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Development of various metals prices

guarterly averages (1. Q. 2000 = 100%)
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World zinc consumption in 2008/2009

(11.5/10.8 million tons) divided by regions
and major consumers
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World production of rare earths and the

development of prices for lanthanum and
cerium in 2011

160

World production for Rare Earth Elements and price development of
Lanthanum(La) and Cerium (Ce)
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Grain size distribution curves of prepared

fine bottom ash (< 12mm) under
wet and dry sieving conditions

Siebschnitt Feinschlacke (< 12 mm) Nass- und Trockensiebung
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Grain size distribution curves of prepared

coarse bottom ash (12-32 mm) under
wet and dry sieving conditions

Siebschnitt Grobschlacke ( 12 -32 mm) Nass- und
Trockensiebung
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Zn and Cu contents in dependence on the

grain size

Zn Zn
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Al and Si contents in dependence on the

grain size
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Ca and Fe contents in dependence on the

grain size

Ca Ca
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Cl and S contents in dependence on the

grain size
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Percentage of magnetic compounds in the

various grain fractions of prepared

Percentage of magnetic particles Percentage of magnetic particles
depending on the grain size of fine wet depending on the grain size of coarse
sieved slags wet sieved slags
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The iron content in the separated magnetic

and nonmagnetic parts of fine bottom ash
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Macroscopic 3D image of bottom ash
particles surrounded by a magnetite layer
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SEM image and EDX analysis of
the oxide layer
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Iron-oxygen phase diagram

Stoffmengengehatt an Sauerstoff in %
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First hypothesis to explain the mechanism
of magnetite formation.
Nice but not correct !
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Experimental procedure to prove the
mechanism of magnetite layer growth

Experiments to produce magnetite layers in bottom ash

Parameter:

Heating rate: 5 K/s

Holding time: 0 min

Final temperature:
* Experiment 1:850°C
* Experiment 2:1000°C

Amount of bottom ash and iron chips:
* 1.Experiment: 50g non magnetic fine
bottomash (1-2mm)+ 10g iron chips
* 2.Experiment: 50g fine non magnetic
bottom ash (1-2mm) + 10giron chips
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temperature difference between bottom
ash samples with and without iron.
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The formation of iron oxide layers
at 850°C maximum temperature
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Sintering of iron oxides particles and
reacting with bottom ash
particles at 1000°C
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The continous oxidation process of
iron at 1000 °C
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The oxidation of copper rich alloys as
constituents of bottom ash
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EDX element mapping of the oxidised
copper particle and the adherent
oxide layer
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Second hypothesis to explain the

mechanism of magnetite formation.

1. The oxide shell is the result of the
oxidation of an iron particle.

2. The oxidation stopped when the
total iron has been consumed.

3. That seems the main reason for
the hole but some breakout during
the preparation of the sample is
also possible.

4. The bottom ash particles at the
ground were at the beginning
beneath the iron particle, which is
now totally oxidised.

5. The oxide layers sinter together
even with bottom ash particles.
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SEM image and EDX analysis of
single dots of the bottom ash particles at
the ground
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Determination of the metal content In
bottom ash by a slag remelting process

Deike, R, Ebert, D., Warnecke, R.; Vogell, M.: 11. VDI Fachkonfererenz Feuerung und
Kessel, Bremen, 13.06.2012
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EDX analysis of the metallic fraction after

remelting the slag
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Element mapping of a particle after slag
remelting
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Element mapping of a particle after slag

remelting

Eisen Kupfer
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Element mapping of a particle after slag

remelting

Calcium Aluminium
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Metal content of bottom ash, current recycling

rate and future recycling potential

. ) Beriicksichtige Elemente fiir die Metallbilanzierung 5 “ 5 5
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[ Nanm v g B Arom] L sind Lelkenm] [l canfh [¥IFe-nfh | alle Elemente | kein Element
Ist-Metall aus Miillfraktionen in Schlack: 96,92 [kg/tS]
Ist-Metall-Recycling Quote 80,2% Rohschlacke, trocken I I Eisen (Magnetabscheidung)
1000,00333333333 [kg/t,S] - 69,8 [kg/t,S]
|Meta" T = P
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248,825 [kg/t,S]
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Schlacke, fein, trocken

673,405 [kg/t,S]
Metall,g.  326,4 [kg/t,S

Met, v. 0,0 [kg/t,S] Met, v. 0,0 [kg/t,S]
Met, nv. 0,0 [kg/t,S] Met, nv. 0,0 [kg/t,S]
n-Met, v. 0,0 [kg/t,S] n-Met, v. 0,0 [kg/t,S]
n-Met, m 0,0 [kg/t,S] n-Met, nv 0,0 [kg/t,S]
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Metal content of bottom ash, current recycling

rate and future recycling potential
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Metal Recycling from bottom ash \(je

Thank for your attention!




