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Different sorts of scrap separated with conventional
technology today
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Recycling potential of metals from mineral fraction

: 5 Beriicksichtige Elemente fiir die Metallbilanzierung 13

[Ona (Mg 3 4 5 6 7 8 3 10 1l 2 |Ma
Ok Oca [sc O Ov Oecr Omn [VFe Oco Oni V] cu Mz Oea Oas [se
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Oecs [Jea [wf Ota Ow [Ore dos Orr et Oau [JHa Omn

||:| Na-nm ID Mg-nm [D Al-nm l [Jsi-nm |[I K-nm ||:| Ca-nm ||:| Fe-nm I 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,S] 72,271 [kg/t,S]

Metall 187,943 [kg/t,S] Metall 72,271 [kg/t,5]|

(reine Metalle, um Anhaft. bereinigt)

aufbereit. Rostasche, trocken NE (Wirbelstromabscheidung)
919,169 [kg/t,5] 8,560 [ke/t,5]
Metall 107,404 [ke/t,5] Metall 8,268 [kg/t,5]|

(reine Metalle, um Anhaft. bereinigt)

Rostasche, fein, trocken Rostasche, grob, trocken
673,405 [ke/t,5] 245,764 [ke/t,5]
Metall, g. 78,327 [kg/t,5] Metall, g. 29,077 [kg/t,5]
Met, v. 0,000 [kg/t,5] Met, v. 0,000 [kg/t,5]
Met, nv. 0,000 [kg/t,5] Met, nv. 0,000 [kg/t,5]
n-Met, v. 0,000 [kg/t,S] n-Met, v. 0,000 [kg/t,S]
n-Met, nv. 0,000 [kg/t,S]J n-Met, nv. 0,000 [kg/t,5]

1
Deike, R.; Ebert, D.; Warnecke, R.; Vogell, M.: 24. VDI Fachkonferenz, Thermische Abfallbehandlung, Wurzburg, 11.-12.10. 2012
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Behaviour of metals at high temperature

Oxides

Primary
Metal

/ N

Chlorides Sulfides
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Gibbs Energies of different oxide reaction per mol O

Temperature in K

A G (Formation) J/mol O

\ \ \ \
et AGF (MgO) i AGf (Ca0) e NG (5i02) == NG (CO)
e AGF (AI203) = =AGF (FeO) =@ = AGF (Fe203) === AGF (Fe304)
=/ = AGF (CuO) ety NG (CU20) === \GF (ZNO)
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Gibbs Energies of different sulfide reaction per mol S

Temperature in K

A G (Formation) J/mol S

e N\GT (M) el \GF (CaS) i NG (SiS2) e AGF (AI253) e NG (FeS)
=@ = G (Fe52) =A== AGF (CuS) et AGF (CU2S) =t AGT (ZNS)
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Gibbs Energies of different chloride reaction per mol CI

Temperature in K

A G (Formation) J/mol Cl

=t AGF (MgCI2) == AGf (CaCl2) == NG (SiCl4 -Gas)) et \GF {AICI3-Gas))
== NGf (FeCl2) == AGF (CUCl) == N\GF (ZNCI2) ——AGf (BaCl2)
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Particle size distribution curve of fine fraction of bottom ash

Siebschnitt Rostasche fein (< 12 mm) Nass- und Trockensiebung

—8-11 Masse ges. 1991,69 [g]

e 49-11 Masse ges. 2244,08 [g]

—50-11 Masse ges. 2117,03 [g]

—51-11 Masse ges. 2129,15 [g]
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Deike, R.; Ebert, D.; Warnecke, R.; Vogell, M.: Abschlussbericht zum Projekt Recyclingpotenziale bei Riickstanden aus der Mullverbrennung,
www.itad/.de
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Distribution of Zn and Cu depending on the particle size
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Relation between Zn-, Ca- and Mn-content In
fraction 0-0,5 mm

Regressionqualitat 'Zn'

B
£
]
&
@

Gemessen (Labordaten)
[301 wvon 301 100 % Noch: Oh Om Os

AN NN NN EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEN]
Zeile:1 0,052914543561

Zeile:2 1,798932550829

Zn=K0+K1*Ca+K2*Mn

-3860,765441544826 + 0,052914543561 * Ca + 1,798932550829 * Mn

IF\"= 0.9364 F= 95,6456 w(F)= 0,0000 Residualyarianz= 195943,3522 Adju. A= 0,9266

-~

(@
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Relation between Cu-, As- and Mo-content in
fraction 0-0,5 mm

Regressionqualitat ‘Cu’

2100 2200 2.300 2.400

2500 2600 2.700 2.800 2.900 3.000 3.100 3.200 3.300 3.400 3.500
Gemessen (Labordaten)

|3[]1 von 301 100 % Noch: Oh Om Os

Zeile:1 56.,808612970167

(NN NEEEENNENEENENNNNEEENNEENENEENENNNENENEEEENNENNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNEEE]
Zeile:2  132581242497226

Cu=K0+K1*As + K2*Mo

-1428,021403698393 + 56,808612970167 * As + 132,581242497226 * Mo
R#=0,9120 F= 67,3809 w(F)= 0,0000 ResidualVarianz= 26885,9557 Adju. R*= 0,8985

4
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Metallic particles from dry bottom ash treatment
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Deike, R., Brimmer, A.: Qualitatssicherung bei der Schlackenaufbereitung — neue Herausforderung, ZAR —Stiftung Zentrum fiir Nachhaltige
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Distribution of Ca and Fe depending on the particle size
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Relation between Fe-, Cr- and Ca-content Iin
fraction 0-0,5 mm

Regressionqualtat 'Fe’

Gemessen (Labordaten)
|301 von 301 100 % Noch: Oh Om Os

ANNENERRRRRENN NN RNRNANNNENNRNNNNNENENNRNNNNNNRNANNNENNNNRNNNNNNNNNNENEN
Zeie:1  101,664818881753
Zeile:2 0502253555369

Fe=K0+K1*Cr+K2*Ca
B81054,666684862066 + 101,664818881753 ~ Cr -0,502253555363 * Ca
IFF= 0,3073 F= 63,6534 w(F)= 0,0000 Residualvarianz= 18308920,4321 Adju. R*= 0,8931

(A
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Reaction between iron oxide and mineral phases

Metallic Iron lron oxide

Mineral phase

Deike, R.; Ebert, D.; Warnecke, R.; Vogell, M.: Abschlussbericht zum Projekt Recyclingpotenziale bei Riickstanden aus der Mullverbrennung,
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Distribution of Cl and S depending on the particle size
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Relation between S-, Ca- and Mg-content in
fraction 0-0,5 mm

Regressionqualitat 'S"

19.500 20.000 20.500 21.000 21.500 22.000 22500 23.000 23.500

Gemessen (Labordaten)

24.000 24.500 25.000 25.500 26.000 26.500

27.000
301 von

301 100 % Noch: Oh Om Os

(AR NN NN EEEEEEE NN EEEE NN EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEN
Zeile:1 0,153214660843
Zeile:2 0640702767319
S =K0+K1”*Ca+K2*Mg
2121,605295683121 +0,153214660849 * Ca -0,640702787319 * Mg
Re= 0,289 F= 31,4914 w{F)= 0,0000 Residualarianz= 1088727 0086 Adju. = 0,8026
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Relation between CIl- and Br-content in
fraction 0-0,5 mm

Regressionqualitat 'Cr

Berechnet

26 von 26 100 % Noch: Oh Om Os

Zeile:0 4536,289582600022
Zeile:1 69,303276203885
Cl=KO0+K1*Br

4536,289582600022 + £9,303276203885 * Br
IFF= 06667 F= 28,0024 w(F)= 00001 ResidualVarianz= 4738853765 Adju. R*= 06429
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Behaviour of Aluminium at high temperatures

Deike, R.; Ebert, D.; Schubert, D.; Ulum, R.; Warnecke, R.; Vogell, M.: Berliner Schlackenkonferenz, Berlin 23.09.2013
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Entropy development from ore to product to waste
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Esser, R.: Thermodynamische Aspekte der Abfallverwertung, AbfallwirtschaftsJournal, vol 4, pp.227-238, 1992.
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Distribution of elements as average values in earth’s
crust and concentrated in ores
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Datenquelle: GUILBERT & PARK 1986, MASON& MOORE 1982

Stribrny, B.; Wagner, M.: Geowissenschaftliche Aspekte der Verflugbarkeit von Rohstoffen fur die Stahlindustrie, Stahltag, Dusseldorf 10./11.11.2005
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Price changes of metals

——Kupfer
=B Nickel
—o—Zink

= 0%

== Aluminium

1.Q.2000

Relative Anderung Quartalsmittelwert [%]
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Nach Daten www.Ime.com
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Development of Gross Domestic Product in China

| In 2012: GDP (currentUS$) 8,227 trillion
Population 1,351 billion
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http://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG

Deike, R.: ZVEI-IZT Workshop, Berlin 19.02.2014
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Most important countries in consuming raw materials in
2011

Nach Daten DERA: Deutschland Rohstoffsituation 2011, www.bgr.bund.de

Deike, R.; Ebert, D.; Schubert, D.; Ulum, R.; Warnecke, R.; Vogell, M.: Berliner Schlackenkonferenz, Berlin 23.09.2013
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Zinc prices started to drop down one year before global
economic crisis has been officially announced
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Deike, R.: Moerser Universitatwochen, Moers 06.10.2011
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Global zinc consumption in 2008 /2009 (11,5 /10,8 Mio. 1)
considering different region and zinc consuming industries

United States ® Galvanising

® Brass/iBronze
Japan
= Alloys
Gen-nany u Cmmicals

» Die Casting

" Other

0% 5% 10% 16% 20% 25% 30% 35% 40% 45% 50%
Nach Daten BGR: www.bgr.bund.de

Deike, R.: Moerser Universitatwochen, Moers 06.10.2011
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Development of Global and Chinese zinc production,
consumption and resulting price changes from 2004 to 2012

Price in $/t

Production in 1000 t

2004 2005 2006 2007 2008 2009 2010 2011 2012

= World Zinc Production in 1000 t m World Zinc Consumption in 1000t mEEZinc Production in China in 1000 t

= Zinc Consumption in China in 1000 tesssPrice $/t

Nach Daten BGR: www.bgr.bund.de
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Thank you for your attention!
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