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Abstract
Mercury content in hard coal is relatively small. However, considering the large amounts of coal burned in Poland, considerable 
quantities of mercury are released to the atmosphere. Mercury occurs mainly in pyrite and marcasite included in mineral matter 
in coal, but it is also present in coal organic matter. Certain, sometimes substantial, amounts of mercury are found in the roof and 
bottom layers of coal fields, which pass to run-of-mine coal in the mining process. It is possible to remove impurities with gangue 
coming from these layers and impurities originating from stone inserts in coal fields. It is also possible to remove the liberated iron 
sulphide particles. But, as practice shows, wet enrichment methods (jigging, flotation) are often imprecise. The concentrates conta-
in certain amounts of gangue and sulphur compounds which results in the passing mercury compounds to commercial products. 
The Katowice Branch if the Institute of Mechanized Construction and Rock Mining has been conducting research on method for 
deshaling of dry run-of-mine for several years. In the study a system equipped with a pneumatic vibrating concentrating table 
was used. The system, when properly adjusted, allows effective removal of these contaminants. It is therefore possible to deshale 
the excavated material and also to remove mercury compounds occurring in the high density fractions. This article discusses the 
sources and emissions of mercury, its content in hard coal and legal considerations regarding mercury emissions. Also presented 
are the preliminary results of research on mercury removal using a pneumatic vibrating concentrating table.
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Introduction
The goal of the study undertaken by the Institute of 

Mechanised Construction and Rock Mining was to investi-
gate the possibility of removing mercury from run-of-mine 
steam coal and from commercial products obtained using 
traditional (wet) coal preparation methods: in this study a 
pneumatic vibration concentrating table available in the 
Institute was used. The studies conducted thus far by us-
ing dry separation of coal products allow us to argue that, 
in addition to removing stone and ash, it is possible to re-
duce the level of mercury occurring in mineral components 
present in the ceiling and floor layers of coal seams and in 
coal intergrowths.

Area description
Sources of mercury emissions

Mercury is released into the environment from natural 
and anthropogenic sources. Annually, approximately 6,200 
Mg of mercury are released from natural sources, whereas 
about 2,600 Mg originate from anthropogenic sources. The 
contribution of natural and anthropogenic mercury emis-
sions is shown in Table 1 (Pirrone et al. 2010; Sloss 2015; 
UNEP 2013).

A decrease in mercury emission is currently observed 
in Europe and North America. This is due to the introduc-
tion of modern flue gas cleaning methods as well as sys-

tems for pollutant emission inspection. Poland is one of 
major mercury emitting countries in the European Union. 
In 2010–2014 Poland’s mercury emissions ranged from 
9.6 Mg – 10.3 Mg per year. A breakdown of Poland’s mer-
cury emissions by sources is given in Table 2. (KOBIZE 
2013–2016).

From the data in Table 2, it can be noted that fuel 
firing accounts for almost 94% of mercury emissions 
whereas energy generation alone accounts for 55%. 
Considering that coal firing is one of major sources of 
anthropogenic mercury emissions in Poland and in the 
world, many countries have undertaken programs to 
curb this emission. This is of particular importance in 
Poland, where the electricity and heat generating indus-
tries use mainly hard coal as fuel.

Mercury content of hard coal
Mercury content of hard coal is relatively low, 

ranging from tens to hundreds of μg/kg. Analysis of 
the investigation results shows that mercury occurs in 
coal in various forms (Meij & Winkel 2009; Strezov et 
al. 2010; Yudovich & Ketris 2005; Zhang et al. 2009). 
Mercury occurs in both mineral matter and organic mat-
ter. In mineral matter mercury occurs mainly in pyrite 
and marcasite. Its content may reach as high as 10,000 
μg/kg (Hower et al. 2008). In organic matter, mercury 
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occurs in compounds containing sulphur: mainly bound 
with thiol groups. (R-SH).

In Poland, depending on the location and type of 
mined hard coal seams, mercury content ranges from 
10 to 800 μg/kg. Table 3 shows the ranges of mercu-
ry content in selected hard coal mines in Poland (Bu-
kowski & Burczyk 2008; Michalska & Białecka 2012; 
Smoliński 2007).

From the data in Table 2, it can be noted that fuel 
firing accounts for almost 94% of mercury emissions 
whereas energy generation alone accounts for 55%. 
Considering that coal firing is one of major sources of 
anthropogenic mercury emissions in Poland and in the 
world, many countries have undertaken programs to 
curb this emission. This is of particular importance in 
Poland, where the electricity and heat generating indus-
tries use mainly hard coal as fuel.

Mercury content of hard coal
Mercury content of hard coal is relatively low, 

ranging from tens to hundreds of μg/kg. Analysis of 
the investigation results shows that mercury occurs in 
coal in various forms (Meij & Winkel 2009; Strezov et 

al. 2010; Yudovich & Ketris 2005; Zhang et al. 2009). 
Mercury occurs in both mineral matter and organic mat-
ter. In mineral matter mercury occurs mainly in pyrite 
and marcasite. Its content may reach as high as 10,000 
μg/kg (Hower et al. 2008). In organic matter, mercury 
occurs in compounds containing sulphur: mainly bound 
with thiol groups. (R-SH).

In Poland, depending on the location and type of 
mined hard coal seams, mercury content ranges from 10 to 
800 μg/kg. Table 3 shows the ranges of mercury content in 
selected hard coal mines in Poland (Bukowski & Burczyk 
2008; Michalska & Białecka 2012; Smoliński 2007).

In recent years several research projects have been 
completed, in which mercury content of Polish coals 
was studied. The most important of them is entitled 
“Developing a database on mercury content of Polish 
coal and technical guidelines for its further reduction 
and determining benchmarks for national mercury 
emission levels” with the acronym Baza-Hg. 

Altogether 179 samples of steam coal from a num-
ber of hard coal mines were studied. Analysis of the 
results confirmed that mercury content of Polish coal is 
relatively low (Białecka & Pyka 2016).

Tab. 1. Natural and anthropogenic mercury emissions

Tab. 2. Mercury emissions in Poland in 2010–2014
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Tab. 3. Mercury content in Polish steam coal

Legal conditions pertaining to mercury emissions 
In Poland, as in the entire European Union, there 

are currently no legal regulations or standards concern-
ing mercury content of coal and mercury emissions by 
coal-fired power stations, however all EU countries 
maintain a European Pollutant Release and Transfer 
Register (E - PRTR), whose goal is to keep records of 
pollutant emissions (including mercury) from industri-
al plants. Currently the register maintains data from al-
most 30,000 industrial plants of various types, includ-
ing those of the power sector (E-PRTR 2014). Data for 
this register come from the National Pollutant Release 
and Transfer Registers which all EU member countries 
are obligated to maintain on the strengths of Regulation 

(EC) No 166/2006 of the European Parliament and of 
the Council (Regulation 2006). In the case of mercury 
and its compounds, to reporting of their emissions are 
obliged entities whose annual emissions exceed 10 kg. 
In Poland the register of pollutants, including mercu-
ry, is maintained by the National Centre for Emissions 
Management (KOBiZE). 

Although there are no EU standards concerning 
mercury emissions from coal-fired power stations 
(such standards are already in force in the Netherlands, 
USA and Germany has announced that they will soon 
be introduced). Table 4 specifies permissible levels of 
mercury emissions from coal-fired power stations in 
those countries. The USA has also introduced nation-
wide standards for curbing pollutant emissions, includ-
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ing mercury, from coal-fired power stations – MATS 
(Mercury and Air Toxics Standard). These regulations 
are binding on all power stations with capacities greater 
than 25 MW (EPA 2015). Their goal is to reduce cur-
rent mercury emissions in the USA by 90% (Gołaś & 
Strugała 2014).

Among legal regulations concerning mercury emis-
sions, an important document is the mercury conven-
tion, known as the Minamata Convention, which was 
adopted in 2013 (Adamska 2014; Chmielarz 2014). The 
provisions of the Convention were also supported by 
Poland in 2014. Its main goal is to protect human health 
and the environment against anthropogenic emissions 
of mercury and its compounds. The mercury conven-
tion regulates the supply and trade of mercury, mercury 
emissions and release to the environment, products and 
processes using mercury, mercury-containing waste, 
mercury storage and contamination of land, legal as-
pects, financing and technical assistance as well as the 
exchange of information, research and development. 

As a result of the introduction of the mercury con-
vention, the European Union formulated BAT Conclu-
sions on mercury emissions from combustion of solid 
fuels (mainly hard coal and lignite) in power generation 
units: this document will be the basis for determining 
mercury emissions limits. Table 5 shows the BAT-re-
lated permissible mercury limits in flue gas of 2016 
(Wdowiak & Henc 2016).

Methods for reducing mercury content of coal
Methods for reducing mercury content of coal be-

fore its use for energy generation are known as precom-
bustion methods in contrast to postcombustion meth-
ods which involve mercury elimination from flue gas 
or post-process gases (Krzyżyńska et al. 2011, Wdowin 
et al. 2015).

The efficiency of precombustion methods for mer-

cury elimination depends on the form of its occurrence 
in a coal deposit. Basic pre-combustion methods for 
mercury elimination from coal include:

• mechanical preparation of coal,
• preliminary thermal preparation of coal,
• extraction by water in sub-critical conditions, 
• chemical treatment of coal,
• dissolution of pyrite with SO2,
• biological methods, 
• the Hyper-Coal method.

Mechanical coal preparation 
Hard coal extracted in mines, known as ungraded 

coal, is composed of grains of various sizes, gangue, 
coal-gangue intergrowths and coal shale. It is not usable 
in the original form and must be subjected to prepara-
tion. In the case of steam coal, if quality parameters 
meet the requirements of potential users (net calorific 
value as well as ash, moisture and sulphur content) it 
suffices to classify it into narrow grain size grades. In 
most cases, however, steam coal does not fulfil qual-
ity requirements of users. On the other hand, coking 
coal cannot be used in its raw state. In order to meet 
users’ quality requirements, coal must be subjected to 
mechanical preparation to remove gangue, shale, part 
of coal-gangue intergrowths, backfill sand and pyrite. 
Such processes are called beneficiation. Coal can be 
beneficiated in aqueous or air medium. Beneficiation 
processes employ differences in physical properties of 
coal and mineral matter: these include such properties 
as actual density or surface properties (Blaschke 2009). 
In addition to the elimination of components unwant-
ed from the viewpoint of power generation parameters, 
beneficiation processes also contribute to the reduction 
of noxious chemical elements, such as mercury and sul-
phur (Baic et al. 2015a, 2015b, 2015c). The efficiency 
of mercury reduction differs for various types of coal. 

Tab. 4. Mercury emission standards for coal power plant

Tab. 5. BAT-levels of mercury emission to air from coal combustion
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Satisfactory results of mercury elimination are pro-
duced when pyrite-rich coals are beneficiated. Benefi-
ciation allows us to reduce mercury content by almost 
90%, and the efficiency of its removal is proportional 
to the efficiency of removing mineral matter. Beneficia-
tion is largely ineffective for coals with low pyrite con-
tent and the process efficiency is not greater than 10%.

It should be emphasised here that the effective-
ness of mercury removal does not depend solely on 
the pyrite content of coal, but also on the form of this 
mineral. Pyrite of epigenetic origin, or coarse grained 
pyrite, can be easily removed by beneficiation in con-
trast to syngenetic pyrite (fine-grained). Literature data 
indicate that the best results of pyrite removal can be 
obtained for epigenetic pyrite occurring in the form 
of large intrusions irregularly distributed throughout 
the coal structure preceded by fine grinding processes. 
(Aleksa et al. 2007).

Wet beneficiation
In Poland, coal is most often beneficiated using wet 

methods. These methods use differences in densities 
between mineral and organic matter of coal and rep-
resent gravity methods. Most often they are used for 
run-of mine coal with grain sizes greater than 10 mm or 
20 mm, although they are also used for ROM coal with 
grains greater than 1mm or 3 mm. Coal with fine grains 
is beneficiated using physicochemical methods which 
employ differences in surface properties between coal 
and impurities. An example of such processes is flota-

tion (Blaschke 2009).
In Poland, the most often wet methods include:
• dense media beneficiation,
• beneficiation using jigs,
• flotation beneficiation.

Dry beneficiation 
Dry separation methods, also known as dry de-ston-

ing, use no or little water, which favours environmen-
tal protection and reduces both capital investment and 
operating costs (Baic et al. 2015a, 2015b, 2015c). In 
some countries dry separation is used before coal is 
subjected to wet separation. Preliminary removal of 
gangue simplifies the process layout of a preparation 
plant, reduces the amount of feed and the number of re-
quired machines and equipment, reduces the consump-
tion of energy and reduces the cost of wet separation. 
Additionally, the separated waste products, which had 
no contact with water, can be successfully used as a 
substitute for natural aggregate. For dry separation we 
can use, among others, pneumatic vibrating separation 
tables. (Baic & Blaschke 2013). A pneumatic vibrating 
concentrating table consists of a perforated working 
plate, vibration mechanism, an air chamber, a drive 
system and a mechanism for adjustment of the table 
tilt angle and vibration frequency. The raw coal feed is 
directed onto the plate which is set into vibration. Air 
for fluidizing the coal bed is supplied from under the 
table. The flow of air causes separation of the coal bed: 
low density material (coal) gathers on the bed surface 

Fig. 1. A simplified flowsheet of pilot plant for dry separation of steam coal (black dots indicate the points of sampling)

Tab. 6.1. Test result of preliminary research on the possibility of removing mercury from raw coal granulation 20–0 mm 
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whereas the high density material (waste) gathers in 
the bottom part of the bed. As the table is transversal-
ly tilted, the low density material present on the bed 
surface tends to move over the surface under the force 
of gravity and pass over baffle located at the edge of 
the table. The material of greater density gathers in the 
bottom part of the bed and moves towards the waste 
outlet (Baic & Blaschke 2013). The possibility of re-
ducing the mercury content of coal by using a pneu-
matic vibrating concentration table was confirmed by 
American scientists (Honaker 2007): in dry separation 
of coal the mercury content was decreased by approx-
imately 67%.

Research methodology 
Many samples were prepared and examined in the 

study. These were samples of the feed (run-of-mine 
coal and commercial products) and samples or prod-
ucts of dry separation (concentrate, middlings, dust 
and reject) obtained by using the pneumatic vibrating 
concentrating table. The samples were studied to as-
sess how the dry separation process reduces the mer-
cury content of hard coal. A simplified diagram of the 
set-up for testing dry separation of hard coal equipped 
with the FGX-1 vibrating concentrating table is pre-
sented in Fig. 1 showing also points of sample collec-
tion. All the samples were subjected to proximate and 
ultimate analysis.

Mercury content of the samples was measured us-

ing an MA-2 mercury analyser manufactured by the 
Japanese company Nippon Instruments Corporation, 
following the 7473 EPA Method. The instrument 
uses a Cold Vapour Atomic Absorption Spectroscopy 
(CVAAS) in conformity with the currently binding 
Polish Standard PN-ISO 15237:2007 – Solid Fuels – 
Determination of total mercury content of coal. 

This is a generally used method for determining the 
mercury content of solid samples, including coal (Lo-
pez-Anton et al. 2012). The analyser has a broad mea-
surement range with a detection limit of 2·10-6 μg and 
the upper detection limit of l μg mercury in the sample 
and has highly linear characteristics (R2 = 0,999). 

Results of mercury content of steam coal after dry 
separation 

The goal of the study on dry separation of coal us-
ing the vibrating concentrating table was to:

• assess the possibility of removing mercury 
from steam coal with this method,

• determine distribution of mercury among sep-
aration products.

In Tables 6.1 and 6.3 the results of the study are 
shown.

Conclusion
Preliminary studies have shown that it is possible 

to remove mercury from run-of-mine steam coal and 
from its beneficiation products by using dry separation. 

Tab. 6.1. Test result of preliminary research on the possibility of removing mercury from raw coal granulation 20–0 mm 

Tab. 6.3. Test result of preliminary research on the possibility of removing mercury from raw coal granulation 25–6 mm 
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The use of a vibrating concentrating table enabled us to 
remove only 30% of the total sulphur contained in the 
studied steam coal samples. The study has shown that 
the effectiveness of mercury removal depends on the 
amount of reject obtained in the dry separation process 
(the greater the amount of reject, the higher the effi-
ciency) and on the form of mercury in coal (whether it 
accompanies organic or mineral matter).

In the authors’ opinion the effectiveness of mercury 
removal can be increased by modifying the operating pa-

rameters of the vibrating concentrating table and by ex-
tending the scope of analyses to take into consideration 
the form of mercury occurrence in coal. 

The final effect of the planned research work will be 
a proposal of a process set-up for the removal of mercury 
from steam coal accompanied by a specification of con-
ditions for conducting the process effectively.
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