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Objective

On March 15, 2005, EPA announced the final regulations for mercury emissions from coal-fired power
plants. The regulations embrace a cap-and-trade approach, which favors the use of combinations of existing
air pollution control equipment (“co-benefits”). To effectively satisfy the new regulations and remove
mercury from flue gas, an adequate fundamental understanding of the system chemistry is required. The
objective of this project is to understand the importance of gas- and solid-phase constituents in mercury
oxidation reaction chemistry. The effects of chlorine, nitrogen oxide, sulfur dioxide and ash particles on
mercury oxidation are being studied. These oxidation reactions are believed to be important because oxidized
mercury is effectively removed by wet flue gas desulfurization systems at no additional cost to plant
operation.

Accomplishments To Date

Mercury oxidation reactions with chlorine have been conducted in the drop tube furnace. The effects of
the quartz surface on homogeneous oxidation have been studied. Upon 200 ppm chlorine injection, at
high quench conditions, measured values of total and elemental mercury decreased from 25 to
approximately 18.5 pug/m’. The total mercury concentration then gradually increased back to baseline
while the elemental mercury further reduced to a steady value. This indicates that, initially, mercury is
being adsorbed on the reactor surfaces. At the end of the experiment, once the chlorine flow was stopped,
the measured value of total mercury increased to above 25 pg/m’ and then gradually returned to baseline,
this represents desorption of mercury. This behavior suggests that chlorine is causing mercury to be
attracted to quartz surfaces in the reactor. While these data suggest the interaction of mercury with quartz
in the presence of chlorine, they did not demonstrate an impact on oxidation. To investigate the impact of
quartz surface on oxidation, a bundle of thin-walled quartz tubes were inserted into the quench section of
the reactor. These tubes increased the surface area from 1000 to 3000 cm’ in the quench section while
only slightly reducing the cross sectional area and, therefore, the residence time by only 5 %. Given this
3 fold increase in surface area, there was only a 19% decrease in oxidation. It does not appear as though
the experimental results are sensitive to surface interactions, as compared with other experimental
uncertainties.

Oxidation experiments were performed using two temperature profiles (-440K/s and -210 K/s) and
chlorine concentrations ranging from 0 to 600 ppm. Oxidation curves for the high and low quench rates
yielded the expected results. A change in quench rate from -210 K/s to -440 K/s resulted in an increase in
oxidation from 34% to 86% at a chlorine concentration of 300 ppm. An elevated concentration of
chlorine radicals was also demonstrated in the modeling results for high quench conditions, driving the
rate limiting step in the reaction mechanism forward.



Progress was also made in developing improved rate constants for the homogeneous Hg oxidation model.
Several reactions were focused on this year for the identification of basis sets/calculation method
combination:

Hg+ Cl+ M=HgCl+M
Hg + HOCI = HgCl + OH
Cl+Cl+M=CL+M

Progress was also made in identification of transition structures and calculation of reaction rate constants
using Conventional Transition State Theory (CTST):

Hg + HOCl=HgCl+ OH, and C1+ Cl+ M =Cl, + M
using Rice-Ramsperger-Kassel-Marcus (RRKM) theory.

Future Work
Planned work for subsequent periods of this project is detailed as follows:
e Experimental investigation of the effects of NO,, SO, on gas-phase mercury reactions with chlorine
in the new drop-tube furnace and the effects of these on the measurement using wet techniques.
o Identification of the effects of particles on mercury oxidation in the entrained-flow reactor at the
University of Connecticut.
e  Work on other reactions using CTST and RRKM.
e Incorporation of rate constants into overall reaction model for comparison with experimental data
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