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ABSTRACT 

Oxidation of elemental mercury (Hg0) to HgO or 
HgCl2 can significantly enhance mercury removal 
from flue gas. In this study, positive pulse corona 
discharge process has been applied for the 
oxidation of gaseous Hg0 from simulated flue gas. 
The Hg0 oxidation efficiency of 45% is achieved at 
the energy density of 40 J/L in a gas stream having 
NO (100 ppm), SO2 (200 ppm) and H2O (3%). It is 
also observed that the presence of HCl can 
contribute the oxidation of Hg0 by conversion of 
Hg0 to HgCl2. 
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1 INTRODUCTION 
There is increasing concern over the mercury due 
to its environmental and neurological health 
impact. According to the U.S. EPA report, coal-
fired power plants were concluded as the primary 
anthropogenic source of mercury into the 
atmosphere, contributing approximately 48 tons 
annually or about one-third of total anthropogenic 
mercury emission. During the combustion of coal, 
mercury leaves the high temperature combustion 
zone as Hg0, and some fraction of Hg0 is oxidized 
as the temperature cools during post-combustion. 
In contrast to Hg0, the Hg2+, such as HgCl2 and 
Hg0, are less volatile and water soluble and can, 
therefore, be easily removed by conventional air 
pollutant control devices. So, oxidized form of Hg0 
is preferred for effective mercury emission control. 
In this study, positive pulse corona discharge, 
which is one of the non-thermal plasma techniques, 
is used for the oxidation of Hg0. Reactive chemical 
species such as OH, O, HO2, Cl and O3 are 
generated by pulse corona discharge process, and 
these species can induce the oxidation of Hg0 to 
HgO and HgCl2. 
 

2 EXPERIMENTAL 
 
The corona discharge reactor (plasma reactor) has 
wire-plate electrode structure. The 23 tungsten 
wires of 0.1 mm diameter and stainless steel plates 
(90 × 270 mm) were used as anode and cathode 
electrode. The distance between the two plates is 

32 mm, and the tungsten wires are evenly placed 
between the two plates at intervals of 15 mm. 
Fig. 1 shows the electrical circuit for the positive 
pulse corona discharge. 

 
Fig.l: Circuit diagram of pulsed power supply 
 
The capacitor (1.7 nF) is charged by a negative DC 
high voltage power supply (Glassmann High 
Voltage, Inc.). When the voltage applied to the 
capacitor reached the spark-over voltage of the 
spark gap switch, electric energy stored on the 
capacitor is transferred to the corona discharge 
reactor. As the voltage across the anode wire and 
cathode electrode is over the corona onset voltage, 
pulse corona discharge is occurred. The typical 
voltage and current waveforms during pulse 
corona discharge is shown in Fig. 2. 
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Fig.2: Typical voltage and current waveforms during 
pulse corona discharge 
 
Simulated flue gas of NO (100 ppm), SO2 (200 
ppm), H2O (3%), O2 (10%), N2 (balance) and Hg0 
(45 µg/m3) is passed through the pulse corona 
reactor. Gas flow rate is 3.5 lpm and its 
temperature at inlet of reactor is set to 90℃. So as 



to investigate the effect of pulse corona discharge 
on the oxidation of Hg0, the concentration of Hg0, 
NO and SO2 at the reactor outlet were analyzed 
before and after corona discharge. 
 

3 RESULTS AND DISCUSSION 
 
When the positive high voltage is applied to the 
plasma reactor, streamers toward the grounded 
plates are generated, and free electrons in these 
streamer gain energy from an imposed electric 
field. The electrons lose their energy by collisions 
with dominant background gas molecules, such as 
O2, N2 and H2O. It leads to the formation of 
chemical active species such as O, OH, HO2, and 
O3, and these species can contribute the removal of 
NO and SO2 by the conversion them to NO2, nitric 
acid and sulfuric acid. These chemical species can 
also induce the oxidation of Hg0 through the 
following reactions. 
 

Hg0 + OH → HgOH              (1) 
Hg0 + O → HgO(s,g)              (2) 
Hg0 + O3 → HgO(s,g) + O2            (3) 

 
The variation of Hg0, NO, SO2 concentration as 
function of energy density is shown in Fig. 3.  

 
Fig.3: Effect of energy density on the oxidation of 
Hg0 in the presence of NO and SO2
 
As expected, the concentration of NO and SO2 
decreases as increasing the energy density. It is due 
to the oxidation of NO to the NO2, and conversion 
of SO2 to HSO3 and SO3 by chemical active 
species.  
As shown in Fig. 3, Hg0 concentration also 
decreased as increasing the energy density. At the 
energy density of 40 J/L, about 45% of Hg0 is 
oxidized, and the energy cost required for the 
oxidation of one molecule of Hg0 is calculated as 
4.1 MeV/molecule. Considering that the energy for 
the conversion of one molecule of NO and SO2 is 
about 25 eV/molecule, the value of 4.1 MeV is 
very higher. Such a high energy cost for Hg0 
oxidation results from the low concentration of 
Hg0 and slow reaction between Hg0 and chemical 
active species, as compared to that of NO, SO2. 
The effect of HCl on the oxidation of Hg0 is 
depicted in Fig.4. It is observed that adding more 
HCl to the gas flow causes the Hg0 oxidation to 

increase. Electronically excited species N2
* and 

energetic electrons created by the pulse corona 
discharge can induce the decomposition of HCl via 
collision, and it leads to the formation of Cl atom. 

Fig.4: Effect of HCl on the oxidation of Hg0
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These Cl atoms can directly oxidized Hg0 even at 
low temperature where the thermal conversion of 
Hg0 to HgCl2 is difficult. Following reaction 
channels show the possible path of Hg0 oxidation 
by Cl atom. 
 

Hg0 + Cl + M → HgCl + M            (4) 
HgCl + Cl + M → HgCl2 + M           (5) 
Cl + Cl + M → Cl2 + M            (6) 
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Hg0 + Cl2 → HgCl + M            (7) 
HgCl + Cl2 → HgCl2 + Cl           (8) 
Hg0 + Cl2 → HgCl2             (9) 

 
So, the presence of HCl in pulse corona discharge 
can contribute the more oxidation of Hg0 by 
conversion of Hg0 to HgCl2. 
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