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Abstract This work comprises results of the laboratory
tests on formation and potential release of contaminants
from underground gasification of lignites. Four large
scale and multi-day trials were carried out using ex-
situ gasification facilities. Two different kinds of lignite
were tested, i.e. Velenje lignite (Slovenia) and Oltenia
lignite (Romania). Gasification tests were conducted in
the artificial coal seams under two distinct pressure
regimes—atmospheric and high pressure regime
(35 bar and 10 bar for the Velenje and Oltenia samples
respectively). The UCG wastewater samples were peri-
odically collected from the gas purification module to
measure the rate of the wastewater and contaminants
production at each phase of the experiment and to assess
the effect of gasification pressure and lignite physico-
chemical properties. The group of target contaminants
included: phenols, aromatic hydrocarbons, and some
non-specific water parameters. The effect of gasification
pressure was confirmed, especially for BTEX and phe-
nols and significant drops in the contents of these com-
pounds were observed at elevated pressures. The effect
of pressure was more pronounced for the geologically
older coal (Velenje), i.e. drop in the average concentra-
tions from 1994 pg/l (atmospheric) to 804 png/l (35 bar)
and from 733 mg/I (atmospheric) to 17 mg/1 (35 bar) for
BTEX and total phenols, respectively. The differences
in the macromolecular structure and ash content of the
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both coals were found to be the main reason behind the
differences in the contents of organic and inorganic
species respectively. The study also shown that compo-
sition of UCG wastewaters significantly varied over the
time of the particular experiments, which reflected
changes in the gasification thermodynamic conditions
and development of oxidation and pyrolysis zones. Dur-
ing the atmospheric gasification experiments, the values
of BTEX for the Velenje lignite dropped from 3434 ng/l
to 1364 pg/l and for the Oltenia lignite from 1833 g/l
to 978 ng/l. A similar downward trend in the concen-
trations of BTEX was observed for the pressurized
experiments. For the Velenje trial a drop from
1111.6 pg/l to 211.2 pg/l and for the Oltenia - from
1695 ug/l to 688 g/l was observed. Concentrations of
phenolic compounds during the atmospheric gasifica-
tion experiments varied significantly during both atmo-
spheric trials and no significant trends were noticed.

Keywords Gasification - Wastewater - Gasification -
Underground coal gasification

1 Introduction

Underground coal gasification is a conversion and
extraction process for the production of useful
synthetic product gas from an in-situ coal seam,
to use in power generation, heat production or as a
chemical feedstock. The process has been devel-
oped over more than a century and many aspects
of the process are well understood (Couch 2009;
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Friedmann et al. 2009; Shafirovich and Varma
2009; Bhutto et al. 2013; Perkins 2018a, b). Apart
from the high economic potentials, UCG may have
a site-specific environmental impact, including pol-
lution of shallow aquifers (Sury et al. 2004). Pol-
lution of groundwater is considered to be the most
serious possible negative environmental impact of
underground coal gasification process. The UCG
operation is inevitably related to the formation of
hazardous environmental contaminants, as a result
of the many heterogeneous and homogenous reac-
tions that occur in the oxidation, reduction and
pyrolysis zones that develop along the gasification
channel. These toxic substances can be introduced
into the groundwater at different phases of UCG
(Kapusta et al. 2013; Liu et al. 2007). During the
production phase, operating below the hydrostatic
pressure can effectively control migration of con-
taminants (Burton et al. 2006). Under such condi-
tions, the groundwater influx is towards the cavity,
which prevents gas migration to the surrounding
rock masses. The main problems during the pro-
duction phase, however, are the post-processing
effluents that are collected in the different modules
of the surface gas processing system. These efflu-
ents, if not treated appropriately, can pose a seri-
ous environmental risk to surface waters. Experi-
mental simulations and field studies on the forma-
tion and migration of contaminants around the
UCG test sites identified a broad range of hazard-
ous species (Kapusta and Stanczyk 2011; Edgar
et al. 1981; Walters and Niemczyk 1984;
DeGraeve et al. 1980; Shackley et al. 2006;
Stuermer et al. 1982; Yang 2009; Smolinski et al.
2013). The major organic groundwater pollutants
are typically phenolic compounds. In addition,
benzene (with its alkyl derivatives—BTEX, poly-
cyclic aromatic compounds (PAHs) and N-
heterocyclic compounds are the next groups of
organic compounds produced as by-products dur-
ing UCG.

Comparison of post-process UCG wastewater with
wastewater from coking plants shows some similarities
and may help in developing technology for efficient
treatment of UCG organic contaminants (Maranon
et al. 2008).

The aim of this research work was to investigate the
influence of gasification conditions, effect of lignite type
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as well as effect of pressure on the composition of UCG
wastewater.

2 Materials and Methods

2.1 Large-Scale Gasification Experiments and Lignite
Properties

Four large-scale experimental simulations of UCG
process in surface conditions were carried out. The
experiments involved tests on two different lig-
nites, i.e. Velenje (Slovenia) and Oltenia (Roma-
nia). For each type of lignite, two gasification
experiments were conducted—one atmospheric
pressure and one at elevated pressure. During the
pressurized tests, the gasification pressure was ap-
proximate to the natural hydrostatic pressures (geo-
logical depths) of the coal seams, from which the
samples were extracted, i.e. 100 m and 350 m for
the Oltenia and Velenje samples, respectively. The
general characteristics of the gasification experi-
ments are presented in Table 1. The pictures of
atmospheric and pressurized UCG installations are
presented in Fig. 1. The dimensions of the artifi-
cial coals seams for atmospheric and pressurized
UCG experiments are presented in Figs. 2 and 3
respectively. Detailed descriptions of the experi-
mental installations used are presented elsewhere
(Wiatowski et al. 2019; Kapusta et al. 2016).

The atmospheric pressure gasification tests facility is
equipped with a maximum of 20 thermocouples
installed inside the reactor to record the temperature
profiles. The thermocouples Nos. 1-6, 9-13, 15-20, de-
pending on experimental assumptions, are usually locat-
ed inside the coal seam. The thermocouples denoted as
14 and 21 are installed in the surrounding stratum,
behind the coal seam (Fig. 2). Distributions of temper-
atures in the high pressure gasification tests stand are
controlled by a maximum of 14 high-temperature ther-
mocouples (Pt10Rh—Pt). Thermocouples T1-T7 are lo-
cated in the gasification channel and thermocouples T8-
T14 in the roof strata (Fig. 3). The number of thermo-
couples used in the particular gasification tests may
differ depending on process assumptions, coal proper-
ties and seam geometry. Such situation took place in the
case of the four gasification tests presented in this study.

Results of proximate and ultimate analyses for colas
under study are presented in Table 2. All analyses were
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Table 1 General characteristics of gasification experiments

Parameter Experiment No.

1 2 3 4
Origin Premogovnik Velenje (SLO) Oltenia (RO) Premogovnik Velenje (SLO) Oltenia (RO)
Gasification reagent 0, 0O, /steam 0, O,
Gasification pressure Atmospheric Atmospheric 35 bar 10 bar
Coal seam dimensions 0.7%x0.7x6.0 m 0.7%0.7%x6.0 m 04x04%x35m 04%x04%x35m
Experiment duration, h 120 96 72 72

performed by Department of Solid Fuels Quality As-
sessment of Central Mining Institute (ISO/IEC 17025
accreditation certificate).

2.2 Sampling and Characteristics of UCG Wastewater

The raw UCG product gas contains water vapour, origi-
nating mainly from the evaporation of coal moisture, the
coal-pyrolysis process (pyrogenic water) or undesired hy-
drogen combustion. This gas moisture tends to condense
onto the cooler parts of the installations, such as the internal
surfaces of gas pipelines or in particular devices of the gas-
treatment module. To prevent environmental pollution
during the UCG operations, the resulting post-
gasification water condensates are systematically collected
and transported for off-site treatment. Post-processing wa-
ters produced in water scrubbers were periodically sam-
pled within the whole course of all the gasification exper-
iments in order to measure the rate of the wastewater and
contaminants production at any phase of the experiment
and to correlate the type and concentrations of produced
contaminants with the coal characteristics and process

parameters (e.g. effect of pressure). After averaging, the
UCG water was sampled and transported to the laboratory
for chemical analyses. Coal tars and other undissolved
residues were removed from the UCG water by filtering
and the filtrates were subsequently stored at 4 °C until
analysed.

The organic analysis of the effluents included phenolics
and benzene with its three alkyl homologs toluene, ethyl-
benzene and xylene (BTEX). The conductivity, pH, bio-
logical oxygen demand (BODs), chemical oxygen demand
(COD¢,) and total organic carbon (TOC) were additionally
determined in the representative post-gasification effluents
as typical nonspecific industrial wastewater parameters.
The chemical analyses were performed applying standard
analytical methods. Electrochemical methods, i.e.
potentiometry and conductometry, were applied to de-
termine the reaction (pH) and the conductivity of the
condensates, respectively. For the analysis of benzene
and its derivatives (BTEX) and phenols, the gas chro-
matography headspace method using an Agilent Tech-
nologies 7890A chromatograph coupled with a static
headspace auto sampler Agilent 7697A and FID

Fig. 1 Experimental installations used for the UCG tests. a Atmospheric pressure. b Pressurised

@ Springer



200 Page4 of 12 Water Air Soil Pollut (2019) 230: 200

7

Inlet

(a)

Coal seam

Gasification channel

1

(b)

Fig. 2 The dimensions of artificial coal seams used for the atmospheric pressure UCG tests (proportions are not respected). a Side cross-

section. b Vertical cross-section

detector was applied. The chromatographic column was
DB-5MS (30 m, 0.25 mm, 0.5 um) and helium was used
as the carrier gas at 1.0 ml/min.

3 Results and Discussion
3.1 Temperature Distribution
3.1.1 Atmospheric Pressure Gasification Tests

Distributions of temperatures in the gasification
channel and two levels above the bottom of the
seam over the course of the atmospheric pressure
experiments are presented in Figs. 4 and 5 for the
Velenje and Oltenia experiments respectively.

The maximum gasification temperature during
Velenje trial was about 1300 °C and it was record-
ed by the thermocouple located 0.3 m above the
gasification channel, after approx. 24 h of the
gasification run. For the Oltenia atmospheric pres-
sure experiment, the maximum gasification temper-
ature was about 1380 °C and it was recorded by
the thermocouple located 0.3 m above the
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gasification channel, at the early stage of the pro-
cess (Fig. 5b).

3.1.2 Pressurized Gasification Tests

Distributions of temperatures in the gasification
channel and in roof strata over the course of the
pressurized experiments are presented in Figs. 6
and 7 for Oltenia and Velenje experiments
respectively.

The maximum gasification temperatures during both
experiments were approximately 850 °C and they were
recorded in the roof strata. However, it must be empha-
sized that the actual process temperatures were signifi-
cantly higher, but due to insulation phenomena (refrac-
tory materials used and thermocouples’ ceramic cas-
ings), the records had lower values. Analysis of the
temperatures indicates that during the experiments, tem-
peratures in the bottom strata (gasification channel)
were about 150 to 200 °C lower than the temperatures
in the upper levels of the cavity. This phenomenon
confirms that the post-gasification ash/slag and molten
roof may effectively insulate against heat conduction to
the bottom strata during the UCG operations.
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Fig. 3 The dimensions of
artificial coal seams used for the
pressurized UCG tests
(proportions are not respected). a
Side cross-section. b Vertical
cross-section

~
-
W
-
=
N
3
7 X
~
=
S
“co

Inlet
A =

(a)

(b)

1300
1200 4 |——TC2
1100 ] |——TC3
———TC4
1000 ——TCS5
O %00
¢ 800
=3
B
a
§
-

(c)

1200

1000

800

600

Temperature, °C

400

200 -

3 T T
0 12 24 36 48 60 72 84 96 108 120
Time,h

Temperature, °C

Fig. 4 Distributions of temperatures during the atmospheric gasification experiment with Velenje lignite. a Gasification channel. b 0.3 m

above seam bottom. ¢ 0.6 m above seam bottom
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Fig. 5 Distributions of temperatures during the atmospheric gasification experiment with Oltenia lignite. a Gasification channel. b 0.3 m

above seam bottom. ¢ 0.6 m above seam bottom

3.2 Changes in the Wastewater Composition Along with
the Gasification Progress

The values of measured wastewater parameters during
the course of all experiments are presented in the Ta-
bles 3, 4, 5, and 6. As can be concluded from the tables,
values of the measured physicochemical parameters
significantly varied over the time of the particular gas-
ification experiments. For the organic contaminants,
these variations reflected changes in the gasification
conditions (temperature) and development of the oxida-
tion and pyrolysis zones over the experiments. The
analysis of the presented results indicates a general
decreasing trend for the concentrations of most of the
measured compounds along with the gasification
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progress. During the UCG process, the contaminants
are generated mostly as a result of coal pyrolysis (ther-
mal decomposition). In the oxidation zone, organic
compounds are cracked and oxidized to gas products
like CO, H,, and CHy. The final concentrations depend
mostly on the mutual proportions of the areas of pyrol-
ysis and oxidation zones. The results obtained indicate a
gradual increase in the decomposition of pyrolysis prod-
ucts over the courses of the experiments conducted.
During the atmospheric gasification experiments, the
values of BTEX for the Velenje lignite dropped from
3434 to 1364 ng/l and for the Oltenia lignite from 1833
to 978 ug/l. A similar downward trend in the concen-
trations of BTEX was observed for the pressurized
experiments. For the Velenje trial, a drop from 1111.6

(b)

1000

Roof of the reactor

900 H

800

700 4

600

500 4

Temperature (°C)

400 4

300 4

200 4

100 4

0 T T T T

80
Time (h)

Fig. 6 Distributions of temperatures during Oltenia 10 bar experiment. a Gasification channel. b Roof strata
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Fig. 7 Distributions of temperatures during 35 bar Velenje experiment. a Gasification channel. b Roof strata

to 211.2 pg/l and for the Oltenia from 1695 to 688 g/l concentrations of BTEX, decreasing trends in the con-

was observed. Concentrations of phenolic compounds centration of phenols were observed. For the Velenje
during the atmospheric gasification experiments varied 35 bar trial, a drop from 25.11 to 4.13 mg/1 and for the
significantly during both atmospheric trials and no sig- Oltenia 10 bar tests from 192.9 to 7.7 mg/l in the
nificant trends were noticed. Contrary to the atmospher- concentration of total phenols was observed.

ic processes, during the pressurized tests, similarly to the As can be seen from Tables 3, 4, 5, and 6, the values

of the non-specific parameters (conductivity, BOD-5

and COD) were characterized by a high variability.

The values of these parameters depend on many inor-

ganic and organic constituents, often governed by their

Parameter Lignite sample solubility in water; hence, an accurate interpretation of
the results obtained is difficult.

Table2 Proximate and ultimate characteristics of lignites used for
ex-situ gasification tests

Velenje Oltenia

As received 3.3 Effect of Gasification Pressure
Total moisture W, % 31.62 45.64
Ash A/, % 429 8.86 The average values of the parameters determined in the
Volatiles V', % 43.67 25.78 UCG wastewaters originating from all ex-situ gasifica-
Total sulphur S, % 0.51 1.49 tion experiments are presented in Table 7.
Calorific value Q/, kl/kg 13,615 10,642 For the both lignites under study, the effect of gasifi-

cation pressure on the chemical composition of waste-
Analytical water is evident. As regards the main groups of the
Moisture W*, % 11.13 11.49 organic contaminants under investigation, i.e. BTEX
Ash A*, % 5.57 14.42 and phenols, drops in the concentrations of these com-
Volatiles V%, % 56.76 41.98 pounds were observed with the increase in gasification
Heat of combustion Qg*, kJ/kg 19,719 20,001 pressure. As can be seen from Table 7, the effect of
Calorific value Q;%, kJ/kg 18,427 18,860 pressure was more pronounced for the Velenje lignite,
Total sulphur S%, % 0.66 243 i.e. drop in the average concentrations from 1994 ng/l
Carbon C2, % 49.86 49.49 (atmospheric) to 804 pg/l (35 bar) and from 733 mg/l
Hydrogen H®, % 4.67 3.94 (atmospheric) to 17 mg/1 (35 bar) for BTEX and total
Nitrogen N, % 0.64 134 phenols, respectively. For the experiments with Oltenia
Oxygen O, % 27.83 17.12 lignite, the average concentrations of BTEX dropped

from 1784 to 1562 pg/l and for total phenols it dropped
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Table 3 Changes of selected wastewaters parameters over the lignite Velenje atmospheric gasification experiment

Parameter Unit Time, h

20 40 60 80 100 120
Conductivity pS/cm 1060 1500 2320 1690 3140 5160
pH pH 7 74 74 7 7.4 7.8
BOD-5 mg/l O, 2670 3280 2420 1870 4400 11,600
COD (Cr) mg/l O, 5320 6010 5060 4380 8740 18,850
TOC mg/l 1800 2200 1700 1300 3000 4400
Benzene pg/l 2435 1322 1092 744 895 647
Toluene pg/l 481 378 269 233 494 283
Ethylbenzene pg/l 222 227 178 175 360 270
m,p-Xylene ng/l 98 74 62 60 123 71
0-Xylene ug/l 198 133 98 79 170 93
BTEX ug/l 3434 2134 1699 1291 2042 1364
Phenol mg/l 335.89 427.29 370.19 283 804.13 637.67
0-Cresol mg/l 80.26 120.44 95.31 76.03 176.79 146.28
m,p-Cresol mg/l 94.01 129.85 112.8 90.13 223.64 191.98
Total phenol mg/l 510.16 677.58 5783 449.16 1204.56 975.93

from 246 to 201 mg/l when the gasification pressure
increased from atmospheric to 10 bar. As the increase in
gasification pressure usually leads to the intensification

Table 4 Changes of selected wastewaters parameters over the
lignite Oltenia atmospheric gasification experiment

Parameter Unit Time, h
20 40 60 80
Conductivity ~ uS/cm 2070 4390 3740 2420

pH pH 77 78 7.7 75

BOD-5 mg/1 O, 750 1070 1320 1050
COD (Cr) mg/10, 1520 2060 2520 1940
TOC mg/l 620 1000 1100 810
Benzene pg/l 1442 1464 1437 418
Toluene ng/l 253 369 275 211
Ethylbenzene  pg/l 97 341 331 285
m,p-Xylene pg/l n.w n.w n.w n.w
o-Xylene pg/l 41 51 57 64
BTEX ug/l 1833 2225 2100 978
Phenol mg/l 1179 15590 169.80 126.60
0-Cresol mg/l 29.20  56.20 65.50 51.80
m,p-Cresol mg/l 37.00 5630  66.30 50.40
Total Phenol ~ mg/l 184.1 268.4 301.6 228.8

@ Springer

of tar cracking phenomena, the increased gasification
pressure was the main factor responsible for the drops in
the concentrations of organic compound in the analysed
wastewaters.

The effect of gasification pressure is also pronounced
for the values of the remaining parameters of the UCG
wastewaters. For the determined non-specific parame-
ters, i.e. conductivity, BOD-5 and COD, significant
drops in the average values were observed when gasifi-
cation pressure increased from atmospheric to 35 bar for
Velenje lignite. On the contrary, in the case of Oltenia
lignite gasification, the average values of these parame-
ters significantly decreased (Table 7). For both lignites
under study, the values of pH in the UCG wastewaters
significantly dropped when gasification pressure in-
creased, i.e. from 7.3 to 6 and from 7.7 to 5.1 for the
Velenje and Oltenia experiments, respectively. Each of
the lignites under investigation was gasified under the
pressure adjusted to its natural hydrostatic pressure oc-
curring in the seam. As a consequence, the gasification
experiments were conducted under different pressures,
i.e. 35 bar (Velenje) and 10 bar (Oltenia). Therefore,
concluding on the influence of difference in gasification
pressure between 10 and 35 bar is not feasible within
this experimental study, because both gasification ex-
periments were conducted using lignites of distinct
physicochemical properties.
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Table S Changes of selected wastewaters parameters over the lignite Velenje 35 bar gasification experiment

Parameter Unit Time, h

20 40 60 72
Conductivity uS/cm 311 3870 1260 1640
pH pH 59 7.9 3.1 7.6
BOD-5 mg/l O, 340 820 23 17
COD (Cr) mg/l O, 791 1700 121 152
TOC mg/l 190 430 33 15
Benzene pg/l 833.8 951.6 151 112.7
Toluene pg/l 166 400.2 68.8 65.6
Ethylbenzene pg/l 20.1 60.2 8.5 8.8
m,p-Xylene pg/l 15.9 95.2 10.1 10
0-Xylene pg/l 75.8 132.9 15.6 14.1
BTEX pg/l 1111.6 1640.1 254 211.2
Phenol mg/l 15.82 8.75 6.88 2.95
0-Cresol mg/l 5.19 10.05 1.56 0.65
m,p-Cresol mg/l 4.1 10.39 1.45 0.53
Total phenol mg/l 25.11 29.19 9.89 4.13

3.4 Effect of Lignite Type

As can be concluded from the results presented in
Table 7, the effect of lignite used on the values of
physicochemical parameters of the wastewaters is

evident. When analysing results obtained under the
same pressure conditions (atmospheric experiments),
for most of the organic compounds (or non-specific
parameters correlated with the organic species, i.e.
TOC, BOD-5, COD), significantly higher values were

Table 6 Changes of selected wastewaters parameters over the lignite Oltenia 10 bar gasification experiment

Parameter Unit Time, h

20 40 60 72
Conductivity puS/cm 2930 11,700 4580 1800
pH pH 2.6 7.7 7.2 29
BOD-5 mg/l O, 1910 4940 1540 28
COD (Cr) mg/l O, 3240 10,100 3100 266
TOC mg/l 890 3200 860 50
Benzene ug/l 1324 1543 1100 321
Toluene ng/l 244 333 201 167
Ethylbenzene pg/l 88 298 298 155
m,p-Xylene ug/l 0 0 0 0
o-Xylene ng/l 39 47 45 45
BTEX ug/l 1695 2221 1644 688
Phenol mg/l 121.2 355.90 78.40 5.20
0-Cresol mg/l 28.50 101.20 34.50 1.20
m,p-Cresol mg/l 43.20 1233 33.20 1.30
Total phenol mg/l 192.9 457.1 146.1 7.7
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Table 7 Average values of parameters determined in the UCG wastewaters in the experiments conducted

Parameter Unit Lignite Velenje Lignite Oltenia

Atmospheric pressure 35 bar pressure Atmospheric pressure 10 bar pressure
Conductivity puS/cm 2478 1770 3155 5253
pH pH 7.3 6 7.7 5.1
BOD-5 mg/l O, 4373 300 1048 2105
COD (Cr) mg/l O, 5060 691 2010 4177
TOC mg/l 2400 167.0 882.5 1250
Benzene pg/l 1189.2 5123 1190.3 1072.0
Toluene pg/l 356.3 1752 271.0 236.3
Ethylbenzene pg/l 238.7 244 263.5 209.8
m,p-Xylene pg/l 81.3 32.8 <1 0.0
0-Xylene pg/l 128.5 59.6 533 44.0
Total BTEX pg/l 1994 804 1784 1562.0
Phenol mg/l 476.4 8.6 142.6 140.2
0-Cresol mg/l 115.9 44 50.7 414
m,p-Cresol mg/l 140.4 4.1 52.5 25.9
Total phenol mg/l 733 17 246 201

observed in the wastewaters from Velenje lignite exper-
iment. It could result from differences in the macromo-
lecular structure of the both lignites. Velenje lignite is
also characterized by higher contents of volatiles
(Table 2), which leads to the increased yields of organic,
tarous compounds from the mass of gasified lignite. The
higher values of conductivity in the wastewaters from
Oltenia trial derived from the higher concentrations of
selected ionic inorganic species. This could be due to a
greater ash content of the Oltenia coal, i.e. 8.9% com-
pared to 4.3% of ash in the Velenje coal (on as-received
basis). The presence of ionic constituents in the UCG
wastewater is mainly from leaching of the post-
gasification ash and other solid-particles (char) captured
in the gas purification system.

3.5 Comparison of the Wastewater from UCG
and Wastewater from Coke Plant and Recommendation
for Possible Cleaning Technology

Some parameters of wastewater from coke plants are
very similar to that of UCG process. For example,
chemical oxygen demand (CODc,) for the coke plant
wastewater in Australia, Germany, China and Spain
(Maranon et al. 2008) is in the range of 630-6500 mg/
l and in our UCG research in the range of 691-5060 mg/
1. Another example may be phenolic compounds, which
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for wastewater from coke plants are in the range of
50-1200 mg/l and in our UCG research is in range of
17-733 mg/l.

Due to the composition and specificity of contami-
nants occurring in the coke oven wastewater, its proper
treatment requires the involvement of physical, chemi-
cal and biological methods. For example, sometimes
physicochemical treatment for coke plant effluents is
enough (Ghose 2002) but also more sophisticated
methods after primary physicochemical treatment are
tested (Ozyonar and Karagozogly 2015) and in many
plants also biological methods are used (Li et al. 2003;
Xuewen et al. 2013). The methods very probably could
be used for UCG wastewater cleaning but it needs
dedicated research and examinations.

4 Conclusions

1. Changes in the gasification conditions strongly in-
fluence the composition of wastewater from UCG
process. The amount of organic compounds mea-
sured in UCG wastewater depends mainly on the
thermodynamic conditions (temperature) and mutu-
al proportions of the areas of pyrolysis and oxida-
tion zones at given stage of the UCG process. The
results obtained indicate a gradual increase in the
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decomposition of pyrolysis products over the
courses of the experiments conducted. During the
atmospheric gasification experiments, the values of
BTEX for the Velenje lignite dropped from 3434 to
1364 pg/l and for the Oltenia lignite from 1833 to
978 ug/l. Similar trends were observed for the pres-
surized experiments. It was found that concentra-
tions of phenolic compounds during the atmospher-
ic gasification experiments varied significantly dur-
ing both atmospheric trials and no significant trends
were noticed. During the pressurized tests, decreas-
ing trends in the concentration of phenols were
observed. For the Velenje 35 bar trial, a drop from
25.11 to 4.13 mg/l and for the Oltenia 10 bar tests
from 192.9 to 7.7 mg/l in the concentration of total
phenols was observed.

2. The effect of lignite properties on the values of
physicochemical parameters of the UCG wastewa-
ters is evident. When analysing results obtained
under atmospheric pressure conditions, for most of
the organic compounds investigated, significantly
higher values were observed in the wastewaters
from Velenje trial. As regards BTEX, the average
concentrations were 1994 pg/l and 1784 pg/l for the
Velenje and Oltenia experiments, respectively. The
average concentration of phenol during Velenje trial
was 733 mg/l, compared to 246 mg/l obtained dur-
ing Oltenia experiment. These differences resulted
from distinct macromolecular structures and physi-
cochemical properties of the both lignites, mainly
content of volatile matter, which significantly af-
fects the yields of tarous compounds from the mass
of lignite. It was found that concentrations of inor-
ganic species in UCG wastewater (higher values for
Oltenia lignite) are positively correlated with the ash
content in the gasified lignite. The presence of in-
organic, ionic constituents in the UCG wastewater
is mainly from leaching of the post-gasification ash
and other solids (e.g. char) captured in the gas
purification system.

3. For the both lignites under study, the effect of pres-
sure on the concentrations of organic compounds
(BTEX, phenols) was evident and it was more pro-
nounced for the Velenje lignite, i.e. drop in the
average concentrations from 1994 nug/l
(atmospheric) to 804 pg/l (35 bar) and from
733 mg/l (atmospheric) to 17 mg/l (35 bar) for
BTEX and total phenols, respectively. For the Olte-
nia lignite, the average concentrations of BTEX

dropped from 1784 to 1562 pg/l and for total phe-
nols it dropped from 246 to 201 mg/l when the
gasification pressure increased from atmospheric
to 10 bar. As the increase in gasification pressure
usually leads to the intensification of tar cracking
phenomena, the increased gasification pressure was
the main reason behind the drops.

4. Comparison of the composition of wastewater from
UCG and wastewater from coke oven plants shows
many similarities. The values of COD and concen-
trations of phenols are comparable for both process-
es in spite of different feedstocks used in both
processes. Taking into account these similarities, it
seems to be reasonable to recommend the same
purification techniques for UCG wastewater as
were developed for the wastewaters from coking
industry.
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