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(57) Abréegée/Abstract:

The present invention provides a method and apparatus for removing trace contaminants from a gas stream or flue gas. In one
embodiment, the present invention an apparatus for removing a trace contaminant from a gas stream, comprising a gas duct
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(57) Abrege(suite)/Abstract(continued):

configured to recelve a gas stream comprising a trace contaminant; a plurality of substrates disposed within the gas duct; a trace
contaminant sorbent disposed on at least a portion of each of the substrates; an isolation device for separating the portion of each
of the substrates from the gas stream; and a regenerator for regenerating the trace contaminant sorbent. In another embodiment,
the present invention provides a method for removing a trace contaminant from a gas stream.
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- ABSTRACT

- The present invention provides a method and apparatus for removing trace
contaminants from a gas stream or flue gas. In one embodiment, the pi'esent invention an
apparatus for removing a trace contamitu}lant. from a gas stream, comprising a gas duct
configured to receive a gas stream comprising a trace contaminant; a plurality of substrates
disposed within the gas duct; a trace cOﬁtaminant sorbent d18posed on at least a portion of
each of the substrates; an isolation devisc for separating the portion of each of the substrates
from the gas stream; and a regenerator for regenerating the trace contaminant sorbent. In
another embodiment, the present 'invenﬁon pfovides a method for removing a trace

contaminant from a gas stream. .
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METHOD AND APPARATUS FOR REMOVING VAPOR
PHASE CONTAMINANTS FROM A FLUE GAS STREAM

BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates generally to the removal of vapor phase contaminants
from a gas stream. More specifically, the invention is directed to the removal of vapor

phase mercury from the flue gas of a combustion system.

Description of Related Art

The emission of trace metals from utility power plants is an important i1ssue
in light of the 1990 Clean Air Act Amendment (CAAA), Title III. In particular, special
attention has been given to mercury (Hg) in terms of its environmental release and impacts,
and the Environmental Protection Agency (EPA) is closely scrutinizing sources that emit
mercury. Mercury is present in flue gas from a fossil-fuel-fired combustion system in very
low concentrations (<1 ppm) and forms a number of volatile compounds that are difficult to
remove. Specially designed and costly emissions-control systems are required to effectively
capture these trace amounts of mercury.

Several approaches have previously been adopted for removing mercury
from gas streams. These techniques include passing the gas stream through a fixed or
fluidized sorbent bed or structure or using a wet scrubbing system. Approaches using fixed
bed technologies normally pass the mercury containing gas through a bed consisting of
sorbent particles or through various structures such as honeycombs, screens, or fibers that

are coated with a sorbent. Common sorbents include activated carbon and noble metals
such as gold and silver. In many cases where noble metals are used, the structure is coated
with the noble metal sorbent while the support underneath is made of ceramic or metallic
materials. The sorbents in these fixed structures can be periodically regenerated by heating
the structure and driving off the adsorbed mercury (see, for example, U.S. Patent Nos.

5,409,522 and 5,419,884). The mercury driven off can then be recovered or removed

separately.
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However, in regenerating the sorbent in such fixed bed systems, the bed must
be taken off-line periodically. This necessitates that a second bed be used and remain on-
line while the first one is regenerating. In addition, the beds need to be located downstream
of a primary particulate collection device to remove all of the solid suspended particles in
the gas stream and to avoid pluggage. These fixed bed systems also require significant
space and are very difficult to retrofit into existing systems, such as into the ductwork of
powerplants, without major modifications and high pressure drop penalites (e.g., 10-30
inches of water).

U.S. Patent Nos. 5,948,143 and 6,136,072 described concepts that addressed
some of these problems through the use of porous tubes and plates that can be regenerated
and cleaned while in the presence of flue gas containing particles. These porous tubes and
plates are cleaned by a series of back pulses across their walls. However, the fabrication of
porous tubes and plates is complex and relatively expensive. The tubes and plates are also

heavy and difficult to install and heat due to the thick wall requirements.

Therefore, a need remains for a cost-effective method of removing trace
contaminants, in particular mercury, from the flue gas of a combustion system.
Specifically, there is a need for a fixed bed process for removing such contaminants
that can be easily retrofitted into an existing combustion process, easily cleaned to

avoid plugging, and easily regenerated.
SUMMARY OF THE INVENTION

The present invention provides a method and apparatus for removing trace
contaminants from a gas stream or flue gas. In one embodiment, the present invention an
apparatus for removing a trace contaminant from a gas stream, comprising a gas duct
configured to receive a gas stream comprising a trace contaminant; a plurality of substrates
disposed within the gas duct; a trace contaminant sorbent disposed on at least a portion of
each of the substrates; an isolation device for separating the portion of each of the substrates
from the gas stream; and a regenerator for regenerating the trace contaminant sorbent.

In another embodiment, the present invention provides a method for
removing a trace contaminant from a gas stream, comprising passing a gas stream
comprising a trace contaminant through a gas duct; contacting said trace contaminant with a
trace contaminant sorbent disposed on at least a portion of a substrate within said gas duct;

adsorbing said trace contaminant with said trace contaminant sorbent; isolating said portion

of said substrate from said gas stream; cleaning said substrate in-sifu and concurrently with

-
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- said passing of said gas stream through said gas duct; and regenerating said trace
‘ contaminant sorbent in-situ and concurrently with said passing of said gas stream through

said gas duct. o '
, ‘ The present invention provides a cost-effective method of removing trace
-5 contarhinants, in particular mercury, from the flue gas of a combustion system. Specifically,
the present invention provides a fixed bed process for removing such contaminants that can
be easily retrofitted into an existing combustion process, easily cleaned to avoid plugging,
and easily regenerated. ' _ ‘ |

These and other features of the prescnt invention will appear fromthe

10 following description from which the preferred embodiments are set forth in detail in

‘conjunction with the accompanying drawings.

'BRIEF DES CRIPTION OF THE DRAWINGS
Figure 1 illustrates one exemplary process in Wthh the present invention

15 may be utlhzed ,
Figure 2 is a perspective view of one embodiment of the present invention;

Fi gure 3 1s a top view of the embodiment of Figure 2;

_ Figure 4 is a perspective View of another embodiment of the present
invention; , ’ ' |
20 ~ Figure 5 is a top view of the embodiment of Figure 4;

' Figure 6 is a side view of the embodiment of Figures 4 and 3;
Figure 71s a perspectlve view of another embodiment accordmg to the

present invention; and
Figure 8 illustrates test results according to one embodiment of the present

25 invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Figure 1 illustrates one exemplary process in Wthh the present invention
may be utlhzcd A combustion device, such as a fossil-fuel-fired boiler 22, receives air
30 through an air inlet duct 24 to combust fuel, such as coal received through a fuel inlet duct
26. The combustion process within the boilér 22 produces a gas stheam in the form of flue
gas that exits the boiler 22 through an outlet duct 28. ‘The flue gas produced within the
boiler 22 i is compnsed of air, products of combustwn in the gaseous form, such as water
vapor, carbon dioxide, oxides of mtrogen and sulfur, halides, organic compounds, mercury,
35 selenium and other trace metal vapors or trace contaminahts, and particulate matter. A

-3-
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particulate collection device 30 is connected to the outlet duct 28 and removes particulate

matter 32 from the flue gas. The particulate collection device outlet duct 34 directs the flue
gas to the stack 36 where it is dlscharged It should be appreciated that some systems may
not utlhze a partlculate collection device and that the outlet duct 28 would 'simply connect

with the partzculatecollectlon device outlet duct 34.
In accordance with one embodiment of the present invention, a substrate

having a trace contaminant sorbent disposed on at least a portion of the surface of the
substrate is placed within a gas duct of a process, such as the one described in connection
with Figure 1, that transports flue gas, or through which ﬂue gas passes, wherein the flue
gas comprises a trace contaminant that is to be removed or the concentration of which is to

be reduced. In a preferred embodlment the present invention is directed to a plurality of
substrates in a gas duct, each havmg a trace contammant sorbent dlsposed on its surface for

" removal of trace contaminants from a gas stream, such as mercury, wherein relatively high

removal of the trace contammant is achieved at relatively high gas velocities, such as those
experienced in an existing gas duct in the process described in accordance with Figure 1,
and at a acceptable pressure drop. It should be appremated that removal of a trace
contaminant is intended to mean at least a reduction in the concentration of the trace

contaminant in the flue gas and does not necessarily mean complete removal of all of a

particular trace contaminant.

It should be appreciated that, in general, the substrate may be located

‘anywhere in the gas duct of a given process where it is desirable to remove a particular trace

contaminant from a flue gas. It should be also appreciated that any number of substrates
may be used in either the same general location or in different locations and each of these
substrates may have the same, similar, or different shapes and sizes. Moreover, each of
these substrates may utilize the same, deferent, or a rmxture of trace contaminant sorbents.
The remalnder of this description, however, will be presented in the context of the process
described i in Flgure 1; however, this should not be construed as a 11m1tatlon on the processes
for which the present invention may be used.

Referring back to Figure 1, the substrate may be placed anywhere in the gas
duct, such as at any point along outlet duct 28, paruculate collection device outlet duct 34,
or the stack 36. One of skill in the art will appreciate the parameters that influence trace
contaminant removal, and in parucularly, mercury removal, to aid in appropriately selecting
the locatron for the substrate For example, since lower temperatures (e.g., less than S500°F

and more preferably 150-350°F) favor mercury adsorption from flue gas streams the
substrate would ideally be located downstream of the airheater in a coal-fired power plant.

4-
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The size and shape of the substrate is determined, in part, upon the size and

' shape of the gas duct into which it is placed. It should be appreciated that the present

10

15

invention may easily be used as a retrofit in e-Xisting processes such as the one described in
connection with Figure 1. In such a retrofit, it would be desirable to utilize existing
ductv}ork_for the substrates of the present iavention rather than replacing existing ductwork
to accomodate a pre-designed substrate cr substrates. Therefore, the size and shape of the
substrates would be determined based upon the size of the existing ductwork.

The size and shape of the substrate would also be determined, in part, on

maximizing contact between the flue gas and the substrate, av01d1ng or minimizing
deposxtlon of particulate and ash in the flue gas on the substrate, and rmmmlzmg gas ﬂow .

- pressure drop across the substrate. For example in connection with the process of Figure 1

or a similar fossil fuel-fired combustlon process locatlng the substrate downstream of an

existing electrostatic precipitator (ESP) or baghouse will reduce the amount of ash in the
gas stream to which the substrate is eXposed Further, locating the substrate downstream of

a combination spray dryer-ESP, spray-dryer-baghouse, or Wet scrubber will also reduce the

amount of acid gas to which the substrate is exposed. All of these considerations will

~ improve the lon gevity and operation of the substrate and the performance of the trace

20

25

30

35

contammant sorbent. .
~ Asnoted, the : size and shape of the substrate would be selected to effect the

most contact between the gas and the surface of the substrate while mmnmzmg particle

deposition and fouling of the plate as well as gas flow resistance or pressure drop. For
example, if a plurality of substrates of the present invention were sized to be used in an

existing duct that was relatively small, the length of the substrates could be extended to

provide the necessary sui'face area to achieVe the desined trace contaminant removal.
Preferably, the substrate has a high surface area, such as approximately 1-100 ft* of surface
area per ft’/s of gas flow, more preferably apprommately 1-50 fe¥/ft’/s, and most preferably

approx1mately 10 fe/ft%s. R
Lastly, it should be appreciated that the substrate may be placed within a gas

duct in any orientation. One of skill in the art will appreciate that the orientation of the
substrate will be dependent upon many factors, including, for example, the size, shape, and
number of substrates, the size and shape of the gas duct itself, the desired contact between
the ‘substrate and the flue gas, and the pressure drop across the substrate. One of skill in the
art will appnecxate how to optimize these and other factors to detenmne such placement and

onentatl on of the substrate within the gas duct.
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In a preferred embodiment, the substrate is a flat, thin plate coated with a
trace contaminant sorbent. A typical plate size may be 1-20 feet in length, a height
substantially the same as the height of the gas duct into which it is placed and a thickness of
0.1-1 inch. Such a plate may be made from any appropriate material sufficient to retain a

5 trace contannnant sorbent on its surface and capable of withstanding the flue gas
environment into which it is placed. Preferably, such a plate or other substrate may, for
example, be made of any metal, including steel, or ceramic.

N It should be appreciated that any sorbent may be dlsposed on the substrate;
however, the choice of sorbent will be dependent upon the trace contaminant to be removed

10 including its physical pmpemes and characteristics. For example, gold i is a preferred
~ sorbent for use in the removal of mercury from the flue gas since it readlly forms an
- amalgam with mercury. Other metals that form amalgams with mercury, such as sﬂver and
- zing, are also preferred. The sorbent may consist of a single layer of the selected trace
contaminant sorbent or of multiple layers of either the same or different sorbents, such as
15 gold plated over silver or zinc. A preferred embodiment comprises gold as the trace
contaminant sorbent on a metal substrate or metal or plate. Another preferred embodiment
comprises gold as the trace contaminant sorbent coated over layers of silver or zinc coated
on a metal substrate. By coating the_gold over silver or zinc, less gold is necessary since
absorbed inercury will also form an amal gam with the underlying silw}er or zinc; however,
20 the gold may act to protect the silver or z1nc from corrosion. In this embodiment, the gold
~ layer may be on the order of 1 or a few microns in tlnckness One of skill in the art will
appreciate that the apphcatt on of the sorbent to the substrate can be performed by various
methods known in the art, dependmg upon the parttcular sorbent and the particular substrate
used, such as electroplating or metal vapor deposition. In a preferred embodtment, the
25 substrate 1s either a metal or ceramic flat plate, as described above, that is coated with 0.1-
100 ym thick layer of trace contammant sorbent, such as gold or other trace contaminant
sorbents, such as silver, zinc, acti vated carbon Or any other sorbent selected for removal of

a specrﬁc trace contammant
Fi gure 2 is a perspective view of one cmbodlment of the present invention

30 and Figure 3 is a top view of the embod1ment of Figure 2. Flgures 2 and 3 illustrate a
plurality of substrates 202 according to one embodiment of the present mvenuon In this
preferred embodiment the plurality of substrates 202, are preferably flat metal plates that are
positioned approxrmately parallel to the direction of flue gas flow 204 through the gas duct
(not shown) and to one another. In this embodiment the pressure drop across the plates is

| 35 minimized because of the shape of the substrates 202 and their orientation inside of the gas

-6-
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“duct with respect to the direction of gas flow 204. As noted above, a preferred size for these
metal plates is 1-20 feet long with a hei ght substantially equrvalent to the herght of the gas
duct. A preferred spacing between each of the metal plates is approximately 0.1-20 inches.
~ More speciﬁcally, each plate is positioned approximately 0.1-20 inches from an adjacent .
5 'plateand preferably'O..2-2inches. It is alSo.preferred to maintain a pressure drop across
such a plurality of metal plates of less than 10 inches of water and more preferably less than
5 inches of water at gas velocities of greater than 5 ft/s and more preferably at greater than
20 tt/s. In other words, a preferred embodnnent includes a plurality of metal, flat plates
- oriented substantially parallel to the direction of gas flow through the duct, which may be an
10 existing gas duct in a process such as that described in connection with Figure 1, wherein
the plates are positioned either upstream. or downstream of a particulate collectton device,
the gas velocities are relatrvely high, such as greater than S ft/s and preferably greater than
20 ft/s, but wherein the pressure drop is acceptable such as less than 10 inches of water and
~ preferably less than 5 inches of water. More preferably, these plates are used for mercury
15 removal and, therefore, utilize gold or actlvated carbon coated on the plates as the trace

contarmnant sorbent.

- Figure 4isa perspective view of another embodiment of the present
invention, and Figure S is a top view of the embodiment shown in Figure 4. More
specifically, Fi g-ure 4 illustrates a plurality of Sub_strates 402, which in this embodiment are
- 20 preferably ﬂat metal plates arranged substanti a]ly' parallel to one another. As noted, Fi gure .
3 1s a top view of these substrates 402 and actually illustrates more substrates 402 than '
shown in Fi igure 4. In this arrangement, the substrates 402 and the gas duct walls 403
essentla]ly form channels through which the gas flow 406 may pass. In this embodiment,
however, an isolation device 404 can be used to stop the passage of gas flow 406 through

25 any given channel or past any given side of a substrate 402. As shown in Figure 4, the
~ isolation deviee comprises a damper valve 408 and an 'isolatiOn door 410 that‘is opened and
closed by Operatton of a corresponding damper valve 408. As shown in Figures 4 and 5 one
isolation door 410a is shown in the closed position and two isolation doors 410b, 410c are
~ shown in the open position, noting that the addmonal isolation doors 410 in Figure 5 are
30 also shown in the open position.
' - In operation, when the 1solatxon device 404 is in the open posrtton the
isolation door 410 is oriented substanttally parallel to the gas flow 406 and thereby allows
the gas flow 406 to travel within the corresponding channel. In other words, the gas flow
406 passes between and in contact with two sides of adjacent substrates 402 that form a

35 channel corresponding to the isolation door 410 that is in the open position. More

-
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speciﬁcally, the gas flow 406 is free to pass between two corresponding sides of two .
substrates 402, or, in the case where the substrate '402 is located next to the gas duct wall
403, albng one correspondjn g side of a substrate 402 and the gas duct wall 403. When the
isolation dev:ce 404 is in the closed posmon the isolation door 410 prevents the passage of
5 the gas ﬂow 406 through that correSpondlng channel, thereby isolating one particular side of
a substrate 402 and one partlcular side of an adjacent substrate 402, or, in the case where the
substrate 402 is located*nextto the gas duct wall 403, isolating only that corresponding side

of the substrate 402. | |
This feature is partlcularly useful for cleamng the substrate or regenerating

10 the trace contaminant sorbent without h_avmg to stop the flow of gas through the duct or
- without having to stop or divert the gas flow through the\:entire structure of substrates, as
- will be further described below. In parﬁcular, this feature allows the isolated sides of the
* substrates 402 to be cleaned in-situ, that is without removing them from the gas duct, and
the trace contaminant sorbent on those 1solated sides can be regenerated in-situ, again
15 without removin g the trace contammant sorbent or substrate from the gas duct. Moreover,
this cleaning and regeneration can be perfonned_ concurrently with the gas flow 406 moving
past the sides of the substrates 402 that have not been isolated.
" It should be appreciated, however, that the isolation device 404 and the
damper valves 408 may be controlled and activated by any known control system known in
20 the art. Further, more than one isolation device may be activated at the same time or they
may be aeuvated in a predeterrm ned, controlled sequence based upon a predetermined set of
parameters or measurements. It should falso be appreciated, as noted, that one or more
isolation devices 404 may be activated and put into the closed position, while the remainlng
isolation dev:ces 404 remain in the open position, thereby allowing the gas flow 406 to flow
25 concurrently while certam isolation devxces 404 are in the closed position and others are m .
the Open position. o
' ~ Ttshould be appremated that a cleanmg mechanism may be added to clean
any type of substrate or. substrates used in the present invention. Further, the cleaning
mechanism and the method used to clean the substrate or substrates of the present invention
30 may be any cleamng mechamsm or method known in the art; however, it should be
apprecxated that the cleaning mechanism is an 0ptlona1 part of the present invention. For

example, a mechanical rappmg device or a hlgh pressure air jet may be used to dxslodge
accumulated partxculate matter on the substrate Furthermore, such cleaning mechanism

may be activated and used in conjunction with the operation of the isolation devnce That is,
35 upon achvatxng the isolation device, the correspondmg s1de of the substrate that has been

-8-
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isolated may be cleaned usmg the cleanmg mechanism. Moreover, such cleaning may be

performed in-situ and concurrent with the ﬂow of ﬂue gas past the other non-isolated

substrates. . . .
It should also be appreciated that the present invention may further comprise '

5 a regenerator for regenerating the trace contaminant sorbent on the substrate. Such a
regenerator may Comprise any device capable of desorbing the sorbed trace contaminant
from the trace contaminant sorbent For example, a regenerator may comprise an electrical
resistance heater attached to each substrate for heating the substrate to a given temperature

- at whrch any trace comtaminant is desorbed from the trace contaminant sorbent. Another

10 example of a regenerator is a device capable of providing a hot gas stream that is passed by
‘the substrate and desorbs the trace contarmnant from the trace contaminant sorbent based
upon the gas stream’s temperature. It should be apprecwted that the regenerator may be '

used separately or in combination with the cleaning mechanlsm Moreover, such
regeneration may be utilized in conjunctron with the operation of the isolation device. That

15 is, upon activating the isolation device, the trace contaminant sorbent on the corresponding
side of the SUbstrate that has been isol ated may be regenerated Moreover, such
- regeneration may be performed in-situ and concurrent with the ﬂow of flue gas past the

other non-lsolated substrates '
As noted, one example of a regenerator comprises a heater for heatlng the

20 substrate, such as an electrical resi istance heating device attached to.each substrate In
operatlon, the substrate would be heated 1 upon activation of the electrical heater to a
temperature at which any adsorbed trace eontaminant would be desorb from the trace
contaminant sorbent. This regeneration could be performed in-situ, that is without
remoVing the substrate from the gas duct. This regeneration could also be performed while

25 the flue gas was not flowing through the gas duct or.in conjunction with the isolation device
whereby only those isolated substrates, or only those particular isolated sides of .certain
substrates are heated to desorb any adsorbed trace contaminant. The desorbed trace

- contaminant can then be collected by a gas stream that is passed by the isolated sides of
those substrates being regenerated This gas stream can then be routed to a seconda.ry

30 recovery system where the desorbed trace --contammant is collected, concentrated, and
disposed of by methods well known in the art. Once the trace contaminant sorbent has been "
regenerated it is capable of being placed back in servrce ' |

 Figure 6 is a side view of the-embodlment shown in Figures 4and5.
Specifically, Figure 6 illustrates one embodiment of a regenerator according to the present -'
35 invention. Isolation door 410a is shown in the closed positien. As such, the corresponding

9.
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channel has been isolated from the flue gas flow 406. More specifically and with reference '
to Figures 4 and 5, side 402a of one substrate 402 has been isolated (as has the wall of the
gas duct403 adjacent side 402a). With reference to Figure 6, the inlet regeneration gas duct
414 receives regeneration gas 416, such as hot gas compnsmg air or steam, froma
5 physrcally separate regenerator (not shown). Upon isolation of the channel 412 or upon
closure of the isolation door 410a, the mlet regeneratlon gas valve 418 is opened, which
- permits the inlet regeneration gas 416 to enter this isolated channel 412. In addition, the
outlet regeneration gas valve 420 is opened in the outlet regeneration gas duct 422 to permit
the regeneration gas 416 to exit the isolated channel 412.- The pressure of the regeneration
10 gas 416 within the isolated channel 412 must be high enough to keep the flue gas from
entering this isolated channel 412. It should be apprecrated however, that the flue gas itself
. may also be used as the regeneratlon gas, in which case, the substrate would simply be
heated to desorb the collected trace contaminant. It should also be appreciated that the inlet
and outlet regeneration gas valves should be positioned appropnately to avoid or minimize

15 short-crrcultmg the regeneration gas as it flows through the isolated channel.
As the regeneration gas 4:,16 passes beside and contacts the isolated side 402a

of the substrate 402, any adsorbed trace contaminant is desorbed from the trace contaminant
sorbent and carried with the regeneration gas 416 through the outlet regeneration gas duct
422. As noted above, after exiting the 1solated channe1-412, the regeneration gas 416 may

20 be sent to a separate secondary recovery system where the trace contaminant is removed,

‘ concentrated and disposed of by any known method in the art. It should be appreciated that
the regenerator and its Operatlon descnbed in connection with Fi gures 4, 5, and 6 would
allow the trace contaminant sorbent on each of the substrates to be regenerated in-situ and
concurrent with the flue gas flowing through non-lsolated channels.

25  Im general operation of the present invention, a trace contaminant would be
removed upon contacting the flue gas and, therefore, the trace contarmnant with the trace
contaminant sorbent disposed on the substrate, such as a plate. Upon such contact, the trace
contaminant would adsorb onto the sorbent. Wlth respect to the removal of mercury, for

“example, upon contact between the trace contaminant mercury and the trace contaminant

30 sorbent selected to remove mercury, for example, gold, the mercury would be adsorbed on
the trace contaminant sorbent on the substrate surface as the flue gas passes over the
substrate. In the case of gold, it should be appreciated that the adsorbed mercury reacts wrth

the gold to form an amalgam. ,
As the substrate surface gets fouled wrth dust partrcles from the gas stream, it

35 canbe cleaned, preferably in-situ (i.e., ‘without having to remove the substrate from the

-10-
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duct) and during continued operation of the main process (i.e. without stopping the flow of '

| the flue gas, that 1s, concurrently wrth the ﬂow of gas through the gas duct). This allows

process operatlon to continue unmterrupted while the substrates or plates, or at least a
portion of them, are cleaned. Cleaning may,be conducted by mechanically rapping, by
directing a high pressure air jet toward the substrate surface to knock the dust or particulate
matter off of the surface or by any other method known in the art It should be appreciated
that such cleaning may be performed at any time or at a partlcular predetenmned time, for
example, at a point where a given amount of partlculate matter has attached to the substrate
such that contact between the trace contaminant and the trace contaminant sorbent has been
significantly adversely affected or reduced. '
When the surface of the trace contaminant sorbent becomes‘saturated with
the trace contaminant, the sorbent may be regenerated. In one embodiment, this
regeneration may be accomplished by heating the sorbent using electric heaters, steam or the -
flue gas itself, to desorb the trace contammant followed by collection of the desorbed
contaminant in a secondary recovery system. For ex ample with respect to removal of
mercury, metal plates may be used as the substrate with gold as the trace contaminant
sorbent. In this case the plates and the gold sorbent can be regenerated by heating the plates
so that the mercury desorbs since the formation of an amalgam is a relatively easily
reversible reacti_on". It should further be appreciated that mercury can be easily desorbed
from activated carbon upon heating as well. Any rnercury desorbed from the plates can be

-recovered in a secondary system for later containment through condensation or other storage

mechanism or process. |

~ Inapreferred embodiment, such regeneration may be conducted in-situ and
concurrent with the flow of flue gas throu gh the gas duct. For exarnple the rcgeneratlon '
can take place within the gas stream by 1solat1ng some or all of the substrates via the use of

an isolation device, such as a system of damper valves as descnbed in connection with

FIGs. 4 and §. .
Figure 7is a perspectrve view of another embodiment accordmg to the

present invention. While embodiments descnbcd above relate to the ability to clean the
substrate and regenerate the trace contarmnant sorbent in-situ and concurrent with the flow
of flue gas through non-isolated sections, Fi gure 7 shows an alternatrve approach In this

embodnncnt the substrates 702 are preferably flat, thin, metal plates arranged substantially
parallel to one another. However, in this embodiment, there are two sets or cartridges of
these substrates 704, 706. In this confi guration, one set or cartridge of substrates may be

35 removed from the system for cleaning and regeneration While the other set is in use. As
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10

15

20

25

30

35

CA 02381610 2002-04-12

such, the process flue gas need only be shut down to permit removal of one of the sets of

substrates 704, 706, or alternatively, a gas bypass arrangement may be made such that the
process ﬂue gas does not need to be shut down at all. Once removed, one set of substrates

could be easily cleaned and regenerated by any method known in the art. In this
cmbodtment it 1s important to design thc substrates such that one set alone will provide the

required removal of a given trace contammant It should be appreciated that more than two
sets of substrates may be used such that several smaller sets of substrates are used thereby

facilitating easier removal, cleamng, regeneratlon, and replacement. ,
' The invention havmg been described, the followmg Example is presented to-

rllustrate, rather than to limit the scope of the mventlon

EXAMPLE 1
- Tests have been conducted in the laboratory and at 7 power plants burmng

lignite, PRB, and blturmnous coals to detcrmtnc real-time mercury removal across gold-
coated plates and mercury removal followmg several weeks of exposure to flue gas at each

plant. Tests were conducted downstream of ESPs, scrubbers spray dryers and baghouses.
Figure 8 presents the results from these tests as a function of the plate length where the
plates were spaced approximately 0.5 inches apart. In one test, 90% mercury removal was
achieved using plates having a length of 10 ft that were spaced approximately 0.5 inches
apart at a flue gas velocity of 50 ft/s and a resulting pressure drop of less than 3 inches of

water.

. Vanous embodiments of the invention have been described above. The
dcscnptlons are intended to be illustrative of the present invention and are not 1ntended to
be limiting. It will be apparent to one of -skﬂl in the art that modtﬁcattons may be made to
the inventicn as described without departing from the scope of the claims set out below.

For cxmple, it is to be undcrstood that althou gh the invention has been described using as

an examplc mercury, any trace contaminant may be removed by the present invention. It

should be also be apprcc1ated that the prescnt invention is adaptable to existing flue gas
ducts or for use in new gas ductwork. Furthennore, it is to be understood that although the
invention has been described for use in connection with flue gas streams from combustion

processes, is contemplated that the i invention may be used in connection with any gas stream
containing a trace contaminant. '

: "12""
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The embodiments of the invention in which an exclusive property or privilege

is claimed are defined as follows:

1. An apparatus for removing a trace contaminant from a gas stream,
comprising;
a gas duct configured to receive a gas stream comprising a trace contaminant;
a plurality of substrates each comprising a separate flat plate disposed within
said gas duct;
a trace contaminant sorbent coated on at least a portion of the surface of each

of said substrates;

an isolation device for separating said portion of each of said substrates from
the gas stream; and

a regenerator for regenerating said trace contaminant sorbent.

2. The apparatus of claim 1, wherein said plurality of substrates

comprises a plurality of metal plates.

3. The apparatus of claim 2, wherein each of said metal plates is oriented
substantially parallel to a direction of flow of said gas stream and wherein each of said metal

plates is positioned approximately 0.1-20 inches from an adjacent metal plate.

4. The apparatus of claim 2, wherein said trace contaminant sorbent

comprises gold.
5. The apparatus of claim 1, wherein said regenerator comprises a heater
capable of heating said plurality of metal plates in-situ and concurrently as the gas stream

passes through said gas duct.

6. The apparatus of claim 1, wherein said regenerator is capable of

providing a regeneration gas stream.

13-
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7. The apparatus of claim 1, further comprising a cleaning mechanism for
cleaning said plurality of substrates in-situ and concurrently as the gas stream passes

through said gas duct.

8. The apparatus of claim 7, wherein said cleaning mechanism comprises

a mechanical rapper attached to said plurality of substrates.

9. The apparatus of claim 7, wherein said cleaning mechanism comprises

an air jet capable of directing a cleaning gas stream toward said plurality of substrates.

10.  An apparatus for removing a trace contaminant from a gas stream,
comprising:
a gas duct configured to receive a flue gas stream comprising a trace
contaminant;

a plurality of separate flat, metal plates disposed within said gas duct, wherein
each of said metal plates is positioned substantially parallel to one another;

a trace contaminant sorbent coated on at least a portion of the surface of each
of said metal plates;

an isolation device for separating said portion of each of said metal plates
from the flue gas stream;

a cleaning mechanism for cleaning each of said metal plates in-situ and
concurrently as the flue gas stream passes through said gas duct; and

a regenerator for regenerating said trace contaminant sorbent.

11. The apparatus of claim 10, wherein said regenerator comprises a
heater capable of heating said plurality of metal plates in-situ and concurrently as the gas

stream passes through said gas duct.

12. The apparatus of claim 10, wherein said regenerator is capable of

providing a regeneration gas stream.

13.  The apparatus of claim 10, wherein said trace contaminant sorbent

comprises gold.

-14-
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14. A method for removing a trace contaminant from a gas stream,
comprising:

passing a gas stream comprising a trace contaminant through a gas duct;

contacting said trace contaminant with a trace contaminant sorbent coated on
at least a portion of the surface of a substrate within said gas duct;

adsorbing said trace contaminant with said trace contaminant sorbent;

isolating said portion of said substrate from said gas stream;

cleaning said substrate in-situ and concurrently with said passing of said gas
stream through said gas duct; and

regenerating said trace contaminant sorbent in-situ and concurrently with

sald passing of said gas stream through said gas duct.

15. The method of claim 14, wherein said trace contaminant comprises

mercury and said trace contaminant sorbent comprises gold.

16.  The method of claim 14, wherein said cleaning comprises

mechanically rapping said substrate.

17.  The method of claim 14, wherein said cleaning comprises directing a

stream of cleaning gas toward said substrate.

18.  The method of claim 14, wherein said regenerating comprises heating

said trace contaminant sorbent in-situ.

19.  An apparatus for removing a trace contaminant from a gas stream,
comprising:
a gas duct configured to receive a gas stream comprising a trace contaminant;
a plurality of substrates disposed within said gas duct;
a trace contaminant sorbent coated on at least a portion of each of said
substrates;

_15-
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an isolation device for separating said portion of each of said substrates from
said gas stream, wherein said isolation device comprises a damper valve and an
isolation door;

a cleaning mechanism for cleaning said plurality of substrates in-situ and
concurrently as the gas stream passes through said gas duct; and

a regenerator for regenerating said trace contaminant sorbent.

20.  The apparatus of claim 19, wherein said cleaning mechanism

comprises a mechanical rapper attached to said plurality of substrates.
21. The apparatus of claim 19, wherein said cleaning mechanism

comprises an air jet capable of directing a cleaning gas stream toward said plurality of

substrates.

-16-
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Gas Veiocity
s (3,05 fi/8 (0.02 n1VS)

e wo g fHf8 (0,6 1YS)

- = <« §ftfs {(1.5mis)

=== = 50 {t/s (15.2 m/s)
¢ - B, 3.7 s (1.7 mfs)
x B, 8iWs (27 nvs)
& B1,1.6Ws (0.5 mvs)
m B4, 4 s (1.2 mys)
@ L2, 50 /s (1B.2 mfs)

7 kg Flemovel

Plate Specing 0.8 in (1.3 om)
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