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1. CHANGING RAW MATERIAL MARKETS
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Development of different metal prices on the basis of
guaterly data (1. Q. 2000 = 100%)
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Deike, R.: CastTec 2012, Krefeld, 08.11.2012
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Global production of rare earth and prices for La and Ce
between 2002 and 2011

World production for Rare Earth Elements and price development of
Lanthanum(La) and Cerium (Ce)
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Share price index of global companies in rare earth
business
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Percentage of secondary raw materials of total
productions in Germany in 2009

Prozentuale Anteile an Sekundéarrohstoffen an der Gesamtproduktion

80
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B \Welt 2008 B Deutschland 2009 (fiir Zn Daten aus 2008)

Deike, R.: Symposium Rohstoffeffizienz und Rohstoffinnovationen, Niirnberg, 10-11.02.2011
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2.RESIDUES FROM WASTE TO ENERGY
PLANTS AND HOW THEY ARE USED
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Total amount of bottom ash from WtE-plants and how the
bottom ash is used in Germany in 2009

Schlacken/Aschen aus MVA 2009
(rund 4,76 Mio. Mg)
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Data of Umweltbundesamt; Verbesserung der umweltrelevanten Qualitaten von Schlacken aus Abfallverbrennungsanlagen
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As the result of the incineration process we do get due to the decarbonization of the
waste, concentrates of minerals and metals in the flue ash and the bottom ash.

The recycling potentials of the metals depend on following issues:
1. What differences in compositions do we have in different particle size fractions?

2. In which compositions do we have the metals in different particle size fractions?
- Metals and alloys
- Oxides
- Sulfides
- Chlorides

Referent: Prof. Dr.-Ing. R. Deike, Universitat Duisburg-Essen | Vortrag: Metals in bottom ash and how they can be recycled 9
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Average waste input composition in the catchment area
of the Gemeinschaftskraftwerk Schweinfurt GmbH

Fraktionen: Massenanteile
[Mas.-%, f.]

1|Feinfraktion (bis 8 mm) 10,84
2 |Mittelfraktion (8 - 40 mm) 16,31
3|Organik 25,20
4|Papier, Pappe, Kartonagen 4,93
5[Hygieneprodukte 13,21
6 | Kunststoffe 7,03
7| Textilien 4,13
8|Verbunde 6,41
9|Holz 0,75
10|Sonstige Abfallarten 1,94
11 [Problemabfall 0,22
12| Sperrmulll 0,00
13|Glas 4,04
[ 1alMetale | 234
15]Inertes 2,64
Gesamt 100,00

Warnecke, R.; Deike, R.; Ebert, D.; Vogell, M.: 17. Internationaler Erfahrungsaustausch fur Betreiber thermischer
Abfallbehandlungsanlagen ,Dreiléndertreffen®, Linz, 14.-16.10.12

Referent: Prof. Dr.-Ing. R. Deike, Universitat Duisburg-Essen | Vortrag: Metals in bottom ash and how they can be recycled 10
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Process to calculate actual and potential metal recycling
rates from bottom ash
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Deike, R.; Ebert, D.; Warnecke, R.; Vogell, M.: ProcessNet-Fachgruppe Jahrestagung 2012, DECHEMA-Haus, Frankfurt 20.02.2013
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Metal content of bottom ash from WtE-plants and
recycling rates realized with current technologies

. > Beriicksichtige Elemente fiir die Metallbilanzierung 5 h o %
Na Mg 3 4 5 3 7 3 3 10 1t 12 al v si
[Vlk Vica [v]sc M [v]v Mer [VlMn  |[V]Fe [v]co [V]ni [V]cu [V]zn MG [v]Ge [v] as [v]se
MRrRb  |[sr [y [z Mnb Mo [VJru |[VIRh  [[v]pd  [MAg  |[Wed |V Msn  |[Fsb  |“Te
[vlcs [v]Ba [V Hf [v]Ta [vlw [V]re [vlos V] [v]pt [v] Au [V]Ha [vIn [v]Pb
[Mnam [Fvgnm [Fam [Msiom [k [[#] canm [F]Fenm | alle Elemente | keinElement |
Ist-Metall aus Miillfraktion in Rostasche 87,226 [kg/t,S]
Ist-Metall-Recycling Quote 92,7% Roh-Rostasche, trocken Eisen (Magnetabscheidung)
[reine Metalle, um Anhaftungen bereinigt) 1.000,000 [kg/t,5] 72,271 [kg/t,5]
Metall 538,075 [ke/t,S] Metall 72,271 [ke/t,5]
l (reine Metalle, um Anhaft. bereinigt)
aufbereit. Rostasche, trocken NE (Wirbelstromabscheidung)
919,169 [kg/t,S]| ) 8,560 [kg/t,5]
Metall 457,246 [ke/t,5] Metall 8,559 [kg/t,5]

{reine Metalle, um Anhaft. bereinigt)

Rostasche, fein, trocken Rostasche, grob, trocken
673,405 [kg/t,5] 245,764 [kg/t,5]
Metall, g. - 32;,866 [ke/t,5] € >IMetall, g - 13;,379 Tke/t,5]
Met, v. 0,000 [kg/t,5] Met, v. 0,000 [ke/t,5]
M:t: :v. o:ooo [kg/t:S] M:t: :’w. o:ooo [ke/t,5]
Met, v. 000 [kg/t,5] Met, v. 000 [ke/t,S]]
B i suaneid

Deike, R.; Ebert, D.; Warnecke, R.; Vogell, M.: 24. VDI Fachkonferenz Thermische Abfallbehandlung, Wirzburg 11.-12.10.2013

Referent: Prof. Dr.-Ing. R. Deike, Universitat Duisburg-Essen | Vortrag: Metals in bottom ash and how they can be recycled 12
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Content of five selected metals in bottom ash from WtE-plants
and recycling rates realized with current technologies

. 5 Beriicksichtige Elemente fur die Metallbilanzierung s i 15 "
[Ina Mg 3 4 5 6 7 3 3 10 1 12 A [si
[k [Jca [Jsc i Ov [Jer Jmn [V]Fe co [CIni [v]cu [V]zn [Jea [Jee [Jas [se
[JrRb Osr Oy Oz [Inb [Imo [JRu [IRh [Jrd [JAg Jed in [¥]5n [Jsb [OTe
Oes [Jea [CIHf OT1a Jw [JRre [Jos O et Oau [JHa O [CIeb
[Oneom [TMgom [OAm [Osiom [Okom [[Jcanm [[Jrenm | alle Elemente | kein Element |
Ist-Metall aus Miillfraktion in Rostasche 87,226 [kg/t,S]
Ist-Metall-Recycling Quote 92,3% Roh-Rostasche, trocken Eisen (Magnetabscheidung)
(reine Metalle, um Anhaftungen bereinigt) 1.000,000 [kg/t,5] 72,271 [kg/t,5]
Metall 187,943 [kg/t,S]l Metall 72,271 [ke/t,S]
l (reine Metalle, um Anhaft. bereinigt)
aufbereit. Rostasche, trocken NE (Wirbelstromabscheidung)
919,169 [kg/t,5] > 8,560 [ke/t,5]
Metall 107,404 [kg/t,5]] Metall 8,268 [ke/t,5]
(reine Metalle, um Anhaft. bereinigt)
Rostasche, fein, trocken Rostasche, grob, trocken
673,405 [ke/t,5] > 245,764 [ke/t,S]
Metall, g. 78,327 [ke/t,5] Metall, g. 29,077 [ke/t,5]
Met, v. 0,000 [kg/t,5] Met, v. 0,000 [kg/t,5]
Met, nv. 0,000 [kg/t,S]| Met, nv. 0,000 [kg/t,5]
n-Met, v. 0,000 [kg/1,5] n-Met, v. 0,000 [kg/t,5]
n-Met, nv. 0,000 [kg/t,S] n-Met, nv. 0,000 [kg/t,5]

Deike, R.; Ebert, D.; Warnecke, R.; Vogell, M.: 24. VDI Fachkonferenz Thermische Abfallbehandlung, Wirzburg 11.-12.10.2013

Referent: Prof. Dr.-Ing. R. Deike, Universitat Duisburg-Essen | Vortrag: Metals in bottom ash and how they can be recycled 13
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Different ferrous and non-ferrous scrap qualities already
recycled from bottom ash with conventional technologies today

Grobschrott Feinschrott Dosenschrott

NE-Mischfraktion Elektromotoren
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Deike, R.; Ebert, D.; Warnecke, R.; Vogell, M.: ProcessNet-Fachgruppe Jahrestagung 2012, DECHEMA-Haus, Frankfurt 20.02.2013

Referent: Prof. Dr.-Ing. R. Deike, Universitat Duisburg-Essen | Vortrag: Metals in bottom ash and how they can be recycled 14
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Metal contents of different ferrous and non-ferrous scrap
gualities already recycled from bottom ash
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Deike, R.; Ebert, D.; Warnecke, R.; Vogell, M.: ProcessNet-Fachgruppe Jahrestagung 2012, DECHEMA-Haus, Frankfurt 20.02.2013

Referent: Prof. Dr.-Ing. R. Deike, Universitat Duisburg-Essen | Vortrag: Metals in bottom ash and how they can be recycled 15
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3. METAL CONTENTS IN BOTTOM ASH
DEPENDING ON THE PARTICLE SIZE
FRACTION
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Particle size distribution curves of wet and dry sieved fine
and coarse bottom ash

Siebschnitt Feinschlacke (< 12 mm) Nass- und Trockensiebung
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Deike, R., Ebert, D.: VGB Workshop Produkte aus der thermischen Abfallverwertung, Bleicherode, 18.04.2012

Referent: Prof. Dr.-Ing. R. Deike, Universitat Duisburg-Essen | Vortrag: Metals in bottom ash and how they can be recycled 17
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Zn- und Cu-contents according to particle size fraction
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Deike, R., Ebert, D.: VGB Workshop Produkte aus der thermischen Abfallverwertung, Bleicherode, 18.04.2012
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Al- and Si-contents according to particle size fraction
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Deike, R., Ebert, D.: VGB Workshop Produkte aus der thermischen Abfallverwertung, Bleicherode, 18.04.2012
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Ca- and Fe-contents according to particle size fraction
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Deike, R., Ebert, D.: VGB Workshop Produkte aus der thermischen Abfallverwertung, Bleicherode, 18.04.2012
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4. PHASE ANALYSIS OF DIFFERENT
METAL PARTICLES IN BOTTOM ASH
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3D-LM micrograph of a particle covered with an iron
oxide layer

Deike, R., Ebert, D.: VGB Workshop Produkte aus der thermischen Abfallverwertung, Bleicherode, 18.04.2012

Referent: Prof. Dr.-Ing. R. Deike, Universitat Duisburg-Essen | Vortrag: Metals in bottom ash and how they can be recycled 22
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LM-micrograph with areas of hematite, magnetite and
slag

A
20 pm

Deike, R., Ebert, D.: VGB Workshop Produkte aus der thermischen Abfallverwertung, Bleicherode, 18.04.2012

Referent: Prof. Dr.-Ing. R. Deike, Universitat Duisburg-Essen | Vortrag: Metals in bottom ash and how they can be recycled 23
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SEM-micrograph with EDX-analysis in different areas of
the oxide layer

Fe,0,
ALLO,
$i0,
Cao
MnO
BaO
MgO
Zn0O
K,0
E 00 = Elektronenbild 1 Na,O
)
Spektrum | C | O [Na|(Mg| Al |Si| P | S |Cl| K |[Ca|Ti |Mn| Fe |Ba |theoretisch
Spe"l"“m 8 |35 |05 42/9,7]03|04|03]05]|7,4 06(308(24| 30
Spe"zt'“m 2,6 (35,4 04[1,3|7.1 48(0,2 48,1 29,5
s"e";'”m 8,8(34,3 031,361 4,5 44,8 27

Deike, R.; Ebert, D.; Warnecke, R.; Vogell, M.: 24. VDI Fachkonferenz, Thermische Abfallbehandlung, Wurzburg, 11.-12.10. 2012

Referent: Prof. Dr.-Ing. R. Deike, Universitat Duisburg-Essen | Vortrag: Metals in bottom ash and how they can be recycled 24
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SEM-micrograph with EDX-analysis in different areas of
the mineral part in the core of the particle

FeCO,
ALO,
Spektrum Sauerstoff
Sio, Nr. Gew.% stochiometrisch | Gew.% gemessen
3 40,2 49
caCo, 5 42,8 56,1
4 44,4 45,5
MnO 6 40,1 42,6
Spektrum Kohlenstoff
BaO Nr. Gew.% stochiometrisch |Gew. % gemessen
3 6,3 9,2
MgCO, 5 9,6 5,3
4 5,5 5,6
Zn0 6 7,0 4,1
K,CO,
LA A ¢
: 400pm ! Elektronenbild 1 Na,CO,
Spektrum C (o] Na [ Mg | Al | Si P S |[Cl| K |C|Ti|V Fe | Cu Zn Re
Spektrum 319,2| 49 |12(13(24|11|11(3,2(0,7|0,7| 16 |0,5|0,3| 2,19 0,66 0,11
Spektrum 5] 5,3 | 56,1 913111 1,6 (22(0,2| 15 | 2,8 2 0,7 1,72 -0,33
Spektrum 45,6 | 455|133 (1,255 14 1,1103(23(44|0,2 13,7 5,18
Spektrum 6| 4,1 | 42,6 0,553,551 05(02| 1 |25 27,4 12,55

Deike, R.; Ebert, D.; Warnecke, R.; Vogell, M.: 24. VDI Fachkonferenz, Thermische Abfallbehandlung, Wirzburg, 11.-12.10. 2012

Referent: Prof. Dr.-Ing. R. Deike, Universitat Duisburg-Essen | Vortrag: 25
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LM-micrographs of oxidised iron particles at 850°C

100 pm

Deike, R.; Ebert, D.; Warnecke, R.; Vogell, M.: 6" CEWEP Congress 2012, Wiirzburg, 06.-07.0. 2012

Referent: Prof. Dr.-Ing. R. Deike, Universitat Duisburg-Essen | Vortrag: Metals in bottom ash and how they can be recycled 26
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Mass increase of steel due to oxidation at different
temperatures

Mass increase of steel (100Cr6 ) depending on annealing time at 800°C, 900°C, 1000°Cund 1100°C
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Referent: Prof. Dr.-Ing. R. Deike, Universitat Duisburg-Essen | Vortrag: Metals in bottom ash and how they can be recycled 27
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Percentages of magnetic fractions according to particle
size fraction
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Deike, R.; Ebert, D.; Warnecke, R.; Vogell, M.: 6th CEWEP Congress 2012, Wiirzburg, 06.-07.0. 2012

Referent: Prof. Dr.-Ing. R. Deike, Universitat Duisburg-Essen | Vortrag: Metals in bottom ash and how they can be recycled 28
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Metal particles from dry bottom ash process
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Deike, R., Brimmer, A.: Qualitatssicherung bei der Schlackenaufbereitung — neue Herausforderung, ZAR —Stiftung Zentrum fir
Nachhaltige Abfall- und Ressourcennutzung, Hinwil, 21.03.2012

Referent: Prof. Dr.-Ing. R. Deike, Universitat Duisburg-Essen | Vortrag: Metals in bottom ash and how they can be recycled 29
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Copper particle from bottom ash coated with oxide layers

Deike, R.; Ebert, D.; Warnecke, R.; Vogell, M.: 6th CEWEP Congress 2012, Wirzburg, 06.-07.0. 2012

Referent: Prof. Dr.-Ing. R. Deike, Universitat Duisburg-Essen | Vortrag: Metals in bottom ash and how they can be recycled 30
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EDX-mapping of a copper particle from bottom ash
coated with oxide layers

. 30pm ' CuKat

30pm 'S Kat

Deike, R.; Ebert, D.; Warnecke, R.; Vogell, M.: 6th CEWEP Congress 2012, Wirzburg, 06.-07.0. 2012

Referent: Prof. Dr.-Ing. R. Deike, Universitat Duisburg-Essen | Vortrag: Metals in bottom ash and how they can be recycled 31
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Oxide layer structure on the surface of a small copper
particle

Copper Oxide

Steel ring to fix the copper particles
during metallographic preparation

50—
200 ym 50 ym

Referent: Prof. Dr.-Ing. R. Deike, Universitat Duisburg-Essen | Vortrag: Metals in bottom ash and how they can be recycled 32
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Small aluminium particles partly coated with a slag layer
and with slag inclusions

Aluminium metal

Slag inclusions
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Mass increase of copper and aluminium due to oxidation
at higher temperatures
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The behaviour of a thin aluminium foil at temperatures
beyond the melting point of aluminium (660°C)
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LM-micrograph of the heat treated aluminium foil with aluminiumoxide
Inclusions (2072°C melting point) in the destroyed area

Metallographic resin

Aluminiumoxide

Aluminium metal
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FOR DIFFERENT METALS
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Flow process chart of pig iron production from iron rich
filter dusts
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Deike, R., Dings, J.: Giesserei, vol. 94-06, pp. 198-205, 2007
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Flow process chart of aluminium recycling from
automotive industry

Aluminiumrecycling in der Automobilindustrie

Shredder w3 Shredderleichtfraktion

Magnetische
Trennung

Plastik, Holz, Gummi

Schwimm-Sink
Trennung

Schwermetalle, Edelstéhle

Wirbelstrom-

abscheider ————2> Mineralik

Aluminium

According to: Cui, J.; Roven, H.J.: Trans. Nonferrous Met. Soc. China 20 (2010) 2057-2063
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Flow process chart of copper recycling

Materialvorbereitung

Schldimme, Riickstinde, Elektronikschrott

— Eisensilikatsand
Badschmelzofen /

KRS-Oxid (zinkhaltig)

Schwarzkupfer (80% Cu)

Legierungsschrotte TBRC-Konverter Mischzinnofen — Zinn-Blei-Legierung

Konverterkupfer (95% Cu)

Altkupfer Anodenofen

AnodengieBanlage

Ancden( ca. 99% Cu)

R — / Nickelsulfat
Kupferelektrolyse -“"“"‘...________

Anodenschlamm Edelmetallgewinnung

Kathoden (ca. 99,995% Cu)

According to: Aktualisierte Umwelterklarung 2012, AURUBIS AG, Linen, www.aurubis.com
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