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Novel Process for Removal and Recovery of Vapor-Phase Mercury

The purpose of this project is to investigate the application of a sorbent-based process for
removing and recovering mercury in the flue gas of coal-fired power plants.  The process is based
on the sorption of mercury by noble metals and the regeneration of the sorbent by thermal means,
recovering the desorbed mercury for recycling.  ADA Technologies holds a patent on this process
(US 5,409,522) and has tested it under conditions typical of municipal waste incinerators.  In this
process, the noble metal sorbent is thermally regenerated, and the mercury is recovered for
commercial recycle or disposal.  ADA has adopted the name “Mercu-RE” to describe its process.

ADA has been testing its process under conditions typical of coal-fired power plants
where the mercury concentration is low (below 10 µg/m3) and little pressure drop can be
tolerated.  The objective of this program is to develop the Mercu-RE process as a suitable
mercury emission control technology for use at coal-fired power plants.

Overview of Progress

Phase I tasks 1 through 5 were completed as of October 1997.  No additional activities
have occurred under those tasks.  Current period activities are summarized by task:

II-6  Modify 20-acfm Skid

No activity on this task.

II-7  Establish Routine Operation at Pilot Combustor

No activity on this task.

II-8  Install and Shakedown Pilot System at Utility Site

At the end of March 1999 the equipment skid was relocated to Hudson Station in Jersey
City, NJ.  The unit is located within a 30-ft by 8-ft office trailer that serves as equipment
enclosure and office.  No work on this task this quarter.

II-9  Test Long-Term Performance at Utility Site

Results at Hudson Station.

A fixture containing four gold coupons was installed in the flue gas duct at Hudson
Station downstream of the ESP.  The purpose is to expose the gold samples to actual flue gas for
an extended period of time.  At the end of the current quarter, two of the coupon had been
returned to ADA for analysis.  These samples are being stored pending the completion of the
exposure test.  At that time all the coupons, including the unexposed control will be analyzed for
corrosion via scanning electron microscopy (SEM).
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Reexamination of Sorbent Rings

Additional examination of the spent sorbent from the testing at CONSOL was able to
confirm agglomeration of the gold crystallites.  These tests were carried out with a low-vacuum
SEM system, which allowed for greater resolution than attained in last year’s analyses.  As in
prior analyses, the fresh gold-impregnated alumina rings were compared to exposed rings.  The
fresh sorbent has a purple to pink color that was found both on the outside and on the inner
surface of fractured and sanded rings.  The exposed rings had a red speckled color on the exterior
with a white interior on both the fractured or sanded surface.  A fractured and sanded surface was
examined in the SEM for gold particles on both ring types.

On the fracture surface of the exposed samples the gold particles were easy to identify in a
backscattered electron image.  A backscattered electron image is obtained from the higher energy
electrons that are scattered off atomic nuclei in the direction of the electron beam.  For larger
nuclei (larger atomic number atoms) the backscattered image is more intense.  As a result, gold
atoms show up as light object on the darker alumina background.  The disadvantage of using
backscattered electron image is that the beam penetrates deeper into the sample and worsens the
ultimate resolution of the image.

The gold particles were relatively easy to find in the exposed rings.  Figure 1 shows a
backscattered electron image of the exposed rings.  Each of the lighter dots in this image was
examined at higher magnification.  The electron beam was concentrated on the particle and a
spectrum was obtained from the energy dispersive spectrometer (EDS) to determine the elemental
composition of the particle.  The images of particles with a high concentration of gold were
printed and the particle size was measured.  Average particle size obtained from 40 particles from
the exposed rings was 160 nm with a standard deviation of 140 nm.

Particles of gold could not be found on the fractured surface of the fresh rings.  A ring was
lightly sanded with some 600-grit sandpaper.  After sanding, gold particles could be identified on
an inner surface of a fresh ring.  Figure 2 shows a backscattered electron image of a sanded
surface of a fresh ring.  The larger light particles in this image are iron particle contaminates from
sandpaper.  Some of the lighter dots in this image were examined at high magnification and with
EDS and they were found to be gold particles.  The smallest particle examined was about 10 nm
and this appears to be close to the smallest particle that can be resolved on the SEM.   Average
particle size obtained from 5 particles from this sample was 33 nm with a standard deviation of 15
nm.  This average neglects undetectable particles with a size less than 10 nm.

EDS was used to examine the fracture surfaces of fresh and exposed ring materials.  The
main elements on a fresh ring are aluminum and oxygen with a smaller amount of carbon.  For the
exposed rings, additional elements of sulfur, silicon, magnesium, sodium and iron were detected.
In both spectrums, gold was below the detectable concentration for the EDS.  Quantitative
analysis of the elements in these spectrums is not possible due to the irregularity of the fracture
surfaces.

The conclusion from this most recent SEM study confirm the speculation from earlier
work, namely, (1) gold particles grew in size during exposure and (2) the rings absorbed
contamination during exposure.  Growth of the gold crystallites is suspected to be the cause of the
fall-off in sorbent performance with exposure time.
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Figure 1 A backscattered electron image from the fracture surface of an
exposed ring.  The width of the picture is approximately 57 µm.

Figure 2 A backscattered electron image from a sanded surface of a fresh ring.
The width of the picture is approximately 26 µm.
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Analysis of Monoliths from Hudson Station

A similar effort was made to examine one of the sorbent monoliths used during the testing
at Hudson Station.  The first monolith from the stack of two used in the sorption unit was cut in
half (along the axial direction) using a hacksaw.  One of the halves was cut into smaller chucks
and ground into a fine powder.  The powder was screened through a 200-mesh sieve.  In addition,
an unused monolith was ground and screened in a similar manner.  This sample served as a
baseline for comparison to the field monolith.

Samples of the field and unused monoliths were sent to ACME Analytical Laboratories
(Vancouver, BC) for whole-rock analysis.  This analysis will identify the elements associated with
fly ash material.

Quadruplicate samples of the used and unused monoliths were washed with water, and
hydrochloric and nitric acids.  Potassium permanganate was added to the wash solutions to
oxidize the mercury compounds.  Digested solutions were analyzed at ADA using Atomic
Absorption (AA).  The was no discernable difference between the unused and used samples for 35
of 40 different trace metals.  The used samples had five- to ten-fold higher levels of yttrium,
lanthanum, cerium, and antimony.  Mercury levels were low on the used samples and in the acid
solutions, suggesting that little mercury residual existed on the used monolith.  This finding
indicates there is not a significant accumulation of nonvolatile forms of mercury on the sorbent.

The amount of gold detected on the used monolith was 7.7 mg/kg, or approximately 21.4
mg per monolith.  The estimated loading of gold on a fresh monolith is 30 mg.  It is unclear if the
lower number represents a loss of gold or simply a slight variation in the coating process.

Mercury/Gold Chemistry Laboratory work

ADA assembled a parallel-plate test cell to evaluate the effect of gold crystallite size.  The
test cell is designed to hold two gold-coated slides at a spacing similar to that within the monolith
channel.  One interpretation of the field data is that the captured mercury does not have sufficient
time to diffuse out of the gold during regeneration.  If true, the gold is not being fully utilized.
Prior laboratory work and literature values for mercury diffusion in gold suggest that the
crystallite are not too large; however, the regeneration conditions and presence of actual flue gas
may impact performance in the pilot unit.  By varying the gold thickness on the parallel slides,
ADA will be able to determine the effective penetration depth of the mercury into the gold.  This
information will provide insight into the utilization of the gold and may suggest alternate
configurations for the sorbent, e.g., thin plates which can be rapidly cycled through sorption and
desorption cycles.

ADA solved an issue identified last quarter regarding the transport of mercury in the
presence of HCl.  Last quarter it was noted that mercury concentrations dropped dramatically
when HCl gas was added to the mixture.  Tests revealed that this loss of mercury occurred in
Teflon and stainless steel lines.  This quarter it was determine that a longer conditioning time was
required in order to avoid this transport loss. The entire test system needs to be conditioned with
the mercury /HCl gas mix for 24 hours to prevent mercury loss.  This is significantly longer than
conditioning times required in the absence of the HCl.
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II-10  Prepare Economic Assessment for Full-Scale System

No work on this task.

II-11  Prepare Documents

Monthly reports for December through February (status, summary, cost management, and
milestone schedule) were submitted during the quarter.  The quarterly technical report for 1st

Quarter FY2000 was submitted.

Project Plan for Next Quarter

The primary goal of the next quarter is to complete the testing at Hudson Station.  To that
end, ADA will modify the existing pilot unit by adding a small scrubber.  The sorbent performance
will be tested for two to three weeks testing with the scrubber in place.  ADA will add elemental
mercury to the gas stream to provide a measurable amount of that form.  The flue gas at Hudson
contains primarily oxidized mercury.  These tests will utilize ADA’s continuous mercury monitor
and a combustion gas monitor for continuous measurements of CO, NOx, and SO2.

The remaining gold test coupons will be removed from the flue gas duct at Hudson
Station during the next quarter.  These samples will be returned to ADA for analysis. Any
indication of corrosion will suggest that the acid gases are attacking the gold crystallites on the
sorbent, resulting in poor sorbent performance.  Lack of corrosion indicates a subtler affect of flue
gas on the sorbent, due perhaps to adsorbing species, which cannot be removed during
regeneration.

ADA will complete the testing of the gold-coated slides.  Work will begin on the final
report for the project, including the economic assessment of the process.
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