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Abstract

The content of heavy metals in solid residues from the incineration of hazardous waste affects the quality of the environment
including soil and water and – most importantly – human health. The chemical composition is often decisive for the further management of the waste, which involves its direct use or conversion into an environmentally safe form. Therefore, the chemical and
mineralogical composition of fly and bottom ash from the incineration of hazardous waste was examined. In addition, the results
of leaching tests for heavy metals, Cl- and SO42- were performed. The obtained results indicate that the dominant components are
SiO2, CaO, Al2O3, Fe2O3, SO3 and Cl-. Partitioning was observed for heavy metals such as Cr(III), Cu(II), Zn(II), Ni(II), Pb(II)
and Cd(II) between fly ash and bottom ash. The leaching results showed a lower amount of heavy metals in eluates from bottom
ash than fly ash as a result of their presence in the glassy phase.
Keywords: hazardous waste, incineration, fly ash, bottom ash, ecotoxicity

Introduction
According to the European Union Directive [1] hazardous waste (HW) that is toxic, flammable, harmful,
infectious, carcinogenic etc., may cause a health risk
and lead to environmental pollution. A detailed register
of toxic waste residues that defines their harmfulness,
taking into consideration the chemical composition of
toxic compounds and their origins, was mentioned in
the Annex to the Directive.
The specific character of HW requires appropriate
measures and continuous control during processing.
One of the technical alternatives in the management
of HW is the thermal treatment thereof in incinerators
with air-pollution cleaning equipment.
Among a variety of proposed combustion technologies
rotary kilns are generally used while less frequent use of
multi-hearth furnaces and fluidized beds is observed [2–4].
The choice of technical operations such as discharge, storage and preparation of the HW, being performed prior to combustion, depends on its physical
and chemical properties, i.e. the state of matter and
chemical composition.
If possible, and if in accordance with the applicable
rules and regulations, combustion wastes are homogenized by grinding and mixing. Afterwards, a material
of suitable heating value is formed. The HW that is not
permitted to mix with other wastes is discharged directly into combustors. Particular wastes requiring spe-

cial treatment, e.g. medical waste with infection risks,
wastes differing in heating value, ethical standards to
follow, or surgery remains, are directly delivered to the
combustion installation in special containers that dump
their contents directly into the incinerator.
As a result of the incineration process, different
residues are generated, such as: bottom ash containing
non-combustible materials and unburned organic matter, boiler ash carried over by the flue gases and collected in the heat recovery section. The finest particles (fly
ash) are separated from exhaust gases by filters as well
as air pollution control (APC) residues produced during
the exhaust gas cleaning process [2, 5–7].
Bottom ash is usually collected at the outlet of the
combustion chamber in a quenching/cooling tank. In
turn, other wastes generated at each stage of thermal
treatment are all collected in the silo.
As in the case of the thermal treatment of municipal
solid waste (MSW), physical and chemical properties
of solid residues generated during HW incineration depend on their chemical composition, grain size distribution, as well as on the type of combustor and installed
flue gas cleaning technologies [8–10]. The cleaning
method applied (wet scrubbers, semi-dry scrubbers and
dry scrubbers) influences the physical and chemical
properties of the solid residues [5, 11].
The HW, from the point of view of chemistry, can
be organic, inorganic, metalorganic, or a mixture of all
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Fig. 1. Flowsheet of hazardous waste incinerator
Rys. 1. Schemat instalacji do termicznego przekształcania odpadów niebezpiecznych

these. Moreover, some HW are composites that consist of organic substances with properties improved by
the addition of an inorganic compound. For example,
heavy metals and their compounds are used as fillers,
stabilizers, pigments and plasticizers in the manufacture of, for example: plastics, batteries, alloys, paper,
pesticides, fertilizers, petrochemicals, metallurgy, textiles and ceramics [12–14].
Thus, the main elements present in the HW are:
carbon, oxygen, nitrogen, sulfur and silicon, which are
related to the chemical composition of fossil fuels. In
contrast to fossil fuels, however, HW contain heavy
metals in different chemical forms, and a significant
amount of chlorine. The presence of chlorine leads
to the formation of metal chlorides (e.g. Cd, Pb, Zn),
which undergo evaporation and/or thermal dissociation
followed by condensation in cooler parts of the furnace
or surface deposition in the form of fine particles.
The type of combustor, combustion temperature,
retention time, air flow and grain size distribution determines the behavior of heavy metals. The literature
data [8–10, 14–16] indicate that metals such as Cd and
Pb accumulate mostly in the fly ash while lithophile
metals, such as Fe, Cu and Al, accumulate in bottom
ash. In turn, metals of moderate volatility, such as Zn,
Cr and Ni, are found in similar amounts in fly ash and
bottom ash.
The thermal treatment of HW, as well as the management of resulting waste in such operations, are
not often described in literature, in contrast to MSW
processing. Taking into account the fact that in Poland such HW incinerator is in continuous use for a
few years, there is a demand for the characterization
of both bottom and fly ash. Therefore, the aim of this
paper was to check if there is any correlation between
selected heavy metal content in bottom and fly ashes,
as well as their leachability from the HW. This will
further enable the determining of the path followed
by the metals found in solid residues following HW
incineration.
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Materials and methods
For the presented research solid residues were collected from the HW incinerator shown in Fig. 1.
In this installation the HW (rubber, plastics, tarry
sludge, detergent, car upholstery, medical waste, pesticides) is combusted in a rotary kiln (1). After passing
the economizer, flue gases are cooled down in a heat
recovery chamber (3) and, afterwards, separated from
solid particles by an electrofilter (4). The flue gases
from the electrofilter are mixed with Na2S4 with the
aim of retaining mercury vapors and directing them to
the spray dryer (5) and bag filter (6). In the next step,
the flue gases that are cleaned of acid pollutants such
as SO2 and HCl in the spray dryer (5) pass the wet
scrubbers (7) and, in the final stage, the flue gases are
cleaned using active carbon (8). The NOx are removed
by selective catalytic reduction (SCR) – (9). Within the
installation, bottom ash is collected from the rotary kiln
and from the first part of the recuperator boiler, while
the fly ash collected from the last section of the recuperator boiler, electrofilter and bag filter is directed into
the same silo.
For the study, six solid residue samples were taken
over two years:
• bottom ash – labeled from BA1 to BA6.
• fly ash mixture – labeled from FA1 to FA6.
The samples, prior to chemical composition analysis,
were digested using a mixture of HNO3/HCl in a microwave oven. The obtained solution was analyzed after
dilution by Inductively Coupled Plasma Spectrometry/
Atomic Emission Spectroscopy (ICP-AES) and by Inductively Coupled Plasma Mass spectrometry (ICP-MS)
with the use of the Perkin Elmer Elan 6100 apparatus.
Leachability tests were conducted according to the
EN 12457-2 standard. The distilled water, with a liquid-to-solid ratio (L/S) of 10, was used as a leaching
solution. The suspension was agitated in a plastic flask
for 24 hours, then the mixture was filtered through a
0.45 µm membrane filter. The resulting leachate was
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Tab. 1. Chemical composition of bottom ashes, (% wt.)
Tab. 1. Skład chemiczny badanych żużli, (% mas.)

Tab. 1. Chemical composition of bottom ashes, (% wt.)
Tab. 1. Skład chemiczny badanych żużli, (% mas.)

analyzed for pH and trace elements using ICP-AES and
ICP-MS methods. The amount of chlorides was analyzed using the Volhard titration method.
Phase composition was examined using the Philips
APD PW 3020 X’Pert diffractometer. The scanning
electron microscope JEOL 5500 LV equipped with the
EDX system was used for the analysis.
Results and discussion
Chemical and mineralogical composition
The content of the principal elements in bottom
ash (BA1-BA6) is shown in Table 1, while the data
concerning fly ash (FA1-FA6) are presented in Table
2. SiO2 was the dominant component of bottom ash
samples (on average 46.2%), other components, such
as CaO (24.2%), Al2O3 (7.0%), Fe2O3 (5.0%) and BaO
(3.4%), were present in small amounts. In turn, fly
ash samples contained large average amounts of CaO

(33.1%), SiO2 (22.5%), SO3 (14.0%), Cl (6.4%) and
Na2O (5.0%). These observations are consistent with
the literature data [4, 17–19].
Table 3 presents the amount of heavy metals in bottom ash. On average the highest content was observed
for Cu(II), Cr(III), Zn(II) and Ni(II), while in the case
of fly ash the amounts of Zn(II), Cd(II) and Pb(II) were
the highest (Table 4). These observations are in agreement with the literature data [9, 10, 14, 16] concerning
partitioning of metals as well as the volatility of some
metals (e.g. Zn, Cd) during combustion and their subsequent conversion into oxides and chlorides. As a result,
in fly ashes or in APC (air pollution control) residues,
volatile metals are present in higher amounts than in
bottom ashes, which mostly contain low volatile metals such as Cu, Cr, Fe and Al.
It is worth emphasizing that data regarding the
amount of elements in fly ashes and bottom ashes pre-
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Tab. 3. The content of trace elements in HW bottom ashes (mg kg-1) and occurrence of minerals and phases determined by XRD
Tab. 3. Zawartość składników śladowych w badanych żużlach (mg kg-1) wraz z obecnymi fazami mineralnymi

Tab. 4. The content of trace elements in HW fly ashes (mg kg-1) and occurrence of minerals and phases determined by XRD
Tab. 4. Zawartość pierwiastków śladowych w popiołach lotnych HW (mg kg-1) wraz z obecnymi fazami mineralnymi

sented in Tables 1-4 show significant variability, which
results from differences in the initial composition of
incinerated materials. For example, the amount of CaO
in the FA4 sample was equal to 9.5%, in turn this value was 7 times higher in the FA5 sample (67.5%). The
amount of cadmium was in the range from 13 mg/kg
(FA5 sample) to 42420 mg/kg (FA4 sample). Similar observations were noted for bottom ashes. In the
example the amount of mercury for the BA4 sample
was equal to 0.065 mg/kg, while for the BA5 sample
it reached about 127 mg/kg. The above results clearly show that despite insignificant differences in the
type and quantity of incinerated waste their chemical
composition is very variable. Thus, the plant operators
are required to possess extensive knowledge and experience regarding the waste dosing into the furnace,
from the point of view of the type and quantity of waste
incinerated on the properties of forming fly and bottom ashes. Waste generation with the lowest possible
variability of their properties has important implications in terms of their impact on human health and the
environment as well as it influences and facilitates the
recovery or disposal of such waste. When considering
the possibility of recovery of this type of waste they
can serve as a source of rare metals found in nature or
recognized as essential to the development of highly
advanced technology.
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The variability of chemical composition resulted in
the appearance of different phases in examined bottom
ashes and mixtures of fly ashes as is presented in Figures 2 and 3. It was possible to identify phases using
XRD only in some cases, regardless of the heavy metal
amounts present in the solid residues. It was noted that
metals such as Zn, Pb and Cd appeared as chlorides,
chlorates, sulfates and phosphates, in turn chromium
was incorporated in the structure of chromates.
The XRD patterns of bottom ashes (Fig. 2) indicated that, apart from phases listed in Table 3, quartz,
gehlenite, hematite, and magnetite were also present.
Moreover, gypsum (BA5 and BA6) and ettringite
(BA1) were also identified. Apart from gypsum and gehlenite, akermanite and covellite were also present in
the BA3 sample. In turn, for the BA4 sample the above
mentioned phases were not identified, however the
dominant minerals were silicates such as wollastonite.
The chlorine compounds identified in the bottom ash
may be connected with chlorine present in the incinerated wastes. Amorphous glaze was the dominant phase
in the bottom ashes subjected to examination.
In fly ashes (Fig. 3), apart from the phases listed in
Table 3, significant amounts of halite, sylvite, CaCl2 and
anhydrite were noticed, whose presence could undoubtedly be related to the technology of gas cleaning (Fig.
1). Silicates and aluminosilicates were also present, as
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Fig. 2. X-ray diffraction pattern of bottom ashes
Rys. 2. Dyfraktogram badanych żużli

Fig. 3. X-ray diffraction pattern of fly ashes
Rys. 2. Dyfraktogram badanych popiołów lotnych

well as an amorphous phase. The difference in XRD patterns for samples of bottom ash and fly ash are the result of the changing composition of waste incineration.
However, most of these mineralogical phases have been
identified in fly ash and bottom ash from the incineration of medical waste [4, 17] and solid residues from the
incineration of municipal solid waste [10, 20, 21].
SEM observations verified the presence of phases identified by XRD analyses in most cases, as well as allowing
for the estimation of heavy metals in solid residues.
The main grain components of the examined bottom ashes were triangular, sharp-edged forms, while
rounded forms were very rare. They were often covered
with other phases, variable in size as shown in Fig. 4.
Glaze from bottom ash may be observed either as individual grains or as aggregates with crystalline phases
(Fig. 5). Silica (Si) was the principal chemical component
of the glaze, although present in lesser amounts than was
observed for conventional bottom ash [21]. The following metals were also found: Ti, Hg, Fe, Pb, Cu and Zn.
The surface of glaze was rarely clean (Figs. 5a, 5b),
more often the glaze was completely (Fig. 5c) or partially (Fig. 5d) covered with other phases. The covering
phases were frequently composed of crystalline phases
present as individual, well developed crystals (Syngen-

it – Fig. 5e) or poorly developed calcium plates forming aggregates (Fig. 5f).
As reported for the bottom ash that was formed
during coal incineration, unburned carbon substance
(Figs. 6a-6d) was noted, usually completely covered
with other compounds. The covering phases formed
small clusters of fine-grained structures, which were
very difficult to identify. Their chemical composition
contained Ba, Pb and Hg in the amount of more than a
few percent. This was predominantly noted for the Ba
present in all EDS analyses (Figs. 6c, 6d, 7a, 7b), and
the compounds as a separate phase was found in the
X-rays only in one sample of bottom ash BA-3 (Fig. 2 ).
Taking Ba content into account (Table 2) it can be
observed that its maximal amount was not always connected with the presence of Ba phases, which could be
identified using XRD or SEM.
Regardless of this, the presented research showed
that heavy metals had a tendency to accumulate in the
structures of secondary phases (ettringite) present in
the bottom ashes (BA-1 and BA-2) (Figs. 8a and 8b).
On the contrary, as in the case of bottom ash, fly
ash is mostly composed of very fine, densely packed
clusters (Fig. 9a, 9b).

Inżynieria Mineralna — STYCZEŃ – CZERWIEC <2018> JANUARY – JUNE — Journal of the Polish Mineral Engineering Society

225

Fig. 4. SEM (x35) micrographs of bottom ash: a) BA-1, b) BA-3
Rys. 4. Morfologia ziaren żużli a) BA-1, b) BA-3

Fig. 5. SEM/EDS micrographs of glaze: a) BA-5, point 1 (% wt.): O: 23, Na: 1, Al: 4, Si: 26, K: 1, Ca: 8, Fe: 9, Cu: 1, Zn: 1, Hg: 6, Pb: 15; b) BA-5,
point 1 (% wt.): O: 42, Na: 2, Al: 4, Si: 32, K: 2, Ca: 7, Ti: 1, Cr: 1, Fe: 2, Cd:1; c) BA-2, point 1 (% wt.): C: 2, O:28, Mg: 2, Al: 3, Si: 10, P: 1, Ca:
7, Ti: 5, Fe: 8, Ba: 14, Hg: 5, Pb: 10; d) BA-3, point 1 (% wt.): C: 16, O: 37, Na: 1, Al: 4, Si: 15, Ca: 14, Ti: 2, Mn: 1, Cu: 1, Zn: 1, Ba: 1; e) BA-5,
point 1 (% wt.): O: 32, Na: 1, Al: 4, Si: 28, S: 7, K: 8, Ca: 10, Ti: 1, Cr: 1, Fe: 1, f) BA-1, point 1 (% wt.): C: 16, O: 31, S: 2, Ca: 40, Fe: 3, Ba: 3
Rys. 5. SEM/EDS szkliwa w żużlach
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Fig. 6. SEM/EDS micrographs of unburned carbon: a) BA-4, point 1 (% wt.): C: 65, O: 25, Fe: 2, Ca: 1, Ba: 1; b) BA-6, point 1 (% wt.): C: 85, O:
10, Fe: 1; c) BA-2, area 1 (% wt.): C: 43, O: 14, S: 1, Cl: 3, Ca: 9, Ti: 1, Fe: 7, Ba: 3, Hg: 4, Pb: 7; d) BA-2, point 1 (% wt.): C: 28, O: 34, Si: 1, S: 4,
Ca: 4, Fe: 1, Ba: 15, Hg: 4,3, Cu: 1,5; point 2 (% wt.): C: 68, O: 15, Si: 1, S: 1, Ca: 3, Fe: 3, Ba: 2; point 3 (% wt.): C: 1, O: 4, Si: 1, S: 2, Ca: 31: Fe:
8, Ba: 10, Pb: 10, Hg: 7, Zn: 1, Ti: 14; point 4 (% wt.): C: 13, O: 15, S: 1, Ca: 38, Fe: 4, Ba: 5, Pb: 9, Hg: 6.
Rys. 6. SEM/EDS substancji niespalonej w żużlach

Fig. 7. SEM/EDS micrographs of barium compounds: a) BA-2, point 1 (% wt.): P: 1, Cl: 9, K: 2, Ca: 27, Cd: 9, Ba: 50; b) BA-3, point 1 (% wt.):
C: 8, O: 45, Al: 7, S: 5, Ti: 1, Ba: 17, Hg: 6, Pb: 4
Rys. 7. SEM/EDS połączeń baru w żużlach

The amorphous phase present in the fly ash formed
mainly elongated forms often attached to other components of fly ash. Rarely, sharp edged and/or rounded
grains were observed. Regardless of their shape, the
grains were covered principally by Ca and chlorine
compounds. The presence of Ba and Cd, as well as
Pb, Hg and Zn, was detected in the examined covering
phase (Figs. 10a–d).

Regardless of the small amount of amorphous phase,
the examined fly ashes were composed of loosely bound
and/or joined together fine-grained, poorly developed salt
crystals, mainly calcium chloride (Fig. 11a), halite (Fig.
11b, 11c), sylvite (Fig. 11d) and anhydrite (Fig. 11e). Often accompanied by considerable amounts of heavy metals such as Pb, Hg, Zn and Cd (Figs. 11a–f). Unburned
substance was rarely observed (Figs. 12a, 12b).
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Fig. 8. SEM/EDS micrographs of ettringite: a) BA-1, point (% wt.): O: 27, Al: 6, S: 7, Ca: 39, Cu: 1, Zn: 2, Hg: 4, Pb: 8; b) BA-2, point 1 (% wt.):
C: 16, O: 38, Na: 1, Al: 5, S: 4, Cl: 10, Ca: 15, Hg: 1, Pb: 3.
Rys. 8. SEM/EDS ettringitu w żużlach

Fig. 9. SEM (x35) micrographs of fly ash: a) FA-1, b) FA-3
Rys. 9. Morfologia ziaren popiołów lotnych

Leaching test
The results of leaching tests were shown in Tables
5 and 6 together with criteria for waste acceptable at
landfills for hazardous waste. These criteria were listed
in the Council of the European Union’s decision [22].
The presented data indicated that bottom ashes meet
the requirements. The leachability of heavy metals
from fly ash samples was significantly higher than the
bottom ash samples. This results from the abovementioned different volatility of metals present in samples,
the incorporation of some metals into the glaze phase
(bottom ashes), as well as their incorporation into highly insoluble calcium crystal structures.
The highest concentration of leached metals was
measured for Zn, Mg, Cd and Pb. The average concentrations of metals leached from fly ash samples exceeded acceptable values established for landfills for
hazardous waste. Only Ni concentration was below the
criteria threshold.
Solid residues revealed strong variability of both
chemical composition and leachability behavior. The
relationship between the highest content and maximal
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leachability was observed in particular for elements
such as: Zn, Ni, Cd, Hg, Cl and SO3/SO4 found in fly
ashes. For bottom ash the correlation was observed in
the case of the elements Pb, Cu, Cd, Cl and SO3. The
lowest leachability of elements from fly ash samples
in which their concentration was lowest was observed
for Pb, Ni, Hg and Cl. The same observation was noted
for Cl present in bottom ash samples. It is worth emphasizing that the proportional relationship between
the amount of a particular element and its leachability
from individual samples of solid residues was rarely
noted.
Conclusions
The presence of heavy metals in solid residues from
the thermal treatment of HW leads to the formation of
wastes that can prove harmful for the natural environment, and subsequently for human health. Taking this
into account it seems that, apart from the examination
of the chemical and mineral composition of solid residues, data on the leachability of heavy metals from
wastes is also highly important.
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Fig.10. SEM/EDS micrographs of amorphous phase in fly ashes: a) FA-1, point 1 (% wt.): C: 8, O: 33, Na: 1, Mg: 5, Al: 6, Si: 16, Cl: 2, Ca: 12, Ti: 1,
Cr: 1, Fe: 4, Cd: 1, Ba: 3; b) FA-5, point 1 (% wt.): O: 28, Al: 6, Si: 30, S: 2, Cl: 2, Ca: 17, Ti: 1, Cr: 1, Mn: 1, Fe: 7, Cd: 1; c) FA-2, area 1 (% wt.):
O: 20, Na: 2, Al: 4, Si: 9, P: 2, S: 4, Cl: 9, Ca: 15, Ti: 1, Fe: 15, Zn: 5, Ba: 7; point 2 (% wt.): 2: C: 44, O: 24, Cl: 15, K: 1, Ca: 6, Zn: 2; point 3 (%
wt.): O: 26, Mg: 8, Cl: 45, K: 10, Fe: 1, Co: 1, Ni: 1; d) FA-2, area 1 (% wt.): C: 2, O: 31, Na: 1, Al: 1, Si: 7, S: 6, Cl: 16, K: 1, Ca: 20, Cr: 1, Fe: 1,
Cu: 1, Ba: 7; area 2 (% wt.): C: 4, O: 38, Mg: 2, Al: 7, Si: 17, Cl: 1, Ca: 21, Fe: 4, Ba: 2.
Rys. 10. SEM/EDS fazy amorficznej w popiołach lotnych

Tab. 5. Leaching test of bottom ashes
Tab. 5. Wymywalność zanieczyszczeń chemicznych z żużli

In contrast to solid residues that result from the
combustion processes of fossil fuels or municipal solid
wastes (MSW), a significant variability of the chemical and mineralogical composition was observed here.

This phenomenon was also noted for leaching tests.
As is already known, leachability results depend
on element concentration, pH, forms of appearance and
the leachability test itself. Nevertheless a correlation
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Fig. 11. SEM/EDS micrographs of crystals phase in fly ashes: a) FA-3, point 1 (% wt.): O: 32, Al: 1, Si: 1, S: 9, Cl: 21, Ca: 33; b) FA-3, point 1 (% wt.): C:
17, Na: 26, Cl: 44, Ca: 1, Co: 1, Ni: 1, Zn: 1; c) FA-3, point 1 (% wt.): C: 11, Na: 33, Cl : 47, Zn: 1; d) FA-2, point 1 (% wt.): Cl: 51, K: 18, Ca: 4, Mn: 2,
Fe: 2, Co: 1, Ni: 4, Cu: 2, Zn: 5, Ba: 3; e) FA-3, point 1 (% wt.): C: 10, O: 22, S: 18, Ca: 25, Ni: 1, Cu: 1, Zn: 1, Hg: 3, Pb: 6; f) FA-1, point 1 (% wt.): Na:
1, S: 1, Cl: 9, K: 1, Ca: 5, Co: 1, Ni: 1, Cu: 3, Ba: 4, Hg: 8, Pb: 59.
Rys. 11. SEM/EDS fazy krystalicznej w popiołach lotnych

Fig. 12. SEM/EDS unburned carbon: a) FA-3, point 1 (% wt.) C: 77, O: 19, Cl: 2, Ca: 1; b) FA-3, point 1 (% wt.): C: 74, O: 25.
Rys. 12. SEM/EDS substancji niespalonej w popiołach lotnych
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Tab. 6. Leaching test of fly ashes
Tab. 6. Wymywalność zanieczyszczeń chemicznych z popiołów lotnych

between concentration and leachability was observed.
It was more frequently noted for fly ash samples where
metals possess their own phases or cover grain surfaces. In turn, in the case of bottom ash samples, the presence of glaze was observed in which heavy metals were
bound. This fact was confirmed by SEM observations
and, as an effect, heavy metals were isolated from the
dissolving agent.
The metals in the solid residues mainly appear as
salts (chlorides, silicates, aluminosilicates and chlorates) or as oxides (magnetite, Al2O3).
Heavy metals such as Zn, Pb and Cd were accumulated in higher amounts in samples of fly ash than
in bottom ash, which was connected with their higher
volatility in comparison to Cu, Cr, Fe and Al.
Heavy metals were found in higher amounts in
fly ash samples, which led to a better correlation with

leachability than in the case of bottom ash samples.
The leachability test often provides information that
helps to decide about the future processing of the HW.
This may be their direct use or conversion into more
environmentally friendly forms and/or conversion into
forms possessing features that render them reusable.
The combustion process did not lead to the destruction of heavy metals present in the HW but led to
changes in their chemical composition.
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Badania chemiczne popiołów lotnych i żużli ze spalania odpadów niebezpiecznych

Zawartość metali ciężkich w stałych pozostałościach ze spalania odpadów niebezpiecznych powoduje, że są to odpady mogące negatywnie wpłynąć na jakość środowiska naturalnego jak i na zdrowie ludzi. Dodatkowo właściwości często decydującą o dalszym
postępowaniu z tymi odpadami, polegającymi na ich bezpośrednim wykorzystaniu czy też przekształceniu w formę bezpieczną dla
środowiska i/lub posiadającą cechy umożliwiające ich wykorzystanie. Z tego względu przebadano właściwości fizykochemiczne
popiołów lotnych i żużli pochodzących z przemysłowej spalarni odpadów niebezpiecznych. W artykule przedstawiono wyniki
badań zawartości głównych składników i metali ciężkich, analizy mineralogicznej i morfologicznej oraz wymywalności. Badania
pokazują, że dominującymi składnikami są SiO2, CaO, Al2O3, Fe2O3, SO3, Cl. Zaobserwowano różnice w lokowaniu się metali
ciężkich jak Cr, Cu, Zn, Ni, Pb i Cd pomiędzy popiołami lotnymi a żużlami. Wyniki wymywalności wskazują na mniejszą ilość
wymywanych metali ciężkich z żużli niż z popiołów lotnych w efekcie występowania ich w fazie szklistej żużli.
Słowa kluczowe: odpady niebezpieczne, termiczne przekształcanie, popiół lotny, żużel

Inżynieria Mineralna — STYCZEŃ – CZERWIEC <2018> JANUARY – JUNE — Journal of the Polish Mineral Engineering Society

233

FIRST CALL

V4 WASTE RECYCLING XXI INTERNATIONAL CONFERENCE

The academic and research institutions of Visegrad 4 countries:
Institute of Raw Material Preparation and Environmental Processing,
University of Miskolc, Hungary
Institute of Geotechnics, Slovak Academy of Sciences, Kosice, Slovakia
Institute of Environmental Engineering, VSB-Technical University,
Ostrava, Czech Republic
AGH-University of Science and Technology, Cracow, Poland
Cracow University of Technology, Cracow, Poland
in cooperation with the
Mining Scientific Committee, Hungarian Academy of Sciences,
Sub-Committee on Mining, Earth- and Environmental Sciences,
Sub-Commission on Preparation, Environmental Processing,
Mining and Energy of Miskolc Regional Committee
of Hungarian Academy of Sciences and
Association of Environmental Enterprises
as well as
„Sustainable Raw Material Management Thematic Network–RING 2017”,
EFOP-3.6.2-16-2017-00010 PROJECT
have a pleasure to invite you and your co-workers to participate the
V4 Waste Recycling XXI International Conference

to be held on 22-23 November, 2018
at University of Miskolc, Hungary
Conference website (soon): www.wr21.org

V4 WR Board Members
Ljudmilla Bokányi, UM, Miskolc, Hungary
Vladimir Cablik, VSB-TU Ostrava, Czech Republic
Miroslava Vaclavikova, IGT SAS, Kosice, Slovakia
Zbigniev Wzorek, CUT, Cracow, Poland

Scientific Committee
Magdalena Balintova, TU Kosice, Slovakia
Wieslaw S. Blaschke, PAN, Cracow, Poland
Ljudmilla Bokányi, UM, Miskolc, Hungary
Vladimir Cablik, VSB-TU Ostrava, Czech Republic
József Faitli, UM, Miskolc, Hungary
Imre Gombkötő, EIT RawMaterials-CLC East
Slavomir Hredzak, IGT SAS, Kosice, Slovakia
Lucia Ivanicova, IGT SAS, Kosice, Slovakia
Andrzej Jarosinski, CUT, Cracow, Poland
Vitazoslav Krupa, IGT SAS, Kosice, Slovakia
Radmila Kucerova, VSB-TU Ostrava, Czech Republic
Sándor Nagy, UM, Miskolc, Hungary
Anna Nowak, CUT, Cracow, Poland
Rudolf Tomanec, UB, Belgrade, Serbia
Barbara Tora, AGH, Cracow, Poland
Miroslava Vaclavikova, IGT SAS, Kosice, Slovakia
Hong Nguen Vu, IChT, Prague, Czech Republic
Dorota Wawrzak, JDU Czestochowa, Poland
Zbigniev Wzorek, CUT, Cracow, Poland
Organizing Committee
Chair Person
Ljudmilla Bokányi, UM, Miskolc, Hungary
Conference Secretary
Tamás Magyar, Dél-Konstrukt Ltd., Szeged, Hungary
Members
József Faitli, UM, Miskolc, Hungary
Gábor Mucsi, UM, Miskolc, Hungary
Sándor Nagy, UM, Miskolc, Hungary
Ádám Rácz, UM, Miskolc, Hungary

Contact Address
Tamás Magyar, Institute of Raw Material Preparation and Environmental Processing,
Miskolc-Egyetemváros, 3515 Hungary.
E-mail: wr21@uni-miskolc.hu
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