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OBJECTIVES

The objectives for this reporting period are:

1) The study of mercury capture mechanism by using titania sorbent and ultraviolet (UV)
light, and the study of structural difference between titania particle generated by both
thermal Oxidation at 1000EC and by reacting with water vapor at room temperature.

 2) Measurement of ultra-fine particle size distribution in flue gas after burning coal. 

SUMMARY OF TECHNICAL PROGRESS

Effect of UV Light on the Capture of Hg using Titanium Based Vapor Phase Sorbent
Precursors 

The experiments initiated in the earlier project period were completed, and the
results were promising with very high capture efficiencies for Hg.  The methodology is
promising because it could potentially rely on the UV irradiation present in Electrostatic
Precipitators. The titania sorbent has been shown to be 100 times more effective than
activated carbon.  Low ratios of sorbent to metal are required, and the precursor is not very
expensive, thus the metals capture methodology is also cost effective.

The results have been summarized as a Journal Publication (please see Appendix I).
A Patent Application has also been filed for the process.

Structural Studies of the TiO2 Agglomerates

In the previous quarter, the in situ generated agglomerated silica sorbents were
characterized by real time size distribution measurements and on line light scattering
measurements.  The surface area evolution of the sorbent is an important parameter, and this
quarter, the titania sorbents were characterized. As a preliminary study on the other vapor
phase sorbent precursors, we conducted experiments to investigate the structural
characteristics of the TiO   agglomerates generated at high temperatures under2

diffusion-limited conditions.  Also, the size distribution of the TiO  particles generated by2

reacting with water vapor at room temperature was measured to study the structural
differences between titania  particles generated by both thermal oxidation at 1000 C and by
reacting with water vapor at room temperature. The measured size distribution shows that
the mean size of the particle generated in the latter case is much smaller than that of the
particle generated in first case.  The geometric mean size of the TiO2 generated by reacting
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with water vapor is 115 nm while that of the titania agglomerates from thermal oxidation
is 250 nm.  The number density of the latter case is 9.2E+6 [#/cc], while that of the first case
is 5.8E+5 [#/cc].  These indicate that due to the lower rate of sintering and coagulation at
room temperature resulted in smaller size and larger number density.  The TEM pictures of
the TiO2 particles from both cases will be taken to measure the primary particle size and the
number of primary particles in each agglomerate. 

Figures 1 and 2 show the measured size distributions for the cases of thermal
oxidation of Ti precursor, Ti precursor with water vapor at 100 cc/min, respectively.  As
shown in the figures, for the case of Ti precursor reacting with water vapor resulted in
smaller mean size and larger number concentration than that for the case of thermal
oxidation of Ti precursor.  These indicate that due to the lower  temperature, rates of
sintering and the coagulation are lower than that in the thermal oxidation case, which results
in a smaller mean size and larger number concentration and consequently, larger surface
area.  The x-ray diffraction pattern however indicated that the high temperature oxide has
a greater fraction of the anatase phase, thus it was photochemically more reactive. 

Coal Combustion Experiment

A laboratory scale experimental system was setup to characterize the aerosol
produced during pulverized coal combustion. The schematic diagram of the system is shown
in Figure 3. The emphasis in this work has been on the ultra-fine particulate matter present
in the flue gas. The pulverized coal powders (around 40-60 µm) flow into the vertical
tubular furnace, which is maintained at 1000 C. The combustion products then pass through
a MARK-S cascade impactor (last stage cutoff  diameter = 0.46µm) to separate the large
particle from the flue gas. The CPC (Condensed Particle Counter) measurement indicates
that total number concentration of ultra-fine particle (in the range between 30 nm to 800nm)
is very high, in the magnitude of 10 #/cc. The prelimary data (dilution ratio = 50) is plotted6 

in Figure 4. The fluctuation of the data can be ascribed to the characteristics of the system.
A SMPS (Scanning Mobility Particle Sizer) system is used for size distribution
measurements. The experimental data are shown in Figure 5. It is noted there exist a peak
around 100 nm particle diameter.

The system will be used to characterize the trace metal constituent with an emphasis
on the speciation of mercury and distribution amongst various sizes. 

PUBLICATIONS

1) Study of Gas Phase Reactions, Aerosol Formation and Growth Dynamics of Toxic
Metals at High Temperatures”, Ph.D. Thesis, Chang-Yu Wu, Aerosol and Air
Quality Research Laboratory, University of Cincinnati, December 1996.
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2) P.Biswas and C.Y.Wu, “Enhanced Capture of Heavy Metal Emissions” Patent Filed,
May 1997.

3) C.Y.Wu, T.G.Lee, E.Arar, G.Tyree, P.Biswas, “Capture of Hg from Combustion
System By In-Situ Generated Titania Particle with UV-Irradiation”, submitted to
Combustion Science & Technology, June, 1997.

4) C.Y.Wu, T.G.Lee, E.Arar, P.Biswas, “Novel In Situ Generated Sorbent
Methodology and UV Irradiation for Capture of Mercury in Combustion
Environments”, EPRI-DOE-EPA Combined Utility Air Pollutant Control
Symposium, Particles and Air Toxics, Aug. 25-29, 1997, Washington D.C.
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WORK TO BE PERFORMED OVER NEXT REPORTING PERIOD

During the next period, the following experiments will be performed:

1) The flow reactor experiments will continue over the next reporting period. The
objective is to complete the structural studies of SiO  agglomerates and TiO2   2

agglomerates. Experiment will also conducted with the other sorbents (Si and Ca)
for mercury capture with/without UV light.

2) The pulverized coal powders will be burned under variable working condition, and
ultra-fine particle size distribution measurement will also be made. The elemental
composition of trace species will also be determined as a function of particle size.

3) A system to test the capture of toxic species when coal is combusted will be
designed.












