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I. ABSTRACT

8. OBJECTIVES

The overall goals of the proposed study are to examine metallic species behavior
in coal combustion environments, and develop control strategies.  The vapor
phase sorbent technique developed (Owens and Biswas, 1996a, Ind. Eng.
Chem. Research, vol. 35, 792-798; Owens and Biswas, 1996b, J. Of the Air and
Waste Mgmt. Associn., vol. 46, 530-538; Biswas and Zachariah, 1997, Env. Sci.
Technol., 31, 2455) has been shown to be effective in capture of metallic
species.  The technique will be further developed for capture species such as
mercury and several trace metal species present in coal.  The emphasis will be
on the use of trace quantities of sorbent materials for cost effective removal of
metallic species.

The proposed project would lay the ground work for metals emissions to be
controlled.  It is anticipated that existing flue gas desulfurization systems with
some modification can be used for metallic species control.  The development of
such control technologies will increase the usage of Ohio coal. Results of this



study will clearly indicate the degree of metallic species emissions and help
develop control strategies.  Previous work supported by OCDO has resulted in
the filing of an US Patent and has attracted the attention of several companies,
which will have a positive impact on the usage of Ohio coal.

9. WORK DONE AND CONCLUSIONS

The project is a continuation on development and evaluation of novel mercury
control methodologies and study of mercury kinetics in combustion system.
There has been extensive work carried out on the development of novel gas
phase sorbent precursor injection methodology for capture of mercury.  The
primary advantage of the developed method is that trace quantities of sorbent
material can be effectively used to capture the mercury species released on
combusting coal.  Extensive study on the various sorbent material for their
mercury capture capabilities show that titania is very effective in the presence of
UV irradiation under the various simulated conditions of real
combustor/incinerator systems.  Further testing of the titania precursor
methodology was performed under a wide range of temperatures in the presence
of UV irradiation.  Results have indicated that titania is effective for mercury
capture over a wide range of temperatures.  It is also clear that several
competing effects establish the capture characteristics.  Experiments under the
simulated combustion flue gas with SO2 have indicated that it tends to inhibit the
capture of mercury; however the high capture efficiency is realized on increasing
the feed rate of the sorbent precursor.  Also, titania in the presence of UV has
been shown to be effective in mercury capture even in the presence of large
amount of chlorine species (HCl, CH2Cl2).  Extensive work has been done on the
kinetic study of the heterogeneous chemical transformation of mercury species
on the surface of titania particles.  The study on the kinetic rate of mercury
oxidation by titania under UV light has been initiated at various residence time
and reactant concentration.  Oxidation of mercury was studied at various
reaction temperature.  Preliminary studies on the heterogeneous mercury
reaction with in situ generated fly ash (total & submicrometer size) has been
carried out.  The results will be used to identify the fate of mercury (not only
qualitatively but also quantitatively) in real coal combustion system and ultimately
provide the optimal mercury control condition using the proposed technology
(TiO2+UV) show that the reaction kinetics at various reaction temperature

10. PLANS FOR COMING YEAR

The work to be performed in 2000 will focus on the chemistry of mercury in real
coal combustion environments.  Heterogeneous mercury reaction with in situ
generated fly ash particles (total & submicrometer) will be investigated for their
kinetic parameters.  Also, homogeneous gas phase mercury reaction in the
presence of chlorine species will be studied along with the effectiveness of the



titania sorbents in the capture of mercury in the presence of UV irradiation.
Establishing the pathways of mercury transformation are critical to the
development of effective sorbent methodologies for its ultimate control.  Kinetic
data for the transformation and capture of mercury species will be obtained, and
used in the modeling studies.  The results of the metals capture studies will
demonstrate the use of potential technologies for reducing metallic emissions.

II. HIGHLIGHTS AND ACCOMPLISHMENTS

Extensive kinetic study of the mercury uptake by in-situ generated titania
particles using the novel gas phase sorbent injection technique in the presence
of UV irradiation has been carried out for simulated flue gas, whose technology
has been shown to be effective for mercury capture for a wide range of flue gas
temperature under UV irradiation.  The effectiveness has been proven in the
presence of high concentrations of SO2, HCl and CH2Cl2. The cost calculations
indicate that the gas phase sorbent precursor injection technique is significantly
cost effective than activated carbon methodologies (Wu et al., 1997, 1998).  Due
to the potential of this methodology for Hg control, a US Patent Application has
been filed. (see 1997 OCDO Final Report).  Also, preliminary study of mercury
reaction with fly ash (total & submicrometer size) particles in coal combustion
system has been performed.  More experiment will be followed extensively to
evaluate the kinetic parameters of mercury-fly ash reaction.
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