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Introduction

Mercury and its compounds, which are characterized by highly toxic properties, nega-
tively affect the nervous, respiratory and circulatory systems as well as the liver, kidneys,
skin and fetus (UNEP 2013). Even a small amount of mercury emitted to the environment
is a potential threat to human health, because the natural biogeochemical cycle of mercury
occurs (Gworek and Ratenska 2009). One of the main sources of anthropogenic mercury
emissions (24% of total anthropogenic mercury emission) is the process of coal combustion
(Pirrone et al. 2010; Sloss 2015). For that reason, under the Minamata Convention (Adamska
2014) the mercury emissions regulations (limits) for coal-fired power plants are currently
being developed. Moreover, the limits of mercury emissions from both hard and brown coal-
fired plants have been established by the EU in the BAT Conclusions (European Commis-
sion 2017). It should be also mentioned, that regulations concerning mercury emissions are
applied in some countries such as the US and Holland (Burmistrz and Kogut 2014).

The issue of mercury emissions is particularly important for Poland. Forecasts concern-
ing energy consumption in Poland show that coal (mainly hard coal) will be the main source
for energy production in the coming decades (Ministerstwo Gospodarki 2015). Therefore,
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actions enabling the reduction of mercury emissions from coal-fired power plants will have
to be implemented. These could involve the application of post-combustion methods (Bur-
mistrz et al. 2014; Krzyzynska et al. 2011; Wdowin et al. 2015) or pre-combustion methods
(Chmielniak et al. 2015; Dziok et al. 2014, 2015b). The former allow for mercury removal
from flue gases, and the latter allow for mercury removal from coal before its combustion.
The advantage of the pre-combustion method is the production of coal with a reduced mer-
cury content. Such coals can be used in the heat and power generation sector, the industrial
plants of lower power, the municipal sector as well as in the coke production sector (Burmis-
trz et al. 2017) and in gasification plants (Porada et al. 2017).

The effectiveness of mercury removal from coal is determined by the mode of its occur-
rence in coal. In the case of mercury occurrence in the adventitious inorganic constituents
of coal, high effectiveness will be obtained in the coal cleaning processes (Dichl et al. 2014,
Dziok et al. 2015b). In the case of mercury occurrence in the organic matter as well as in the
inherent inorganic constituents of coal, the effectiveness of this method will be low. For such
coals mercury could be removed in the process of thermal pretreatment at the temperature
of 200—400°C (mild pyrolysis). The thermal pretreatment process also enables mercury re-
moval from inorganic constituents characterized by a relatively low temperature of mercury
release (Strezov et al. 2010; Uruski et al. 2015).

In the paper, the possibility of mercury removal from hard coal in the process of dry
deshaling on an air concentrating table was determined. This method allows for the gangues
removal from raw coal (Baic et al. 2015a). In comparison to the coal washing processes, the
dry deshaling process is characterized by both lower investment costs and lower operating
costs. Additionally, the dry deshaling process allows for effective pyritic sulfur removal
from raw coal, and generated rejects could be used as a substitute for the natural aggregates
(Baic et al. 2015a, 2015b).

1. Aim and scope of study

The aim of the study was the preliminary assessment of the usefulness of air concen-
trating tables for mercury content reduction in hard coal. For this purpose raw coals (coal
feed), clean coals and the rejects derived from dry deshaling of six Polish hard coals were
analyzed. The mercury content was measured in the examined samples. The contents
of mercury in raw coals and clean coals were compared. Additionally, with the usage
of appropriate factors, the effectiveness of mercury removal from coal with rejects was
described.
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2. Experimental

2.1. Methods of research and analysis

The mercury contents in the analyzed samples were determined with the use of the MA—
2000 Analyzer (Nippon Instruments Corporation), based on cold vapor atomic absorption
spectroscopy (CVAAS), according to the EPA Method 7473. The proximate and ultimate
analyses of the samples were performed according to ISO standards. The contents of mois-
ture, ash and volatile matter were determined with the use of the TGA Thermostep Eltra
Analyzer. The contents of carbon, hydrogen and sulfur were determined with the use of the
CHS-580 Eltra Analyzer. The calorific value was determined with the use of the AC 350
Leco Calorimeter.

2.2. Examined samples

In the paper, six Polish hard coals as well as clean coals and the rejects derived from
their dry deshaling were examined. The dry deshaling process was performed with the
use of an air concentrating table of the FGX type, owned by the Institute of Mechanised
Construction and Rock Mining (IMBIiGS). The principles of the operation and construction
of the air concentrating table, among others, were presented in works (Baic et al. 2015a,
2015c¢). The working outline of the applied air concentrating table is presented in Figure 1.

Separating
deck

—) -+——Compressed
air

Air chamber {}

Clean Middlings Rejects

Fig. 1. Working outline of air concentrating table type FGX (Baic and Blaschke 2013)

Rys. 1. Zasada dziatania powietrznego stotu koncentracyjnego (Baic i Blaschke 2013)
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Compressed air is injected under the separating deck through the air chamber. The flow of
air causes coal fluidization and separation on the basis of different density (a lower density —
clean coal, a higher density — the rejects). Additionally, in order to ensure a good separation
of coal, the separating desk is put into reciprocating motion.

The capacity of the applied air concentrating table ranges from 3 to 7 Mg/h. The mass of
coal feed was at least 25 Mg. The coal feed was sampled directly in front of the separating
desk. The products of coal separation (clean coal, rejects as well as middlings and coal dust)

Table. 1 . Characteristics of raw coals (coal feed) used in the process of dry deshaling on an air
concentrating table

Tabela 1. Charakterystyka wegli surowych (nadaw) poddanych procesowi suchego odkamieniania
przy wykorzystaniu powietrznego stotu koncentracyjnego

Coal
number

Ma‘[’
(%]

Mad
[%]

Aar
[%]

ydaf
[%]

HHV2d
[MI/kg]

LHVad
[MJ/kg]

Cdaf
[%]

Hdaf
[%]

sd
(%]

Hgtd
[ng/ke]

W1

9.5

4.6

25.0

35.8

22.0

21.1

78.4

4.96

1.45

108

w2

15.5

9.7

8.4

36.8

259

24.8

78.1

5.05

79

w3

5.9

2.6

43.1

37.2

17.1

16.4

78.3

5.21

0.56

133

w4

3.6

2.0

50.5

40.3

11.9

11.2

76.2

5.49

0.44

64

W5

3.0

1.6

64.5

46.2

7.2

6.7

73.2

5.60

0.41

122

W6

5.0

2.6

39.7

38.1

17.5

16.8

77.6

5.44

0.75

142

ar — as received, ad — air dried, d — dry, daf — dry and ash free.

Table. 2. Characteristics of clean coals derived from the process of dry coal deshaling on an air
concentrating table

Tabela 2. Charakterystyka koncentratow z procesu suchego odkamieniania wegli kamiennych
przy wykorzystaniu powietrznego stotu koncentracyjnego

Coal Yield
number [%]

(%]

Mad
[%]

Aar
(%]

ydaf
[%]

HHVAd
[MI/kg]

LHVd
[MI/kg]

Cdaf
[%]

Hdaf
[%]

Hgtd

(%] | [ng/ke]

Wi 60.0

6.5

53

13.4

34.7

26.4

254

80.3

5.02

77

w2 74.3

15.9

9.6

6.1

36.9

26.6

255

78.3

5.03

37

w3 28.6

6.2

3.0

32.8

35.8

20.8

20.0

79.4

5.16

103

W4 333

52

34

8.1

36.1

29.2

28.0

82.1

5.33

0.91

56

W5 259

5.4

34

7.1

358

31.0

29.8

82.0

5.52

0.85

82

Wé 26.6

6.3

2.8

345

375

19.9

19.1

77.8

5.33

0.87

169

ar — as received, ad — air dried, d — dry, daf — dry and ash free.
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were sampled for further analyses from the whole cross-section of the obtained samples. The
sampling as well as the preparation of laboratory samples were conducted according to the
PN-90/G-04502 standard (Baic et al. 2015b).

The characteristics of raw coals (coal feed) used in the process of dry deshaling as well
as the obtained clean coals and the rejects were presented in Tables 1, 2 and 3, respectively.
The tables also show the yields of obtained clean coals and rejects. The remaining part were
the middlings and also for some cases a coal dust which was separated from the air used in
the process of dry deshaling.

Table. 3. Characteristics of rejects derived from the process of dry coal deshaling on an air concentrating table

Tabela 3. Charakterystyka odpadéw z procesu suchego odkamieniania wegli kamiennych
przy wykorzystaniu powietrznego stotu koncentracyjnego

Coal Yield M mad AT HHV LHV sd Hed
number [%] [%] [%] [%] [MJ/kg] | [Mlkg] [%] [ng/kg]
Wi 7.0 2.7 1.8 81.3 2.6 2.3 2.88 319
w2 5.1 14.1 8.3 14.8 23.8 22.8 321 162
w3 64.4 33 35 46.6 15.5 14.8 0.57 93
W4 59.1 3.0 0.9 87.0 0 0 0.26 78
w5 74.1 1.8 0.9 89.5 0 0 0.25 160
w6 29.7 3.8 23 513 13.1 12.5 0.64 121

ar — as received, ad — air dried, d — dry.

2. Results and discussion

A comparison of mercury content in raw coal and clean coals was performed for the
preliminary assessment of the possibility of mercury removal from hard coal with the use
of air concentrating tables. In Figure 2 the comparison of mercury content in raw coals
(coal feed) and clean coals is presented. For most cases (cases W1-W5), a decrease in mer-
cury content, in the range from 11% (case W4) to 53% (case W2), was obtained. However,
it should be pointed out that for one case (i.e. case W6), the mercury content in clean coal
increased by 19%. According to our previous studies (Dziok et al. 2015a), such a diversity
of the obtained results may be explained, among others, by the diversity of mercury oc-
currence in coal.

For steam coals, the mercury content should be always related to the amount of energy
contained in coal, i.e. for example to the lower heating value of coal — Equation (1).
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Fig. 2. Comparison of the mercury content in raw coals (coal feed) and clean coals derived from
the process of dry coal deshaling on air concentrating table

Rys. 2. Porownanie zawartosci rteci w weglach surowych (nadawach) i koncentratach z procesu suchego
odkamieniania przy wykorzystaniu powietrznego stotu koncentracyjnego

d )
Hg
Hg.q = _;
i
% where:
Hg,.,, — mercury content in relation to the lower heating value of coal [pg/MJ],

Hgtd — mercury content in coal (dry basis) [ug/kg],
Q,-d — the lower heating value of coal (dry basis) [MJ/kg].

The comparison of coal feed and clean coal for mercury content expressed in such a way
is given in Figure 3. The effect of the dry deshaling process is clearer. For cases W1-WS5, the
dry deshaling process allowed for a mercury content decrease in coal in the range from 36%
(case W3) to 83% (case W5). For case W6, the mercury content in clean coal was higher than
in coal feed, as previously. However, the difference was not as significant (ca. 5%).

At the next stage of the work, the values of the effectiveness factor of mercury remov-
al from the analyzed coals in the dry deshaling process were estimated. This factor was
estimated as the amount of mercury removed from coal with the rejects in relation to the
amount of mercury in raw coal (coal feed) — Equation (2). Such a factor was also used in
other works, among others (Pyka and Wierzchowski 201; Zajusz-Zubek and Konieczynski
2014).
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Fig. 3. Comparison of the mercury content related to the lower heating value of coal in raw coals (coal feed)
and clean coals derived from the process of dry coal deshaling on an air concentrating table

Rys. 3. Porownanie zawartosci rtgci w weglach surowych (nadawach) i koncentratach z procesu suchego
odkamieniania przy wykorzystaniu powietrznego stotu koncentracyjnego w odniesieniu do ich wartosci opatowej

1 _ Yrejects 'ngejects @
ngejem Hg raw coal
% where:
NHg rejects — the effectiveness factor of mercury removal from coal with rejects [%],
Hg,pjects — mercury content in the rejects [pg/kg],
Hg, .o ~— mercury content in raw coal (coal feed) [ug/kg],
Yrejects — yield of the rejects [%].

The comparison of the values of the effectiveness factor of mercury removal from the
analyzed coals is presented in Figure 4. The obtained results showed, that the dry deshaling
process allowed for mercury removal for each case, however the effectiveness of mercury
removal was highly diversified: from 9 to 96% (the average value was 44%). The diversity of
the mercury removal effectiveness should be related to the mode of mercury occurrence in
coal as well as to coal properties and operation parameters of the dry deshaling process af-
fecting the obtained yield of rejects. In order to illustrate the behavior of mercury in the pro-
cess of dry deshaling of hard coal, the distribution of mercury among the obtained products
is shown in Figure 5. The presented results show a significant potential of the dry deshaling
process for mercury removal from hard coals.
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Fig. 4. Comparison of the values of the effectiveness factors of mercury removal from coal with rejects obtained
in the process of dry deshaling on an air concentrating table

Rys. 4. Poréwnanie skuteczno$ci usuwania rtgci z wegla kamiennego wraz z odpadami w procesie suchego
odkamieniania przy wykorzystaniu powietrznego stotu koncentracyjnego
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Fig. 5. Distribution of mercury in the process of dry deshaling of the examined hard coals

Rys. 5. Dystrybucja rtgci w procesie suchego odkamieniania
przy wykorzystaniu powietrznego stotu koncentracyjnego
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The comparison of the ranges of the effectiveness of mercury removal from hard coal
with rejects for the process of dry deshaling on an air concentrating table and the process
of coal washing (Dziok and Strugata 2017) is presented in Figure 6. The comparison shows,
that both dry and wet methods allowed for effective mercury removal from coal, although
the effectiveness for both methods may vary within a relatively wide range. Interestingly
enough, both the highest mercury removal effectiveness and the lowest mercury removal
effectiveness were observed for the dry deshaling process.

100
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=
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)
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£ e
= 10
= 0 :

Washing Air concentrating
table

Fig. 6. Comparison of the ranges of effectiveness of mercury removal from coal with rejects for the process of
dry deshaling on an air concentrating table and the process of coal washing (own results)

Rys. 6. Poréwnanie zakresow skuteczno$ci usuwania rteci z wegla kamiennego wraz z odpadami
w procesie suchego odkamieniania przy wykorzystaniu powietrznego stotu koncentracyjnego
oraz metodami wzbogacania na mokro (wyniki wtasne)

The significant potential of air concentrating tables for mercury removal from hard coal
is also suggested by the data presented in Figure 7. It shows a comparison of the ranges of
the effectiveness of mercury removal from coal which were obtained in this work and the
effectiveness of the process of coal washing which is presented in literature. It could be con-
cluded that the effectiveness of mercury removal from coal in the washing processes, both
for Polish and foreign coals, is not significantly higher than in the dry deshaling process. The
effectiveness is determined by the mode of mercury occurrence in coal rather than by the
method of coal cleaning. Considering the lower investment and operating costs of the dry
deshaling process when compared to the coal washing processes (Baic et al. 2015a), this pro-
cess should be preferred in the selection of the method for mercury removal from hard coal.
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Fig. 7. Comparison of the ranges of effectiveness of mercury removal from coal with rejects
for the process of dry deshaling on an air concentrating table (blue color)
and for the process of coal washing (green color) — literature data

Rys. 7. Porownanie zakresow skuteczno$ci usuwania rteci z wegla kamiennego w procesie suchego
odkamieniania przy wykorzystaniu powietrznego stotu koncentracyjnego (kolor niebieski)
z danymi literaturowymi dla metod wzbogacania wegla na mokro (kolor zielony)

In addition, it should be pointed out that an additional possibility of increasing the effec-
tiveness of mercury removal through the dry deshaling process exists. In the case of coals
in which mercury occurs in the organic matter as well as in the inorganic constituents char-
acterized by a relatively low temperature of mercury release, the obtained clean coals can
be additionally treated in the process of mild pyrolysis. In this process coal is heated at the
temperature of 200—400°C in the atmosphere of e.g. nitrogen or air. The sweep gas which
contains mercury released from coal is directed on a sorbent bed in order to be purified. The
spent sorbent is directed for disposal. The effectiveness of mercury removal from coal in this
process is influenced by the following parameters: final process temperature, residence time
in final temperature, heating rate, type and flow rate of sweep gas, as well as coal grain size
(Chmielniak et al. 2015; Dziok et al. 2014; Dziok 2016). The idea of the combination of the
dry deshaling process and the thermal pretreatment process is presented in Figure 8.

The proposed idea can be used in combination with the coal washing process as well.
However, the higher content of moisture in the clean coal may cause an increase in the ener-
gy consumption in the thermal pretreatment process. In some cases (an exceptionally high
moisture content in clean coal), an additional unit for moisture removal from coal before
thermal pretreatment should be considered.

The obtained results indicate the occurrence of a positive synergy effect resulting from
the combination of coal washing and coal mild pyrolysis (Dziok and Strugata 2017). Figure 9
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Fig. 8. Idea of the combination of the coal cleaning process and the thermal pretreatment process
(dashed line means additional possibility for mercury removal from clean coal derived from
the dry deshaling/coal washing process in the thermal pretreatment process)

Rys. 8. Koncepcja potaczenia procesu wzbogacania z procesem wstgpnej preparacji termicznej
(linia przerywana oznacza dodatkowa mozliwo$¢ usunigcia rteci z koncentratéw otrzymanych
w procesie suchego odkamieniania/wzbogacania w procesie ich wstgpnej preparacji termicznej)
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Fig. 9. Mercury contents in coal obtained as a result of the combination of the coal cleaning process
and the mild pyrolysis process at 300°C (Dziok and Strugata 2017)

Rys. 9. Zawartosci rteci w weglu kamiennym uzyskane w wyniku potaczenia procesu wzbogacania
i wstepnej preparacji termicznej w temperaturze 300°C (Dziok i Strugata 2017)
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presents the mercury contents in raw coal, in clean coal which was derived from the coal
washing process and in clean coal after the mild pyrolysis process at 300°C. For each of the
analyzed cases, the combination of both processes had a positive effect; however, it was di-
versified. This diversity could be connected with the different modes of mercury occurrence
in individual coals.

Conclusions

The process of dry deshaling with the use of an air concentrating table allows for effec-
tive mercury removal from hard coals. However, the effectiveness of mercury removal is
determined by the mode of mercury occurrence in coal and may vary significantly. For the
analyzed coals, the effectiveness of mercury removal from coal with the rejects ranged from
9 t0 96%.

It should be emphasized, that the dry deshaling process did not allow for a decrease of
mercury content for every coal. Although for five analyzed coals the mercury content in clean
coal was lower in the range from 11 to 53%, for one coal the mercury content was higher
by 19%. For that reason, a preliminary assessment of the mode of mercury occurrence in
coal should be conducted prior to the selection of a method of its removal from coal. For that
purpose, the results of an instrumental investigation could be used, i.e. the ones obtained
with the usage of the electron probe micro-analyzer - EPMA (Dziok 2016; Dziok et al. 2017),
or, at least, a statistical analysis of the relationship between the contents of mercury and
various forms of sulfur and ash could be performed (Dziok et al. 2015a).

It should be pointed out, that the effect of decreasing the mercury content in coal is more
evident when it is related to the amount of energy contained in coal (for example to the lower
heating value of coal).

The effectiveness of mercury removal through the dry deshaling process is similar to
the effectiveness of mercury removal from coal in the processes of coal washing. A similar
effectiveness as well as lower investment and operating costs result in the fact that the dry
deshaling process on an air concentrating table should be considered as a competitive meth-
od for the coal washing processes.

The effectiveness of mercury removal from coal in the process of dry deshaling could
be additionally increased through the thermal pretreatment (mild pyrolysis) of clean coal
derived from dry deshaling. This solution is only recommended for coals in which mercury
occurs in the organic matter as well as in the inorganic constituents characterized by a rela-
tively low temperature of mercury release.

This paper was prepared as a part of the statutory activity of the Faculty of Energy and Fuels
at the AGH University of Science and Technology, No. 11.11.210.373.
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WSTEPNA OCENA MOZLIWOSCI USUWANIA RTECI Z WEGLA KAMIENNEGO
ZA POMOCA POWIETRZNYCH STOLOW KONCENTRACYJNYCH

Stowa kluczowe

wegiel kamienny, suche odkamienianie, usuwanie rteci

Streszczenie

Rte¢ charakteryzuje si¢ silnie toksycznymi wlasciwosciami. W §rodowisku podlega ona natu-
ralnemu obiegowi, co powoduje, ze kazda emitowana jej ilos¢ stanowi potencjalne zagrozenie dla
zdrowia i zycia ludzkiego. Do gtownych zrodet antropogenicznej emisji rteci naleza procesy spalania
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wegla. Z tego tez powodu w dniu 31 lipca 2017 r. decyzja Komisji Europejskiej przyjete zostaty limity
emisyjne rteci dla duzych obiektow energetycznego spalania.

Problem emisji rteci jest szczegdlnie istotny dla Polski. Prognozy zuzycia no$nikow energii po-
kazujg, ze wegiel pozostanie podstawowym zrodtem pozyskiwania energii w naszym kraju przez
najblizsze dziesi¢ciolecia. Dlatego tez konieczne bedzie podjecie dziatan majacych na celu obnizenie
jej emisji z elektrowni weglowych. Emisja rteci z elektrowni weglowych moze by¢ ograniczona na
szereg sposobow, ktore mozna podzieli¢ na dwie gtdwne grupy: metody post-combustion — polegajace
na usuwania rteci ze spalin oraz metody pre-combustion — polegajace na usuwaniu rteci z wegla przed
jego spaleniem.

Skuteczno$¢ usuwania rtgci z wegla uzalezniona jest od sposobu wystepowania w nim rteci.
W przypadku jej wystgpowania w sktadnikach mineralnych wegla wysoka skuteczno$ciag odznaczaja
si¢ metody przerobki mechanicznej. W przypadku wystgpowania rteci w substancji organicznej i/lub
substancji mineralnej wewnetrznej metoda ta jest mato skuteczna. Z takich wegli rtg¢ moze zostac
usunig¢ta w procesie jego termicznej preparacji (tzw. tagodnej pirolizy) polegajacej na ogrzaniu wegla
do temperatury 200—400°C.

W pracy przeanalizowano mozliwo$¢ usuwania rteci z wegla kamiennego w procesie jego suche-
go odkamieniania przy wykorzystaniu powietrznych stotow koncentracyjnych. Analizie poddano we-
gle surowe (nadawy), koncentraty i odpady uzyskane z procesu suchego odkamieniania szesciu kra-
jowych wegli kamiennych. W badanych probkach oznaczono zawarto$¢ rteci, a nastepnie porownano
zawarto$¢ rteci w weglach surowych i koncentratach oraz okreslono skuteczno$¢ jej usuwania z wegla
wraz z odpadami.

Dla badanych wegli skutecznos¢ usuwania rteci wraz z odpadami w procesie suchego odkamie-
niania na powietrznym stole koncentracyjnym wyniosta od 9 do 96%. Skutecznos¢ ta jest zblizona
do skuteczno$ci usuwania rtgci w procesach wzbogacania metodami mokrymi. Zblizona skuteczno$é
usuwania rtegci przy rownoczesnie nizszych naktadach inwestycyjnych oraz kosztach eksploatacyj-
nych sprawiaja, ze proces suchego odkamieniania nalezy rozpatrywac jako konkurencyjny w stosun-
ku do procesow wzbogacania wegla na mokro.

Istnieje takze mozliwos¢ dodatkowego zwigkszenia skuteczno$ci usuwania rteci w procesie su-
chego odkamieniania poprzez poddanie uzyskanego koncentratu procesowi wstepnej preparacji ter-
micznej. Rozwigzanie to rekomendowane jest dla wegli, w ktorych rte¢ wystepuje w znaczacych
ilo$ciach w substancji organicznej oraz w sktadnikach mineralnych o relatywnie niskiej temperaturze
uwalniania rteci.

Nalezy jednak zaznaczy¢, ze nie dla wszystkich przypadkow proces suchego odkamieniania po-
zwala na obnizenie bezwzglednej zawartos¢ rtgci w weglu. Dla pigciu analizowanych wegli zawarto$é
rteci spadia od 11 do 53%, a dla jednego wegla wzrosta o 19%. W przypadku odniesienia zawarto$ci
rteci do ilo$ci energii zwartej w weglu (wartosci opatowej) efekt jej obnizenia jest bardziej widoczny.
Dla pi¢ciu analizowanych wegli tak wyrazona zawarto$¢ rteci spadta o 36—83%, a dla jednego wegla
wzrosta, cho¢ rdznica ta nie byla juz tak znaczaca i ksztattowata si¢ na poziomie 5%.
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PRELIMINARY ASSESSMENT OF THE POSSIBILITY OF MERCURY REMOVAL
FROM HARD COAL WITH THE USE OF AIR CONCENTRATING TABLES

Keywords

hard coal, dry deshaling, mercury removal

Abstract

Mercury is characterized by highly toxic properties. The natural biogeochemical cycle of mercury
occurs in the environment, which results in the fact that even a small amount of mercury emitted to the
environment is a potential threat to human health. The process of coal combustion is one of the main
sources of anthropogenic mercury emissions. For this reason, on 31 July 2017 the European Commis-
sion has adopted the mercury emission standards for large combustion plants.

The issue of mercury emissions is particularly important for Poland. Forecasts concerning energy
consumption in Poland show that coal will be the main source for energy production in the coming
decades. Therefore, actions enabling the reduction of mercury emissions from coal-fired power plants
will have to be implemented. The mercury emissions from coal-fired power plants may be reduced
through the application of a number of methods. These methods can be divided into two main groups:
the post-combustion methods which allow for mercury removal from flue gases, and the pre-combus-
tion methods which allow for mercury removal from coal before its combustion.

The effectiveness of mercury removal from coal is determined by the mode of its occurrence in
coal. In the case of mercury occurrence in the adventitious inorganic constituents of coal, high effec-
tiveness will be obtained in the coal cleaning processes. In the case of mercury occurrence in the or-
ganic matter as well as in the inherent inorganic constituents of coal, the effectiveness of this method
will be low. Mercury could be removed from such coals through the process of thermal pretreatment
at the temperature of 200—400°C (mild pyrolysis).

In the paper, the possibility of mercury removal from hard coal through the process of dry deshal-
ing on an air concentrating table was examined. Six raw coals (coal feed), clean coals and the rejects
derived from their dry deshaling were analyzed. The mercury content was measured in the examined
samples. The content of mercury in raw coals and clean coals were compared. Additionally, the effec-
tiveness of mercury removal from coal with rejects was determined.

For the analyzed coals, the effectiveness of mercury removal from coal in the process of dry
deshaling on an air concentrating table ranged from 9 to 96%. This effectiveness is similar to the
effectiveness of mercury removal from coal in the processes of coal washing. It should be mentioned
that, when compared to the coal washing processes, the dry deshaling process is characterized by
lower investment and operating costs. Therefore, the dry deshaling process on an air concentrating
table should be considered as a competitive method for the coal washing processes.

There is also a possibility of an increase in the mercury removal efficiency from coal in the
process of dry deshaling as a result of the thermal pretreatment of clean coal derived from dry
deshaling. This solution is only recommended for coals in which mercury occurs in the organic
matter as well as in the inorganic constituents characterized by a relatively low temperature of
mercury release.



www.czasopisma.pan.pl P N www.journals.pan.pl

POLSKA AKADEMIA NAUK

Dziok and Strugata 2017 / Gospodarka Surowcami Mineralnymi — Mineral Resources Management 33(4), 125-142 141

It should be emphasized that the dry deshaling process allowed for a decrease of mercury content
is not suitable for every coal. Although for five of the analyzed coals the mercury content in clean coal
was lower in the range from 11 to 53%, for one coal the mercury content was higher by 19%. The effect
of decreasing the mercury content in coal is more evident when it is related to the amount of energy
contained in coal (i.e. for example to the lower heating value). For five of the analyzed coals mercury
content expressed in such a way decreased in the range from 11 to 53 %, and for one coal the mercury
content was, however, higher. Nevertheless, the difference was not very significant (ca. 5%).
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