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Abstract. For the Polish power industry, the basic fuel is hard coal and lignite, which contains significant
amounts of mercury. Current emission standards in the European Union (IED directive and in the near future
BAT conclusions) create conditions for investment in flue gas cleaning installations for coal-fired power
plants. During the combustion of coal, mainly metallic mercury (Hg°) is produced, which is difficult to
remove from the flue gas in dedusting installations (electrostatic precipitators and fabric filters) and wet flue
gas desulphurization plants. In these installations, oxidized mercury (Hg?") and ash bound mercury (Hg(p))
are removed. In order to reduce the mercury concentration in flue gases, the DEMERTEC technology was
created, which is based on the oxidation of metallic mercury to an oxidized form and its removal from flue
gas in an existing flue gas de-dusting or de-sulphurization installations. The article presents the results of
field tests of the DEMERTEC technology for flue gas from hard coal and lignite. This technology was tested
on a ~ 400 MWe. unit fed with lignite and on an FGD absorber in which flue gas was purified from two units
with a capacity of 195 and 220 MWe. fed with hard coal. In both cases, mercury emissions were reduced
below the levels required by the BAT conclusions.

1 Introduction

The amount of mercury present in the exhaust gases
after the boiler is proportional to the mercury content in
coal, for Polish deposits, the average content is as
follows: hard coal - from 50 to 150 ppb (1 ppb =1 pg/
kg); lignite - from 120 to 370 ppb [1]. The mercury
contained in the coal in the combustion process at the
temperature > 600 °C [2] passes into the gas phase as
elemental mercury Hg®. Elemental mercury vapours are
not very reactive and are insoluble in water [3].
Lowering the flue gas temperature in heat exchangers
causes that part of Hg’ is oxidized to the Hg** form
(called ionic mercury or oxidized mercury) [3]. Hg*" is
the name of all water-soluble mercury compounds, the
main of such compounds in the process of combustion
of hard coal is HgCl (there is also HgBr2, Hglz, HgF,
HgO, HgSO4 and Hg (NO3)2) [4]. In the case of lignite
combustion, due to the lack of halides (Clz, Br2 and I2),
the share of Hg?* in the exhaust gases behind the boiler
is small. Oxidized mercury present in the flue gas can be
adsorbed on the fly ash surface, creating the so-called
Hg(p) - oxidized mercury bound to fly ash [5]. Due to
the extreme harmfulness of mercury, various countries
have adopted regulations limiting its emission into the
atmosphere. For example, in the European Union, BAT
-conclusions were established. The permissible mercury
concentrations in the flue gas resulting from the BAT
conclusions [6] refer to the total mercury Hg" defined
as: Hg" = Hg + Hg?* + Hg (p).

The effectiveness of mercury removal in existing
flue gas cleaning devices depends on the form of
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mercury present in the flue gas, where; in dust
collectors, oxidized mercury associated with dust Hg (p)
is removed with high efficiency [3], in flue gas
desulphurization (FGD) installations oxidized mercury
Hg* is removed [7]. The effectiveness of metallic
mercury removal in these devices is low. For this reason,
the conversion of Hg” to Hg?* in the boiler flue gas is
extremely important. Oxidized mercury can be removed
from the flue gas in the FGD absorber with an efficiency
of up to 90% [2]. The effectiveness of mercury removal
from flue gas in the FGD absorber is limited by the
phenomenon of its re-emission (the Hg® concentration
downstream of the absorber is higher than the Hg°
concentration in the flue gas flowing into device) [8].
This phenomenon consists in the chemical reduction of
Hg** absorbed in CaCO:s slurry to elemental mercury
emitted to the atmosphere [9]. The course of this process
is influenced by many factors, including: sulphite
concentration in the slurry, absorber operating
parameters (pH, ORP, slurry temperature, air stream fed
to the absorber), organic acid concentration and Hg**
concentration in the flue gas upstream the absorber [8 -
10].

2 Basis of the technology

As a result of cooperation between Wroctaw University
of Science and Technology and RAFAKO S.A. The
DEMERTEC technology has been developed, which is
dedicated to both existing and new unit fired by hard
coal and lignite. Two additives are used in this

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).



E3S Web of Conferences 323, 00024 (2021)
MPSU 2021

https://doi.org/10.1051/e3sconf/202132300024

technology: oxidizing and to limit the phenomenon of
Hg re-emission from the FGD absorber. The technology
is covered by patent no. PL 231036 B1 and patent
application P 420709. The variants of DEMERTEC
technology are shown at Fig. 1.
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Fig. 1. Variants of DEMERTEC technology.

The DEMERTEC technology consists in injection
an oxidizing additive (its composition is dependent on
composition of flue gas) into the flue gas that enables
the oxidation of Hg” to Hg?*. Depending on the injection
point of the additive, oxidized mercury is removed in the
dust collector (the role of the Hg** adsorbent is played
by fly ash) or in the wet FGD installation. The process
of Hg** adsorption on dust particles (efficiency increases
with the carbon content in fly ash), reduces mercury
emissions by forming Hg(p). In the case of the
absorption of Hg** in the CaCOs slurry, it is necessary
to limit the phenomenon of re-emission. This
phenomenon is limited by the additive which, when is
added to the slurry in the absorber, forms mercury
sulphide (HgS), which is a stable compound (up to the
temperature of 265 °C [11]) and insoluble in water [12].
At the same time other metals dissolved in the
suspension are also removed (Zn, Cd, Pb, Cr, Cu, Ni,
Mn and Fe), which reduces their concentration in the
wastewater from the FGD installation.

3 Full scale tests

Tests of the DEMERTEC technology were carried out
on objects fed with hard coal and lignite. During the tests
on the hard coal-fired facility, fuel with an average
calorific value of 21.1 MJ/ kg, mercury content of 0.066
mg/kg and halides (sum of Cl, F and Br) of 0.148% in
the working state of the fuel was burned. For the tests
for the lignite-fired unit, fuel with an average calorific
value of 10.1 MJ/kg, mercury content of 0.335 mg/kg
and a trace content of halides (sum of Cl, F and Br)
<0.01% in the working state of fuel was burned.

The location of the additive injection point during
field tests is shown at Fig. 2. As a part of the research,
continuous measurements of mercury concentration in
the flue gas were carried out (using two Gasmet mercury
continuous emission monitoring systems (CEMS)) in
the measurement cross-sections located in front of the
injection site (A) and in the chimney (C) . Additionally,
mercury speciation was measured using the manual
method (Ontario-Hydro) in the chimney (C), upstream
the FGD absorber (B) and upstream the injection site of
the oxidizing additive (A). Based on the continuous
measurements of mercury concentration in the flue gas
before the absorber and in the chimney, the

effectiveness of mercury removal from flue gas in the
FGD absorber was calculated using the formula:

nug=(1-(Hg'c/Hg"4))-100% 1)

where:

Hg"c - average concentration of total mercury in the
flue gas in the stack (C), ug / m’usr;

Hg"a - average concentration of total mercury in the
exhaust gas before the absorber (A), ug / musk.

Due to the fact that the measurements of mercury
concentration were performed downstream of a high-
efficiency dust collector (electrostatic precipitator), the
concentration of Hg(p) in the flue gas was negligible and
only Hg” and Hg** were taken into account when
calculating the Hg" concentration in the flue gas.
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Fig. 2. Measurements site during the full scale tests

3.1 Lignite fired boiler

The tests were carried out with the use of flue gas from
a lignite-fired pulverized boiler (400 MWe.) equipped
with a selective non-catalytic NOx reduction
installation, electrostatic precipitator and wet flue gas
desulphurization installation. The FGD absorber is
equipped with 4 spraying levels and a system for
addition of adipic acid to the CaCOs slurry in order to
increase the efficiency of desulphurization. The research
installation for the injection of oxidizing additive
(sodium chlorite at a concentration of 25%) was built
between the exhaust fan and the fan supporting the FGD
installation. The choice of the injection point of the
additive before the booster fan guaranteed a very good
mixing of the oxidizing additive with the exhaust gas.
Measurements results of the concentration of
individual mercury forms present in the exhaust gas with
and without sodium chlorite injection (1.8 m*h) are
shown at Fig. 3. When the oxidant was not supplied, the
share of metallic mercury (in sections A and B) was
much higher (approx. 90% Hg") than oxidized (up to
10% Hg") and the efficiency of total mercury removal in
the FGD absorber reached 40%. During the
administration of the oxidation additive to the exhaust
gas, the share of oxidized mercury in the exhaust gas
increased (up to 60% Hg") in the measuring cross-
section downstream of the injection point (B), which
translated into a higher efficiency of total mercury
removal in FGD absorber (76%). The results of the
efficiency of Hg" removal from the flue gas as a function
of the NaClO: stream injected into the flue gas are
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presented in Fig. 4. The efficiency of mercury removal
in the FGD absorber increased with the amount of
oxidant injected into the flue gas, which was related to
the increased concentration of Hg? * in the flue gas
before the absorber. During the tests, up to 89% mercury
removal efficiency was achieved in the FGD absorber
when injecting the oxidant into the flue gas.
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Fig. 3. Measurements results of individual mercury form in
exhaust gas during the test of oxidizing additive (1,8 m3/h).
Concentration under so called reference conditions: dry gas at
a temperature of 273.15 K, and a pressure of 101,3 kPa,
calculated for oxygen content in the flue gas O2 = 6 vol-%.
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Fig. 4. Total mercury removal efficiency in FGD absorber in
function of amount of oxidizing additive feed to flue gas.
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3.1.1 Re-emission removal

Due to the fact that the increase in the amount of
oxidized mercury in the exhaust gas before the FGD
absorber contributes to the intensification of the
phenomenon of mercury re-emission [8], tests were
carried out on the same unit with the addition of a
sulphide-based agent to limit re-emission. The additive
was fed at the pump suction for the highest spraying
level and directly to the tank under the absorber. Fig. 5
shows the results of adding the additive (sulphide
mixture) in a total dose of 4 m?, first directly to the tank
under the absorber (2 m?®), and then in the amount of 250
dm?/h to the highest level of spraying system of the FGD
absorber. In this way, the concentration of total mercury
in the flue gas was reduced below the level required in
the BAT conclusions for a period of 8 hours.

The addition of an additive to prevent re-emission to
the CaCOs slurry in the absorber caused the precipitation
of metals from the suspension through the formation of
sparingly soluble sulphides. Table 1 summarizes the
results of measurements of the metals concentration in
the filtrate of the CaCOs slurry taken from the absorber
before and after the addition of the additive. A sample

of the CaCOs slurry was taken from the absorber, then
filtered with a hard filter and the clear filtrate was
analysed for metals. The concentration of mercury, zinc,
lead, cadmium, chromium, copper, nickel, iron and
manganese in the liquid was determined. After its
administration, the concentration of metals in the liquid
dropped significantly, with mercury being the most
effective (93%).
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Fig. 5. Concentraion of total mercury on chimney and before
FGD absorber during the test with additive for prevent re-
emision.

Table 1. Concentration of metals in a samples of CaCO3
slurry collected during the tests

Value
Metal Befqre Aftf?r Precipitation
additive additive effectiveness
mg/dm’ mg/dm’ %
Hg 0,029 0,002 93,1
Zn 0,852 0,264 69,0
Pb <0,023 <0,023 -
Cd 0,078 <0,023 70,5
Cr <0,030 <0,030 -
Cu 0,047 <0,026 44,6
Ni 0,559 0,466 16,6
Fe 0,429 <0,305 28,9
Mn 153 47,7 68,8

To sum up, due to the low content of halides in
lignite in the flue gas, elemental mercury is present
mainly, which means that the effectiveness of Hg"
emission reduction in the existing flue gas treatment
installations is not sufficient to achieve the emission
levels in line with the BAT conclusions. The efficiency
of total mercury removal in FGD absorber can be
increased by the oxidation of Hg® to Hg** with an
oxidizing additive in the flue gas. In this case it is
extremely important to reduce the re-emission
phenomenon by using a specially selected additive that
causes mercury to precipitate in a stable form of HgS.
As shown by the results of field tests, the application of
the DEMERTEC technology on a lignite-fired unit
allows to achieve mercury emission levels in line with
the BAT conclusions.
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3.2 Hard coal fired boiler

The tests on hard coal were carried out in the FGD
absorber, in which the flue gases from two 195 and 220
MWe power units were cleaned. The boilers are
equipped with SNCR installations. During the tests,
both boilers operated at maximum capacity. Before
starting the research, measurements were made using
the Ontario-Hydro method, which revealed that the
absorber is experiencing the phenomenon of metallic
mercury re-emission. The results of these measurements
are shown at Fig. 6.
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Fig. 6. Measurements results of individual mercury form in
exhaust gas during the test

Total mercury removal efficiency in the exhaust gas
treatment installation (electrostatic precipitator and
FGD absorber) was 72.4%. The mercury associated with
the ash was virtually completely removed in the
electrostatic precipitator. The flue gas behind the boiler
contained a small amount of metallic mercury (1.73 pg
/m’usr), which results from the high content of halides
in the fuel. The concentration of metallic mercury in the
exhaust gas upstream the absorber was lower than
downstream the absorber, which means that the mercury
re-emission phenomenon occurred in the absorber. The
total mercury removal efficiency in the ESP was 56.2%,
and in the FGD absorber - 36.9%. Due to the fact that
the proportion of oxidized mercury upstream of the FGD
absorber is significant, no oxidant was introduced into
the flue gas and the tests were carried out with an
additive to reduce re-emissions.

The additive in the amount of 2 m® was fed once
directly to the tank under the absorber. Fig. 7 shows the
results of measurements of mercury concentration in the
exhaust gas up- and downstream the FGD absorber
during the dosing of the additive. Measurements were
made with two continuous emission monitoring systems
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Fig. 7. Results of measurement of mercury (CEMS) before
FGD absorber and in chimney during additive dosing.
Concentration under so called reference conditions: dry gas at
a temperature of 273.15 K, and a pressure of 101,3 kPa,
calculated for oxygen content in the flue gas Oz = 6 vol-%.

The concentration of total mercury in the exhaust gas
at the absorber outlet prior to the administration of
additive to prevent re-emission was 4.3 pug/m’. After the
addition of the additive, the average concentration of
total mercury in the exhaust gas dropped to the level of
0.45 pg/m®. The efficiency of mercury removal from
flue gas in the FGD absorber was 25.5% without the
addition of additive and increased to 90.5% after the
addition of the additive. As for the measurements on
brown coal, samples of the CaCOs slurry were taken,
filtered and the concentration of metals in the liquid was
determined, the results are summarized in Table 2.

Table 2. Concentration of metals in a samples of CaCO3
slurry collected during the tests

Value
. Before After Precipitation
Metal Unit additive | additive effectri)veness
mg/dm® | mg/dm’ %

Hg 9,35 1,60 82,9
Pb 80,5 76,3 5,21
Cd 3 346 250 27,7
o | MM ST [ 2.9 49.2
Cu 33,0 31,0 6,06
Ni 175 170 2,85
Zn 23,4 22,7 3,00
Fe mg/dm’ 1,77 0,90 49,2
Mn 5,34 4,78 10,5

(upstream FGD absorber (B) and in chimney (C)).

The addition of an additive to the CaCOs slurry
caused a reduction in the concentration of all measured
metals in the liquid from the absorber, and the highest
precipitation efficiency was obtained for mercury. The
removal of mercury from the slurry clearly improved the
effectiveness of Hg** removal from the flue gas.

In summary, due to the content of halides in coal,
there is a significant amount of Hg** in hard coal flue
gas, which can be effectively removed in FGD absorber,
provided that the re-emission phenomenon is controlled.
The use of an appropriate additive allows to limit this
phenomenon, which is illustrated by the results of
object-oriented tests.
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particularly useful for existing coal units, because the
existing atmosphere protection devices (electrostatic
precipitators, FGD absorbers) are used for flue gas
cleaning, which was confirmed by tests under real
conditions.
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