Impact of leaching procedure on heavy metals removal from coal fly ash
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Abstract

In this work, removal of heavy metals (Cr, Mn, Co, Ni, Cu, Zn, As, Cd, and Pb) from fly ash has ORIGINAL SCIENTIFIC PAPER
been studied using acid leaching and wet oxidation methods. In parallel, microwave-assisted
acid digestion was applied for determination of pseudo-total concentrations of heavy metals
to estimate the leaching efficiency. Multivariate statistics (Pearson correlation, principal
component analysis, and hierarchical cluster analysis) have shown two dominant groups of Hem. Ind. 78(1) 51-62 (2024)
elements, depending on their characteristics and affinity towards the ash solid phase. Thus, Cr,
Zn, Mn, Co, and Ni belong to the group I, while Pb, As, Cd, and Cu belong to the group II. It was
demonstrated that the wet oxidation method was more suitable than acid leaching since the
reduction in metal concentration was 30 to 75 % compared to 12 to 25 % obtained by acid
digestion. The influence of fly ash treatment on the residue characteristics was investigated by
X-ray diffractometry and scanning electron microscopy. The analyses revealed surface and
structure changes of fly ash after the wet oxidation treatment. Overall, wet oxidation could be
an appropriate treatment for heavy metal removal from fly ash, providing a material that could
be further used, thus reducing the risk of pollution caused by the disposal of coal combustion
fly ash.
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1. INTRODUCTION

Ash, bottom and fly presents one of the waste streams generated in the coal combustion process. The amount,
characteristics, and potential usage of this waste depend on the coal type and properties of the combustion process.
The Republic of Serbia (RS) is dominantly dependent on coal as a resource for electric energy production; the installed
capacity is 4,437 MW, and about 24 billion kilowatt hours are generated annually. Nikola Tesla Thermal Power Plants
Branch (TENT) is the largest electricity producer in Southeast Europe. The plant has 14 units with a total installed
capacity of 3,430 MW. Annually, TENT generates more than 50 % of electricity in Serbia. In line with the waste
management hierarchy, which highlights the reuse and recycling of waste, in particular, both in the EU and RS, research
is still being carried out regarding the reuse of waste in the process of making construction products containing certain
amounts of waste [1]. Approximately 7 million tons of fly ash and slag are produced in thermal power plants in Serbia
every year, only 3 % of which is used in the cement industry [2].

Threats to human health and quality of the environment have been mostly the subject of studies/research focusing
on coal fly ash (CFA) from Serbian power plants. Single-agent extraction and sequential extraction procedures were
used to determine the leaching levels of different metals (Al, As, Be, Cd, Co, Cr, Cu, Fe, Mn, Ni, and Pb) [3]. In a previous
study, analysis of CFA, taken from the ash dumps located in the vicinity of the power plant Kostolac using the method
of sequential dissolution has been performed to determine the influence aspects of selected heavy metals (V, Cr, Mn,
Co, Ni, Cu, Zn, Cd, and Pb) on working and living environments [4]. The isotopic ratios 2°Pb/2°’Pb and 2°%Pb/?°’Pb
determined in CFA from Serbian coal-fired power plants present an important contribution to a lead isotopic database
fundamental for interpreting different pollution sources [5]. Determination of rare earth elements in CFA leachate from
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five Serbian coal-fired thermoelectric power has recently been investigated using dispersive solid-liquid microextraction
based on a poly(1,6 hexanediol diacrylate)/graphene sorbent followed by inductively coupled plasma mass
spectrometry, ICP-MS [6].

Pollutant emissions from coal and coal waste combustion plants and fly ash landfilling from electricity production
were evaluated regarding the environmental risks [7]. This study compared power plants in Serbia Kolubara A, Kostolac
B, and Nikola Tesla A, as well as a semi-industrial fluidized bed boiler, as combustion facilities with different combustion
regimes, fuel types, and capacities.

In recent research [8], human health risk assessment of potentially harmful substances in fly ashes has been
performed by estimating the carcinogenic and non-cancer risks for trace elements and the incremental life cancer risk
of seven carcinogenic polycyclic aromatic hydrocarbons (PAHs) associated with different exposure routes.

Samples of coal fly ash from two coal-fired power plants in Serbia (Nikola Tesla and Kostolac) were analyzed and
examined as neutralization agents of acid mine drainage [9]. Cotton, cotton/polyester yarn, and fly ash as waste
materials from Serbia were used as adsorbents for the removal of certain heavy metals from water [10].

Enhanced coal fly ash leaching can be used to extract valuable element(s) from CFA and to remove toxic element(s)
[11]. In the present study, the effect of two methods, acid leaching and wet oxidation, on the removal efficiency of some
toxic/hazardous heavy metals from fly ash originating from two Serbian thermal power plants, Nikola Tesla A and Nikola
Tesla B, has been investigated. Wet oxidation has been proposed for the first time for this purpose. With this approach,
reuse of CFA could be provided, thus reducing the risk of contamination caused by CFA disposal. Bottom ash has been
studied, as well, in order to determine fractionation of trace pollutants during the combustion process.

2. MATERIALS AND METHODS

In this work, bottom and fly ash were collected from coal-fired power plants (CPP) in Serbia, Nikola Tesla A and B,
located near the Serbian capital, Belgrade. They use lignite as a fuel obtained from the Serbian coal mining complex, RB
Kolubara. The CPP Nikola Tesla A, the Serbian largest thermal power plant, has a capacity of 1765 MW and six generation
units, while CPP Nikola Tesla B has a total capacity of 1320 MW and two generation units.

Determination of the chemical composition of fly ash and bottom ash was performed by using inductively coupled
plasma-optical emission spectrometry (ICP-OES). In specific, prior to the digestion, bottom and fly ash samples were
oven-dried at 60 °C for 8 h and then homogenized by using a ball mill. A portion of 0.5 g of the homogenized coal fly ash
sample is mixed with 3.0 g lithium tetraborate (299.995 %, Sigma-Aldrich, USA) as a fluxing agent, in a platinum crucible.
The mixture is then placed in a laboratory furnace and subjected to a controlled temperature ramp up to 1000 °C, a
then hold at 1000 °V for 2 h. The obtained homogeneous glass bead is dissolved in a 0.3 % acid solution HCI (ACS reagent
grade, Sigma-Aldrich, USA). The resulting solution is analyzed by using the instrument Agilent ICP-OES model 5800
(Agilent Technologies, Santa Clara, CA, USA).

2. 1. Coal ash treatment procedures

Three procedures were used for coal ash treatment: 1) microwave-assisted digestion; 2) acid leaching; and 3) wet
oxidation.

In the first method (i.e. microwave-assisted digestion) bottom and fly ash samples (0.5 g) were digested by using
high-purity ACS reagent grade mineral acids (nitric, hydrofluoric, and boric) purchased from Sigma-Aldrich (USA). Two-
step microwave digestion (Milestone ETHOS LEAN, Milestone Srl, Sorisole, Italy) was carried out. In the first step, 6 mL
of concentrated nitric acid and 2 ml of concentrated hydrofluoric acid were added to a Teflon vessel. The digestion
conditions for the microwave system were as follows: constant power of 800 W, 10 min at 552 kPa, then 15 min at 827
kPa. The Teflon vessels were then cooled to room temperature and, in the second digestion step, 20 ml of boric acid (5
% w/v) and 20 ml of high purity water (resistivity 18.2 MQ-cm) were added. In the second step, digestion conditions for
the microwave system were as follows: constant power of 800 W, 10 min at 552 kPa, then 15 min at 827 kPa. After
digestion, the solution was filtered, and the clear filtrate was diluted to 50 mL with high-purity water obtained from a
Milli Q water system (Merck, Darmstadt, Germany).
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In the acid leaching method, 1 g of fly ash was burned at 360 °C for 1 h first followed by 650 °C for 1 h. Then 3 ml of
concentrated HNOs and 5 ml of concentrated HCIO4 (ACS reagent grade, Sigma-Aldrich, USA) were added. The beakers
were kept on a hot plate (56 to 58 °C). Next, 10 ml of concentrated HCl was added. The solid phase was then separated
from the solution. The solution was diluted to 50 ml with high-purity water, while the solid phase was analyzed by X-ray
diffractometry (XRD) and scanning electron microscopy (SEM).

For wet oxidation, approximately 0.2 g of fly ash was weighed (the weight was recorded to the nearest 0.1 mg), and
approximately 0.2 g of V.0s (ACS reagent grade, Sigma-Aldrich, USA), 8 ml of concentrated HNOs, and 2 ml of
concentrated H2S04 (ACS reagent grade, Sigma-Aldrich, USA) were added. The vessel was placed in a heated sand bath
and covered with a watch glass. The temperature was gradually increased to reach 150 °C, which was then maintained
for 24 h. After heating, the vessel was cooled and then diluted to a volume of 20 ml with water. The solid phase was
separated by centrifuge and further analyzed by XRD and SEM. The liquid phase was transferred into a 100 ml volumetric
flask and made up to volume with high purity water.

Bottom ash and fly ash were subjected to microwave digestion to determine distribution of the examined heavy
metals between these phases. Only fly ash was treated by acid digestion and wet oxidation, due to the harmful impact
on human health and the environment. All experiments were performed in triplicate.

The element concentration in the leachate samples was measured by either ICP-OES, Agilent ICP-OES model 5800
with SPS 4 autosampler (Agilent Technologies, Santa Clara, CA, US) or inductively coupled plasma mass spectrometry
(ICP-MS), Thermo Fisher iCAP Q ICP-MS (Thermo Fisher Scientific Inc., Waltham, MA, US). The analysis was repeated
three times and the mean was reported as the concentration of heavy metal. All chemicals were of reagent grade. The
applied procedure was run without a sample, and the obtained blank values were subtracted from the ICP-OES/ICP-MS
measurements of the elements evaluated.

2. 2. Fly ash and residues characterization

Fly ash and leaching/oxidation residues were examined by XRD and SEM.

Diffraction measurements were performed by using a SmartLab Rigaku powder diffractometer (Rigaku Corporation,
Tokyo, Japan) that works on the principle of Bragg-Brentan geometry, using an X-ray tube with a copper anticathode,
that is, using CuKa radiation with a wavelength of 4 = 0.1542 nm. The voltage on the X-ray tube was 40 kV, and the
current was 30 mA. Measurements were made in the range of diffraction angles 2 #from 5 to 90° with an angle step of
0.02° and a measurement speed of 2°/min. X-ray phase analysis of the samples was performed on the obtained
diffractograms by using the EVA v.9.0 program package [12] and with the help of the PDF-2 crystallographic database
[13]. Morphology of fly ash samples before and after leaching/oxidation was observed by TESCAN MIRA 3 XMU field
emission scanning electron microscope, FESEM (Tescan, Brno, Czech Republic) operated at 20 keV.

The main steps of applied coal ash treatment procedures are illustrated in Figure 1.

Microwave-assisted digestion Acid leaching Wet oxidation
Bottom ash/fly ash Fly ash Fly ash
Mic"(’}‘j’lﬂ‘&dﬁgf)ﬁio” HNOs, HCIO4, HCI V20s/HNOs, H2S04
ICP-MS analysis ICP-MS, XRD, SEM ICP-MS, XRD, SEM

Figure 1. Main steps of applied procedures
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3. RESULTS AND DISCUSSION

3. 1. Composition of bottom ash and fly ash

Chemical compositions of examined fly ash and bottom ash are presented in Table 1.

Fly ash from both CPPs is characterized by a high concentration of silica and alumina and a low concentration of
calcium. It belongs to class F, according to ASTM C618 [14], since the sum of the percentages of SiO2 + Al20s + Fe20s is
76.13 % (TENT A) and 84.63 % (TENT B), higher than a minimum of 70 %.

Table 1. Chemical composition and loss on ignition (LOI) of the investigated fly ash and bottom ash
Content, %

CPP /ash SiO Al;,03 Fe;03 Ca0 MgO K20 Na,0 TiO LOI
TENT A/ fly ash 48.1 25.6 2.36 7.1 4.6 6.2 0.7 0.8 3.0
TENT A / bottom ash 27.3 19.4 3.09 3.9 2.0 34 0.6 0.5 41.8
TENT B/ fly ash 54.3 24.9 5.4 4.0 2.1 4.2 0.7 0.8 1.4
TENT B / bottom ash 41.1 23.2 6.22 2.1 14 3.7 0.6 0.7 14.6

Fly ash samples from CPPs TENT A and TENT B were shown to be very similar (Table 1) implying negligible effects of
burning conditions; both CPPs use lignite from the RB Kolubara basin. Concerning chemical composition, minor
differences in concentrations of Si and Al oxides and Na20 and TiOz concentrations are noticed. TENT A fly ash is slightly
enriched in CaO, MgO, and Na20 and has a slightly higher LOI.

The concentrations of major oxides in fly ashes (Table 1) are similar to those determined in fly ashes sourced from
European coal-burning power plants (from Spain, the Netherlands, Italy, and Greece), except for K20, which is at a higher
concentration in fly ashes examined in this research (6.2 for TENT A and 4.2 for TENT B) compared to 0.4 to 4.0 for fly
ashes examined in the research of Moreno et al. [15].

The influence of combustion conditions is observed in the bottom ash chemical composition, where the SiO»
concentration and LOI are significantly different in the two CPP ash samples and indicate incomplete coal combustion
in TENT A. LOI of bottom ash from TENT A is almost 3 times higher compared to TENT B / bottom ash.

3. 2. Heavy metal concentration

Contents of selected heavy metals in both fly ash and bottom ash samples originating from coal-fired power plants
TENT A and TENT B is presented in Figure 2.
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Figure 2. Concentrations of selected heavy metals (triplicate average) in fly ash after microwave-assisted digestion (the error bars
represent the standard deviation of the triplicates)
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The heavy metal concentration decreases in the order Mn > Cr> > Ni > Cu > As > Pb >Zn > Co > Cd (TENT A) and
Mn > Cr > Ni > Cu > Pb > As >Zn > Co > Cd (TENT B), indicating similar patterns. All samples are enriched with Mn, in a
concentration range of 386.9 (TENT A bottom ash) and 606 mg kg™ (TENT B fly ash). Concentrations higher than 100 mg
kg were noticed for Cr and Ni in all samples, while other elements were present at lower concentrations. Elements at
the lowest concentrations are Cd, ranging from 1.3 (TENT A bottom ash) to 1.6 mg kg* (TENT B fly ash) and Co, ranging
from 14.6 (TENT B bottom ash) to 23 mg kg (TENT B fly ash).

All elements are present in low to middle contents compared to the data reported for European coal combustion fly
ashes [15]. The examined fly ashes have the lowest content of Cd (1.4 (TENT A) and 1.6 mg kg* (TENT B)) and Co (16.3
and 23 mg kgt in TENT A and TENT B fly ashes, respectively). The range of these heavy metals in European fly ashes is
1-6 mg kg™ for Cd and 20 to 112 mg kg™ for Co [15]. Previously, it has been emphasized that the basic factor influencing
the chemical composition of fly ash is the type of basic fuel used [16]. Based on the data presented in Figure 2, trace
element concentrations in the native fly ashes studied, it was concluded that the values are similar.

Generally, elements and their compounds can evaporate during coal combustion, and they can be adsorbed and
condensed on the surface of coal combustion particles when the temperature decreases [17]. Distribution of various
elements between the bottom ash and fly ash depends on the type of boiler, operating conditions, the fuel mix, and the
efficiency of flue gas cleaning devices [18] and is greatly influenced by the temperature in the combustion boiler,
retention time of feed coal and air supply to the combustion grate [19]. In order to describe the element distribution
between fly ash and bottom ash, f/b value (ratio of element concentration in the fly ash to that in the bottom ash) is
calculated. This index is used to detect elements that are volatilized and subsequently condensed totally or partially in
the flue gas (high f/b ratio) or heavy and low-volatile elements that preferably are enriched in bottom ash [20]. For both
TENT A and TENT B, the f/b value for Cr is lower than 0.8 (0.76 and 0.78, for TENT A and TENT B, respectively), suggesting
its enrichment in bottom ash in comparison to fly ash. Cr has relatively low vapor pressures and a higher boiling point,
so it was retained in the slag or bottom ash [21]. Nickel is depleted in TENT B fly ash (f/b = 0.79), while Zn is depleted in
TENT A fly ash, with the same value of f/b = 0.79. The results obtained concerning the bottom ash of TENT A enrichment
with even 4 elements (Cr, Ni, Cu, and Zn) are in accordance with TENT A bottom ash characteristics; namely, a high value
of LOl is an indication of a high amount of unburned carbon, which is the reason for its adsorption affinity.

The concentrations of examined elements in residuals obtained after acid leaching and wet oxidation are presented
in Figures 3 and 4, respectively. To easily compare values for different methods, the concentration scale was the same
as in Figure 2.
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Figure 3. Concentrations of heavy metals (triplicate average) remained in residuals after acid (the error bars represent the standard
deviation of the triplicates)
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A decrease in the concentration of all examined elements is observed after acid treatment (Figure 3). The highest
removal degree by acid digestion is obtained for Mn and for fly ash from both CPPs, 25 % for TENT A and 19.5 % for
TENT B. The lowest removal efficiency is obtained for Pb (12.4 %, TENT A).
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Figure 4. Concentrations of heavy metals remained in residuals after wet oxidation (triplicate average); the error bars represent the
standard deviation of the triplicates)

Applying the wet oxidation method showed a significant decrease in the concentration of the examined heavy metals
in all tested samples from both CPPs (Figure 4). Considering the degree of concentration decrease, two groups of
elements are distinguished: one group in which the degree of removal is from 30 to 50 % (Cr, Ni, Cu, Zn), and the second
group in which this degree is in the range 60 to 75 % (Mn, Co, As, Cd and Pb).

In general, wet oxidation showed 2-6 times higher extraction for analyzed heavy metals than acid leaching.
Previously, it has been observed that the effect of different acids and acid combinations on fly ash digestion and metal
dissolution is metal-dependent [22].

3. 3. Fly ash and residual characterization

Surface compositions of fly ash from TENT A and TENT B, and of residuals obtained after acid leaching and wet
oxidation were investigated via XRD. Detailed information on the morphology, shape and surface texture of individual
particles was obtained using SEM. The phases found in fly ashes and their chemical formulas and symbols are shown in
Table 2, while XRD profiles are presented in Figure 5.

Table 2. Mineral name, chemical formula, and symbol

Name of mineral Chemical formula Symbol
Quartz SiO; Q
Cristobalite Si0; Cr
Anhydrite CaS0q An
Mullite A|4,54Si1,3509,53 Mu
Anorthoclase (Nao.7Ko.3)(Al1.025i2.080s) Ano
Albite (Na,Ca)Al(Si,Al)30g Al
Hematite oFe,03 He
Calcite CaCOs3 C

Fly ashes from both CPPs have shown similar patterns in mineralogical characterization, which is expected considering
the same origin of the fuel (lignite, RB Kolubara). The phase analysis results show that in all samples, a few crystalline
phases and probably one amorphous phase are present. The dominant crystalline phase in the fly ashes was made of
silicates and alumosilicates, such as quartz, mullite, albite, and anorthoclase. Carbonates (calcite), oxide of iron (hematite),
and sulfate mineral (anhydrite) were also detected. The types and proportions of metal minerals in coal ash vary depending
on their origin [23]. Previously, it was published that magnetite was present in coal fly ash from TENT B [24]. In this research,
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as well as in the research of Sedlija et al. [25], this mineral was not detected while only weakly magnetic hematite was
present. A considerable amount of amorphous matter is present, which is confirmed in results published previously [9,25].

A
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An Mu

Q Ano residual after wet oxidation

P | S

residual after acid digestion

Intensity
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Figure 5. Mineral identification of the initial coal fly ash and the residual after the treatment from: A) TENT A; B) TENT B

Diffraction peak intensities of crystalline phases in the residuals after acid digestion did not change significantly
compared to the initial fly ashes, indicating that the crystalline phase types did not change significantly. After wet
oxidation, the quartz phase remained the main mineral phase, as it is difficult to dissolve under applied conditions. Also,
the crystal phase diffraction peaks of cristobalite and calcite in the residual after this treatment did not change
compared to those of the initial fly ash. On the other hand, the XRD analysis of wet oxidation residuals has shown
changes in the anorthoclase, albite, and hematite contents.

SEM images of the fly ashes are shown in Figures 6 (TENT A) and 7 (TENT B) together with residuals of acid-treated

and wet oxidized fly ash.
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Figure 6. SEM micrographs of TENT A samples A,B) initial fly ash; C,D) residual after acid digestion;
E,F) residual after wet oxidation; (A, C and E: scale bar =5 um; B, D and F: scale bar = 50 um)
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Figure 7. SEM micrographs of TENT B samples: A,B) lnlt/al fly ash; C,D) residual after acid d/gestlon
E,F) residual after wet oxidation; (A, C and E: scale bar =5 um; B, D and F: scale bar = 50 um)
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SEM images of fly ashes from TENT A and TENT B are similar (Figs 6A and 7A, respectively) showing particles of
different sizes and shapes. Similar results were obtained previously by Wang et al. [11], where three typical CFA particles
were found: spherical, oval, and irregular. For TENT A, the fly ash sample contains few 5 um particles, while in the TENT
B sample, one large particle is noticed, with many small fine particles packed inside and on its surface. The residual of
TENT A fly ash after acid digestion had the same morphological pattern as the ash, while wet oxidation resulted in
particle structure degradation.

3. 4. Correlation analysis

The experimental data from the chemical analysis after treatment (wet oxidation, acid leaching and microwave
digestion of bottom ash/fly ash, TENT A/TENT B) have been used for the correlation analysis. The calculated correlation
coefficients are listed in Table 3.

Table 3. Pearson correlation matrix between heavy metal concentrations in coal fly ash samples

Cr Mn Co Ni Cu Zn As Cd
Mn 0.997
Co 0.990 0.987
Ni 0.972 0.968 0.995
Cu 0.747 0.767 0.616 0.525
Zn 0.997 0.988 0.990 0.974 0.707
As 0.881 0.902 0.821 0.769 0.716 0.848
Cd 0.968 0.975 0.927 0.888 0.566 0.951 0.970
Pb 0.968 0.961 0.924 0.884 0.538 0.965 0.925 0.983

Typically, a high correlation was found among all heavy metals because all fly ash samples were obtained by burning
the lignite of the same origin. The strongest correlation was found between Pb, Cd, and As, while a very high correlation
exists between Cr, Mn, Ni, Zn, and Co.

After performing the correlation analysis, the correlation matrix was checked (i.e. the correlation matrix of variables
has to have the sufficient number of correlation coefficients above 0.3 to apply factor analysis [26]). Also, justification
for performing the factor analysis was confirmed (i.e. the Kaiser-Meyer-Olkin (KMO) indicator takes values between 0
and 1, and the smallest value acceptable for good factor analysis (FA) is 0.5 to 0.6 [26,27] and the Bartlett's test of
sphericity should be statistically significant, i.e. that p < 0.05 [28]). Consequently, the principal component analysis (PCA)
was applied to the original data set. Two main components were obtained, which can explain the largest variance, over
90 % (Fig. 8). Most heavy metals with very strong correlations are in the first component.
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Figure 8. Scree plot of eigenvalues
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This scree plot shows that the eigenvalues start to form a straight line after the second principal component.
Therefore, the remaining principal components account for a very small proportion of the variability (close to zero) and
are probably unimportant. Similar results were obtained by applying cluster analysis to z-transformed data. The
dendrogram in Figure 9 shows clusters that coincide with and confirm the result obtained by the PCA analysis. The
tested parameters were grouped into two clusters based on their characteristics and affinity towards the solid phase.
In cluster |, there are predominantly Cr, Zn, Mn, Co, and, at a slightly greater Euclidean distance, Ni; in the second cluster,
Pb, As, and Cd, and as a special one at a slightly greater Euclidean distance, Cu.
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Figure 9. Dendrogram (using Ward linkage) of element grouping in fly ash samples

4. CONCLUSION

The present study investigated contents of selected heavy metals (Cr, Mn, Co, Ni, Cu, Zn, As, Cd, and Pb) in coal
bottom and fly ash in samples collected from two Serbian coal-fired power plants, TENT A and TENT B, both using lignite
from RB Kolubara. Microwave-assisted acid digestion was applied for sample preparation. The obtained results indicate
that burning conditions did not significantly influence the chemical composition, nor the concentration of heavy metals.
These concentrations were in the range reported for European coals. A decrease in heavy metal concentration in the fly
ash residue has been observed during the heavy metal removal experiments using acid leaching and wet oxidation. The
results indicate that wet oxidation is more efficient, with the removal degree in the range of 30 to 75 %; after this
treatment, particle structure and surfaces were changed. In this way, material for possible further application can be
prepared, and consequently, contamination caused by large amounts of disposed CFA can be reduced.
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(Naucni rad)
Izvod

Uklanjanje teskih metala (Cr, Mn, Co, Ni, Cu, Zn, As, Cd i Pb) iz elektrofilterskog pepela proucavano je
koris¢enjem metoda kiselog luzenja i vlazne oksidacije. Paralelno je primenjena i kisela digestija uz
pomo¢ mikrotalasne pecnice za odredivanje pseudoukupnih koncentracija teskih metala u cilju procene
efikasnosti luZenja. Multivarijantna statistika (Pearsonova korelacija, analiza glavnih komponenti i
hijerarhijska klaster analiza) pokazala je dve dominantne grupe elemenata u zavisnosti od njihovih
karakteristika i afiniteta prema cvrstoj fazi pepela. Grupe I (Cr, Zn, Mn, Co i Ni) i Il (Pb, As, Cd i Cu) su
medusobno diskriminisane. Pokazalo se da je metoda vlazne oksidacije prikladnija od kiselog luZenja jer
je smanjenje koncentracija metala bilo 30-75 % u poredenju sa 12-25 % dobijenih kiselom digestijom.
Takode je ispitan uticaj tretmana leteéeg pepela na karakteristike ¢vrstog ostatka metodama
rendgenske difrakcije i skenirajuce elektronske mikroskopije. Ovim metodama su otkrivene promene na
povrsini i u strukturi leteceg pepela nakon tretmana vlaznom oksidacijom. Vlazna oksidacija se moze
smatrati kao moguca metoda za tretman u cilju uklanjanje teskih metala iz lete¢eg pepela, obezbedujudi
materijal koji bi se mogao dalje koristiti i smanjujuci rizik od zagadenja izazvanog odlaganjem leteceg
pepela.
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