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Description

[0001] This invention relates to a process for treating a raw material containing aluminium or a similar metal melting
at a low temperature and organic matter, including metal separation.

[0002] Raw materials to be treated in accordance with the invention consist primarily of packaging waste containing
metallic aluminium, which in addition to aluminium foil comprise polymer material and possibly also fibre residues. The
treatment aims to utilise the calorific power of the organic matter and/or to recover the valuable aluminium or other
similar metal.

[0003] The utilisation of such waste material containing aluminium for energy production has been very difficult or
even impossible to control by means of combustion or gasification techniques known so far. The problems have been
due to the ash component, which melts at a low temperature considering the conversion techniques applied, and thus
tends to form detrimental deposits on the walls of the reaction space, and also to cause sintering of the fluidised bed
and other process failures. At the same time, in the cases where aluminium recovery has been the aim, the recovery
has been deficient.

[0004] The purpose of this invention is to provide a solution for treating packaging waste containing metal aluminium
or a similar raw material containing both readily melting metal and organic matter, which overcomes the problems
mentioned above and which, depending on the situation, enables both the organic matter and the metal to be utilised
and recovered. The method in accordance with the invention is characterised by the fact that particles of the raw
material containing metal and organic matter are introduced in a bubbling fluidised bed, where the organic matter is
gasified at a temperature higher than the melting point of the metal present, to produce combustible gas, that the gas
removed from the fluidised bed and the accompanying metal are cooled to a temperature below the melting point of
metal by admixing a cooling medium into the gas flow, and that solid metal particles are subsequently separated from
the combustible gas.

[0005] Ithas been confirmed in accordance with the invention that gasification performed at a controlled temperature
in the fluidised bed and subsequent cooling of the gas removed from the fluidised bed allow the metal to be converted
to solid particles entrained by the gas flow without the metal and/or ashes adhering to the suspended particles in the
fluidised bed, to the walls of the reaction space and to the gas exhaust ducts. Assumingly, the molten metal particles
formed in the fluidised bed are immediately covered with a protective oxide layer, which reduces the adhesion of the
particles substantially. Moreover, an adequate shape of the reaction space can prevent the particles from hitting the
walls, to which they might adhere. The bubbling fluidised bed required in the invention, in contrast to the particles
circulating in a circulating reactor, is produced by controlling the fluidisation rate so that the fluidised bed has a specific,
essentially constant height in the reaction space. These circumstances result in stable process conditions, which are
crucial for the process to succeed.

[0006] Withthe process of the invention, the organic matter contained in packaging waste or other similar raw material
can thus be gasified and utilised for energy production without interference of the metal present, at the same time as
the metal can be recovered for possible recycling. Energy production may be the chief purpose of the process, the
recovered metal being then a by-product whose potential value may increase the profitability of the process. However,
the main purpose of the process may equally well be to recover the valuable metal by removing organic matter to be
gasified, and in that case the gas, which may perhaps be exploited, will constitute a by-product of the process.
[0007] Raw materials to be utilised in accordance with the invention are primarily the polymer material and packaging
waste containing aluminium mentioned above, such as plastic/aluminium wrappings and a reject fraction containing
aluminium, polymer material and fibre residues produced in the recycling of liquid containers. Such a fraction, which
contains approx. 5 to 15% of metallic aluminium and in which fibres account for approx. 1%, is the remainder of recycled
liquid containers from which the fibrous layer has been torn off for defibration. The waste material mentioned here can
be introduced in a fluidised bed in the form of chip-like or stripe-like pieces having a diametre of approx. 0.5to 5 cm.
The material of the particles suspended in the fluidised bed may vary depending on the quality of the raw material to
be treated and the process goals. If the metallic aluminium is to be recovered in as pure a form as possible, the particles
used are preferably a nearly ungrindable material, such as sand or aluminium oxide. By contrast, in the treatment of
an easily tar-forming raw material, not aiming at the recovery of pure metal, the suspended particles may also consist
of a grindable material, such as limestone or dolomite. Should molten material adhere to the suspended particles in
the course of time, the particles may be replaced while maintaining the particle size within the fixed limits. The appro-
priate particle diametre of sand for instance is in the range from 0.3 to 1 mm.

[0008] In accordance with the invention, the gasification temperature prevailing in the fluidised bed is preferably
approx. in the range from 670 to 900 °C, which exceeds the melting point of aluminium and is sufficient for the gasifi-
cation of polymers used in packaging materials. If the material includes fibres, the gasification temperature is preferably
at least approx. 850 °C. The temperature of the fluidised bed is controlled by means of the feed ratio of the raw material
to be treated to the fluidised gas, which appropriately is air or a mixture of air and water vapour, i.e. with the air coefficient,
S0 as to reach a temperature above the melting point of metal and at the same time a temperature equal to or higher
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than the melting point of the ashes produced. Depending on the material, the temperature of the fluidised bed can be
maintained under control at a temperature which is up to 150 to 200 °C higher than the theoretical melting point of
inorganic ash material. The fluidisation rate, which is preferably more than four times as high as the minimum fluidisation
rate (Vp,p), and the height of the fluidisation bed depending on this are used to adjust the retention time in the reaction
space such that the organic matter reacts effectively with oxygen, water vapour and any reactive gases present. The
fluidisation rate is typically in the range from 0.5 to 3.0 m/s. The reaction products of the organic matter and the gasi-
fication gases are mainly gaseous and there is a low proportion of heavier, condensable hydrocarbons possibly present.
[0009] In a fluidised bed whose temperature exceeds the melting point of the metal contained in the raw material,
the metal may melt or even vaporise at least partly. However, detrimental agglomeration or sintering of molten metal
are avoided by means of the gasification conditions, such as the temperature, the retention time, the shape of the
reaction space and oxygenation of the surface of any molten particles, as mentioned above. The gasification reaction
preferably takes place in a vertical reaction vessel with straight and plane walls, where the risk of the gas and the
entrained particles hitting solid obstacles is reduced to a minimum.

[0010] The cooling medium is preferably introduced in the gas flow above the fluidised bed in the same vertical
reaction vessel. The feeding causes the temperature of the gas and the entrained particles to drop below the melting
point of metal, preferably to a temperature below 600 °C. Water injected into an ascending gas flow is an effective
cooling medium, however, cold nitrogen gas or mixtures of nitrogen and water may also be used.

[0011] After cooling, solid metal particles are separated from the gas flow, most effectively by means of a cyclone.
For metal particles, ashes and any unreacted residual carbon to be separated on the basis of their density and particle
size, several successive cyclones with varied dimensions may be used. The final separation of ashes and dust from
the gas flow can be performed with filtering subsequent to the cyclone. A high-temperature filter can be used, or op-
tionally, in case the gas is cooled between these, a bag filter can be used. In the latter case, tars may entail clogging
problems, which may, however, be avoided by cracking the tars between the cyclone separation and the filtering.
[0012] Inthe separation of metal particles and other solid particles from the gas flow, it is also possible to use filters
alone instead of cyclones.

[0013] The invention will be described in further detail below with reference first to the accompanying drawing (figure
1), followed by embodiment examples of the process in accordance with the invention.

[0014] The accompanying drawing illustrates a piece of equipment by means of which the process of the invention
can be implemented. The equipment comprises a vertical reaction vessel 1 having plane walls and acting as a fluidised-
bed reactor, and comprising at the bottom part a grate 2 and on top of this a bubbling fluidised bed 3, which is fluidised
in air flow 4 ascending from the bottom upwards. The particles suspended in the fluidised bed 3 are for instance sand
grains of an approx. size of 0.3 to 1.0 mm. The material to be treated can be introduced in the fluidised bed 3 (arrow
5), and in the top part of reaction vessel 1 feed pipes 6 are provided for the cooling medium to be injected into the gas
flow ascending within the reaction vessel. The upper end of reaction vessel 1 is connected to cyclone 8 with a duct 7
in order to separate solid particles entrained by the gas. The separated solid particles are removed through the lower
end 9 of the cyclone, and the gas flow continues through duct 10 to filter 11 for final separation of the remaining solid
matter. The gasified gas obtained proceeds in duct 12 to gas combustion.

[0015] The material to be treated and gasified in the equipment is typically package waste 5 consisting of metallic
aluminium, polymer material and minor fibrous residues, which is introduced as approx. 0.5 to 5 mm pieces in fluidised
bed 3 from the sides or from below. In this case, the gasification temperature prevailing in the fluidised bed is appro-
priately approx. 850 °C. The gas formed by the organic matter and the particles formed by metal and ashes, which
may be at least partly in a molten state, rise upwards in reactor 1, reaching cooling medium 6, such as cold water
injected into the reactor space, in the upper part of the reactor, The gas temperature then drops below 600 °C, at which
the entrained particles turn solid. After this, cyclone 8 separates the solid aluminium particles from the gas flow, which
is burnt after filtering 11 in order to produce energy.

Example 1

[0016] Liquid container rejects consisting of aluminium foil, polyethyelene plastic and a small amount of fibres were
gasified in a fluidised bed in test equipment, in which the inner diameter of the reactor was 154 mm and the effective
height from the grate surface to the gas exhaust duct approx. 7.5 m. The following table 1 sets out the principal pa-
rameters of the finely divided reject.

Table 1

Variation range Mean value

Humidity, % by weight 0.70-11 0.93
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Table 1 (continued)

Variation range Mean value

In dry substance, %by weight

ashes 13.1-14.9 13.9
carbon C 64.2 - 65.7 64.7
hydrogen H 9.8-10.2 10.0
nitrogen N 0.10-0.20 0.18
Volume weight, kg/m3 350

Particle size distribution, % by weight

>3.15 mm 16.9
2.00-3.15 mm 321
1.00-2.00 mm 37.6
0.50-1.00 mm 10.1
0.25-0.50 mm 1.9
<0.25mm 1.4

[0017] Due tothe narrow reaction space in the test equipment, the reject had been chopped into a more finely divided
form than would have been the case in a full-scale industrial gasification plant.

[0018] The particles suspended in the fluidised bed were sand grains with a main diametre of 0.5 to 1.0 mm. The
fluidised bed was kept in a fluidised state by means of a gas flow conducted from below the grate, which was a mixture
of air and water vapour, so that the air flow rate was 6.7 g/s and the water vapour flow rate 0.75 g/s. The reject to be
gasified was introduced in the bottom part of the fluidised bed by means of a screw conveyor so as to obtain a reject
mass flow rate of 2.8 g/s, the air coefficient being 0.24. The gasification temperature was 815 °C in the fluidised bed,
and the calculated fluidisation rate at this temperature was 1.2 m/s. A mixture of water and nitrogen was injected into
the reactor space approx. 1.5 m above the reject feeding point through two nozzles with a diametre of 1.5 mm and 1.7
mm respectively. Due to the small size of the test equipment, the injection could not be optimally arranged. A temper-
ature of 545 °C was measured for the gas flow cooled by injection in the reactor top, and 35 m3 n/h as the flow rate of
the dry product gas.

[0019] The vital parameters of the gasification and the yielded gas are shown in table 2. The overall duration of the
gasification testwas 8 h, and no problems were detected in the process over this period. Due to the risk of the suspended
particles agglomerating under the effect of molten aluminium, samples were taken of the sand particles during the test.
However, these samples did not show any signs of sintering. After the test, the reject feed screw was removed and
the interior of the reactor space was checked with a mirror in order to detect any deposits. No deposits were detected
in the inspection.

Example 2

[0020] The finely divided liquid container reject (cf. table 1) of example 1 was gasified in the equipment of example
1, essentially under the conditions defined in example 1, except for the fact that the reject feed rate was 4.0 g/s and
that pure gas was used as the gasification gas with an air coefficient of 0.19. The gasification temperature was 825
°C in the fluidised bed. The higher gasification power was due to the fact that air has higher reactivity than water vapour.
The main parameters of the gasification test are shown in table 2.

Example 3

[0021] The gasified reject and the equipment were identical to those used in example 1. The gasification gas con-
sisted of a mixture of air and water vapour with an air coefficient of 0.29, and the reject feed rate was 2.3 g/s. The
gasification temperature was 855 °C in the fluidised bed, and the temperature of the product gas was 560 °C after
injection cooling. The test parameters are indicated in table 2.
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Table 2

Example 1 2 3
Air coefficient 0.24 | 0.19 | 0.29
Temperature of fluidised bed, °C 815 | 825 | 855
Temperature in the reactor top, °C 545 | 545 | 560
Pressure difference of the fluidised bed, mbar 79 75 78
Mass flow rate of the reject, g/s 2.8 4.0 2.3
Mass flow rate of sand, g/s - - -
Primary air, g/s 6.7 7.7 7.0
Water vapour, g/s 0.75 | - 0.77
Cooling water, g/s 1.7 1.8 1.8
Nitrogen, g/s 4.3 4.4 4.3
Steam/fuel ratio, kg/kg-daf 0.30 | - 0.38
Gas rate in the fluidised bed, m/s 1.2 1.2 1.3
Product gas flow, m 3n/h
dry gas 35 40 35
humid gas 49 52 50
Dry gas composition, % by volume
CO 475 | 5.02 | 4.00
CO, 7.06 | 7.48 | 7.70
H, 232 | 260 | 2.10
N, (+Ar) 76.9 | 74.1 | 80.0
CH,4 2.81 | 3.50 | 2.17
C,H, 091 | 0.73 | 0.65
C,H, 412 | 521 | 297
CoHg 0.22 | 0.27 | 0.11
C3Hg 0.55 | 0.65 | 0.20
C3-CsHy 0.34 | 043 | 0.15
Carbon conversion, % by weight
to dry gas, (...CsHy) 83.8 | 75.3 | 78.9
to gas + heavy hydrocarbons 99.2 | 98.9 | 99.3
Carbon losses, % by weight 0.7 0.9 0.6
Calorific value of product gas, MJ/kg 8.5 10.8 | 6.7
Contained in the cyclone dust metallic aluminium, % | 72.8 | 71.6 | 68.1

" carbon, % 2.1 3.0 1.8
Aluminium recovery, % 919 | 81.7 | 83.0
Dust content of the product gas g/m3 3.7 3.7 -

[0022] Calculated as gas and heavy hydrocarbons in the gasified reject, the carbon conversion obtained in the tests
was high in all of the cases. The calorific values of the product gas has been calculated without nitrogen injected into
the gas during cooling or in any other connection.

[0023] Inthe exemplifying tests, the aluminium particles were separated from the product gas with a cyclone. Beside
metallic aluminium, the cyclone dust contained carbon and oxidised aluminium (Al,O3) as impurities. The recovery of
the aluminium contained in the reject as metallic aluminium during cyclone separation ranged from 81.7 to 91.9%. The
deficit was mainly due to oxidation to aluminium oxide, and in addition, a minor portion of the aluminium passed through
the cyclone.

[0024] Itis obvious to those skilled in the art that the various embodiments of the invention are not restricted to the
examples described above, but may vary within the scope of the accompanying claims.
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Claims

A process for treating a raw material containing aluminium or a similar metal melting at a low temperature and
organic matter, including metal separation, characterised in that particles of the raw material (5) are introduced
in a bubbling fluidised bed (3), where the organic matter is gasified at a temperature higher than the melting point
of the metal present, to produce combustible gas, that the gas and the entrained metal are removed from the
fluidised bed and cooled to a temperature below the melting point of metal by admixing a cooling medium (6) in
the gas flow, and that the solid metal particles (8) are subsequently separated from the combustible product gas.

2. A process as defined in claim 1, characterised in that the raw material is packaging waste containing polymer
material and aluminium.

3. A process as claimed in claim 2, characterised in that the raw material is a reject fraction containing aluminium,
polymer material and fibre residues produced in the recycling of liquid packaging board.

4. A process as claimed in any of the preceding claims, characterised in that the raw material (5) is introduced in
the fluidised bed (3) mainly as pieces having a diametre in the range from 0.5 to 5 cm.

5. A process as claimed in any of the preceding claims, characterised in that the fluidised bed (3) consists of sub-
stantially ungrindable particles, e.g. sand or aluminium oxide particles.

6. A process as claimed in any of the preceding claims, characterised in that the gasification temperature is in the
range from 670 to 900 °C, preferably 850 °C.

7. A process as claimed in any of the preceding claims, characterised in that the gasification is performed in a
vertical reaction vessel (1) with straight walls, cooling medium (6) being injected in the ascending gas flow in the
upper part of the reaction vessel, above the fluidised bed (3).

8. A process as claimed in any of the preceding claims, characterised in that the cooling medium is water.

9. A process as claimed in any of claims 1-7, characterised in that the cooling medium is cold nitrogen gas.

10. A process as claimed in any of the preceding claims, characterised in that the solid metal particles are separated
from the gas flow by means of a cyclone (8).

11. Aprocess as claimed in any of the preceding claims, characterised in that the gas flow is filtrated (11) to separate
solid particles from it.

12. Aprocess as claimed in any of the preceding claims, characterised in that the gas from which the metal particles
have been separated is burnt in order to produce energy.

Patentanspriiche

1. Verfahren zur Behandlung von Rohmaterial, das Aluminium oder ein &hnliches Metall, das bei einer niedrigen
Temperatur schmilzt, und organische Substanz enthlt, und das Metallabtrennung einschlief3t, dadurch gekenn-
zeichnet, dass Partikel des Rohmaterials (5) in ein sprudelndes Wirbelbett (3) eingebracht werden, in dem die
organische Substanz bei einer Temperatur vergast wird, die hoher als der Schmelzpunkt des vorliegenden Metalls
ist, um brennbares Gas zu erzeugen, dass das Gas und das enthaltene Metall aus dem Wirbelbett entfernt und
auf eine Temperatur gekihlt werden, die unter dem Schmelzpunkt des Metalls liegt, indem KuhImittel (6) in den
Gasstrom eingemischt wird, und dass die festen Metallpartikel (8) nachfolgend von dem brennbaren Produktgas
abgetrennt werden.

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass das Rohmaterial Verpackungsabfall ist, der Poly-
mermaterial und Aluminium enthalt.

3. Verfahren nach Anspruch 2, dadurch gekennzeichnet, dass das Rohmaterial eine Ausschussfraktion ist, die

Aluminium, Polymermaterial und Faserrtickstande enthélt, die beim Recycling der Pappe von Flissigkeitsverpak-
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kungen erzeugt wird.

Verfahren nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dass das Rohmaterial (5) vor-
nehmlich als Stiicke mit einem Durchmesser im Bereich von 0,5 bis 5 cm in das Wirbelbett (3) eingebracht wird.

Verfahren nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dass das Wirbelbett (3) im
wesentlichen nicht mahlbare Partikel enthélt, wie Sand oder Aluminiumoxidpartikel.

Verfahren nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dass die Vergasungstempe-
ratur im Bereich von 670 bis 900°C liegt, vorzugsweise bei 850°C.

Verfahren nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dass die Vergasung in einem
vertikalen Reaktionsgefald (1) mit geraden Wanden durchgefuhrt wird und Kuhlmittel (6) in den aufsteigenden
Gasstrom im oberen Teil des Reaktionsgefalies Uber dem Wirbelbett (3) eingespritzt wird.

Verfahren nach einem der vorhergehenden Anspriche, dadurch gekennzeichnet, dass das KuhImittel Wasser
ist.

Verfahren nach einem der Anspriiche 1 bis 7, dadurch gekennzeichnet, dass das Kihlmittel kaltes Stickstoffgas
ist.

Verfahren nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dass die festen Metallpartikel
mittels eines Zyklons (8) von dem Gasstrom abgetrennt werden.

Verfahren nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dass der Gasstrom filtriert
wird (11), um aus feste Partikel daraus abzutrennen.

Verfahren nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dass das Gas, aus dem die
Metallpartikel abgetrennt worden sind, verbrannt wird, um Energie zu erzeugen.

Revendications

Procédé de traitement d'une matiére premiére contenant de I'aluminium ou un métal similaire possédant un point
de fusion bas et de la matiére organique, comprenant une opération de séparation des métaux, caractérisé en
ce que les particules de la matiere premiére (5) sont introduites dans un lit fluidisé a bulles (3), ou la matiere
organique est gazéifiée a une température supérieure au point de fusion du métal présent, pour produire un gaz
combustible, que le gaz et le métal entrainé sont récupérés dans le lit fluidisé et refroidis a une température
inférieure au point de fusion du métal en mélangeant un agent de refroidissement (6) au flux gazeux, et que les
particules de métal solides (8) sont ensuite séparées du gaz de gazogéne combustible.

Procédé selon la revendication 1, caractérisé en ce que la matiére premiére est constituée de déchets d'embal-
lage contenant des polymeéres et de I'aluminium.

Procédé selon larevendication 2, caractérisé en ce que la matiére premiéere est une fraction de déchets contenant
de l'aluminium, des polymeres et des résidus fibreux produits lors du recyclage des cartons d'emballage pour
liquide.

Procédé selon l'une quelconque des revendications précédentes, caractérisé en ce que la matiére premiére (5)
est introduite dans le lit fluidisé (3) principalement sous forme de morceaux de diamétre compris entre 0,5 et 5 cm.

Procédé selon l'une quelconque des revendications précédentes, caractérisé en ce que le lit fluidisé (3) est
constitué de particules substantiellement non broyables, par exemple des particules de sable ou d'oxyde d'alumi-
nium.

Procédé selon I'une quelconque des revendications précédentes, caractérisé en ce que la température de ga-
zéification est comprise entre 670 et 900°C, de préférence 850°C.
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Procédé selon I'une quelconque des revendications précédentes, caractérisé en ce que la gazéification est ef-
fectuée dans une cuve de réacteur verticale (1) aux parois droites, I'agent de refroidissement (6) étant injecté dans
le flux gazeux ascendant dans la section supérieure de la cuve du réacteur, au-dessus du lit fluidisé (3).

Procédé selon I'une quelconque des revendications précédentes, caractérisé en ce que l'agent de refroidisse-
ment est de I'eau.

Procédé selon I'une des revendications 1 a 7, caractérisé en ce que I'agent de refroidissement est de |'azote
gazeux froid.

Procédé selon l'une quelconque des revendications précédentes, caractérisé en ce que les particules de métal
solides sont séparées du flux gazeux au moyen d'un cyclone (8).

Procédé selon I'une quelconque des revendications précédentes, caractérisé en ce que le flux gazeux est filtré
(11) pour séparer les particules solides du flux gazeux.

Procédé selon I'une quelconque des revendications précédentes, caractérisé en ce que le gaz duquel les parti-
cules de métal ont été séparées est bralé afin de produire de I'énergie.
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