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Disclaimer

This report was prepared as an account of work sponsored by an agency of the
United States Government.  Nether the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or assumes
any legd liability or respongbility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privatdly owned rights. Reference herein to any specific commercia product,
process, or service by trade name, trademark manufacturer, or otherwise does not
necessarily conditute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States Government
or any agency thereof.
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Abstract

Powerspan has conducted pilot scale testing of a multi-pollutant control
technology a FirsEnergy’s Burger Power Plant under a cooperative agreement with the
US Depatment of Energy. The technology, Electro-Catdytic Oxidation (ECO),
amultaneoudy removes sulfur dioxide (SO,), nitrogen oxides (NOy), fine particulate
matter (PM2s) and mercury (Hg) from the flue gas of cod-fired power plants.
Powerspan's ECO® pilot test program focused on optimization of Hg remova in a 1-
MWe dipstream pilot while maintaining greater than 90% removad of NOx and 98%
removal of SO,. This Find Technicd Report discusses pilot operations, ingdlation and
maintenance of the Hg SCEMS ingrumentation, and performance results induding
component and overdl removd efficiencies of SO,, NOy, PM and Hg from the flue gas
and remova of captured Hg from the co- product fertilizer stream.
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1.0 Introduction

Powerspan Corp. (New Durham, NH) has developed an integrated air pollution
control technology that achieves mgor reductions in emissons of NOy (90%), SO-
(98%), fine particulate matter (95%), and mercury (80 to 90%) from the flue gas emitted
by coa-fired power plants. The patented technology, named Electro-Catdytic Oxidation
(ECO), dso reduces emissons of air toxic compounds such as arsenic and lead as well as
acid gases such as hydrochloric acid (HCl).  An ECO pilot unit is inddled a
FrgEnergy’s Burger Power Plant and has been in operation since February 2002 under a
$2.8 million cooperative agreement with the U.S. DOE (NETL). The pilot treats 1500 to
3000 scfm of flue gas drawn from the Burger Plant’s Unit 4 or 5 bailers.

In commercid operation the ECO process is to be indaled downsiream of a
power plant's exigsing dectrodatic precipitator or fabric filter. It treats flue gas in four
deps to achieve multi-pollutant removal. In the first process step a barrier discharge
reector oxidizes gaseous pollutants to higher oxides. For example, nitric oxide is
oxidized to nitrogen dioxide and nitric acid, a smdl portion of the sulfur dioxide is
converted to sulfuric acid, and mercury is oxidized to mercuric oxide. Following the
barrier discharge reactor is an ammonia based scrubber, which removes unconverted
sulfur dioxide and the nitrogen dioxide produced in the barrier discharge, cregting an
ammonium sulfae — ammonium nitrate solution. A wet eectrogtatic precipitator (WESP)
follows the scrubber. It, dong with the scrubber, captures acid aerosols produced by the
discharge reactor, fine particulate matter and oxidized mercury. The WESP aso captures
aero0ls generated in the scrubber.  Findly, liquid effluent produced by the scrubber
contains dissolved ammonium aulfate and nitrate sdts, dong with Hg and captured
particulate matter. It is sent to a co-product recovery sysem, which incudes filtration to
remove ash and activated carbon adsorption for Hg removal. The trested co-product
dream, free of Hg and ash, can be processed to form ammonium sulfate nitrate (ASN)
fertilizer in crysd, granular or liquid form.

A smplified flow diagram for the ECO process in a commercid inddlation is
shown in Fgure 1. The figure shows the process equipment connected to a plant’s
exiging ductwork. A boogter fan moves flue gas through the barrier discharge reactor
then the absorber/WESP tower. Aqueous ammonia and water is added to the upper loop

page 1



of the absorber to maintain scrubbing pH and densty. Liquid is trandferred from the
upper loop to the lower loop to maintain upper loop scrubbing conditions.  Particulate
matter and aerosols captured in the WESP are aso drained to the lower loop through
condensation in the WESP and periodic washing. Evaporation of water in the lower loop
concentrates the liquid to a near saturated ammonium sulfate — nitrate (ASN) solution.
The co-product stream is then drawn from the lower loop, as shown in the figure, and
process to produce commercid grade fertilizer. Water removed from the co-product is
then returned to the ECO process.

ECO® Process Flow

Cartrifuge
ECO Reactor
Ahsarber Vessel Comvere
Wet ESP
Ca-Product Recovery f.‘.?&w ':g::“

Figurel ECO Process Flow Diagram

Laboratory testing had shown the ability of the ECO process to capture mercury
in dmulated flue gas streams.  The work conducted under this cooperative agreement was
intended to demondtrate mercury remova in power plant flue gas while maintainng high
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removd levels of NOy, SO», particulate matter, acid gases and air toxic compounds. The
project utilized the ECO pilot condructed a FirstEnergy’s Burger Power Plant near
Shadyside, Ohio.

2.0 Executive Summary

Powerspan’'s ECO® pilot test program focused on optimization of Hg removd in a
1-MWe dipgtream pilot while maintaning greater than 90% remova of NOy and 98%
removad of SO,. Although only limited data was acquired to optimize conditions for
elemental mercury oxidation, the pilot test results to date show ECO to be a multi-
pollutant control process capable of achieving high removd of Hg, NOy, SO, and
partticulate matter. Successful pilot testing has led to the condruction of a 50 MW
commercid demongration unit at FirsEnergy’s Burger Power Plant.

Operation of the mercury SCEMs usad in the pilot testing required extensve
experimentation and troubleshooting throughout the project. After exhaudive teding it
was determined that the sampling sysem provided with the PS Andyticd instruments
was unable to peform adequatdly in the heavy ash environment that exised in pilot's
inlet flue gas sream, drawn from the inlet of the Burger Plant’s dectrodtatic precipitator.
The reective nature of the flue gas ash with mercury, combined with the inability to
adequatdy clean the sample filter between sample events, skewed measurements of
edementd and oxidized mercury. In addition, frequent sample contamination due to
inadequate filtering of ash led to unrdiable measurement of gas-phase mercury and
required replacement of the inlet sample probe with an inertial separation probe from
Apogee Scietific.  The inetid separation probe improved measurement of eementd
and oxidized mercury in the inlet flue gas.  As a result of the problems encountered with
speciated mercury measurement in the ash laden environment of the pilot’s inlet flue gas,
a new duct configuration was indtdled for the pilot. The new ductwork provided flue gas
from the outlet of the Burger Plant's Unit 4 dectrodatic precipitator, reducing the ash
loading on the pilot sysem by an order of magnitude, to levels expected for commercid
ECO ingdlations.

Measurement of mercury in the ECO process fluids was successfully
accomplished throughout the project after modification of dSandard measurement
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methods. The modifications were required to diminate effects of non-medlic
compounds in the sample matrix of the ECO process streams.

Mercury removad from the ECO process fluids prior to cryddlizing the
ammonium sulfate nitrate (ASN) fertilizer was dso successfully accomplished during this
project. The mercury was removed from pilot effluent usng Mersorb LW. It was dso
shown that KeyleX, a sulfonated chelating ion exchange resn dso removes mercury
from pilot effluent. More testing is required to determine which of the mercury removad
adsorbents is most cost effective for commercid gpplication.

Filot testing of the ECO process and its economics point out severa advantages to
the ECO system that make it atractive for pollutant control in cod combustion produced
flue gas Sreams. They include:

1. Performance of the ECO technology at the pilot scae continues to show its ability
to remove 90% of NOy, 98% of SO,, 80% to 90% of Hg, and 99.9% of fine
particlesthat are lessthan 10 um in diameter.

2. The ECO sysem ggnificantly reduces emissons of NOy, SO,, PM2 5, and Hg in
an integrated sydem, therédby minimizing the need for additiond cepitd
investment in other pollution control equipment.

3. The ECO sydem produces a commercdly sdable ammonium sulfate-nitrate
fertilizer byproduct that reduces operating coss and avoids landfill disposa of
waste.

4. Capital codts for the ECO system are estimated to be approximately $250 per KW
induding baance of plant modifications. Levelized O&M costs are estimated to
be 2.0to 2.5 milgKW-hr.

5. The ECO sysem minimizes the plant retrofit requirements and plant down time
for inddlation, snce it provides multi-pollutant control with a sngle, tie-in
ingalation

6. ECO eguipment has a much smdler footprint than conventiond control
technologies, fadlitating its ingdlation on space-condrained dStes that are typica
of the existing cod-fired eectricity generating fleet.
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3.0 ECO Technology Overview

The ECO (Electro-catdytic Oxidation) system is a four-stage pollution control process
that integrates severa technologies to remove high levels of the primary ar pollutants
generated by coal-fired power plants. The four stages of ECO technology are:

Stage 1. A didectric barrier discharge reactor that oxidizes NO and dementd Hg

Stage 2: An absorber that removes SO, and NO,

Stage 3: A wet dectrogtatic precipitator used to collect aerosols and fine particles

Stage 4: A co-product treatment system for remova of Hg and ash from the liquid co-product
stream prior to produce solid commercid grade fertilizer

A more complete description of each one of the ECO stagesis given below.

Stage 1. ECO Reactor - Oxidation of pollutants
A didectric barier discharge (DBD) reactor is used to initiate the ECO process

chemigtry. A didectric barrier discharge reactor (DBD) uses non-thermd plasma to generate
high energy dectrons (~5€V) tha have an energy ided for creeting hydroxyl (OH) radicds
and atomic oxygen (O). The mechanism for the formation of these radicals [1] is through the
collison of dectrons with water and oxygen molecules present in the flue gas as shown in
reactions (1) through (3).

O+ ® O+0+¢€ 1)
HO+6 ® OH+H+e )
O+HO ® 20H A3)

The hydroxyl radicas and atomic oxygen are the foundation of the oxidation reactions
initiating the ECO process chemidry. The reactions shown in  (4) through (7) ae the
pathways that oxidize Hg to mercuric oxide (HgO), SO, to sulfuric acid (H,SO4), and NOy to
nitric acid (HNOs) and nitrogen dioxide (NOy).

OH + SO, ® HSO3 4
HSO; + O; ® HO; + SOs (5)
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SO; + H,0O ® H,SO, (6)

NO + HO; ® NO,; + OH (7)
O+ NO ® NO; (8)
OH + NO; ® HNO; 9)
O+Hg ® Hgo (20)

The above reactions are only a few of the many reactions that are initiated by the
discharge. Others, including the oxidation of SO, by O aoms, can aso lead to the
production of acids from the flue gas pollutantss A detalled description of DBD
processng of NOyx in a flue gas dream can be found in References [2] through [4].
Combined DBD processng of NOy and SO is discussed in References [5] through [8].
The removd of NO from the flue gas stream by ECO is driven by the ability of the DBD
to convert NO to NO, and HNO3. Once in these more soluble forms, the ECO scrubber
chemistry and wet eectrogtatic precipitator will capture both.

Although the actuad converson varies with inlet conditions, Figure 2 shows the
typicd converson of NO and SO, in Powerspan’s barrier discharge reactor as a function
of the eectricd energy supplied to the reactor. The inlet NOy concentration for this data
is 04 Ib/MMBtu. NO converson shown in the figure is the portion of flue gas NO
converted to either NO, or HNOs. The curve labeled NOy conversion represents the
portion of NO converted to HNOs, so that the difference between NO and NOy
converson is the percentage of incoming NO converted to NO,. SO, converson
represents the percentage of flue gas SO, converted to SOz and H,SO4.

In addition to oxidatiion of NO and SO», the DBD reactor oxidizes eementa Hg.
Elementd mercury has a low <olubllity in agueous solutions, making it difficult to
remove from flue gas streams. On the other hand, it has been repeatedly shown in FGD
systems that oxidized mercury can be captured by scrubber solutions because of its
increased  Solubility. Therefore, oxidizing dementa mercury in the flue gas dream
increases the Hg remova ability of scrubbers.  Oxidized mercury will pass through the
DBD reactor unaffected.
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Figure 2: Didectric Barrier Discharge Converson for 0.4 lbm/MMBtu Inlet NO

Stage 2: Scrubber - Collection of SO, and NO,»

An ammonia scrubber is used in the ECO process in order to achieve high

remova efficiencies of NOx and SO, while reducing the power requirements of the
barrier discharge reactor. Flue gas entering the scrubber is firs quenched to saturation.
The gas then enters a scrubbing stage, which captures both SO, and NO,. Ammonia is
utilized in order to scrub SO, a a high rate and to produce compounds capable of
reducing NO, to nitrogen Ammonia adso neutrdizes the acids (HNOs and H>SOg)
created in the barrier discharge reactor and produces ammonium sulfate nitrate (ASN), a
useful fertilizer byproduct, from the acids and scrubbed SO,. The synergy between SO
scrubbing and capture of NO» produced from NOy in the barrier discharge reactor results
in asystem with the ability to achieve high levels of NOy and SO, removad.

The scrubbing chemigry dats with ammonia in agueous solutions producing
ammonium and hydroxyl (base) ions as shown in reection (11). Reections (12) through
(14) show the absorption of SO, into agqueous solution producing sulfurous acid (H2SO3),

bisulfite (HSOs"), sulfite (SOs%”) and hydronium (HzO") ions.

NH, +H,0« NH; +OH" (11)
S0, + H,0« H,S0, (12)
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H,S0,+H,0« HSO; +H,0" (13)
HSO,; + H,0« 8032 +H,0" (14
The hydroxyl and hydronium ions react to maintain a neutra pH, driving the SO,
absorption reactions (12) through (14) to produce sulfite.
OH +H,0" « H,0 (15)
Combining reactions (11) through (14) yields the overall SO, scrubbing reaction (16)

2NH, + SO, + H,0® 2NH; + SOZ (16)

Sulfite produced by reaction (16) reacts with NO, through oxidationreduction reaction
(17) reducing NO; to nitrogen while oxidizing sulfite to sulfate:

2307 +NO, ® SO +1N, (17)

From reactions (13) through (17), the overall reactions for SO, and NO; (18) and (19) are
shownin Figure 3.

2NH, + S0, +H,0® (NH,), S0, (18)

2(NH,)SO, +NO, ® 2(NH,), S0, +1N, (19)

The ratio of SOs% to HSOg- in solution (14) is determined by solution pH. Both compounds
are reported to scrub NO,, but the rate of reaction between NO, and SO3?" is reported to be
goproximately forty times fagter than that of NO, with HSO3". [1] Therefore, pH control of the
scrubbing solution through addition of ammonia is essential to ensure that an adequate SO3>
concentration is maintained for high NO, scrubbing rates. From reactions (18) and (19) it can
be seen that a minimum of two moles of SO, are required for each mole of NO, reduced to N».
However, the sulfite needed for NO, reduction can aso be consumed by O, in the flue gas,
effectively increasing the ratio of SO, to NO; required for NO, scrubbing:

2502 +0, ® 2507 (20)
3 2 4

Oxidation of sulfite to sulfate resultsin aminimum ratio of SO, to NOy of 3 in order to

maintain a sulfite concentration adequate to scrub NO; to acceptable levels.
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Figure 3 Pathway for NO, scrubbing with Sulfite

Compounds produced in the scrubbing of SO, and NO- can aso result in the reduction
of oxidized mercury (Hg?") to elementd mercury (Hg®), reversing the oxidation process
accomplished by the barrier discharge reactor. Understanding the extent to which the
reduction reactions occur and, if necessary, developing a means to retard the reaction was a
focus of laboratory investigation and the pilot test program. Solutions to the problem of
mercury reduction included dtering the conditions of the scrubber chemigtry to retard the rate
of reduction and treatment of the scrubber solution to remove mercury. The treatment process
must keep the steady state mercury concentration low enough to subgtantidly diminish the
rate of mercury reduction.

Stage 3: Wet ESP - Collection of acid aerosols and fine particles

Flue gas exiting the ammonia scrubber contains oxidized mercury and fine
paticulate matter. It will dso contain aerosols generated in the barier discharge and
ammonia scrubbing process steps (NHsHSO4, NHiNO3, NH4Cl). These materids are
captured in a wet eectrogtatic precipitator (WESP) and returned to the scrubbing
solution. A WESP is fficient a collection of aerosols and fine particulate matter since
there is no mechanism to cause particle re-entranment. In a WESP, liquid flows down
the collecting plate to remove captured materids from the plate. The advantages of
WESPs include a waer flow prevents particle re-entranment, which would limit

collection efficiency; b) the water layer does not limit corona current; and c) the

page 9



improved collection characteristics permit high gas velocities, limiting the equipment Sze
required for collection.

Stage 4: Co-Product Treatment System - Production of commercial-grade fertilizer
Ammonium sulfate and nitrate created in the ECO process can be treated and used
as a commercd fetilizer. Solids in the scrubber bleed stream, consisting of ash and

inoluble metal compounds, are removed by filtration. The dream is then pumped
through an activated carbon adsorption bed. The activated carbon used in ECO is
produced by Nucon International (Columbus, OH) and sold under the name of Mersorb®.
Mercury reects with the sulfur impregnated activated carbon and is retained in the
adsorbent bed while the liquid continues through the bed. Spent mercury-laden activated
carbon is replaced and disposed of as a hazardous waste. It is estimated that the variable
cost of mercury remova with activated carbon is $733 per pound of mercury, including
the mediaand disposal.

Liquid subgtantidly free of mercury and ash can be used as a fetilizer directly or
sent to a cryddlizer in which moidure is driven off to produce crysds of well-defined
gze, drength, and compogtion. The cydds may be usable as fetilizer in the form
produced by the crystalizer, or may be processed to further reduce the moisture of the
crystds or to agglomerate the crystas into granules.

The co-product trestment sysem uses sandard fertilizer crysalization and
granulation processes and equipment.  All processng can be done onste, or the
cryddline materia can be generated on Ste and then shipped to a fertilizer processing
plant.

4.0 ECO Pilot Overview

The ECO pilot system, condructed at FirstEnergy’s Burger Power Plant, was in
operation for four years prior to this cooperative agreement with DOE to support
development of the ECO technology and is shown in Figure 4. It was modified a the
beginning of 2002 to incorporate the ammonia based NO, and SO, scrubber and its
associaed liquid handling equipment. A decison was made prior to the modification to
keep the unit in a horizonta configuration, as opposed to the vertica configuration to be
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commercidly deployed. The decison was based on a dedre to minimize the time
required to complete modifications and investigations of the process chemistry in actud
flue ges.

The ECO pilot was supplied with flue gas from the Burger Power Plant’s units 4
or 5, drawn from the inlet to the plant’s eectrodtatic precipitators. Each unit is rated for
156 MWe and the units fired a vaying mixture of fuds throughout the project.
Typicdly, the fud condsted of a blend of eastern bituminous and sub-bituminous codls,
with periodic firing of petroleum coke.

Upon exiting the Powerspan dry ESP, flue gas entered a multi-tube, coaxid
cylinder barrier discharge reactor shown in Figure 5. High voltage applied to the center
electrodes of the discharge reactor creasted the non-thermd plasma that formed radicas
leading to oxidation of gaseous pollutants. The ECO pilot reactor was cgpable of
delivering up to 100 KW of dectrica discharge energy to the ges.

The ammonia scrubber, shown in Figure 6(a), followed the barrier discharge
reactor and was in an absorber vessel consisting of three packed sections in a cross flow
configuration. The firgt section cooled and saturated the flue gas. It was four feet deep in
the drection of gas flow. Next was a sx-foot scrubbing section to remove SO, and NO..
Following the scrubbing section was a sx-inch packed section that absorbed gaseous
ammonia exiting the scrubbing section.

Gas exiting the absorber vessel entered a horizontd, three-fidd WESP shown in
Figure 6(b). Each fidd was thirty inches deep in the direction of gas flow. The
collecting plates were washed periodicaly, and the liquid effluent was sent back to the
ammonia scrubber section.

Due to excessve ash loading through the ECO sysem and the subsequent
problems that were introduced, the configuration of the pilot was changed such that the
dipsream of flue gas was drawvn from downsream of the Burger plant's Unit 4 dry
electrodatic precipitators.  After this configuration change, the cyclone separator was
removed from the gas path and the pilots dry eectrodtatic precipitator fidds were shut
off to make the pilot flue gas representative of wha would be seen in a commercidly
deployed ECO inddlation. This pilot dipsream configuration change was implemented
in July of 2003 and run until December 2003
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ECO™ Pilot Unit at FirstEnergy’s R.E. Burger Plant

Conventional Dry ESP
ECO Reactor
Absorber Vessel
Wet ESP

(b)

Figure5: (@) ECO PRilot DBD Reactor at the R.E. Burger Generating Station, (b)
Discharge looking down the center of one tube
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Figure 6 (a) Top of ECO pilot unit ammonia scrubber, (b) ECO pilot horizontal WESP

A sevenrman crew operated the ECO pilot on a 24 hour per day bass.
Continuous emissons monitoring was accomplished a the flue gas inlet to and exit from
the pilot. The CEMS system measured the concentration of SO,, NOy, O, HO, COy,
CO and NHs;. Outlet flue gas flow and opecity were dso measured continuoudy.
Temperatures, flow rates, pH of dl liquid flow sreams, and pressure drop across dl
process units were aso measured. Mercury concentration in the pilot flue gas was
measured using PS Andyticd’s Sr Gaahad semi-continuous mercury CEM  systems.
Two sysems were indaled to provide smultaneous, near red time measurement at the
pilot inlet and outlet as wel as a other sdected locations. The systems reported
edemental and tota gas phase mercury concentrations and are discussed later in this
report. In al, over 175 parameters were continuoudy recorded by automatic data logging
equipment.
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4.1 Flue Gas Supply and Ash Removal

The cod burned a FirdEnergy’'s Burger Power Plant is typicdly a blend of
esdern bituminous and subbituminous cod. The blend varies during norma operétion
and produces a high percentage of oxidized mercury compared to dementad mercury in
the flue gas and a reactive ash. The implications for testing the ECO process on this coal
blend are described below.

The pilat, in its initid configuration, drew a dipstream of gas from the Burger
Plant's Unit 4 or 5, upstream of the unit's ESP. The gas was returned to the unit at the
Burger plant ESP inlet. The gas flow into the pilot, ranged from 1500 to 3000 scfm
(standard cubic feet per minute), and passed through a smdl cyclone separator and two
dry ESP fidds, each four feet in length. The cyclone separator and ESP in series were
used to try to reduce the ash content of the flue gas to a level amilar to that expected after
aplant’'s ESP or fabric filter, which isthe location for full-scae ECO ingdlations.

Since the pilot flue gas was drawn prior to the plant's ESP and the pilot had
minima ash removd &bility, ash loading measurements were made a the inlet of the
ECO system and compared to the Burger Plant’s reported ash loading on the outlet of the
ESP. The reaults are shown in Fgure 8; the red line in the figure is the measured ash
loading on the outlet of the Burger Plant’'s ESP; the green triangles represent ash loading
as measured by Air Compliance Tesing a the inlet of the ECO process usng EPA
Method 5. (Determination of Particulate Matter Emissons from Stationary Sources).
The blue line shows the results of measurements made by Powerspan usng an ash
sampler a the inlet of the ECO process. The Powerspan ash sampler reports low
compared to the Air Compliance Tegting results obtained at the same time. However, the
Powerspan ash sampler was designed only to give an indication of the day-to-day
vaiations in ash loading a the inlet of the ECO pilot rather than as an isokinetic
sampling sysdem. The messurements show that the ash loading is condgently and
subgantidly higher a the inlet of the ECO system than is present a the outlet of the
Burger Plant dry dectrodatic precipitator. The high ash loading presented problems for
edtablishing an dementa mercury concentration above the level netive to the flue gas.
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Figure 8: Ash loading measurements mede at the ECO system inlet.

After many atempts to peform testing in the high ash loading environment and
gnce the high ash loading was problemaic for measuring mercury and was not
representative for commercia inddlations, a new duct was inddled a the pilot in July
2003. The new duct drew flue gas from the outlet of the Burger Plant’s ESPs providing
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an ash loading of 0.01 gr/dscf which is representative of acommercia application.

The reactive ash adso provided low eementa mercury concentrations in the flue
gas.  The typicd mercury concentration in the flue gas & FirdEnergy’s Burger Power
Plant contains a low percentage of its totd mercury emissons as dementd Hg. As
described in a separate task report, Air Compliance Testing performed Ontario Hydro
teding during May 8-10, 2002. Table 1 ligs the results from Ontario Hydro Tegting of
the flue gas a the inlet of the ECO process. The results show the dementd Hg fraction

is<3% of the tota mercury in the flue gas stream.
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Hg Fraction Concentration (ug/Nnt°)
Particle Bound Hg 0.62
Oxidized Hg 5.81
Elementa Hg 0.16
Totd Hg 6.59

Table 1: Results from Ontario Hydro testing of the flue gas a the ECO pilot inlet.

However, to effectivdly demondrate the ability of the ECO Process to remove
edementd mercury, its concentration was atificidly raised through the addition of
eementd mercury to the flue gas sream. The mercury addition system used is shown in
Figure 9 below.

Elementd mercury was added to the flue gas stream with the addition system by
saturating a stream of ar with mercury.  The saturation is controlled by ar flow and the
temperature of the mercury condensation vessds. Elementad mercury is vaporized in a
mercury evgporation vesse and swept out by the ar passng through the vessd. The
mercury laden ar then enters a series of four vessds in a controlled temperature bath.
The gas resdence time in the condensng vessas ensures that the gas Stream is saturated
with mercury a the temperature of the condenang bath. The mercury evaporation vesse
temperature was sat to ensure that the mercury content of the gas leaving the evaporation
vessH is greater than the saturation content for the condensing vessdl temperature.  Since
the ar/Hg dream exiting the condensng vessds was above saturation for ambient
temperature, the dsream was diluted prior to leaving the temperature controlled
environment of the addition system to eiminate the need to heat trace the addition line to
the injection point.
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5.0 Experimental

To understand mercury remova in the ECO process, it was necessary to measure
mercury in the flue gas, liquid streams, and solid ASN product. During this project, the
flue gas measurements were made usng Hg SCEMS equipment, a batch sampler, and
Ontario-Hydro measurements done by an outsde testing servicee A method for
measuring Hg in the ECO liquid streams was developed and vdidated a Powerspan, and
the ASN product qudity including Hg concentration was measured by an outsde
laboratory. Each of these areas is addressed in the following sections.

5.1 Mercury Measurementsin Flue Gas

One type of Hg SCEMS that has been developed for gas-phase Hg measurement
is from PS Analyticd (Kent, England). It uses wet chemigry to differentiate dementd
mercury from oxidized mercury, and atomic fluorescence for mercury messurement. The
sysem automates sampling, speciaion, and mercury messurement to quantify the
mercury in flue gas in near red time. Its use a a power plant on red flue gas requires
protocols for vaidation and maintenance to insure reliable data collection.

Although the expectation was that the PS Andyticd sysem was a proven
technology ready for operation in power plant conditions, the effort required to obtain
measurements with the Hg SCEMS ingdrumentation turned out to be extensve. It
required substantial troubleshooting and modifications to get the instrumentation to a
point where it could be used to acquire meaningful data A dealed discusson of the
substantial  efforts to develop operating procedures, protocols, troubleshooting, and
modifications used to vdidate the Hg SCEMS indrumentation to be able to obtain
relidble, speciated Hg measurements for this program can be found in a separate task
report. However, a summary of the mercury indrumentation, measurement techniques,

and mercury injection is provided below.

5.1.1 Hg SCEM S M easurements
I nstrumentation and Measurement

Since mercury measurement is an essentid dement in the devdlopment of any
mercury remova process, a subgtantial amount of time was spent investigating, selecting,
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inddling, and vdidaing the Hg SCEMS equipment. A brief description of the Hg
SCEMs usad in this project is presented here. A more comprehensve and detailed
description of the Hg SCEMS, the operating protocols, and the problems associated with
operating them on a continuous basis can be found in the Task 1 Technical Report.

Each Hg SCEM system is composed of two sample probes, two mercury
goeciation modules, an instrument rack containing a Sr Gdahad || mercury andyzer, a
dream sdector and a CAVkit unit (cdibration verification kit). The CAVKit is cgpable
of ddlivering dther zero-ar or dementd mercury spiked air to the sample probes for use
in troubleshooting the Hg CEMs systems for lesks, contamination and madfunctions. A
computer located in the ingrument rack controls the Hg SCEM. A smple schemdtic of a
typicd systemisprovided in Figure 10 below.

REAGENTS
BLOWBACK VONITOR
GAS SUPPLY
* Y Hg
Elemental
PR%- FILTER Hg SPECIATION INDUSTRIAL PC
I HOT |[PumP MODULE Hg
BOX HEATED TEFLON
TRANSFER LINE Total SIR GALAHAD
Y
A STREAM
L SELECTION
WASTE
REAGENTS CAVKit

Figure 10: Schematic of asingle probe Hg SCEM

A flue gas sample is drawn from the duct through a Teflon dinger and filter usng
a heated sample pump. The sample is then ddivered to an Hg speciaion unit with a
hested Teflon sample line operated at 400°F to keep the sample gas temperature above
the dewpoint and to keep oxidized Hg from adsorbing to the probe surfaces and sample
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lines. The flue gas sample is maintained a 400 °F until being treated by the mercury
speciation unit, where the sample stream is split into two parts, one for dementa Hg
andyss and the other for totd Hg andyss. After speciation, heated Teflon sample lines
deliver conditioned flue gas to the stream sdector to be andyzed in turn by the Sr
Gdahad andyzer. Sampling and andyss is controlled with software provided by PS
Anaytica on the computer located in the instrument rack.

During this project, flue gas samples were extracted from the duct using two
different sample probe types. The PS Anayticd sampling sysems were ddivered with
Baddwin Environmenta modd 35Hg heated stack filter probes.  The probes were
inddled a four locations in the ECO pilot. However, the inlet probe had numerous
problems associated with ash in the flue gas and was replaced for a portion of the project
with an Apogee Scientific Quick Silver Inertid Separation (QSIS) probe. The Apogee

(b)

Figure 11: (8) A Badwin Hg-35 heated sample probe mounted to the inlet duct; (b) QSIS
sample probe assembly mounted to the ECO pilot inlet duct

probe was used exclusvely a the inlet sampling location The Badwin sample probes
were used occasondly on the inlet and aways on the outlet of the sysem. A photograph
of the Baddwin Hg 35 Probe and the QSIS probe are shown in Fgure 11. The
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spectrometer in the Sir Gdahad Anadyzer can only measure dementa mercury; therefore
it is necessxy to use a sample conditioning unit to convert oxidized mercury into
edementd mercury. The Hg speciagion module and sample conditioner uses wet
chemigry to differentiate between demental and oxidized mercury and removes water
from the sample sream to protect the andyzer and maintain the integrity of the sample.
A photograph of one of the conditioning unitsis shown below in Figure 12.

Flue gas is pumped from the sample probes to the sample conditioner usng the
probe's heated head pump. Flue gas entering the sample conditioner is split into two
sreams that bubble through two impingers. one for dementd Hg measurement ad one
for totd Hg measurement. Teflon vaves are used to control the amount of flow going to
eech of the channes and the vent. The impingers contain reagents specific to each
channd and are filled and emptied usng Teflon capillaries and a peiddtic pump. (A
detalled description of the reagent chemistry can be found in the Task 1 Technica
Report). The flue gas continues through a Pdtier Cooler that removes moisture and
decreases the dewpoint of the flue gas to 5C. Before being sent through a heated Teflon
sample line to the stream sdlector and Gaahad andyzer, the flue gas passes water dip
detectors which are desgned to shut off the pumps in the event that liquid is present in
the sample stream.

Each ingrument rack in the Hg SCEMS contains a 16-channd stream sdlector, a
Sr Gdahad Il mercury andyzer and a CAVKkit unit. A photograph of an instrument rack
is shown in Fgure 13. The sream sdector alows numerous sample streams to be
monitored with the same andyzer by switching to a different stream. The stream sdector
condsts of 8 threeeway Teflon switching vaves and a digitd mass flow controller that
regulates the flow of flue gas over the Amasl trgp in the Sir Gdahad |l andyzer. Vaves
are activated using the TTL line from the Sir Gaahad. When a stream has been sdected
for andyss, the corresponding vave is energized usng 12-volt dc Sgnd.  In addition to
sampling from any of four gas streams, the stream sdectors are dso cgpable of directing
zero air and CAVkit gas to the appropriate sample probe.
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Figure 13: Photograph of aPS Andyticd Hg SCEM S instrument rack
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The Sr Gdahad Il andyzer uses an aomic fluorescence spectrometer to detect
edemental mercury. To make a measurement of demental mercury, a gold impregnated
dlica (Amadll) trgp is used to adsorb mercury from the flue gas. Using an Amasl trap,
the Hg is pre-concentrated to produce a signd that is easily measured and cdibrated to by
the andyzer. Flue gas is drawn over the trgp a a flow rate of 0.5 L/min, which is
regulated by the mass flow controller in the stream sdlector, for an amount of time pre-
determined for the expected Hg concentration to be measured. Once sampling is
completed, the trap is flooded with argon and the Amasil trgp is heated to re-vaporize the
mercury and carry it into the andyzer. The dementa Hg is carried past a mercury vapor
lamp producing fluorescence. The fluorescence produced is measured by a conventiond
photomultiplier tube (PMT) creating a sgnd that is proportiond to the concentration of
Hg in the sample.

Cdibration of the andyzer involves injection of a known amount of mercury
vapor onto the gold trgp. The cdibration is based on the vapor pressure of mercury,
which is wel known. A measured volume of mercury is withdrawn from the cdibration
vessd and is injected onto the Amas| trgp using a needle and syringe. The Hg is then re-
vaporized and carried to the detector as with a flue gas sample, where the peak height or
pesk area of the response is measured. A cdibration curve is generated by plotting the
ingrument dgnd  agang the injected mass of mecury for seved mercury
concentrations. The PSA software caculates the expected Hg concentration for the
calibration based on the temperature and volume used for the cdibration spike.

The CAVKit unit is a device for generating eementd mercury vapor that can be
sent out to the Hg SCEMS sample probes. The CAVkit gas is used extensvely to
troubleshooting the Hg CEMs systems for lesks, contamination and mdfunctions. To
generate dementa mercury, zero ar is sent through a smal reservoir which contains ~15
grams of dementd mercury adsorbed onto an inert substrate.  Changing the temperature
of the mercury reservoir varies the dementd Hg output from the CAVkit due to the
change in mercury vepor pressure. The CAVKit unit, under norma operating conditions,
can generate a maximum of 20 ng/Nn? of dementd mercury a a flow of 16 Ipm. The
CAVKit is dso capable of sending just the zero air to the sample probes that can be used
to perform instrument blanks.
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Hg SCEMS Troubl eshooting

Frequent monitoring and maintenance of the Hg SCEMS components was
required in order to keep the instrumentation operating for more than a few hours at any
one time. Two complete measurement systems were inddled at the ECO pilot, with the
ability to sample from four locetions in the process. However, due to the extensve
efforts to keep the measurement systems operating, sampling was redtricted to two
locations a any time.

Severd dgnificant problems associated with messuring mercury in the flue gas
dream were reveded during testing on actud flue gas. These problems can be broken
into three types (i) Hg speciation module, (i) sample gas extraction, and (iii) hardware
falures. Each of these three areas of concern and the steps taken to address these issues
are discussed in extensve detall in the Task 1 Technical Report.

The Hg Speciaion Module is an integrd pat of the measurement system. Its
operation is essentid to determine the fraction of dementa and oxidized mercury in the
gas phase of the flue gas stream. During operation, many problems were addressed to be
able to operate the speciation module to obtain quality data without damaging equipment.
These problems included (i) sample flow control, (i) acid gas removd, (iii) moisture
remova, (iv) impinger precipitates, (v) reagent contamination, (vi) reagent refresh rates,
and (vii) hardware falures. Mog of these difficulties were sufficiently resolved, but only
with the expenditure of a consderable amount of time and money.

Teding in an environment with high ash loading hes led to (i) difficulties
extracting an ashfree sample from the inle sampling location and (i) oxidation of
eementd mercury with reactive ash. The PS Anayticd equipment performed well in the
clean flue gas environment at the outlet of the ECO process. However, the ash loading at
the inlet of the ECO sysem, and the ability of the ash to oxidize dementd mercury,
proved problematic for accuratedly determining the concentrations of eementd and
oxidized mercury in the flue gas  Extensve efforts to improve the inlet flue ges
measurements  included tedting of multiple sample filters, changing sample probe
operating conditions, consulting with industry experts, inddlaion and testing of inertid
separdion based sampling systems, and inddlation of ductwork in order to provide flue
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gas with a reduced ash loading to the ECO pilot. None of these efforts was successful at
providing a sysem and conditions where routine and accurate meesurement of the
mercury species contained in the flue gas entering the pilot could be made.

5.1.2 Batch Sampling

In addition to the Hg SCEMS indrumentation, a batch sampling method was
developed to verify proper operation of the PS Andyticd Hg SCEMS instrumentation.
An extend remote gold trgp is used to collect mercury independent of the PSA
conditioners and Baddwin probes. By usng the remote trap, the measured mercury
concentrations can be verified independently of the PSA sample tran and on a routine
basis.

A schemdic of the baich measurement system is shown bdow in Figure 14. A
vacuum pump is used to sample off the QSIS probe in pardld with the PS Andytica
indruments. The flue gas is pulled through a series of impingers to speciate the mercury,
remove acid gases, and remove moisture.  The reagent impinger, the firg in the series is
filled with 10% KCI for dementa mercury andysis or 1% SnCh in 0.5N HSO, solution
for total mercury andyss. The acid scrubber impinger contains 10 wt% NaOH to scrub

QSIS filter

Vacuum
Pump

heated sample
pump

To PSA conditioner .1

Reagent Acid
Impinger  Scrubber

Figure 14: Fow schematic of the batch sampling system attached to the QSIS probe.
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out acid gases and findly, the condensaing impinger is an empty impinger cooled in an ice
bath to remove moigure from the flue gas stream. The flue gas is then passed over a
portable Amas| trgp to adsorb mercury, smilar to what occurs insde the PS Anayticd
ingruments. It is necessary to record gas flow and sample time to convert the mercury
mass to a flue gas concentration. Measurement of the captured mercury is made using
the extend “remoteé’ sample port provided with the PS Andyticd Sr Gdahad
ingruments.  Once atached to the remote sample port, the anadlyss of the mercury is the
same as described abovein Section 4.1.

5.1.3 Elemental Mercury Injection

As discussed earlier, the demental Hg concentration of flue gas supplied from the
Burger plant was too low to demonsrate elemental Hg oxidation As a result, dementd
Hg was added to the flue gas. Figure 15 shows the results of one such additionto flue
gas was taken from the inlet of the Burger Power Plant ESP. The expected concentration
of Hg(0) was 60 pg/Nn?. The actud concentrations that were seen were only ~26
pg/Nnt of total Hg and ~6.0 ug/Nnt of dementad Hg. This represents a recovery of 10%
as edementa mercury out of the total mercury added to the flue gas stream. Only 37% of
the totd mercury added was recovered. The oxidation of the added demental mercury is
atributed to the fly ash in the flue gas stream. Since the flue gas was taken prior to the
plants ESP, and the ash remova devices used for the ECO pilot were not as effective as
the plant's ESP, the ash loading was approximately 10 times what is expected on the
outlet of the ESP. The combination of the amount of ash and its reactive nature
ggnificantly complicated the effort to increase the concentration of dementd mercury
for testing oxidation of the demental mercury in the DBD reactor.
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Inlet Elemental Hg —®— Inlet Total Hg

Hg Loading (ug/Nm3)

Figure 15 : Addition of dementa mercury vapor to the flue gas

5.1.4 Ash Effectson Elemental Mercury
Clearly, the reactive ash a the RE. Burger Power Plant could effect the

measurement and speciation of mercury. It was dso shown in Figure 15 that the ash
reacted with injected dementa Hg, decreasng the yied of gas phase mercury, both
edemental and oxidized that could be obtaned with the addition sysem.  Further
investigations were done looking at the ash loading of the system and how it compared to
conditions that are expected in a typicd instadlation, such as a the outlet of the Burger
Pant's ESP.

With the new duct in place, the ability to add elementa Hg was again tested. The
resultsare shown in Figure 16. For thistesting, two dementa Hg levels were chosen.
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Figure 16: Recovery of HgP after the new duct installation on the outlet of the ESP.

The firs was an addition of 5.6 pg/Nnt of dementd Hg. The blue line in the
figure represents the expected Hg(O) concentration, and the green line represents the
amount of eementa mercury actudly measured. At this levd, 42% of the added
mercury reported as eemental mercury and 100% of the added mercury was recovered.
The second test shows an incressed level of addition to the flue gas with 8.4 pg/Nn? Hg’
concentration expected. The measured concentration shows that in this case 60% of the
mercury added reported as eemental Hg and again 100% of the Hg added was measured.

By reducing the ash loading on the system, it was possble to add eementd Hg to
the flue gas a a levd where meaningful testing could be performed to invedtigate the
oxidation of dementd Hg in the reactor. However, even with the decreased ash loading
in the ECO inlet, repested QA/QC measurements through the inlet mercury sampling
system indicated that within severa days of continuous use, oxidation of eementa
mercury was observed to occur across the QSIS filter. Figure 17 illustrates QA/QC data

obtained when the QSIS filter was in a clean and uncontaminated condition.
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Figure 17: Reaultsof inlet blanks and CAVkits run on aclean QS Sfilter.

An andyss indicates that only 1.6% of the injected dementa mercury was logt across
the entire sampling sysem, incduding the QSIS filter.  After usng the filter for
gpproximately 80 hours to sample flue gas a the ECO inlet location, the same QA/QC
protocols were run. The resultsin Figure 18 show a 25 % bias towards oxidized mercury,
even though only eementa mercury was injected upstream of thefilter.

In an effort to reduce the oxidation of dementd mercury across the QSIS filter,
personnel a Apogee Scientific suggested a series of protocols for cleaning the filter.
These protocols, discussed in a separate task report, were initidly successful in keeping
the oxidation of dementd mercury across this filter to a minimum. However, after
operation of the QSIS probe over a number of weeks, the cleaning protocols became
permanently ineffective.  After this point, unacceptable amounts of eementd mercury
oxidation across the QSIS filter were dways observed to occur. These amounts varied

from 25% to as much as 60% of the injected eementd mercury vapor. The indbility to
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adequately clean the QSIS filter after prolonged used was observed for two filter
elements and is considered to be a likely performance characteristic of thesefilters.
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Figure 18: Reaults of blanks and CAVKkit runs on a QS Sfilter after ~80 hours of use

5.1.5 Mercury Measurements and Sampling

Measuring changes in dementd mercury concentration across the reactor were
hampered by the reactive ash described above as wdl as by instrumentation issues
decribed in detal in a separate technica report.  Briefly, sample extraction, ash
contamination, and hardware falures adlowed the ingruments to run for only short
periods of time before maintenance was required. In addition, the inlet sampling system
would not obtain qudity data for a long enough period to be able to complete a series of
tests. Although it would have been ided to take measurements directly on the outlet of
the reactor, the sample conditioning required to remove the acid mists produced by the
reector to avoid damaging equipment was prohibitive.

Therefore, dl measurements to verify reactor performance were made using the
sample probe on the ECO system outlet, which is after removal of ash by the pilot's wet
electrodtatic precipitator. The dementa mercury concentration was monitored while the
reactor power was cycled on and df a the desred energy densty. More specificaly, the
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reactor was run for one to two hours while mercury measurements were made.  After
severd cycles of dementd and total mercury measurements, the reactor was shut off to
obtain eemental and totad mercury concentrations. Without the reactor on, there is no
mechanism to remove eementd mercury from the process and therefore the dementd
mercury concentration a the outlet of the sysem is representative of the inlet mercury
levels once corrected for dilution and ar in-leskage. Sampling on the outlet of the
gysem diminaes oxidation of mercury by reective ash on the sample filter while dill
providing the information required to evauae the &bility of the DBD to oxidize
elementa mercury. The results of the reactor testing are discussed in section 6.

5.2 Mercury Measurementsin ECO Liquids and Solids

Devdoping a method to measure mercury in both liquid solutions and in
particulate was necessary to be able to track mercury throughout the ECO process. The
particulate analyss was draight forward, and the Modified ASTM Method D 6414-01
was veified for our sysem. The ECO process fluid proved to cause problems for the
EPA Method 254.1 mercury andysis. Therefore, it was necessary to develop a new
digestion procedure that would not interfere with the mercury measurement by cold vapor
atomic absorption.  The following is a discusson of the verification of the methods used
to measure both liquid phase and particulate mercury in the ECO process.

5.2.1 Particulate Mercury Analysis(Mercury in Coal Fly Ash)

The nmethod used to measure particulate mercury is the Modified ASTM Method D 6414-
01, “Standard Test Method for Total Mercury in Cod and Coa Combustion Residues by
Acid Extrection or Wet Oxidation/Cold Vapor Atomic Absorption”. To verify the
method a Standard Reference Materiad (SRM) 1633Db, “Condituent Elements in Cod Hy
Ash,” was digested and anayzed.

Two samples of the SRM were digested and andlyzed by cold vapor atomic
absorption and compared to the certified vaue for mercury in the SRM. The reaults of
the andyssarelised below in Table 2.
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Sample Concentration Percent Recovery
SRM Hg Concentration 141+ 19ppb | ------
SRM 1633b-1 161 ppb 114%
SRM 1633b-2 157 ppb 111%

Table2: Resultsof SRM Andyss of Particulate Hg

The results of the verification show a mean (95% Confidence) of 159 + 25 ppb.
The method is a rdligble way to measure the particulate mercury in the ECO process. An
example of typica ash andyssfrom the pilot is shown in Figure 19.

Ash Hg Content (ppb)
g
N

)
N AW =AW,

VN B VNV

1000 |

0 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 'l 1 1 1 1 1 1 1 1 1 1
6/1/03 6/6/03 6/11/03 6/16/03 6/21/03 6/26/03 7/1/03

Date

Figure 19: Typica analyssfor ash Hg content

5.2.2 Mercury Analysisin Process Fluids

The Modified EPA Method 245.1, “Determination of Mercury in Water by Cold
Vapor Atomic Absorption Spectrometry”, was modified to measure mercury in the ECO
process fluids. The method was modified due to interferences crested by the digestion of
ECO process fluids and the subsequent analysis by cold vapor atomic absorption.  Rather
than a mixture of acids, only concentrated nitric acid was used to digest ECO process
fluids.
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Tedting was dore to invedtigate the rdiability and reproducibility of the method
with the modified digestion to peform mercury andyss in liquids. Duplicate samples
were prepared by adding 5 mL of the test solution to 20 mL of ultra-pure concentrated
(69%) nitric acid (JT Baker Ultrex Grade) in a BOD bottle. To one of the samples a
known quantity of mercury standard solution (0.1 ng Hg/mL) was added. The BOD
bottle was covered with foil and digested for 2 hours in a hot water bath at 90 to 95 °C.
After 2 hours, it was removed from the hot water bath, cooled to room temperature, and
diluted to volume with deionized water. Five milliliters of stannous chloride were added
to the sample solution and it was sparged for andyss. Andyss is done usng a Buck
Moded 400 A Mercury Andyzer. A schemdic of the andyss train is shown in Figure
20.

| 15 cm Flow Cell |
MFC

Glass Frit BOD Bottle

Figure20: AndyssTrain for Mercury Andyss

Testing was performed both on synthetic solutions and on process fluid samples
obtained at the R.E. Burger ECO pilot. For each test, duplicate solutions were andyzed;
one was andyzed unmodified and the second was spiked with a known quantity of
mercury. Theresults of thistesting are shownin

Table3. Thetest shows that the digestion process developed for the ECO process
fluds does not interfere with the measurement of mercury by cold vepor aomic
absorption. The test solution compostions are proprietary, however solution 1 contains
only the component from the ECO process fluid that required the modification of the
EPA method 245.1 digestion. Solution 2 contains the ‘problem’ component as well as

the other mgjor components in the process fluids.
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Expected Analyzed Per cent
Hg Concentration Hg Concentration £
rror
(ng) (no)
Solution 1-1a 0.00 0.00 0
Solution 1-1b 0.40 0.27 -32.3
Solution 1-2a 0.00 0.00 N/A
Solution 1-2b 0.15 0.20 -22.8
Solution 2-1a 0.00 0.00 0
Solution2-1b 0.40 0.46 141
Solution 2-2a 0.00 0.03 N/A
Solution 2-2b 0.40 0.47 16.9
Burger Plant Solution N/A 0.21 N/A
1
. 0.375 (Spiked with 0.15
nger;zg.}kse‘;' utorr N/A g Hg) Delta= 0.375- 9.3
0.211=0.164 ny

Table 3: Reallts of Digegtion Verification

It has been concluded from the data that the results are congstent with error values
obtained in EPA Method 245.1. At a known concentration of 0.41 ng of mercury, the
method reports a standard deviation of 0.112 ng of mercury, which corresponds to a
range of 0.522 ng to 0.298 ngy and an eror of + 27.3%. At aknow concentration of 0.06
nmg of mercury the method reports a sandard deviation of 0.039 ng of mercury, which
corresponds to arange of 0.099 to 0.021 ng and aresulting error of £ 65%.

5.2.3 Instrument Precison Testing
Anaysison fiveidenticaly prepared samples was done to test the precison of the
Buck Anadyzer. The samples were prepared by adding the same quantity of mercury
gtandard to 20 mL of digestion solution in aBOD bottle. An aiquot of Solution 2 was
then added to each of the bottles. The bottles were digested, diluted to volume and
andyzed for mercury content. The results of the test are shownin
Table 4. The datisticd analyss shows a standard deviation of 0.0006 g Hg, with
an average vaue of 0.057 ng. The percent relaive standard deviation is 1.1 % and the

page 34



mean (95% confidence) was 0.575 £+ 0.007. The conclusion of this tedting is that the Buck
Andyzer provided rdiable and reproducible measurements.

Concentration (g Ho)
Samplel | 0.566
Sample2 | 0.580
Sample3 | 0.573
Sample4 | 0.580
Sample5 | 0.575

Table 4: Resultsfrom Insrument Precison Testing

5.24 Instrument Linearity Testing

The fina verification done of the mercury measurements for the ECO process was

alinearity check of the instrument. Seven solutions were prepared for analysis by adding

known amounts of mercury to them. The solutions were digested by the method verified
above and andlyzed. Theresultsare shownin
Table 5 and Fgure 21. The figure includes the 95% confidence intervas for the

measurements. This test clearly shows the Buck Anadyzer responds linearly from 0.04 to

0.6 ng of mercury.
Solution Mercury Mass () Absorbance
1 0.04 0.009
2 0.06 0.015
3 0.08 0.022
4 0.15 0.038
5 0.25 0.063
6 0.40 0.102
7 0.60 0.149

Table5: Resultsfrom Instrument Linearity Check
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Figure 21:  Mercury Andyzer Linearity Check with 95% Confidence Intervals.
Satisticd Andyss R = 0.9994, y- intercept = 0.0006, and slope = 0.2494

5.3 Contractor Testing

Vdidation of the Hg SCEMS indrumentation was an important pat of this
cooperative agreement. To do this an outsde testing service, Air Compliance Testing,
was brought in to do Ontario-Hydro Testing. The complete test results and a detailed
discussion can be found in a separate report however the results are summarized below.

Air Compliance Tegting Inc. (ACT) conducted three days of basdine vdidation
testing of the inddled Hg SCEMs systems. The vdidation testing involved twenty-three
hours of testing usng the Ontario-Hydro Method during May 810, 2002. During testing,
the two PS Andyticd Hg SCEM sysems were operated usng Badwin Environmenta
sample probes a the system inlet and outlet. The indruments were dternated between
Elemental Hg and Totd Hg messurements every five minutes A blank was obtained
prior to the testing event to alow the measurements to be blank subtracted and averaged
over the time period of the ACT sample collection Cdculations of oxidized mercury
levels were made by subtracting the PSA dementd Hg levels from the PSA totd Hg

leves.
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For comparison, ACT collected three samples at the system inlet congsting of one
three-hour run and two four-hour runs and three samples a the sysem outlet each
conggting of four hours runs. A comparison of the data obtained by the PS Andyticd
ingruments and ACT is provided in Table 6 below. The PS Andyticd totd and
eementa Hg measurements were subtracted to give the oxidized Hg concentration which
isreported below in Table 6.

PSA ACT Elemental | ACT Hg" | PSA Oxidized ACT | ACTHg*
Elemental pg/ dscm Detection pg/ dscm Oxidized Detection
pg/ dscm Limit pg /

dscm Limit
Inlet Run 1 0.53+0.10 <0.52 0.52 3.96 + 0.68 5.28 0.22
Inlet Run 2 0.06 £ 0.03 <0.35 0.35 468+ 0.75 570 0.26
Inlet Run 3 0.19+£0.07 <0.42 0.42 574 £ 0.75 6.46 0.27
OutletRun1| 0.58+0.10 0.58 0.48 0.15+0.04 <0.37 0.37
Outlet Run2 | 0.40+ 0.05 0.58 0.38 0.13+£0.04 <0.32 0.32
Outlet Run3 | 0.45+ 0.03 1.09 0.37 0.15+0.05 <0.31 0.31

Table 6: Comparison of Air Compliance Testing and Powerspan Hg SCEMS results.

On the inlet, the dementd Hg measured by ACT was below the detection limit
(BDL) of the method and the PS Analyticd instruments reported 0.53, 0.06, and 0.19
ng/Nn?, which confirm the measurements were BDL. For oxidized Hg, ACT measured
5.28, 5.70, and 6.46 my/Nn? compared to 3.96, 4.68, and 5.74 my/Nnt messured by the
PS Andyticd indruments in Inlet Run 1, 2, and 3, regpectivdly. The oxidized Hg
concentration increased for both ACT and the PS Andytica instruments from Run 1 to
Run 3.
measurements was 18% for the oxidized Hg measurement on the inlet.

On the outlet, the elementd Hg measured by ACT was 058, 058, and 1.09
nmyNnt compared to 058, 0.40, and 0.45 ny/Nnt messured by the PS Andyticd
ingruments in Outlet Run 1, 2, and 3, repectively. The outlet oxidized Hg measured by
ACT was BDL and measured by the PS Anadytica insruments was 0.15, 0.13, and
0.15 ng/Nn? for Outlet Run 1,2, and 3 respectivdly. The average error in the PS
Andyticd ingruments compared to the ACT measurements was 29% for the dementd

The average eror in the PS Andytica insruments compared to the ACT
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Hg measurements on the outlet. However, if Run 3 is conddered an outlier due to the

large increase in dementa Hg seen, the average error decreases to 11%.

This testing data suggests a reasonable agreement between the Ontario-Hydro
method test results and the Hg SCEMS test results.  The complete results for the ACT
tedt event ae included in the Tak 1 Technicd Report, but a brief summay of

performanceisshownin Table 7.

Hg Fraction ECO Inlet ECO Outlet Removal
Particle Bound Hg (ug/dscm) 0.62 0.016 97.4 %
Oxidized Hg (ug/dscm) 5.81 0.022 99.6 %
Elemental Hg (ug/dscm) 0.16 0.75

Total Hg (ug/dscm) 6.59 0.79 88.0 %

Table 7. Summary of Ontario-Hydro Test
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6.0 Results and Discussion

Although testing under this cooperdtive agreement was focused on mercury
remova from the flue gas of cod fired bailers, the ECO process is designed to be a multi-
pollutant control technology. For the technology to be successful, it must remove high
levels of NOy, SO, and particulate matter (PM), in addition to the Hg removd. The
discusson below focuses on the overal performance of the ECO Process during

operation of the Burger Rlot Unit.

6.1 Removal of NOy and SO,

Presented in Figure 22 and Figure 23 is pilot data showing NOx and SO, concentrations
and remova levels measured over 12 hours of operation. Figure 22 shows that NOy
remova over the test period averaged 90% with an inlet level of 250 ppm. Figure 23
shows 98% SO, remova from an average inlet concentration of 1320 ppm. Also
presented in Figure 23 is the outlet ammonia concentration (shown in parts per hbillion),
which averaged 1.0 ppm.
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Figure 22 NOy performance data from the Burger pilot unit
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Figure 23 SO, performance data from the Burger pilot unit

The removd leveds and concentraions shown in the figures ae typicd of the

performance measured during norma operation of ECO process.

6.2 Mercury Removal in the ECO Process

There were severd leves of testing done looking a mercury removd in the ECO
process a the Burger pilot. They include (i) overdl removd across the sysem with
native and eevated mercury concentrations, and (ii) oxidation of eementa mercury by
the DBD reactor. These are discussed in more detail below.

6.2.1 Total Hg and PM Removal

Mercury test data from the pilot’s ingaled Hg SCEM over a 12 hour period is
presented in Fgure 24. It shows 90% Hg remova from an inlet concentration of
goproximatdy 4 pg/Nnt.  An dementd Hg addition sysem was instdled a the ECO
pilot to increase the concentration of elementa Hg in the flue gas stream.
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Figure 24: Hg Concentrations and Removal of Native Hg a the ECO Pilot

This was done in order to demondtrate the ability of the ECO process to oxidize and
cgpture dementad Hg in actud flue gas, as had been shown using synthetic flue gas in the
laboratory. Because of the high ash content in the flue gas siream &t the inlet to the ECO
process, the dementa Hg that was added was measured as oxidized Hg. However,
Figure 25 shows that high levds of Hg removd were dso achieved a the edevated
oxidized Hg concentrations.

The recent Ontario-Hydro test results obtained after addition of the ammonia
scrubber in early 2002 show total Hg remova levels consstent with those measured at
the ECO pilot prior to the scrubber ingtdlation. Method 29 measurements were made in
2000 by Air Compliance Teding during which the totd mercury remova levd was
measured to be 81.6% [13]. During those same tests the remova of arsenic, barium,
chromium, copper, lead, manganese, nickd and phosphorous exceeded 9%%.  Air
Compliance Teding dso made particulate matter measurements in 2000 [14]. The results
showed that 99.6% of the total particulate matter was captured in the ECO process. The

testing aso measured 96.7% capture of particles lessthan 3 micronsin size.
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Figure 25: Hg Concentrations and Removal of Elevated Hg at the ECO PFilot
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Figure 26: Hg datafor extended run
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Figure 27: Liquid andyss corresponding to extended run

It was aso possible to get one extended run with mercury measurements spanning
svead days The mercury remova data is shown in Figure 26 with the corresponding
liquid andyssin Figure 27.

6.2.2 Mercury Oxidation in DBD Reactor

Teding of the barrier discharge reactor’'s ability to oxidize eementa mercury was
peformed usng two flue gas configurations. The fird configuration was one in which
flue gas was supplied to the ECO pilot from the inlet to the Burger plant's ESP and
utilized the pilot’s cyclone separator and dry ESP for ash remova. In this configuration,
the ash loading on the ECO reactor was measured to be 0.13 gr/dscf. In the second
configuration, after inddlaion of the new ductwork, flue gas was supplied from the
outlet of the Burger plant's ESP, subgtantidly reducing the ash loading on the ECO pilot.
Measurements of the ash loading a the outlet of the Burger plant ESP showed an average
ash loading of 0.009 gr/dscf.
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Teding of dementd mercury oxidatiion by the barier discharge reactor was
peformed usng eementd mercury injection into the inlet flue gas duct and mercury
measurements a the outlet of the ECO sysgem only. Inlet dementd mercury
measurements could not be rdiably made due to the sampling difficulties encountered as
a result of ash contamination of the sample sysem a the inlet to the pilot. Sampling
efforts a the ECO pilot inlet are discussed briefly in this report (section 5.1) and in more
detail in a separate task report.

Shown in Fgure 28 are results from testing where the DBD eactor was operated
a a power level of 18 w/scfm and the flue gas flow through the ECO pilot was hed a
1500 scfm with an inlet demental Hg concentration determined to be ~2.5 ug/Nnt. The
inlet demental mercury concentration was taken to be that measured at the outlet of the
system with the DBD reactor secured. Measurements at the outlet with and without the
DBD reactor operating show the oxidation of lemental Hg by operation of the DBD.

At the completion of these tedts, the amount of eementa mercury injected into
the ECO inlet duct was increased and the reactor on/off sequence was performed again.
The data from these tests are presented below in Figure 29.

The reaults of dementd mercury oxidation by the barrier discharge reactor in the
high resctor inlet ash loading configuration are summarized above in Table 8.  The
reported inlet dementd Hg concentration is the average concertration measured at the
outlet of the system with the DBD reactor secured.

The reactor testing was repeated after indalation of a new duct run, connecting
the ECO pilot to the Burger Plant dry ESP outlet. This configurdtion is referred to as
“normd ash loading” because it represents ash loading expected in a commercid ECO
ingalation.  Inddlation of the new duct was intended to dleviate the problems
encountered with injection and measurement of edementd Hg a the inlet to the ECO
pilot. Although much reduced, some oxidation of dementad Hg continued to take place
in the sampling system and inlet ductwork. Therefore testing was conducted as in the
initid duct configuration where the inlet concentration was taken to be that measured at

the outlet of the pilot with the DBD reactor secured.
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Figure 28: ECO DBD reactor performance in high ash loading environment
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Figure 29: Converson of eemental mercury at 18 watts/'scfm at higher concentration
with high ash loading
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The tests were conducted at two flowrates: 2000 scfm and 2500 scfm.  During
each of these runs the DBD reactor was cycled between 0, 15, 20 and 25 Watts/'scfm.
The results from the low flow tests are presented below in Fgure 30. Based on
cdibration of the mercury addition sysem, the concentration of dementd mercury
injected into the duct during these tests was 8.7 ng/NnT.

Run DBD Reactor Inlet DBD Reactor Outlet Elementd Hg
Elementd Hg Elementd Hg Conversion.
(ng/NnT) (My/Nn)
1 2.3 11 53%
2 2.7 1.1 60%
3 6.1 31 49%
4 5.9 2.5 58%

Table 8: Elementd Hg conversion at 18 W/scfm, 1500 scfm gas flow

The results from the high flow (2500 scfm) tests are presented below in Figure 31.
The result of increesng the reector power dendty is dso vigble in the daa We
cadculaied that the amount of dementa mercury injected into the duct during the high
flow tests was 7.5 ng/Nnt. The results of both high and low flow test as a function of
reactor power are summarized below in Table 8. A plot of eementd Hg oxidation as a
function of reactor power dengty, for both the high and low flow tests is presented below
in Fgure 32.  The figure shows an increase in dementa Hg oxidaion as a result of

increasing DBD reactor power.
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Figure 30: Elemental mercury conversion at 20, 25 and 15 W/scfm with normd ash
loading at aflow rate of 2000 scfm, Runs 1,2 and 3

Run Rx Power Density Flue Gas Flow Elementd Hg

(W/scfm) (scfm) Converson
1 15 2000 36%
2 20 2000 46%
3 25 2000 42%
4 15 2500 57%
5 20 2500 64%
6 25 2500 75%

Table 9 Elementa Hg converson a 15, 20 and 25 W/scfm at two different flue gas flow
rates.
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6.3 Mercury Removal from Liquid Co-Product
Two separate adsorbents were investigated for mercury removad from ECO
Process fluid; KeyleX® (Figure 33) and Mersorb® LW (Figure 34). KeyleX is a

sulfonated chelating ion exchange resin that is capable of removing oxidized Hg through
; A

i

Figure 33: KeyleX cartridge and cartridge holder

SS7

Figure 34: PFicture of Mersorb LW for mercury remova in ECO Process Fluid

adsorption sold and supported by SolmeteX. It has been used in commercidly to decrease
mercury in waste incinerator wastewater a flow rates of up to 30 gpm. The absorption
capacity of the resin is 10 wt% Hg. For example, 1 cubic foot of resin weighs 45 pounds
and can capture 4.5 pounds of mercury. [16]

Mersorb LW, manufactured by Nucon Internationd, is a sulfur impregnated
activated carbon. The high surface area of the activated carbon (1000 nt/g by N, BET
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test method) and affinity of Hg for dementa sulfur crestes an adsorbent that can hold a
maximum of 75 wt % Hg. For example, 1 cubic foot of Mersorb weighs 34 pounds and
can capture amaximum of 25.5 pounds of mercury. [17]

A flow diagram of the mercury remova system is shown in Figure 35. The liquid
is passed through a 0.5 micron filter and a guard column filled with standard activated
carbon (Nusorb) before being trested with Mersorb. The Nusorb absorbs hydrocarbons
in the efluent solution extending the life of the Mersorb. There is one Nusorb section
which is 2’ CPVC pipe and is 18" long and two Mersorb LW sections dso made with 2”
CPVC pipe that are 36" long each. The system flow rate is 250 cc/min giving a residence
time in each Mersorb LW bed of 7.5 minutes for a total of 15 minutes. Samples are taken
and andyzed for mercury after each processng step. Ammonia can be added to the
effluent stream to adjust the pH as necessary.

The laboratory test bed, shown in

Figure 36, could use either Mersorb or KeyleX as the absorbent by replacing the
Nusorb and Mersorb canisters with the KeyleX cartridge shown in Figure 33. The same
flowrate was used through the KeyleX system

Substitute KeyleX for
NuSorb and Mersorb Beds

NuSorb
Carbon Bed

(Pre-Treatment) MERSORB

Beds

Filter

diaphragm % %
1

pump i; >
‘ M

Filter

-

Figure 35: Flow diagram of Mercury Remova Absorption Bed
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Figure 36: Picture of (a) laboratory Mersorb Test Bed and (b) Pilot Mersorb Bed

giving a reddence time of 2.3 minutes. Parametric testing of pH and liquid composition

was done both the Mersorb and KeyleX to determine the mercury remova efficiency of
the adsorbents.  The results are shown in Table 10. It is clear that the smaller KeyleX bed

can remove mercury as well asthe Mersorb LW bed with asmdler syssem. However, it

KeyleX Mersorb LW
PH Initial Hg Final Hg pH Initial Hg Final Hg
Concentration Concentration Concentration Concentration
(ppb) (ppb) (ppb) (ppb)
4 400 BDL 4 431 12
5 385 BDL 5 276 10
6 305 50 6 454 17

Table 10: Mercury remova performance for KeyleX and Mersorb LW
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is necessary to do further testing to determine the capacity and overdl cost of the two
sysems for commercia operation. Only the Mersorb LW has been tested a the pilot
scale as discussed below.

The mercury remova bed a the Burger pilot had the same process flow as the
laboratory system. The Mersorb canisters were made of 10” PVC pipe 36" long and the
Nusorb canister was 24" long. Again, paticle filters were used to remove particles larger
than 0.5 microns. The flowrate through the sysem was typicdly 0.5 gpm providing a
resdence time of 15 minutes Like the laboratory system, ammonia addition to the
stream was automated to adjust pH as necessary.

Usng Mesorb as an adsorbent, mercury levels in the pilot effluent liquid have
been reduced to less than the limit of detection (~20 ppb) from concentrations as high as
200 ppb. Subsequent cryddlization of the effluent produced ammonium sulfate crystas
contained 21% nitrogen, as would be expected for ammonium sulfate. Fgure 37 shows
photogrephs of the crystas obtained during the cryddlization process. Metds andyss
[15] confirmed that the mercury concentration in the crystal product was beow
detectable limits.

Figure 37: Ammonium Sulfate Crysds produced from effluent of R.E. Burger Filot
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7.0 Conclusion

A sysgem for sampling gas phase mercury in the flue gas of the ECO pilot at
FirdEnergy’s Burger Power Plant was sdected, indtaled and operated to support testing
of mercury remova in a multi-pollutant control technology. The sysem chosen was
provided by PS Andyticd and included sample probes, sample conditioners, a stream
sdector and an aomic florescence spectrometer. The PS Andytica  equipment
performed wel in the cleen flue gas environment a the outlet of the ECO process.
However, the ash loading a the inlet of the ECO sysem, and the ability of the ash to
oxidize dementd mercury, proved problematic for accurately determining the
concentrations of dementd and oxidized mercury in the flue gas Extensve efforts to
improve the inlet flue gas measurements included testing of multiple sample filters
changing sample probe operating conditions, consulting with industry experts,
inddlation and testing of an inetid separation based sampling system, and inddlation of
ductwork in order to provide flue gas with a reduced ash loading to the ECO pilot . None
of these efforts were successful a providing a sysem and conditions where routine and
accurate measurement of the mercury species contained in the flue gas entering the pilot
could be made.

The inability to accuratedly measure gas phase mercury species in the inlet ges
subgantidly redricted the invedigaion of dementa mercury oxidation by the ECO
process barrier discharge reactor. In order to provide a measure of the inlet dementdl
mercury concentration, measurements were made a the outlet of the ECO process with
the barrier discharge reactor secured. Tedting in this manner did not dlow sufficient time
for the entire ECO process to reach a steady date, redtricting the parametric investigation
to operation of the barrier discharge reactor. Planned parametric testing of the ammonia
scrubber and wet eectrostatic precipitator could not be accomplished.

Protocols were developed throughout the testing for cdibration, maintenance,
troubleshooting and repar of the indaled gas phase mercury monitoring system.
Operating procedures were dso developed, including frequent checks by the ECO pilot
operators.  Frequent monitoring and maintenance were found to be required in order to
keep the ingrumentation operating for more than a few hours & any one time. Two
complete measurement systems were indaled at the ECO pilot, with the &bility to sample
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from four locations in the process. However, the extensve efforts required to keep the
measurement systems operating restricted sampling to two locations at any onetime.

In addition to gas phase mercury measurements, methods were adapted and tested
for measurement of mercury in ECO process fluids. The measurement of mercury in
captured ash was done usng a dandard method with  modification. Mercury
measurement in the ECO scrubber fluids required modification of standard methods to
eiminae matrix effects in the mercury digestion process. The modified method was
successfully tested and used in the project.

Usng measurements a the outlet of the system only, oxidatiion of mercury by the
dielectric barrier discharge reactor was tested over a range of energy dendties and gas
flow raes The limited testing conducted has shown: (i) incressing energy dengty in the
reactor increases the converson of edementd mercury, (i) the oxidaion of dementd
mercury is not dependant on inlet demental mercury concentration in the range of 2 — 8
ug/Nne, and (jii) incressing the gas flow through the reactor increases the oxidation of
elementa mercury.

Teding of the DBD reactor demonsrated that increasng the reactor power
dengty (energy dendty) from 15 W/scfm to 25 W/scfm increased the dementa mercury
converson from 57% to 75% a a nomind flow rate of 2500 scfm through the reector.
Increesing the energy dendty in the reactor increases the concentration of oxidizing
species produced by the barrier discharge process, increasing the rate of reaction (10).
This behavior is consgtent with that seen in the converson of NO to NO, and HNOs,
where increasing energy dengity increases the rate of oxidation.

A tet of DBD peformance a different inlet mercury levels suggests that the
oxidation of dementa mercury is not dependent on the inlet dementd mercury
concentration.  Elemental mercury concentrations of 2.5 ug/Nnt and 6.0 ug/Nn? were
tested with a flowrate of 1500 scfm and an energy dendty of 18 watts/scfm resulted in a
conversion percentage of 56%+5% and 53+6%, respectively. This result varies from the
behavior exhibited by the reactor for NOy oxidation. In the case of NOy, the molar
converson to NO, and HNOs is congtant for a given resctor energy dendty resulting in a
higher converson percentage as the inlet NOx concentration is reduced. For example,

operation of the discharge reactor to create 100 ppm of HNOs from NO will require the
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same energy input a an inlet NOx concentration of 200 ppm (resulting in 50% NOx
converson) as a an inlet concentration of 250 ppm (40% NOx converson). For
edemental mercury oxidation, in the range that was tested, there was no decrease in
converson percentage with increased eemental mercury concentration. It is thought thet
a the mercury concentrations present in flue gas, the collison raie between eementa Hg
and the oxidizing radicas produced by the reactor is the rae limiting sep. Therefore,
when the concentration of eementd mercury in the flue gas is increased, the rate of
reaction and the conversion efficiency of the reactor dso increase.

Parametric testing looking a the effect of veocity through the reactor on the
converson efficiency of dementd mercury showed grester converson as the gas
velocity increased. At an energy dengity of 15, 20 and 25 W/scfm, increasing the flue gas
flow through the reactor from 2000 scfm to 2500 increased the converson of dementd
mercury from 36% to 57%, 46% to 64%, and 42% to 74% respectively. Again, thisisin
contrast to the mechanism for NOy oxidation in the DBD reactor. For NO, oxidation and
converson efficiency are related to the concentration of NOy and the energy densty of
the nontherma plasma  For mercury, the results show tha the increesed flow has
increesed converson efficiency. This result may be due to increased gas mixing resulting
from higher gas velocities.

Rlot teding of the ECO process under this cooperdaive agreement has shown (i)
with extensgve monitoring, Hg SCEMS can be used to obtain information on mercury
gpecidtion in coal combugtion produced flue gas, (ii) the ECO DBD reector oxidizes
dementd mercury in flue gas streams with 2- 10 ng/Nnt of dementd Hg, and (jii) the
ECO process can obtain high removd levels of multiple pollutants (>80% Hg, 98% SO,
90% NOy, 95% of fine particles) with a single ingdlation, (iv) Hg captured in the ECO
scrubber is removed from the scrubber effluent, dlowing for economic digposd of
captured Hg in a hazardous waste storage facility. Extendve parametric testing planned
for the program induding tesing a high inle dementd Hg leves could not be
completed due to the difficulties encountered with edablishing and messuring
representative demental Hg concentrations in the flue gas entering the ECO pilot.

The pilot testing showed ECO to be a multi-pollutant control process capable of
achieving high removd leves for NOy, SO, particulae matter and Hg. Successul
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teting has led to the inddlaion of an ECO commercid demondration unit a
FirgEnergy’s Burger Power Plant. The demondration unit trests a 50 MWe equivaent
flue gas dipsream and is intended to show the commercid viability of the ECO process
and equipmen.
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9.0Ligt of Acronyms

ASN — Ammonium Sulfur Nitrates

CAVEkit — Cdibration Verification

CEM S — Continuous Emisson Monitoring System
DBD — Didectric Barrier Discharge

ECO — Electrolytic Catdytic Oxidetion

ESP — Electrodtatic Precipitator

QAQC — Quadlity Assurance Qudlity Control
QSIS — Quick Slver Inertid Separator

TVM —Tota Vapor phase Mercury

WESP — Wet Electrogtatic Precipitator
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