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Abstract

Municipal solid waste incineration (MSWI) bottom ash contains valuable components that can be recovered as secondary materials,
such as ferrous and non-ferrous metals, some rare earth elements, glass etc. Metal-free mineral fraction can be used in construction
industry as a substitute for natural materials. Important benefit of bottom ash recycling for the plant operator is also in reduction
of fees for solid residuals landfilling. The composition of bottom ash is highly dependent on the composition of incinerated waste but
in average can be around 5-13% ferrous metals, 2-5% non-ferrous metals, 15-30% glass and ceramics, 1-5% unburned organics
and 50-70% mineral fraction. Several incineration plants in Europe are equipped with advanced systems for metals recovery, mostly
based on magnetic separation of ferrous metals and separation of non-ferrous metals usually by eddy-current separators.

To assess the possibilities of the bottom ash treatment in the Czech Republic it is necessary to obtain data about the bottom ash com-
position and evaluate its resource recovery potential. This paper summarizes characteristics of bottom ash samples from waste-to-en-
ergy plant in Prague. Emphasis of the study was primarily placed on the material composition. Bottom ash samples were dried and
sieved into eight size fractions in the first step. It must be said that particle size distribution plays a decisive role for further utilization
of bottom ash. In the second step, individual size fractions were sorted, using magnetic separation and the set of grinding, sieving,
and manual separation processes, into the following materials: glass, ceramics and porcelain, magnetic particles with ferrous scrap,
non-ferrous metals, unburned organic material, and residual fraction.
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Introduction

Municipal solid waste incineration has in re-
cent years become a leading technology for waste
treatment in Europe. Modern MSWI plants can
not only use the energy content of waste but can
also contribute to recovery of valuable compo-
nents from solid incineration residues.

Nowadays, bottom ash has a high potential for
recovery of ferrous and non-ferrous metals. In the
future, recovery of selected rare earth elements,
glass, and/or other critical components can be ex-
pected. Moreover, metal-free mineral fraction has
increased potential for advanced utilization in con-
struction industry. Annual production of bottom
ash in EU countries is more than 20 million of tons.

The composition of bottom ash corresponds
to the composition of incinerated waste which

can be significantly variable depending on the
locality and season of the year. The average
composition reported in literature is around
5-13% ferrous metals, 2—-5% non-ferrous met-
als, 15-30% glass and ceramics, 1-5 % unburnt
organics and 50-70% mineral fraction (Mucho-
va, 2010; Chimenos et al., 1999; Berkhout et al.,
2011).

Current methods of bottom ash treatment
used for material recovery are based mostly on
dry-mechanical separation technologies. MSWI
plants are often equipped with magnetic separator
to recover ferrous scrap. Magnetic separation is
usually done just after the bottom ash discharge
by means of overhead or drum magnets. The effi-
ciency of such separation without any preparation
is limited to large pieces of scrap.
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Fig. 1 a—d. Particle size distribution of the bottom ash samples BAP1-4
Rys.1 a—d. Sktad ziarnowy popiotu dennego prébek BAP1-4

Separation of non-ferrous metals is performed
by eddy currents separators (ECS). To achieve suf-
ficient separation efficiency it is necessary to pre-
treat the bottom ash. Pre-treatment can include a
period of drying followed by sieving into at least
two fractions that are then treated separately.
Sometimes the coarse fraction is further crushed to
release metals contained in ash agglomerates. The
separation efficiency of these conventional tech-
nologies for non-ferrous metals is 20-30% of their
total content in bottom ash (Koralewska, 2013).

Several technologies were introduced to in-
crease the separation efficiency especially oriented
towards non-ferrous metals recovery. These tech-
nologies use different methods to solve problems
caused by fine particles that in wet bottom ash
form sticky aggregates and deposits on sieves and
separators. Wet separation (Muchova, 2010) uses
a combination of dry separation and wet physical

techniques in water stream. Advanced dry recov-
ery method is able to remove fine particles with
the highest water content and treat rest of the bot-
tom ash by conventional methods (Rem, 2012).
Dry bottom ash discharge was developed to en-
able dry bottom ash treatment through the whole
process (ZAR, 2014; MARTIN, 2014). Separation
efficiency can reach over 90% for both ferrous and
non-ferrous metals.

Pilot plant for glass recovery was installed in
MSWI plant Bratislava (Slovakia) in 2011. Multi-
step pre-treatment consisting of sieving, drying,
dry-washing and separation of ferrous and non-fer-
rous metals is required. Cleaned glass particles are
separated from bottom ash flow by combination
of optical detection method and pneumatic ejec-
tion. Glass particles above 7 mm can be separat-
ed by this method; efficiency can be up to 75%
(Makari, 2014).
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Tab. 1. Composition of bottom ash sample BAP1 according to particle size fractions (in wt.%)

Tab. 1. Sktad chemiczny probek popiotu dennego BAP1 w klasach ziarnowych (% mas)

Fraction (mm) 2-4 4-6 6-8 8&-10 10-15 1520 >20
Glass 16.9 12.1 25.6 35.7 32.6 28.1 9.2
Ceramics <0.1 0.3 1.0 1.7 4.7 14.6 15.8
Unburned organics 2.5 2.0 L.5 1.3 1.2 1.0 0.8
Magnetic fraction 453 7.0 18.6 12.2 15.2 9.0 15.5

of which Fe scrap 0.3 0.6 0.5 1.3 1.6 0.6 5.4
Non-ferrous metals 2.1 2.7 2.5 2.2 2.7 3.1 1.2
Residual 33.2 76.0 50.7 46.8 43.5 443 57.4

Tab. 2. Composition of bottom ash sample BAP2 according to particle size fractions (in wt.%)

Tab. 2. Sktad chemiczny probek popiotu dennego BAP2 w klasach ziarnowych (% mas)

Fraction (mm) 2-4 4-6 6-8 8-10 10-15 15-20 >20
Glass 153 15.3 31.2 39.6 40.7 40.8 10.4
Ceramics 0.1 0.1 0.5 2.5 3.6 8.6 13.7
Unburned organics 2.6 2.0 1.5 0.9 1.1 0.7 0.7
Magnetic fraction 44.2 22.8 17.8 14.0 13.6 15.6 22.9
of which Fe scrap 0.4 1.7 1.5 24 2.1 2.7 4.9
Non-ferrous metals 2.1 32 2.7 3.1 33 3.1 1.1
Residual 35.8 56.5 46.4 39.9 37.7 314 51.2

Experimental

Samples of bottom ash for analyses presented
in this paper were obtained from MSWI plant in
Prague (ZEVO Malesice) during summer 2014.
Three samples (BAP1-3) are one-day samples
of weight of 15-20 kg. Sample BAP4 is a mixed
sample from four days of total weight 115 kg. Bot-
tom ash was sampled from a bottom ash conveyor
before magnetic separation. Annual bottom ash
production of plant is 74 480 tons (in year 2014),
3 723 tons of iron scrap were obtained by means
of magnetic separators in year 2014.

Before the analysis the samples were dried un-
der laboratory conditions for 7 days. Dry samples
were sieved into 8 fraction with particle sizes <2
mm, 2—4 mm, 4—6 mm, 6—8 mm, 8—10 mm, 10-15
mm, 15-20 mm a > 20 mm. Each fraction was
then manually sorted according to the material
character into following fractions: glass, porcelain
and ceramics, magnetic particles and iron scrap,
non-ferrous metals, unburned organics and resid-
ual mineral fraction. Magnetic and residual min-
eral fractions were further processed in order to
release metal particles sintered into ash aggregates
by crushing in a ball mill and manual separation of

particles retained on 0.5 mm sieve. This procedure
was repeated until no aggregates were retained on
the sieve.

Results and discussion

Particle size distribution plays a decisive role
for further utilization of the bottom ash. Metals
are with higher efficiency recovered from frac-
tions of larger particles. State-of-the art techniques
can recover metal particles from ca. 2 mm size,
in special cases even down to 0.5 mm or smaller
but this requires a sophisticated tailor-made tech-
nology and high investment costs. Conventional
techniques recover metals from particles above
5—-10 mm. The particle size distribution of studied
samples is shown in Fig. 1. It can be seen that the
fraction below 2 mm, which is difficult for treat-
ment, represents about 20-35% of total weight,
while the more easily recoverable fractions above
10 mm form only about 20-30 wt.%. It can be also
noted that the particle size distribution is greatly
heterogeneous even though the samples were col-
lected only several days apart.

Composition of bottom ash in the individu-
al size fractions above 2 mm determined by the
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Tab. 3. Composition of bottom ash sample BAP3 according to particle size fractions (in wt.%)
Tab. 3. Sktad chemiczny probek popiotu dennego BAP3 w klasach ziarnowych (% mas)

Fraction (mm) 2-4 4-6 6-8 8-10 10-15 15-20 >20
Glass 143 25.4 36.4 413 42.5 37.3 9.5
Ceramics <0.1 0.3 1.2 1.9 4.1 18.1 16.7
Unburned organics 2.8 1.4 1.0 0.7 1.3 0.8 0.9
Magnetic fraction 52.0 22.0 14.5 14.0 18.8 18.2 39.8

of which Fe scrap 1.0 1.6 2.1 1.2 4.6 6.8 24.0
Non-ferrous metals 2.8 2.9 3.0 3.6 2.5 1.5 2.6
Residual 28.1 47.8 43.8 38.5 30.8 24.1 30.5

Tab. 4. Composition of bottom ash sample BAP4 according to particle size fractions (in wt.%)

Tab. 4. Sktad chemiczny probek popiotu dennego BAP4 w klasach ziarnowych (% mas)

Fraction (mm) 2-4 4-6 6-8 8-10 10-15 15-20 >20
Glass 16.7 21.6 325 33.9 33.7 28.1 3.7
Ceramics 0.2 0.1 0.6 1.5 3.6 10.0 10.7
Unburned organics 2.6 1.5 1.5 1.6 1.2 1.4 1.0
Magnetic fraction 45.2 25.5 23.0 19.3 22.7 24.2 24.1
of which Fe scrap 0.8 1.3 23 2.8 6.2 4.4 1.0
Non-ferrous metals 2.2 2.9 2.9 3.2 3.2 1.6 34
Residual 33.1 48.3 39.5 40.6 35.5 34.7 57.1
Tab. 5. Total composition of bottom ash samples (in wt.%)
Tab. 5. Sktad chemiczny popiotu dennego (% mas)
BAPI BAP2 BAP3 BAP4

Glass 18 22 20 15

Ceramics 2.7 3.3 34 2.0

Unburned organics 1.3 1.1 1.0 1.1

Magnetic fraction 15 18 19 19

of which Fe scrap 0.8 1.8 3.9 1.5

Non-ferrous metals 1.9 2.1 1.9 1.8

Fraction <2 mm 22 20 30 34

Residue 39 35 24 27

manual separation is given in Tab. 1-4. The over-
all composition of the samples is summarized
in Tab. 5.

In average the samples contain 18-22 wt. % of
glass, 2.0-3.4 wt. % of ceramics, around 2 wt. %
of non-ferrous metals and 15-20 wt. % of magnet-
ic particles. Only a small part of magnetic fraction
can be characterized as ferrous scrap. The most of
the magnetic fraction is comprised by alloys and/
or iron oxides particles with low Fe grade.

The composition of individual particle size
fractions shows some trends that are similar for
all of the samples, although in general there is a
significant variability. Glass prevails in the frac-
tions 6—20 mm with the share mostly between 30
and 40%. Ceramics is in significant amounts pres-
ent only in fractions above 15 mm but can form
up to 20% of these fractions. The content of mag-
netic particles is very variable with a significant
amount found in the fraction 2—4 mm where most
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of the particles are mix of ferrous alloys and ox-
ides. Ferrous scrap is in higher amounts present
in fractions above 10 mm. Non-ferrous metals
are in most cases evenly distributed between the
fractions with the share between 2—3%. Most of
these metals are represented by aluminium (70—
90%), followed by copper and different types of
alloys.

Conclusion

Pilot analysis of four bottom ash samples from
MSWI plant in Prague showed that the aver-
age composition of bottom ash is 18-22 wt.% of
glass, 2.0-3.4 wt.% of ceramics, around 2 wt.%
of non-ferrous metals, 15-20 wt.% of magnetic
particles and 30-50 wt.% of the residual fraction
formed by ash and minerals. This composition
is within the range reported from various MSWI
plants in Europe; thus, it is believed that the sepa-

ration technologies used in some European coun-
tries to recover valuable components from bot-
tom ash can be applicable and profitable also in
the conditions of the Czech Republic. In the next
phase of the project more samples will be analysed
to study the seasonal variability of the bottom ash
composition and also the variability between dif-
ferent MSWI plants in the Czech Republic. De-
tailed composition of the fractions of ferrous and
non-ferrous metals will be further studied with the
prospect of possible recovery techniques.

Acknowledgment

This research was conducted within Waste to
Energy Competence Centre funded by the Tech-
nology Agency of the Czech Republic (project
TE02000236). Authors would like to thank Ing.
Tomas Baloch from Prazské sluzby, a.s., for kind-
ly providing the bottom ash samples.

Inzynieria Mineralna — LIPIEC - GRUDZIEN <2015> JULY - DECEMBER — Journal of the Polish Mineral Engineering Society 83



Literatura - References

1. BERKHOUT, S.PM. et al. 2011. "Optimizing Non-Ferrous Metal Value from MSWI Bottom Ash-
es." Journal of Environmental Protection 1(2): 564-570.

2. CHIMENOS, J. et al. 1999. "Characterization of the bottom ash in municipal solid waste incinera-
tor." Journal of Hazardous Materials 64(3): 211-222.

3. KORALEWSKA, R. 2013. Waste-to-Energy as part of urban mining — Recovery of metals from bot-
tom ash. 8th ISWA Beacon Conference on Waste-to-Energy. Malmo, Sweden, 27-28 November 2013.

4. MAKARI, CH. 2014. "Optical sorting for recovery of glass from WIP Slags - Pilot plant in Bratisla-
va. Ed. K. J. Thomé-Kozmiensky - S. Thiel." Waste Management (Waste-to-Energy) 4: 345-354.

5. MARTIN GmbH. [Accessed 18. 8. 2015] Available online: <http://www.martingmbh.de/en/
dry-discharge-system.html>.

6. MUCHOVA, L. 2014. Wet Physical Separation of MSWI Bottom Ash, PhD Thesis, Delft TU.

7. REM, P.C. - DE VIRES, W. 2012. "ADR: A classifier for fine moist materials." Ed. Vincenzo Gente.
Separating Pro-Environment Technologies for Waste Treatment, Soil and Sediments Remediation, 16:
43-58.

8. ZAR. [Accessed 18. 8.2014] Available online: <http://zar-ch.ch/en/home/competencesprojects/
dry-discharge>.

Charakterystyka popiotu dennego z MSWI oraz ocena odzysku

Miejskie spalarnie odpadéw statych (ang. skrét MSWI) wytwarzajg popiol, ktory zawiera cenne sktadniki, ktére mozna odzyskac
w postaci materiatow wtérnych, tj. metali Zelaznych i niezelaznych, niektorych metali ziem rzadkich, szkta itd. Pozbawiona metalu
frakcja mineralna moze by¢ uzyta w przemysle budowlanym jako zamiennik dla materialéw naturalnych. Wazng korzyscig plyngcg
z recyklingu popiotu dennego dla zarzgdzajgcych spalarniq jest obnizenie kosztéw sktadowania statych pozostatosci pospalaniu.
Sktad popiotu dennego w duzej mierze zalezy od skladu odpadow i srednio zawiera okofo 5-13% metali zelaznych, 2-5% metali
niezelaznych, 15-30% szkta i ceramiki, 1-5% niespalonych sktadnikow organicznych i 50-70% frakcji mineralnej. Kilka spalarni
w Europie jest wyposazonych w zaawansowane systemy odzysku metali, glownie oparte o separacje magnetyczng.

Aby ocenic¢ mozliwosci odzysku popiotu dennego w Republice Czeskiej, zebrano dane na temat sktadu popiotu dennego i okreslono
potencjat odzysku. Niniejsza praca podsumowuje charakterystyke prébek popiotu dennego pobranych ze spalarni generujgcej energie
z odpadéw znajdujgcej sie w Pradze. Nacisk byt przede wszystkim potozony na sktad materiatu. W pierwszym etapie probki popiotu
dennego zostaly osuszone i przesiane na 8 roznych frakcji. Warto uwzglednic, ze rozktad wielkosci ziaren ma decydujgcy wplyw
na dalszq utylizacje popiotu dennego. W drugim kroku, poszczegolne frakcje zostaty poddane separacji magnetycznej oraz innym
procesom tj. rozdrabnianie, przesiewanie oraz separacja reczna, na poszczegolne frakcje: szklo, ceramika i porcelana, czgsteczki mag-
netyczne ze skrawkami zelaza, metale niezelazne, niespalone materialy organiczne i pozostate frakcje.

Stowa kluczowe: MSWI, miejskie spalarnie odpadow stalych, odzysk metalu, metale niezelazne
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