from source 170 to line 118 not shown). Although gas sources 170 and
171 are shown in Figure 3 as compressors or blowers, any source of transport energy known in the
art may be acceptable, as will be appreciated by those of skill in the art.

[0056] For clarity, single injection points 116 or 119 are shown in Figure 3, although one skilled in
the art will understand that multiple injection points are within the scope of the present invention.
Optical density measuring device (s) 204 is connected to transport line 115 and/or 118 to provide
signals representative of the optical density inside transport line 115 and/or 118 as a function of time.
[0057] Downstream from injection point 116 and 119 is provided particulate separator 140. By way
of illustration and not limitation, particulate separator 140 may comprise one or more fabric filters,
one or more electrostatic precipitators (hereinafter “ESP™), or other particulate removal devices as
are known in the art. It should be further noted that more than one particulate separator 140 may
exist, sequentially or in parallel, and that injection point 116 and 119 may be at a location upstream
andfor downstream of 140 when parallel, sequential, or combinations thereof exist. Particulate
separator 140 produces at least a predominantly gaseous (“clean”) stream 142, and a stream 141
comprising separated solid materials. A sorbent/ash separator 150 separates stream 141 into a largely
ash stream 152, and a largely sorbent stream 151. Stream 151 may then preferably be passed to an
optional sorbent regenerator 160, which yields a regenerated sorbent stream 161 and a waste stream
162.

[0058] An optional Continuous Emission Monitor (hereinafter “CEM”) 205 for mercury is provided
in exhaust gas stream 35, to provide electrical signals representative of the mercury concentration in
exhaust stream 35 as a function of time. The optional mercury CEM 205 and flow controllers 201,
202, 203, 208, and 209 are electrically connected via optional lines 207 (or wirelessly) to an optional
digital computer (or controller) 206, which receives and processes signals and preferably controls the
preparation and injection of promoted carbon sorbent into contaminated flue gas stream 15.

[0059] In operation, promoted carbon sorbent and/or an optional alkali component is injected into
contaminated flue gas stream 15. After contacting the injected material with the contaminated flue
gas stream 15, the injected material reduces the mercury concentration, transforming contaminated
flue gas into reduced mercury flue gas, 25. The injected material is removed from the flue gas 25, by
separator 140, disposed of or further separated by optional separator 150, and disposed of or
regenerated by an optional regenerator 160, respectively. The reduced mercury “clean” flue gas

stream 142 is then monitored for mercury content by an optional CEM 205, which provides
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corresponding signals to an optional computer/controller 206. Logic and optimization signals from
206 then adjust flow controllers 201, 202, 203, 208, 209 to maintain the mercury concentration in
exhaust stream 35 within desired limits, according to control algorithms well known in the art. Flow
controllers 201, 202, 203, 208, 209 can also be adjusted manually or be some other automated means
to maintain the mercury concentration in exhaust stream 35 within desired limits, according to
control algorithms well known in the art,

[0060] Referring still to Figure 3, there are illustrated several prefetred embodiments for preparation
and injection of promoted carbon sorbents and/or alkali components in accordance with the present
invention, Stream 111 provides for introduction of base activated carbon from reservoir 110, as
metered by flow controller 201 manually or under the direction of computer 206. The halogen/halide
may be combined and react with the base activated carbon according to any of several provided
methods. The halogen/halide may preferably be combined via line 121 directly into transport line
115, within which it contacts and reacts with the base activated carbon prior to injection point 116.
This option is one form of what is referred to herein as “in-flight” preparation of a promoted carbon
sorbent in accordance with the invention. Further, the halogen/halide may be combined via line 121b
with base activated carbon prior to entering transport line 115. Still further, the halogen/halide may
be contacted and react with the base activated carbon by introduction via line 121c into reservoir 110.
This option is preferably employed when, for example, reservoir 110 comprises an ebulliated or
fluidized bed of base activated carbon, through which halogen/halide flows in gaseous form or as a
vapor. Of course, the halogen/halide may also preferably be contacted with the base activated carbon
in liquid form or in a solvent, as discussed previously, and solvent removal (not shown in Figure 3)
may then be provided if necessary as mentioned with respect to embodiments discussed with
reference to Figure 1.

[0061] Similarly, the optional secondary component may be contacted and react directly in transport
line 115 via line 131, or optionally as described above with respect to the halogen/halide, via lines
131b and 131c,

[0062] Similarly, the optional alkali component from 180 may either be added in transport line 115
directly, or may be injected separately by transport line 118, combining downstream in flue gas 15
for synergistic effects with base activated carbon, promoted carbon, or optional secondary
components. Being able to vary onsite the amount of the optional alkali component relative to base
activated carbon, promoted carbon, or optional secondary components is a key feature to overcome

and optimize for site-specific operating and flue gas conditions..
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[0063] In some preferred embodiments wherein contacting between components and reaction is
performed in a liquid or solvent phase, stirring of such liquid and/or shury mixtures may be
provided. In other embodiments, the halogen/halide promoter and optional secondary component(s)
may preferably be sprayed in solution form into or on the base activated carbon. In some such
embodiments, drying, filtering, centrifugation, settling, decantation, or other solvent removal
methods as are known in the art may then be provided.

[0064] In embodiments wherein the halogen/halide promoter is in gaseous or vapor form, it may be
diluted in air, nitrogen, or other gas as appropriate. The halide/halogen gas, for example, gaseous
HBr or Br;, may be passed through an ebulliated or fluidized bed of granular or fibrous activated
carbon, with the promoted carbon sorbent so produced removed from the top of the bed via gas
entrainment for injection.

[6065] In some embodiments, the secondary component(s) may preferably comprise iodine or other
halogens, hydrohalides, including without limitation HI, HBr, HCI, a Group V or Group VI element
with a molecular halogen, such as 8Cl, and others. In some preferred embodiments, the promoted
carbon sorbent may comprise from about 1 to about 30 g halogen/halide per 100 g base activated
carbon. In some preferred embodiments, the promoted carbon sorbent may comprise an secondary
component in concentration of from about 1 to about 15 wt-% of the concentration of the
halogen/halide component.

[0066] In still other embodiments, the product promoted carbon sorbent may be applied to a
substrate. In other embodiments, such prepared substrate(s) may be caused to contact a contaminated
flue gas or gasification system product gas stream for mercury reduction purposes. Such substrates
may be monolithic, rotating, or exposed to the gas stream in any number of ways known to those
skilled in the art,

[0067] In some embodiments, a method is provided whereby a mercury stabilizing reagent is added
to a promoted carbon sorbent to produce a bifunctional sorbent, Such stabilizing reagent(s) may be
sequentially added, either before or after the addition and reaction of the halogen/halide. In some
preferred embodiments, the halogen/halide preferably comprises Br or HBr, and the mercury-
stabilizing reagent may comprise S, Se, HS, 50,, H,Se, Se0,, CS,, P2Ss, and combinations thereof.
Halogens in Mercury Capture

[0068] Methodologies for using halogens for the treatment of flue gas have been problematic, owing
to their reactivity with other gases and metals, resulting in corrosion and health issues. A “halogen”
is defined as a member of the very active elements comprising Group VIIA (CAS nomenclature is
used throughout; Group VIIA (CAS) corresponds to Group VIIB (IUPAC)) of the pericdic table. In

249436, 1/2580.00207 1 3

BHE ET AL. EXHIBIT 1025
Page 590



2380-00207

the molecular elemental form of the halogens, including F», Cl,, Brz, and I, the reaction with a hot
flue gas components leave little to react with elemental mercury. The atomic elemental halogen
form, which includes the fluorine, chlorine, bromine, and iodine atoms, is about a million times more
reactive to mercury but the concentration of the atomic forms is typically extremely low. In a large
portion of electric utility coal combustion facilities, the concentrations are generally not sufficient to
oxidize a significant amount of mercury.

[0069] The term “halide” as used herein is defined as a compound formed from the reaction of a
halogen with another element or radical. In general, halide compounds are much less reactive than
the molecular halogens, having a low chemical potential. Halides are considered reduced forms that
do not, alone, oxidize other compounds. In the conventional view therefore, a halide-salt-treated
activated carbon will not effectively oxidize elemental mercury and capture elemental mercury.
Halogen Promoted Sorbent Characteristics

[0070] The sorbent described here has a very high initial reactivity for oxidizing mercury and
therefore can be used in very small amounts to achieve very high capture efficiencies, thus lowering
operation costs and lessening waste disposal problems. In addition, further disposal reductions are
obtainable by regenerating and reusing the sorbents produced using the inventive technology. The
time interval required for the mercury and the promoted carbon sorbents of the present invention to
successfully interact in a flue gas duct, with the subsequent collection of the mercury on the sorbent
and ash is very short — less than seconds. Clearly, such collection times require the sorbent to have
both high capacity and high reactivity toward mercury. The promoted carbon sorbent can be utilized
in a very finely powdered form to minimize mass transfer limitations. However, again, the reactivity
should be very high to capture all of the mercury encountered by the fine particles. Additionally, use
of these enhancement technologies allows capture to be effective for larger sorbent particles which
also allows separation of the sorbent from the ash to enable subsequent regeneration as well as ash
utilization. One feature of this invention is the process to prepare a sorbent containing a halide
compound formed on the carbon structure that provides a sorbent that is highly active on initial
contact with the mercury contaminated gas stream, which allows for very effective capture of the
mercury.

[0071] It appears that the inventive sorbents chemically combine molecular bromine, for example,
from solution, with activated carbon (edge sites). X-ray photoelectron spectroscopy has established
that the addition of bromine, chlorine, HBr, or HCI formed a chemical compound in the carbon
structure. Thus, the sorbent produced from halogen and activated carbon does mot represent a

molecular halogen form, but rather a new chemically modified carbon {or halocarbon) structure,
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This phenomenon may not occur with the less reactive iodine, where an [, molecular complex can
exist on the carbon basal plane. In the case of bromine, modified cationic carbon has a high chemical
potential for oxidation of mercury. Thus, an entirely new model is presented for the reactivity of the
bromine-treated carbon with mercury. The reactive carbon form can preferably be generated by the
addition of bromine, hydrogen bromide, or combinations of bromine and other elements, as described
herein. Halogen treatment resulted in higher-activity carbons because the halide anions (especially
bromide and iodide) were effective in promoting the oxidation by stabilizing the developing positive
charge on the mercury in the transition state for oxidation. Based on this model, several innovative,
inexpensive, activity-enhancing features have been developed.

Optional Second Component

[0072] It has been demonstrated that addition of an optional second component, in addition to the
bromine, results in improved reactivity and capacity for the sorbent, typically exceeding that of both
the untreated carbon and the brominated carbon. The second compound comprises either a second
halogen or a compound derived from a second halogen, such as HI. Thus, in addition to having a
reactive carbon form present, the second component generates a Lewis base with greater ability to
stabilize the developing positive charge on the mercury. Thus, the second component is an element
with more polarized electrons (4p and 5p).

Optional Alkali Component

[0073] It has been demonstrated that addition of an optional alkali component with a base or
promoted activated carbon results in improved mercury capture, typically exceeding that of both the
untreated carbon and the promoted carbon. Test data indicate that flue gas contaminants, flue gas
constituents (SO, NO,, HCI, etc), operating temperature, mercury form, and mercury concentration
may impact the effectiveness of the alkali addition. This suggests the need to be able to adjust and
tailor the alkali-to-activated-carbon ratio onsite in order to overcome and optimize for a given set of
site conditions.

[0074] The synergy that can be gained when co-injecting the two materials can be explained as
follows. First, testing shows that binding sites on activated carbon (hereinafter “AC”) can be
consumed by chlorine species, sulfur species (i.e. sulfates), and other flue gas contaminants
(arsenates, selenates, etc). The addition of optional alkali material will interact and react with these
species/contaminants thus minimizing their consumption of AC mercury binding sites. Second,
testing also shows that standard AC will continue to oxidize mercury, even though the binding sites
are fully consumed. This oxidized mercury can then react with alkali material and subsequently be

captured by particulate control devices. Consequently, the addition of the optional alkali component
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acts to protect mercury binding sites and capture oxidized mercury, thereby resulting in improved
mercury reduction at lower cost. Alkali is generally much lower in cost {~ an order of magnitude
less) than activated carbon, thus more of it can be used still resulting in overall lower costs.
“In-Flight” Sorbent Preparation

[0075] Furthermore, we have demonstrated that the halogen promoted carbon sorbent can be readily
produced “in-flight”. This is accomplished by, for example, contacting the vapors of any
combination of halogens and optionally a second component, in-flight, with very fine carbon
particles. The particles may be dispersed in a stream of transport air (or other gas), which also
conveys the halogen/halide promoted carbon sorbent particles to the flue gas duct, or other
contaminated gas stream, from which mercury is to then be removed. There is no particular
temperature requirement for this contact. This technology is obviously very simple to implement,
and results in a great cost savings to facilities using this technology for mercury capture.

Advantages of On-Site Preparation

[0076] In-flight preparation of the halogen/halide promoted carbon sorbent on location produces
__certain advantages. For example, the treatment system can be combined with the carbon injection
system at the end-use site. With this technique, the halogen/halide is introduced to the carbon-air (or
other gas) mixture in a transport line (or other part of the sorbent storage and injection system). This
provides the following benefits over current conventional concepts for treating sorbents off-site:

» Capital equipment costs at a treatment facility are eliminated.

¢ Costs to operate the treatment facility are eliminated.

o There are no costs for transporting carbon and additive to a treatment facility.

+ The inventive process uses existing hardware and operation procedures.

» The inventive technology ensures that the sorbent is always fresh, and thus, more reactive,

+ No new handling concerns are introduced.

+ There are no costs for removing carbon from treatment system.

« The inventive process allows rapid on-site tajloring of additive-sorbent ratios in order to
match the requirements of flue gas changes, such as may be needed when changing fuels or
reducing loads, thus further optimizing the economics.

+ The inventive technology reduces the amount of spent sorbents that are disposed.

[0077] With the foregoing and other features in view, there is provided, in accordance with the
present invention, embodiments including a process for preparing and regenerating halogen/halide
promoted carbon sorbents, whose activity for mercury capture is enhanced by the addition of halogen

{e.g. bromine) to the carbon structure.
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Sorbent Injection Location

[0078] Some of the preferred embodiments contemplate the use of a halogen promoted sorbent in a
powdered form that has been injected into a flue gas stream before or after ash particulates have been
removed. Other embodiments of the inventive composition of the halogen promoted carbon sorbent
comprise a powdered modified activated carbon prepared by adding Br, or HBr plus a second
optional component. Other embodiments allow the addition of the optional alkali component in
conjunction with a base activated carbon and/or with the use of a halogen based sorbent and any
other combinations of the sorbent technologies provided in this patent. Alternatively, embodimenis
include methods wherein the sorbent is on a moving contactor consisting of particles or fibers
containing one or more of the compositions listed above.

Sorbent Regeneration

[0079] Any of the above embodiments of the halogen/halide promoted carbon sorbent can be easily
regenerated; the poisoning contaminants from the flue gas are preferably removed and an
inexpensive promoting agent added, to restore mercury sorption activity. This process of promoting
_the activity of the carbon itself contrasts with the earlier, more expensive, conventional methods of
adding a reagent (such as peroxide, gold, triiodide, efc.) to a sorbent. The halogen/halide promoted
carbon sorbent of the present invention, treated with bromine and/or optional components, is
noncorrosive. Detailed examples of sorbent regeneration techniques are described in co-pending,
commonly owned PCT patent application No. PCT/US04/12828, titled “PROCESS FOR
REGENERATING A SPENT SORBENT”, which is hereby incorporated by reference in its entirety.
Sorbent Injection Control Scliemes

[0080] Another advantage of the present invention relates to the use of a feedback system to more
efficiently utilize certain aspects of the invention. Where possible and desirable, the mercury control
technology of the present invention may preferably utilize continuous measurement of mercury
emissions as feedback to assist in control of the sorbent injection rate. Tighter control on the sorbent
and optional component(s) levels can be achieved in this way, which will ensure mercury removal
requirements are met with minimal material requirements, thus minimizing the associated costs. In
an embodiment, the mercury emissions are continuously measured downstream of the injection
location, preferably in the exhaust gas at the stack.

Promoted Carbon Sorbents

[0081] Reactions of halogens and acidic species with the basic binding sites on the activated carbon

sorbent create sites for oxidizing mercury. Other metal ions, such as boron, tin, arsenic, gallium, b,
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Pb, Bi, Cd, Ag, Cu, Zn, or other contaminants, will also react with the oxidation sites generated on
the carbon.

[0082] According to our model, adding the bromine from the bromine reagent or a proton from a
hydrogen halide acid to a basic carbene site on the carbon edge structure forms a carbocation that
accepts electrons from the neutral mercury atom forming the oxidized mercury species that is bound
to the sorbent surface, The reactive site may also generate reactive bromine radicals or carbon
radicals at the active sites on the carbon, Thus, the activated carbon serves to stabilize the bromine,
yet provides a highly reactive bromine- containing reagent that can oxidize the mercury and promote
its capture on the activated carbon. The sorbent that contains bromine is expected to be more
reactive than the corresponding sorbent containing chlorine and much less expensive than the sorbent

containing iodine.

EXAMPLES
{6083] To more clearly illustrate the present invention, several examples are presented below. These
_examples are intended to be illustrative and no limitations to the present invention should be drawn

or inferred from the examples presented herein.

Example 1 -Preparation and Testing of Halogenated Carbon (& Comparative Exampie)
Gas Phase Halogenation

[0084] Finely powdered activated carbon (such as NORIT Darco FGD, NORIT Americas, Inc.,
Marshall, TX (USA), although others are suitable, as will be recognized by those skilled in the art}),
was placed in a rotating plastic barrel with side blades (a 5 ft’ (0.14 m’) cement mixer) fitted with a
tight plastic lid to prevent loss of the fine powder during the preparation. In a separate vessel, gas
phase bromine was generated by passing a nitrogen stream over a weighed amount of liquid bromine
that is warmed to about 40°-50°C. The vapor pressure of the bromine was such that a dark red gas
is generated and passed out of the generator, The outlet from the gaseous bromine generator is
connected via a Y inch (0.64 cm) plastic hose to a stationary metal tube inserted through a flange in
the center of the plastic lid and passing into the center of the barrel. The flange is not air tight so that
the excess of nitrogen is released after the bromine is transferred to the tumbling carbon. Thus, the
bromine gas stream continuously passed into the rotating barrel where it contacted the tumbling
carbon. The unit is then operated until the desired amount of bromine has combined with the carbon.

Typically, this is 0.4 to 1 kg of bromine to 20 kg of carbon (2-5 wt. %) When the reaction is
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completed, the carbon is weighed. The treated carbon is odorless and does not cause skin irritation
since the bromine has completely reacted with the carbon to produce the brominated carbon.

[0085] XPS spectra demonstrate that the brominated carbon contains both covalent carbon-bound
(organic) bromide as well as anionic bromide. The product contains the same moisture originally
present in the activated carbon (5-17 wt%), but does not require further drying for use. The moisture
is driven out at higher temperatures (>150°C), and the bromine was not released until very high
temperatures

Bench-Scale Testing of Mercury Oxidation and Capture Efficiency

[0086] A bench-scale apparatus and procedure based on the above description was used to test the
initial activities and capacities of several promoted activated carbon sorbents using powdered carbon,
including bromine-containing activated carbons prepared from a variety of carbonms, including
commercially available sorbents, aerogel film sorbents, and the original precursor carbons for
comparison.

[0087] A detailed description of the apparatus and its operation is provided in Dunham, G.E.; Miller,
_ 8.J. Chang, R.; Bergman, P. Environmental Progress 1998, 17, 203, which is incorporated herein by
reference in its entivety. The bench scale mercury sorbent tests in the flue gas compositions were
performed with finely (-400 mesh) powdered sorbents (37 mg) mixed with 113 mg sand and loaded
on a quartz filter (2.5 inch (6.35 cm)). The loaded filter and holder were heated in an oven (125°C)
in the simulated flue gas stream (30 SCFH (standard cubic feet/hr) or (.79 NCMH (normal cubic
meters per hour)) containing the following: O, (6%), CO; (12%), SO, (600 ppm), NO (120 ppm)
NO, (6 ppm), HCI (1 ppm), Hg” (11 pg/m®), H;O (15%), and N; (balance). Elemental mercury was
provided by a standard permeation tube source placed in a double jacketed glass condenser, and
heated to the desired temperature. Mercury concentrations in the gas streams were determined with a
continuous mercury emission monitor (Sir Galahad mercury CEM mfr. P.S. Analytical Deerfield
Beach FL USA), and a SnCl, cell was used to convert oxidized species to elemental, so that both
elemental and oxidized mercury concentration data could be obtained for both the influent and the
effluent concentrations from the sorbent bed. Mercury concentrations were calibrated for the flow
rates used. Spent sorbents were analyzed for mercury to determine the mass balance.

[0088] Referring now to Figure 4, the effluent mercury concentration data are plotted as a percent of
the influent mercury versus time. The resulting curve (breakthrough curve) for the halogenated
sorbents typically showed 0%-1% Hg in the effluent (99+% capture) at the beginning, and increasing
only after 30-60 minutes (breakthrough point), depending on the sorbent. Figure 4 illustrates the
breakthrough curves for 5 wt/wt% brominated NORIT Darco FGD sorbent (37 mg + 113 mg sand)
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with synthetic flue gas containing 1 ppm HCl. Total Hg (solid circles) and elemental Hg {solid
squares) in the effluent are presented as a per cent of the inlet Hg. “EOT” indicates the end of test
(the later data points shown are for calibration checks).

[0089] Figure 5 presents the comparative breakthrough curves for the comresponding nonhalogenated
sorbents typically initiated at 5%—-50% of inlet mercury, depending on the HCl concentration in the
synthetic flue gas, thus indicating considerably lower reactivity for oxidation and capture of the
mercury for the nonhalogenated sorbents.  After breakthrough of either halogenated or
nonhalogenated sorbent, most of the mercury in the effluent was oxidized mercury.

Example 2 - Gas Phase Halogenation of Fluidized Carbon

[0090] A bed of activated carbon supported in a vertical tube by a plug of glass wool was fluidized
by a nitrogen stream., The top of the fluidized bed tube was connected to a catching trap for carbon
fines that blow out the top of the tube, The bromine gas generator as described in Example 1 was
attached to the fluidized carbon bed and the desired amount of gaseous bromine was passed into the
bed. The contents of the trap were then mixed with the material in the bed and weighed. The
resulting brominated carbon exhibited properties similar to the brominated carbon of Example 1.
Example 3 - Liquid Phase (water) Halogenation

[0091] A 5% solution of bromine in water was prepared by carefully adding 50 g of bromine to
1 liter of cold water. One kg of activated carbon was added to the bromine solution in a large metal
can. The resulting slurry was stirred with a large paddle during the addition and for a short time
afterwards until all the bromine had reacted with the carbon, as indicated by the disappearance of the
red color. The slurry was then filtered using a Buchner funnel under vacuum. The moist carbon that
was collected on the filter was dried in an oven at 110°C for several hours to constant weight, As in
Example 1, some moisture remains in the carbon, however. The dried carbon was then tumbled in
the rotating barrel with metal pieces to break up and fluff the carbon.

Example 4 - Addition of the Optional Second Halide Component.

[0092] Brominated carbon was produced by solution phase bromination similar to that described
with reference to Example 3. However, before filtration, a solution of hydriodic acid (HI) was added
to the slurry in an amount equal to 10% of the bromine amount. The slurry was stirred to complete
the reaction and then filtered and dried as described in Example 3.

Example 5 - Liquid Phase Phosphohalogenation

[0093] A solution of phosphorus tribromide (500 g) in ligroin (10 liters) was stirred in a large metal
can and 10 kg of activated carbon was added. The resulting slurry was stirred with a large paddle at

ambient temperature to complete the reaction. The slurry was filtered under vacuum on a large
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Buchner funnel in several batches. The wet filter cake was dried at 110°C in an oven to constant

weight. The dried preduct was fluffed in the rotating barrel as described in Example 3.

Example 6 - Preparation and Sorption on Larger-Particle Carbon

[0094] Tests were conducted on a pilot-scale combustor while firing a subbituminous coal, to
evaluate mercury control by injecting larger-than-normal sized treated activated carbon. Standard
AC sorbents generally are of fine size with a mean particle diameter of less than 20 micrometers,
which is also typical of the flyash that is generated from pulverized coal combustion. Consequently,
because the sizes of standard AC and flyash are similar, separation of the two is difficult. Injection
of larger sized AC is generally not considered because the sorbent effectiveness decreases with size.
In a scheme to recycle the injected carbon, the carbon is separated from the flyash. A separation
based on size fractionation requires a treated larger particle sorbent. To test this concept, a treated
Iarger sized (>60 ym) sorbent was developed, prepared, and tested.

Treatment - Gas Phase Halogenation

[0095] Granular activated carbon {Calgon F400) was ground and sieved through conventional mesh
screens. The mesh size fraction -170 to +240 (corresponding to about 60 to about 88 micrometers)
was collected and placed in a rotating vessel as described in Example 1 above. In a separate vessel,
gas phase bromine was generated by passing a nitrogen stream over a weighed amount of liquid
bromine that was warmed to about 40°-50°C, and the outlet from this gaseous bromine generator
was connected via a 1/4 inch (6.35 mm) plastic hose to a stationary metal tube inserted through a
flange in the center of the lid and passing into the center of the rotating vessel, also as described in
Example 1. The unit was operated until the desired amount of bromine had combined with the
carbon, in this case 0.05 kg of bromine to 1 kg of carbon (5 wt. %). When the reaction was
completed, the carbon was weighed. The treated carbon was odorless as has been described above.
PT(C Apparatus

[0096] The pilot-scale combustor, known as the “Particulate Test Combustor” (hereinafter “PTC™),
is a 550,000-Btu/hr (about 161 kW) pulverized coal (“PC”)-fired unit, designed to generate
combustion flue gas properties and fly ash that are representative of those produced in a full-scale
utility boiler. The combustor is oriented vertically to minimize wall deposits. A refractory lining
helps to ensure adequate flame temperature for complete combustion and prevents rapid quenching
of the coalescing or condensing fly ash. Based on the superficial gas velocity, the mean residence
time of a particle in the combustor is approximately 3 seconds. The coal nozzle of the PTC fires

axially upward from the bottom of the combustor, and secondary air is introduced concentrically to
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the primary air with turbulent mixing. Coal is introduced to the primary air stream via a screw feeder
and eductor. An electric air preheater is used for precise control of the combustion air temperature.
Originally, the PTC used cold-water annular heat exchangers to provide flue gas temperature control
to the baghouse (also referred to as a “fabric filter”) or electrostatic precipitator (ESP). However,
analysis of ash deposits collected from the heat exchangers indicated that some mercury was
collected on the duct walls. To minimize this effect, the heat exchangers were modified to provide
for higher duct wall temperatures.

{0097] The PTC instrumentation permits system temperatures, pressures, flow rates, flue gas
constituent concentrations, and particulate control device (baghouse, Advanced Hybrid Particle
Collector/AHPC™, andfor electrostatic precipitator/ESP) operating data to be monitored
continuously and recorded on a data logger.

PTC Procedure

[0098] Flue gas samples were taken at combinations of two of the three available system sample
points: the furnace exit, the particulate control device inlet, and the particulate control device outlet.
After passing through sample conditioners to remove moisture, the flue gas was typically analyzed
for O,, CO, CO,, SO,, and NO,. Each constituent was normally analyzed at both the furnace exit and
the outlet of the particulate control device simultaneously, using two analyzers. The concentration
values from all of the instruments were recorded continuously. In addition, data were manually
recorded at set time intervals. NO, was determined using a pair of Rosemount Analytical NO,
chemiluminescent analyzers. SO, was measured using a pair of Ametek Instruments photometric gas
analyzers. The remaining gases were measured by a pair of Rosemount Analytical multi-gas
continuous emissions monitors, Each of these analyzers was regularly calibrated and maintained to
provide accurate flue gas concentration measurements.

[0099] The baghouse vessel was a 20 inch (50.8 cm) (ID) chamber that is heat-traced and insulated,
with the flue gas introduced near the bottom. The combustor produced about 200 ACFM (actual
cubic feet per minute; about 5.7 actual m>/min) of flue gas at 300°F (about 150°C), therefore three
13-ft by 5-inch (3.96 m by 12.7 cm) bags provided an air-to-cloth ratic of 4 ft/min (1.22 m/min).
Each bag was cleaned separately in operation with its own diaphragm pulse valve. In order to
quantify differences in pressure drop for different test conditions, the bags were cleaned on a time
basis, rather than with the cleaning cycle initiated by pressure drop. Once bag cleaning was initiated,

all three bags were pulsed in rapid succession on-line.
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[00100] Tests were also conducted with a single-wire, tubular ESP replacing the fabric filter. The
ESP unit was designed to provide a specific collection area of 125 at 300°F (150°C). Since the flue
gas flow rate for the PTC is 130 SCFM (standard cubic feet per minute; about 3,7 NCMM (normal
m*/min)), the gas velocity through the ESP is 5 ft/min (about 1.52 m/min}. The plate spacing for the
ESP unit is 11 in (27.9 cm). ‘The ESP was designed to facilitate thorough cleaning between tests so
that all tests can begin on the same basis,

PTC Results

[00101] Results are illustrated in Figure 6. As can be observed in Figure 6, even though the tested
sorbent particle size is significantly larger than normal sorbent particles, the treated larger-than-
normal sized (that is, >60 micrometers) activated carbon sorbent was quite effective at capturing
mercury. Approximately 75% of the mercury was captured when the larger-sized treated AC was
injected ahead of the pilot-scale ESP, while approximately 85% of the mercury was captured when
injected ahead of the pilot-scale fabric filter (“FF’). Note that in Figure 6 (and throughout) “Macf”
(and “MACF”) indicates million actual cubic feet (1 MACF is about 0.028 million actual cubic
meters or “MACM"™).

[00102] Referring now to Figure 7, it can be observed that the larger-sized treated AC when injected
ahead of the pilot-scale ESP (diamond symbol(s)) performed better than the finer standard AC
(triangles) under the same arrangement. In comparison, when injected ahead of the fabric filter (FF),
the larger-sized treated AC (square) performed similarly to slightly worse. However, for this
application, the larger-sized treated AC can be physically separated from the smaller flyash particles,
and the sorbent can then be regenerated, recycled, and reused. This will substantially improve
overall utilization and economics. These data thus show that a larger-than-normal sized sorbent can
provide effective mercury control and ease flyash and AC separation, thereby also preserving the
characteristics of the flyash for sale and beneficial use. Accordingly, because >60 pum sorbent
particles have been successfully demonstrated, superior mercury control can be obtained with >40
pm particles, which may be preferred in some applications, depending on the sorbent particle/ash
separation system used. Note that in Figure 7 (and throughout) “Macf” (and “MACF”) indicates
million actual cubic feet.

Example 7 - Liquid Phase (Organic Solvent) Halogenation

[00103] A 5% solution of bromine in ligroin was prepared by carefully adding 50 g of bromine to 1
liter of cold ligroin. One kg of activated carbon was added to the bromine solution in a large metal

can. The slurry was stirred with a large paddle during the addition and for a short time aftexwards
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until all the bromine had reacted with the carbon as indicated by the disappearance of the red color,
The slasry was filtered using a Buchner funnel under vacuum. The carbon cake that was collected on
the filter was dried in an oven at 110°C for several hours until it appeared dry and a constant weight
was obtained. As in Example 1, some moisture was Ieft in the carbon, however. The dried carbon
was then tumbled in the rotating barrel with metal pieces to break up and fluff the carbon.

Example 8 - Promoted Activated Carbon Sorbents

[00104] A bench-scale procedure based on the above description was used to test the initial activities
and capacities of several promoted activated carbon sorbents using powdered carbon, including the
bromine-containing activated carbons prepared from a commercially available sorbent and an aerogel
carbon film sorbent, as well as the original precursor carbons for comparison. Bromine-treated
carbons were prepared by impregnation of the powdered activated carbon precursors in a stirred
solution of bromine in carbon tetrachloride or methylene chloride, or alternatively, in an aqueous
solution of HBr, followed by drying in air at ambient temperature and drying in an oven at 100°C in
air or nitrogen. Bromine-treated carbons were also prepared by impregnating bromine from the gas
phase by passing the gas through a rotating dry bed of the activated carbon precursor. The results
indicated that adding a second component to the solution improved the capacity of the sorbent.
[00105] The carbons were initially tested in a heated bed, where a synthetic flue gas stream
containing elemental mercury (11 ng/m’) was passed through the bed. Concentrations of total and
elemental Hg in the effluent gas were determined using a Sir Galahad mercury CEM (“continuous
emission monitor”) (mfr. P § Analytical, Deerfield Beach, FL, USA). The powdered sorbent was
supported on a quartz filter during the test, and the other sorbents were tested as a triple layer. A
comparison of the original commercial-grade powdered carbon sorbent with the sorbent after it was
treated with 0.1 N HBr, and the powder was collected by centrifugation and drying, revealed that the
mercury capture activity increased from an initial capture efficiency of about 50% of the Hg in the
inlet to 100% capture. A comparison of the sorbent after subsequent regeneration with HBr indicated
that it not only captured mercury at the same level as before (100% capture) but its capacity was
prolonged by several minutes, and thus enhanced. Similar results were obtained with the carbon film
and carbon fiber sorbents by treatment with molecular bromine in solution or in dry beds as
described above. |

Example 9 - Fluidized/Ebulliated Bed Preparation

[00106] An activated carbon sorbent was prepared by treating the carbon by impregnating molecular
bromine from a gas composition containing molecular bromine by flowing the gas through a liquid

bromine reservoir in series with a fluidized bed or ebulliated bed of the carbon. The amount of
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bromine taken up by the carbon ranges {in one example) from <1 to about 30 g per 100 g of activated

carbon, depending on the proportions used.

Example 10 - Full-Scale Testing

100107]In this example, a baghouse (fabric filter) or ESP was used to collect particulates in the
exhaust of a full-scale commercial pulverized coal-burning facility. A scrubber and sorbent bed were
also used to remove undesired constituents from the flue gas stream, before being fed to the stack. In
this example, the halogen/halide promoted carbon sorbent was injected into the flue gas after the
boiler. In general however, the inventive sorbent can be injected where desired (e.g., before, after, or
within the boiler).

[00108]In one exemplary test conducted at a facility fired with lignite coal, the flue gas phase
mercury {elemental) concentration was between 10 and 11 pg/m®, The ash and injected carbon were
collected in the baghouse at 350°F to 375°F (about 175-190°C). Injection of commercial-grade
activated carbon powder (untreated) at a rate of 1.0 Io/MACF (“MACF” and “Macf” represent one
million actual cubic feet; 1.0 Ib/MACEF is about 16 kg/MACM (million actual cubic meters)) resulted
in mercury effluent concentrations of 3,8-4.2 ug/m? (representing 62%-58% removal of the mercury
from the gas, respectively), and at 2.0 Ib/MACF (about 32 kgACM), gave 74%-71% removal.
Injection of the bromine-treated carbon at 1.0 I/MACF resulted in 73%-69% removal and at 2.0
16/MACF gave 86%-84% removal. Thus, a significant increase in the mercury capture was exhibited
during use of the bromine promoted carbon sorbent of the present invention.

Example 114 - Addition of Optional Alkaline Component — Bench-Scale

[00109] The efficiency of the activated carbons for mercury capture can be improved considerably by
employing a basic material co-injected with the activated carbon, in order to capture any oxidized
mercury that may be released from the sorbent, or to capture some of the sulfur or selenium oxides in
the flue gas that can have a detrimental effect on the sorbent capacity.

[00110] Bench-scale testing was conducted by preparing 2 filter composed of 37 mg of brominated
activated carbon mixed with 113 mg of calcium oxide. The test was conducted as described in
Example 1 and compared with the same carbon sorbent but with an inert diluent. The breakthrough
curve for the mixture of brominated (2%) NORIT Darco FGD sorbent with inert sand is shown in
Figure 8, and the breakthrough curve for the mixture with Ca0 is shown in Figure 9. It can be seen
that the point of 50% breakthrough improves to 65 minutes with the mixture with Ca0 from only 48

min with the sand mixture.
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Example 11B - Addition of Optional Alkaline Component — Pilot-Scale

[00311] Tests were conducted on the pilot-scale PTC combustor described above with reference to
Example 6 while firing a Texas lignite to evaluate mercury control by co-injecting a standard
activated carbon (also referred to herein as “AC”) and an alkali material upstream of a fabric filter.
Typical results are illustrated in Figure 10. As shown in Figure 10, co-injecting lime with activated
carbon vastly improved mercury removal. Mercury removals of approximately 90% were achieved
with the co-injected sorbents, whereas less than 60% removal was achieved with the use of standard
AC alone, even at much higher injection rates. Data from similar tests show that injecting similar
quantities of sodium carbonate and AC, and lime and AC, resulted in mercury removals of
approximately 80%, and 87%, respectively. These data suggest that other alkali can also be co-
injected with AC to improve mercury removal. Other data show that flue gas temperafure may
impact the effectiveness of the alkali addition. Further test data indicate that flue gas contaminants,
flue gas constituents (SO,, NO;, HCI, etc.), operating temperature, mercury form, and mercury
concentration may impact the effectiveness of the alkali addition. This indicates that it may be
desirable to be able to adjust and tailor, onsite, the alkali-to-AC ratio in order to optimize removal for
a given set of site conditions,

100112] Without wishing to be bound by any particular theory, the synergy observed in the improved
performance when co-injecting the two materials can be explained as follows. First, tests indicate
that binding sites on AC can be consumed by sulfur species and other contaminants. The alkali
material interacts and reacts with these species thus minimizing their consumption of AC mercury
binding sites. Second, other work has shown that standard AC will continue te oxidize mercury even
though the binding sites are fully consumed. This oxidized mercury can then react with alkali
material and subsequently be captured by the particulate control device. Thus, combining alkali with
treated and/or non-treated AC synergistically takes advantage of these two mechanisms, resulting in
improved mercury capture at reduced costs.

Example 12- Brominated Carbon Sorbent for Gasification Fuel Gas

Preparation of 5%Br2W-AC

[00113] Using a procedure similar to Example 3, a 2.5 wt/vol% solution of bromine in water was
prepared. Granular Calgon F400 was added to the bromine solution to give a 5 wt/wt% brominated
carbon product, The bromine solution was stirred with a large paddle during and after the addition

until the red color in the water disappeared. The suspension was filtered by vacuum on a large
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Buchner funnel. The filter cake was dried in air, and then in an oven at 110°C until a stable weight
was obtained The moisture was reduced to 15%.

Preparation of 5%Br2D-AC

[00114] A brominated sorbent was prepared from Br; addition in solvent as descnibed in Example 7,
except that dichloromethane was used as the solvent instead of ligroin, and granular Calgon F400
was used.

Preparation of 5%PBr3-AC

[00115) A phosphohalogenated sorbent was prepared from PBr; using the method described in
Example 5, except granular Calgon F400 was used.

Testing in Hydrogen Atmosphere - Procedure

[00116] To simulate the capture of mercury from a heated fuel gas or syngas from coal gasification,
tests were conducted employing a stream comprising 10% vol/vol hydrogen in nitrogen passing
through the sorbent at 500 cc/min. The stream contained 26.9 micrograms/m’ of elemental mercury
from a commercial mercury permeation source.

[00117]In the tests, the sorbent (0.5 g) was placed in a 0.39 inch (1 cm, inside diameter} glass tube
fitted with a medium frit sintered glass filter disc to hold the sorbent in the gas stream, The tube
containing the sorbent bed was connected to a gas inlet tube for introducing the gas stream
containing the mercury vapor and at the outlet to a tube connection to the detector. The detector was
a Semtech 2000 continuous mercury emission monitor. The tube was equilibrated in a nitrogen flow
(450 cc/min) for 5 minutes at ambient temperature to stabilize the system. The detector showed 0
concentration of mercury in the effluent from the sorbent bed. (The blank run with no sorbent read
26.9 micrograms/m®). The tube was then placed in an oven at the selected temperature for the test
(from 250° to 400°C). Effluent mercury concentration data from the detector were collected until the
detector showed a constant reading for 5 minutes. Hydrogen (50 cc/min) was then added to the gas
stream and detector readings were taken every 5 min. Tests were conducted at several oven
temperatures for various periods of time up to 3 hours, depending on the temperature and sorbent.
The elemental mercury concentration data were plotted as a percent of inlet mercury concentration
versus time as in Example 1. All the mercury in the effluent was elemental, so a single detector was
sufficient, and no SnCl, trap was needed to convert to elemental mercury (as in Example 1). The
time for 50% breakthrough (time to reach 50% capture) was then determined from the breakthrough
curves.

Resulis
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[00118] The results are shown in Table 1 (below) for the unbrominated sorbent (Calgon F-400), the
brominated sorbents (5%Br2W-AC and 5%BiD-AC), and the phosphobrominated sorbent (5%PBr3-
AC). The maximum mercury concentration obtained in the effluent in each run is also reported in
Table 1 for the time period indicated in the last column.

[00119] Under the reducing hydrogen conditions, the unbrominated sorbent broke through
immediately and was exhausted after only 6.5 min. This complete failure occurred because the
hydrogen reduces the captured mercury in the unbrominated sorbent at any temperature above 100°C.
Both of the brominated sorbents exhibited excellent reactivity and good capacity at all temperatures,
up to at least 400°C. The phosphobrominated sorbent exhibited superior reactivity and capacity at all
temperatures, up to at least 400°C.

Table 1
Times for 50% Breakthrough
Maximum Observed Hg Concentrations for Sorbents
(10% Hydrogen Streams)

Sorbent Temp 50% breakthrough Maximuom [Hg] Time (min)

CC) (min) (ng/m’)
F-400 250 6 20.3 6.5
5%Br2W-AC 250 >150 1.4 150
5%Br2W -AC 300 >180 4.3 180
5%Br2W-AC 350 160 15.1 180
5%Br2W-AC 400 60 13.9 65
5%PBr3-AC 250 >140 04 140
5%PBr3-AC 300 >150 0.5 150
5%PBr3-AC 350 >150 1.4 150
5%Br2D-AC 350 >180 2.1 180
5%Br2D-AC 400 >180 10.9 180

[00120] While the preferred embodiments of the invention have been shown and described,
modifications thereof can be made by one skilled in the art without departing from the spirit and
teachings of the invention, The embodiments described herein are exemplary only, and are not
intended to be limiting. Many variations and modifications of the invention disclosed herein are
possible and are within the scope of the invention. Accordingly, the scope of protection is not
limited by the description set out above, but is only limited by the claims which follow, that scope

including all equivalents of the subject matter of the claims.
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[006121] The examples provided in the disclosure are presented for illustration and explanation
purposes only and are not intended to limit the claims or embodiment of this invention. While the
preferred embodiments of the invention have been shown and described, modifications thereof can
be made by one skilled in the art without departing from the spirit and teachings of the invention.
Process criteria, equipment, and the like for any given implementation of the invention will be
readily ascertainable to one of skill in the art based upon the disclosure herein. The embodiments
described herein are exemplary only, and are not intended to be limiting. Many variations and
modifications of the invention disclosed herein are possible and are within the scope of the invention,
Use of the term “optionally” with respect to any element of the invention is intended to mean that the
subject element is required, or alternatively, is not required. Both alternatives are infended to be
within the scope of the invention.

[00122] The discussion of a reference in the Background is not an admission that it is prior art to the
present invention, especially any reference that may have a publication date after the priority date of
this application. The disclosures of all patents, patent applications, and publications cited herein are
hereby incorporated herein by reference in their entirety, to the extent that they provide exemplary,
procedural, or other details supplementary to those set forth herein.

[00123] Although the invention is described herein as a sorbent material and associated processes for
its preparation and use, it is nevertheless not intended to be limited to the details described, since
various modifications and structural changes may be made therein without departing from the spirit

of the invention and within the scope and range of equivalents of the claims.
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CLAIMS
WE CLAIM:

L. A promoted carbon sorbent comprising a base activated carbon that has reacted with a
promoter selected from the group consisting of halides, halogens, and combinations thereof, wherein
the sorbent is effective for the removal of mercury from a gas stream located downstream of a boiler,
said removal of mercury yielding a cleaned gas stream, and wherein the composition of the promoted

carbon sorbent is controlled by the mercury content of the cleaned gas stream.

2. The promoted carbon sorbent of claim 1 wherein the base activated carbon is selected from
the group consisting of powdered activated carbon, granular activated carbon, carbon black, carbon
fiber, aerogel carbon, pyrolysis char, activated carbon with an average particle size greater than 40
micrometers, and combinations thereof, and the promoter is selected from the group consisting of

molecular halogens, Group V halides, Group VI halides, hydrohalides, and combinations thereof.

3. The promoted carbon sorbent of claim 2 wherein the sorbent comprises an activated carbon

matrix in a fixed or a moving bed structure.

4. The promoted carbon sotbent of claim 3 wherein the structure is selected from the group

consisting of moving fiber screens and monoliths.

S. The promoted carbon sorbent of claim 2 further comprising an optional alkaline component
selected from the group consisting of alkali elements, alkaline earth elements, alkali salts, alkaline

earth salts, and combinations thereof,

6. The promoted carbon sorbent of claim 5 wherein the ratio of base activated carbon, the
promoter, and the optional alkaline component is chosen for optimum economic removal of mercury

from the gas stream.

7. The promoted carbon sorbent of claim 2 further comprising a mercury-stabilizing reagent
selected from the group consisting of S, Se, HzS, 5O0,, HySe, Se(,, CS,, P,;Ss, and combinations
thereof.

8. The promoted carbon sorbent of claim 7 wherein the promoter is selected from the group

consisting of Bry, HBr, and combinations thereof.
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9, The promoted carbon sorbent of claim 7 further comprising an optional alkaline component
comprising an alkaline or alkaline earth element wherein the promoter is selected from the group

consisting of Bry, HBr, and combinations thereof.

10.  The promoted carbon sorbent of claim 2 further comprising an optional secondary component
comprising a halogen or a hydrohalide such that the reactivity and mercury capacity of the sorbent

are enhanced,

11.  The promoted carbon sorbent of claim 10 wherein the concentration of the optional
secondary component on the finished sorbent is within the range of from about 1 wt-% to about 15

wt-% of the concentration of the promoter on the finished sorbent.

12.  The promoted carbon sorbent of claim 10 wherein the optional secondary component is
selected from the group consisting of Group V halides, Group VI halides, HI, HBr, HC], and

combinations thereof.

13.  The promoted carbon sorbent of claim 12 wherein the optional secondary component is

selected from the group consisting of I, HI, and combinations thereof.

14.  The promoted carbon sorbent of claim 13 wherein the promoter is substantially in vapor form

when combined with the base activated carbon.

15.  The promoted carbon sorbent of claim 13 wherein the promoter is combined with an organic

solvent prior to reaction with the base activated carbon.

16.  The promoted carbon sorbent of claim 13 wherein the promoter and optional secondary

component are combined with the base activated carbon substantially simultaneously.

17. A method of preparing a promoted carbon sorbent comprising providing an activated carbon;
and forming a reaction product by reacting the activated carbon with a promoter selected from the
group consisting of halogens, halides, and combinations thereof, such that the reaction product
comprises a promoted carbon sorbent effective for removal of mercury from a gas stream
downstream of a boiler, thus yielding a cleaned gas stream, and wherein the composition of the

sorbent is adjusted based upon the mercury content of the cleaned gas stream.
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18.  The method of claim 17 wherein the activated carbon has an average particle size greater
than that of the components of the gas stream such that the promoted carbon sorbent produced

therefrom can be substantially separated by physical means from the cleaned gas stream,

19.  The method of claim 18 wherein the reaction product has an average particle size distribution

greater than about 40 micrometers.

20.  The method of claim 17 further comprising preparing the sorbent in-flight by reacting the
activated carbon, the promoter, and an optional secondary component to enhance the reactivity and

mercury capacity of the sorbent.

21.  The method of claim 17 further comprising continuously monitoring the mercury content of

the cleaned gas stream.
22.  The promoted carbon sorbent prepared by the method of claim 21.

23,  The method of claim 17 wherein the sorbent comprises an activated carbon mafrix in a fixed

or a moving bed structure.

24.  The method of claim 23 wherein the structure is selected from the group consisting of

moving fiber screens and monoliths.

25.  The method of claim 17 wherein the ratio of activated carbon to promoter is adjusted for

optimization of economic removal of mercury from the gas stream.

26.  The method of claim 17 wherein the reaction product comprises from about 1 to about 30

grams promoter per 100 grams activated carbon.

27.  The method of claim 26 wherein the promoter is in an organic solvent when contacting the

activated carbon.

28.  The method of claim 26 further comprising providing an optional alkaline component to

improve the effectiveness of mercury removal.

29,  The method of claim 26 wherein the promoter is in the gas phase when contacting the

activated carbon.
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30.  The method of claim 29 wherein the promoter is selected from the group consisting of Bry, a

Group V bromide, a Group VI bromide, and combinations thereof,

31.  The method of claim 29 further comprising reacting the activated carbon with an optional
secondary component comprising a halogen or a hydrohalide such that the reactivity and mercury

capacity of the sorbent are enhanced.

32.  The method of claim 31 further comprising providing an optional alkaline component to

improve the effectiveness of mercury removal,

33.  The method of claim 31 wherein the promoter and optional secondary component are

contacted substantially simultaneously with the activated carbon,
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ABSTRACT

A promoted activated carbon sorbent is described that is highly effective for the removal of
mercury from flue gas streams, The sorbent comprises a new maodified carbon form containing
reactive forms of halogen and halides. Optional components may be added to increase reactivity and
mercury capacity. These may be added directly with the sorbent, or to the flue gas to enhance
sorbent performance and/or mercury capture. Mercury removal efficiencies obtained exceed
conventional methods. The sorbent can be regenerated and reused. Sorbent treatment and
preparation methods are also described. New methods for in-flight preparation, introduction, and

control of the active sorbent into the mercury contaminated gas stream are described,
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Amendments to the Specification:

Please replace paragraph [0001] of the specification as filed with the following:

[0001] This application is a continuation of U.S. patent application 12/201,595 filed on
August 29, 2008, which is a division of U.S. patent application 11/209,163, filed on August
22, 2005 (now Patent No. 7,435,286), which claims priority to the extent appropriate from
provisional application 60/605,640, filed on August 30, 2004. Application Serial Numbers
12/201,595; 11/209,163; and 60/605,640 are incorporated herein by reference.
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Amendments to the Claims:

This listing of claims will replace all prior versions and listings of claims in the application.

Listing of Claims:

1-33. (Canceled)

34, (NEW) A method for separating mercury from a mercury containing gas comprising:

(a) providing a sorbent material;

(b)  providing a halogen or halide promoter;

{c) promoting at least a portion of the sorbent material by chemically reacting the
sorbent material with the halogen or halide promoter to form a promoted halogenated sorbent;

(d) chemically reacting elemental mercury in the mercury containing gas with the
promoted halogenated sorbent to form a mercury/sorbent chemical composition; and

(e) separating particulates from the mercury containing gas, the particulates including

ash and the mercury/sorbent chemical composition.

35. (NEW) A method according to claim 34, wherein the halogen or halide promoter

comprises molecular halogen in vapor form.

36. (NEW) A method according to claim 34, wherein the halogen or halide promoter

comprises molecular halogen in an organic solvent.

37. (NEW) A method according to claim 34, wherein the halogen or halide promoter
comprises at least one of Group V halide in a non-aqueous solvent, Group VI halide in a non-

aqueous solvent, or mixtures thereof.

38. (NEW) A method according to claim 34, wherein the sorbent material comprises base
activated carbon that contains basic binding sites which react with halogens, hydrohalides, and
Group V and Group 6 halides to form highly reactive acidic binding sites in the promoted

sorbent for oxidation of the mercury .
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39, (NEW) A method according to claim 38, wherein the acidic binding sites in the
promoted activated carbon chemically react with elemental mercury form the mercury/sorbent

composition.

40. (NEW) A method according to claim 38, wherein at least a portion of the basic binding
sites of the activated carbon reacts with oxidized mercury in the mercury containing gas to form

another mercury/sorbent chemical composition.

41. (NEW) A method according to claim 38, wherein the base activated carbon material
comprises at least one of powdered activated carbon, granular activated carbon, carbon black,

carbon fiber, carbon honeycomb, aerogel carbon film, pyrolysis char, or mixtures thereof.

42. (NEW) A method according to claim 34, wherein the step of separating particulates
from the mercury containing gas comprises separating in a particulate separator comprising one

or more electrostatic precipitators.

43. (NEW) A method according to claim 34, further comprising a step of regenerating a

promoted halogenated sorbent from the mercury/sorbent chemical composition.

44. (NEW) A method according to claim 43, further comprising injecting the regenerated

promoted halogenated sorbent into a mercury containing gas.

45. (NEW) A method according to claim 34, further comprising injecting an alkaline

component into the mercury containing gas.

46. (NEW) A method according to claim 43, wherein the alkali component comprises an

oxide, hydroxide, carbonate, phosphate of an alkali or alkaline earth element.

47. (NEW) A method according to claim 34, further comprising adding a second halogen or

halide promoter to the promoted halogen containing sorbent.
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48, (NEW) A method according to claim 47, wherein the second halogen or halide promoter
comprises HI, HBr, HC], Group V element with halogen, or Group VI element with halogen.

49. (NEW) A method according to claim 34, further comprising adding a stabilizing agent to

the promoted halogen containing sorbent.

50. (NEW) A method according to claim 49, wherein the stabilizing agent comprises at least
one of S, Se, H,S, SOy, HaSe, Se0s, CS,, P2Ss, or mixtures thereof.

51. (NEW) A method according to claim 34, wherein the step of promoting at least a portion

of the available sorbent material occurs at least partially outside of the mercury containing gas.

52. (NEW) A method according to claim 34, wherein the promoted halogen containing

sorbent combines with at least 70% of the mercury present in the mercury containing gas.

53. (NEW) A method according to claim 34, further comprising injecting the sorbent
material at an sorbent material injection rate and injecting separately at least one promoter at a
promoter injection rate into a gas stream whereby in-flight reaction produces the promoted
halogenated sorbent, wherein the promoter is selected from the group consisting of molecular
halogens, halides, and combinations thereof, wherein the promoter is reacted in the gas phase or
as a vapor, wherein the promoter is added at from about 1 to about 30 grams per 100 grams of

sorbent material.

54, (NEW) A method according to claim 53, wherein the gas stream is a mercury containing

gas.
55. (NEW) A method according to claim 54, wherein the gas siream is a transport gas.

56. (NEW) A method according to claim 53, wherein the promoter injection rate and the
sorbent injection rate into the gas are determined at least in part on the monitored mercury

content of the cleaned gas.
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57. (NEW) A method according to claim 34, wherein the composition of the promoted sorbent

is controlled by the mercury content of the cleaned gas stream.
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REMARKS

This application is a continuation of U.S. patent application 12/201,595 filed on
August 29, 2008, which is a division of U.S. patent application 11/209,163, filed on August
22, 2005 (now Patent No. 7,435,286), which claims priority from provisional application
60/605,640, filed on August 30, 2004,

Claims 1-33 have been cancelled. Claims 34-57 have been added. Claims 34-57 are

pending. It is believed that this application is in condition for examination.

Respectfully submitted,
MERCHANT & GOULD P.C.

P.0. Box 2903

Minneapolis, Minnesota 55402-0903
(612) 336-4724

Date: M Az ﬁ W
4 ennis R. Daley Z
Reg. No. 34,944
DRD:TPJ:cjc
23552
PATENT TRADEMARK OFFICE
7
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