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2355 Nashville Road, Bowling Green, Kentucky 42101 Tel: (270)7802531, Fax: (270)7802569

Newsletter for August 2005

For better communication with our friends, we plan to send this newsletter to you every
month to let you know what is happening at the Thermal Analysis and Combustion
Laboratories at Western Kentucky University. This newsletter was suggested to us by one
of our advisory board members.

We always appreciate your suggestions and comments. Please let us know if you do not
wish to receive this newsletter, and we will remove your name from our mailing list.

Thermal Analysis Laboratory

ICSET was mentioned in the Journal of Materials Research Society of Japan, VVol.17, No.
3 August 2005, p4-5. A copy of article is presented below:
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Mercury Emission and Control Laboratory

Trace Elements Determination in “Cuenca Cesar Rancheria — Colombia—second
year”: The main purpose of this study is to determine the amount of trace elements (Hg,
As, Pb, Se and Cd) in coal at four different locations of “Cuenca Cesar Rancheria —
Colombia” Those areas are called “La Loma, EI Descanso, La Jagua and Carrejon”.
Ninety-percent of Colombian coal exportation comes from these four areas. The spatial
distribution of trace elements can be used for future extraction in order to satisfy the
International markets and environmental laws. Four Colombian coals have been chosen
to study mercury and other trace elements behavior during combustion at the WKU
combustor. Gas phase Hg speciations and trace element analysis for the coal ash will be
investigated. The coal contains between 0.18ppm and 0.33ppm mercury.

In order to comply with the EPA mercury emission standards, it is critical for the
power industry to determine the amount of mercury emitted within the existing control
devices. It is also critical to identify the mercury species--elemental form (Hg®), oxidized
form (Hg 2*) and particle-bound forms (Hg")--at various locations throughout the APCD
train. However, such analysis is not an easy job. There are three mercury speciation
measurement methods available, namely ASTM Method D6784-02, commonly known as
the Ontario Hydro Method (OHM), ICSET Semi-Continuous Hg Emission Monitor
(SCEM), and EPA appendix K (Spiking System, see Figurel).

Figure 1: EPA Appendix K spiking, sampling and analytical instrumentation
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ICSET field research team preformed a comparison test for mercury emission
measurements across an electro-static precipitator (ESP) in September to cross check the
method reliability and data integrity amongst the OHM, the SCEM, and the EPA
appendix K.

Some general characteristics of each method are list as follows:

» Ontario Hydro Method
% Wet chemistry
+«+ Snapshot, average speciated Hg data over a 1.5 to 2-hour sampling period
¢ Limited data on mercury emission and its speciation
+«+ Biased data under ash rich conditions, such as sampling at the ESP inlet
» Continuous Mercury Emission Monitor
s On-line, real-time data collected under changing conditions, as well as
normal ranges of operating conditions
% A statistical approach is scientifically defensible in accounting for plant
operational variability
+«» Reliability issues
% Biased data under high temperature conditions, such as sampling at SCR
inlet/outlet, APH inlet

> EPA Appendix K

A known volume of flue gas is sampled

Flow rates between 0.2 to 0.6 liters per min.

Each trap acid is leached and the product is analyzed via CVAFS from
EPA 1631 or AA by EPA Method 29/ASTM D6784-02

Uses “sorbent traps” to capture the mercury.

These traps have to be handled very carefully due to easy contamination
Moisture interference

Not real-time data

Not suitable for high temperature applications
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The testing results are fairly consistent at the ESP outlet. The total mercury curves
(Hg(T)) for the three methods show a difference within 10%. However, during the
testing, the two Appendix K “carbon traps” were plugged up with some fine particles
only two hours after the test was initiated

At the ESP inlet, the two Appendix K “carbon traps” were plugged up even earlier
than those at the ESP outlet. Therefore, less than two hours of flue gas sample was
collected while originally the Hg data collection was scheduled to run 24 hours. The
results of SCEM and Appendix K also show great consistency. However, due to the ash
interference, the OHM data is lower than the other two methods.
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Combustion Laboratory

CO2 sequestration: Big progresses are made recently for DOE funded project
Development of a Method for Measuring Carbon Balance in the Chemical Sequestration
of CO,. The experiment system was set up completely. This included: 1) designing and
building six triple-cell growth chambers; 2) designing and building twenty glass
impingers for collecting escaped **CO,; 3) designing and building special syringe for
water injection, exhaust gas control; 4) installation of instrument for sample preparation
and analysis; 5) collection and pre-treatment of more than 40001bs soil for experiment.
Figure 2 shows a corner of the greenhouse. In addition, a preliminary test was performed
successfully on corn, wheat, and lettuce in a simulated natural mature cycle (over 40 days)
with non-**C fertilizer applied. The preliminary experiment tested important experiment
parameters and offered extremely invaluable information for later on **C-applied
experiment. License of **C application in this project was eventually approved by
Kentucky government. A paper entitled “Development of an analytical method for
distinguishing ammonium bicarbonate from the products of an agueous ammonia CO,
scrubber” was submitted to Analytical Chemistry and has been accepted for publication.

Figure 2
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