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Recovery of aluminium from multi-component packaging using a fluidised

bed reactor
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This study presents the use of fluidised bed combustion to produce thermal energy, aluminium recovery and

the reduction of the Tetra Pak and Combibloc packaging waste stream. Fluidisation and the pneumatic

transport, which take place in the same apparatus, allow recovering bits of the aluminium foil from the

combustion zone. The limited time spent in the high temperature zone leads to a high content of free metal

in the solids separated in the ash trap and cyclone. Other solid products are practically chemically inert and

may be disposed in a landfill of municipal or inert wastes.
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INTRODUCTION

Thermal engineering is widely applied in the economy and

has recently shown a growing and significant meaning in the

process of converting various waste materials. Of many types of

wastes, of which processing becomes a necessity, Tetra Pak and

Combibloc were chosen. Both of them are used to store liquid

food and their utilization is still an issue that has not been

globally resolved, yet. Such waste cannot be added to wastepa-

per during the process of segregation because it contains alu-

minium foil. Thus, it is usually stored in landfills. It is possible

to use it as a substitute fuel as a source of thermal energy and

also as a source of aluminium and aluminium oxides.

Nowadays, multilayer packaging is not separated from the

waste stream although it is possible because it is easily identi-

fied. However, this situation can change if a proper technology

to neutralise it has been developed.

The material used to make such multi-layer packaging is the

composite made from a thin layer of chalked cardboard printed

on one side and coated on both sides with a polymer, usually

polyethylene
1
. The inner layer of the cardboard is additionally

covered with aluminium foil. The composite is made in such

a way so as to avoid stratification. Thus mechanical methods of

decomposing the material cannot be applied and because the

material is coated on both sides with polyolefin, decomposition

using solutions is also impossible.

The multilayer composite doesn't consist of elements like F,

Cl, Br, S, N, P and heavy metals. It is mostly made of C, H, O

and Al. Table 1 presents the packages' composition. Based on

chemical analysis the mass fraction in the packages' composi-

tion of coal, hydrogen and oxygen is: 49.28; 7.32; 35.71%

respectively.

EXPERIMENTAL

Packages were subjected to thermal decomposition inside a

fluidised bed reactor (Figure 1). The bed consisted of sand at

the granulation of 0.25 – 0.30 mm and the weight of 300g. The

fluidised layer has advantageous conditions to conduct the

combustion of solid, liquid and gaseous fuels
2 – 12

 as the follow-

ing conditions for the bed's properties have been met: thorough

mixing of the substrates which participate in reactions, stable

Table 1. The composition of Tetra Pak packages

Figure 1. A Laboratory Installation Scheme: 1 – heated pipe
for sampling flue gases, 2 – analyser apparatus
MRU, 3 – analyser apparatus JUM, 4 – gas rotam-
eter, 5 – primary air rotameter, 6 – data collection
apparatus, 7 – secondary air rotameter, 8 – proc-
essor A/C, 9 – secondary air regulation valve, 10
– air blower control system, 11 – air blower, 12 –
gas regulation valve, 13 – probe filter, 14 – probe
for sampling flue gases, 15 – feeder, 16 – feeder
tube, 17 – secondary air pipe, 18 – exhaust blower,
19 – movable radiation shield, 20 – cyclone, 21 –
quartz pipe, 22 – ash trap, 23 – sand bed, 24 –
thermocouples, 25 – plenum chamber
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temperature thanks to the fluidised layer's thermal inertness and

the prospect of granulating the waste on a certain level of

burning by grinding with the bed's grains. The bed's temperature

control system of the reactor used to conduct the research

enables studying and marking of the optimum process param-

eters. Aluminium containing Tetra Pak and Combibloc pack-

ages were prepared for the incineration by being cut into rec-

tangular 3 – 6 mm objects. When cut into such objects, it was

possible to feed them into the furnace using a revolving-plate

feeder. The furnace was preheated with propane and the average

stream of waste fed into it was ca 0.25 g/s.

The usefulness of a given material for thermal energy produc-

tion is determined, with   many factors involved, but the most

important ones are: the heating value, the content of the flam-

mable and inflammable parts, the humidity and the amount of

pollution produced by burning. The heating value was calcu-

lated by using Dulong's, Mendeleiew's and Mahler's formulas
13

.

Table 2 demonstrates a comparison of the calculated values and

the data found in professional literature regarding Tetra Pak

packages.

Incinerating multilayer packages means using renewable fuel

(cellulose). Therefore, it means lowering the carbon dioxide

emission by the amount of carbon dioxide produced from

burning the equivalent amount of coal. The results of calculat-

ing the emission's amount when generating 1MJ of energy ("green"

emission of carbon dioxide) are shown in Table 3.

While burning the material, the combustion gases' composi-

tion was analyzed ca 200mm above the exhausts' bed. Figures

2 & 3 show the gases' composition of O
2
, CO, CO

2
, NO

x
, SO

2

and VOCs from two experiments: with and without secondary

air. In the second one (Figure 3) the emission of nitrogen oxides

and sulphur dioxide was below the emission standards
14

 for

waste combustion installation.

The dust rising from the furnace was collected in the ash trap

and in the cyclone. It was observed that the dust from the ash

Table 2. The heating Value of Tetra Pak packages

Table 3. Carbon dioxide emission

trap is composed of two structural constituents, which can be

separated through spreading. The ISP-MS analysis was applied

to both fractions from the ash pan, the dust from the cyclone,

the bed and the samples of multilayer packages (Tables 4 & 6).

Its results allowed a calculation of the upper limit of heavy

metals' emission and their compounds and their influence on

the incinerating plant's construction when assuming that all the

emitted gases are not purified.

Figure 2. Flue gases composition during the multilayer pack-
ages combustion without secondary air. Various
bed temperature (730 °C - 930 °C) and O

2
 (3% –

13%). Concentrations standardised at 11%O
2
 in

flue gases
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The calculation of the amount of dry exhausts produced by

the burning of Tetra Pak packages was done under the assump-

tion that the only flammable components are cellulose and

polyethylene. In this case the volume of dry flue gases equals

V
ss
=10.47 m

u

3

11%O2
/kg

s.m.
. Assuming that all the aluminium in

the packages becomes oxidized then V
ss
=10.70 m

u

3

11%O2
/kg

s.m.
.

The maximum emission results are shown in Table 5.

The calculations prove that the content of cadmium, thallium

and mercury in the flue gases is lower than the emission stand-

ards
14

, therefore it is possible to omit them during the analysis

of the exhausts' composition. On the other hand, considering

that "Amount III" is composed mostly of non-volatile sub-

stances so most of them turn to dust (Table 4), which implies

using a dust filtering system with a total efficiency of 90% (that

is also necessary to recover aluminium), which is needed to

meet the emission standards. In addition, it has been established

in which form aluminium leaves the fluidised bed reactor by

Table 4. The composition of fuel and solid combustion products – heavy metals

Figure 3. Flue gases composition during multilayer pack-
ages combustion with secondary air. Various bed
temperature (700 °C – 900 °C) and O

2
 (3% –

15%). Concentrations standardised at 11%O
2
 in

flue gas

Table 5. Maximum emission of heavy metals in flue gases

chemically analyzing and calculating the mass balance of the

main oxide constituents. It was determined that the fine fraction

consists of very large amounts of metallic aluminium that con-

stituted almost half of the entire fraction. The amount was lower

in the thick fraction and in the ash deposited in the cyclone but

still higher than the amount of aluminium oxide. Figure 4

shows the solid combustion products from the combustion with

secondary air.

CONCLUSION

The research shows a possibility of utilizing multilayer pack-

ages as fuel for fluidised bed furnaces, while the combustion of

such materials causes a relatively small emission of gaseous

pollution. The knowledge of the chemical composition of these

packages makes it possible to use them as alternative fuel, to

which biomass emission standards can be applied. Their com-

bustion will contribute to decreasing carbon dioxide concentra-

tion in the atmosphere. Using pneumatic conveying enables the

separation of the inflammable parts of the fuel, including the

ones that contain aluminium. A significant amount of alu-

minium is deposited in its elementary form. Thus, heat recovery
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can be accompanied by resource recycling of the aluminium

contained in the packages. It was also proved that other constitu-

ents of dust are not toxic and their emission can be easily

decreased to meet the emission standards of heavy metals in

waste utilization processes.
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