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Abstract: Packaging is a huge problem in waste management, and food packaging stands out in particular. This article
presents the results of preliminary research on the separation between aluminium and plastic from yogurt cup wastes as a
sample of food packaging waste. Two different separation methods were used: eddy current and electrostatic separation. It
has been shown that an eddy-current separator can be used for the separation of larger particles, whereit is possible to obtain
a concentrate with an aluminium content of 65.5% and recovery of 92.3%, while an electrostatic separator is more appropriate
for the separation of finer particles, whereby a concentrate with an aluminium content can be obtained of 73.3% with recovery
of 96.9%.
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Preliminary report

1. INTRODUCTION

The increasing volume of food packaging waste prissa significant environmental challenge, both due
to resource depletion and environmental contaneng#ntonopoulos, Faraca, & Tonini 2021; Dahlbo et al.
2018) These composite materials, while effective favdgreservation by enabling foods to travel safely
long distancegMarsh & Bugusu 2007)pose substantial recycling difficulties due te tihtimate bonding
between different materials, as many recycling esyst require materials to be separgfédrsh & Bugusu,
2007; Antonopoulos, Faraca, & Tonini 2028mong these, yogurt packaging represents a comyedn
complex waste stream, typically consisting of pobgylene (PP) cups with aluminium foil liggostic et al.
2022) which require efficient separation methods fdeefive recycling.

The separation of aluminium from plastic in foodtkaging is crucial for several reasons. First, ahiom
is a valuable material with significant energy s when recycled compared to primary productifierimg
the largest reduction potential in energy use ae@gmhouse gas (GHG) emissions through recyclingpst-
consumer scrafNiero & Olsen 2016)Second, the quality of recycled plastics improsebstantially when
metal contaminants are removed, as demonstratadsiigs with ultraviolet protective additives andhent
contaminants affecting recycled material quajghlbo et al. 2018)However, the thin nature of aluminium
foils and their attachment to plastic substrate&ermtsaditional separation methods challenging, ipalarly
for thin foils (Niero & Olsen, 2016)

Current recycling technologies offer various apptes for separating different materials, with pbgbi
separation methods showing particular promise duéeir ability to provide optimum protection ofgatuct
quality and safety{Marsh & Bugusu 2007)Among these, eddy current separation (ECS) aedtralstatic
(EST) separation stand out as potential solutieash exploiting different physical properties of thaterials.

This study aims to evaluate and compare the effectss of eddy current and electrostatic separation
methods for recovering aluminium from yogurt padkggwaste. The research specifically focuses on:
determining optimal operational parameters for sdparation methods (rotor/drum speed, voltagéttepl
position, belt speed) and assessing the gradeenwlery of aluminium concentrate achieved througthe
process to evaluate their effectiveness for foatkpging recycling.

Through systematic experimentation with varyingues of operational parameters, this study seeks to
establish the most effective approach for sepagatifuminium from plastic in food packaging waste,
contributing to the development of more efficieatycling processes for composite packaging material
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2. MATERIALSAND METHODS
2.1. Materials

The feed sample used in these experiments were fragurt packaging that consisted of polymer cup
(polypropylene, PP) and aluminium lid. PP is a tigkight (density between 0.895 and 0.93 g/cm3) and
nonpermeable plastic that are commonly used fokgging for cosmetics, food and drinks, and othdustrial
and consumer goods. Polypropylene, on the firsaite, is used primarily for food items. Once itésycled, it
cannot be considered as virgin material or has §pade quality. However, recycled polypropyleneldenaintain
its properties, making it one of ecologically respible material§Hossain et al. 2023)

Figure 1.Feed of A) Eddy Current Separator and B) Electrostatic Separator

Aluminium lids are used on many dairy and food picid to extend the product’s shelf-life, it hasedbemnt
durability and protection against corrosi@@aruli¢, et al. 2021) Density of aluminium is about 2.7 g/cm3. In
this study, sample size for eddy current and edstdtic separator is different as showrFigure 1. Feed mass
fraction of polypropylene was 96 % and aluminiu®c4

Sample was prepared by reducing its size befoffeqpeing separation test. The size of samples foseltwo
separation methods is different. Samples for edudseat separator were cut manually with average aiz18.4 x
42.5 mm. On the other side, samples for electiostaparator are smaller and cut using automattngudevice
to obtain particle size <8 mm. Shredding procesBRiand aluminium was performed separately. Afat, the
sample mass of PP and aluminium measured separaigéy material fraction for each type in a feathple.

2.2. Methods

Eddy current and electrostatic separation processes two physical separation methods that werd tse
determine the recovery rate of aluminium and polymeyogurt cups. Eddy current separation is pent to
separate non-ferrous metals from non-metals matduia to different conductivities and densit{&han et al.
2025) Eddy currents are a manifestation of electromaégimeduction occurring when a magnetic field iphgd
to a conductor. When magnetic flux density changedy currents are induced in a conductor, creatimggnetic
field that opposes or reinforces the applied fiels,described by Lenz's lafao 2006) This technology has
proven effective for larger metal particles butegachallenges with thin foils. The separation efficy depends
on various operational parameters, including lmdesl, splitter position, and rotor spédliero & Olsen 2016)

Electrostatic separation, alternatively, reliesdifferences in electrical conductivity among madkr{Niero
& Olsen, 2016)This method has shown promise for separatingdamécles, with separation efficiency influenced
by factors such as applied voltage, drum rotatispakd, and splitter positigantonopoulos, Faraca, & Tonini,
2021) The technology's effectiveness for thin aluminifoits from food packaging, however, requires ferth
investigation.

Before testing, the samples were washed of foddues in hot tap water and cut to the approprisgngsize
for eddy-current separation or in the case of ebstatic separation, shredded in a Retsch 200thguttill, as
seen irFigure 2a. Each separation process yields a metallic ar@hametallic material fraction. The proportions
of plastic and aluminium within these fractions eenanually calculated and separated by visual otgpeto
determine its recovery.

2.3. Equipments

Size reduction process for electrostatic separatomple was done by using cutting mills from Re&kt2000
(Fig 2a) with a mesh size of 8 mm. Separation peeeas conducted with two different methods. Eddyent
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separator produced by Magnapower and electros@apiarator from Eirez. All equipment used in theegxpent
is shown orFigure 2.

An eddy current separator Magnapower model ECS(BOjure 2b) was used for eddy current separation
tests. There are three working parameters whiclemothe separation process. Belt speed could hestadj in
range from 25 Hz to 50 Hz which corresponds bdticity from 1.32 m/s to 2.67 m/s. Rotor speed alsold be
changed and the supplier recommend to run it at @D&te maximum speed. Third parameter is spljiteition
which can be adjusted between -5 (farthest away fte belt) and 4 (the closest to the belt).

The laboratory electrostatic separator was manufadtby Eriez Magnetics. High tension model HT-150
(Figure 2c) was used and has several adjustable working mess) such as position of two splitter plates,.H.T
voltages (up to 30 kV), and roll speed (up to 108im). Through this type of separator, three fiawsi of the
result are possible to achieve. It is magnetic,diiids, and non-magnetic materials. However, tkipgy only
calculates and evaluates the recovery of plasBy @ad aluminium from the magnetic and non-magtiettions.

Figure 2. Equipment used in the research: A) shredder, B) eddy current separator, and
C) electrostatic separator
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2.4. Testing Plan

Eddy current separation test was carried out 1% teish variation of setting in splitter positiondbelt speed
as seen offable 1, while rotor speed was constant at 70 % (by tleelygcer recommendation). Sample from
separator setting with the optimal test conditiomsvgoing through scavenging process to increaseirilum
content and recovery in the concentrate with timeessettings.

Table 1. Test plan, eddy current separator

Test Rotor speed, (%) Splitter position, (-) Beked, (Hz)
ECS1 70 3 25
ECS-2 70 -3 50
ECS-3 70 0 35
ECS-4 70 0 50
ECS-5 70 3 50
ECS-6 70 3 35
ECS-7 70 -3 35
ECS-8 70 0 25
ECS9 70 -3 25
ECS-10 70 4 25
ECS-11 70 4 30

For electrostatic separation process, three sstfiogn the machine were being adjusted. Differaitages,
number of drum rotations, and splitter positionsentested to obtain the optimal settings. All elestiatic testing
was conducted with single splitter, resulting otwp discharges to be analysed. Test was perforntede® with
variations of testing device settings as describédhble 2.

Table 2. Test plan, electrostatic separator

Tes Voltage, (V. Drum rotational speed, (- Splitter position, (°
EST-1 2000( 35 12C
EST-2 2500( 35 13C
EST-3 2500( 55 13C
EST-4 2000( 35 13C
EST-5 3000( 35 12C
EST-6 3000( 65 12C

3. RESULTSAND DISCUSSION

3.1. Eddy Current Separation

The belt speed and splitter position affected ttaglg and recovery for the eddy current separatiba.lower
belt speed of 25 Hz, aluminium content was highZ?2 in Met -1), with a recovery of 34.0 %. At gher speed
of 50 Hz, the aluminium content dropped signifitatd 25.6 % in Met — 4, with a lower recovery &.8 %.

Met -1 and Met — 5 tests conducted with the splgtBap closer to the drum (positive angle) yield#t.2 %
and 91.9 % aluminium recovery, respectively. Howewéth the splitter flap farther from the drum (raive
angle) in Met — 7, the recovery dropped to 23.7T¥e results for the eddy current separation austithted in

Table3.

Table 3 Results of Eddy Current Separation

Fractior Al content, (% Al recovery, (% Fractior PP content, (¥ | PP recovery, (%
Met-1 72.2 34.2 NonMet-1 96.€ 99.2
Met-2 37.t 23.7 NonMet-2 96.2 98.C
Met-3 25.€ 26.2 NonMe*-3 96.2 96.2
Met-4 6.1 60.5 NonMe*-4 96.5 53.€
Met-5 4.4 91.¢ NonMetr-5 89.2 3.3
Met-6 9.2 71.1 NonMe-6 97.€ 65.C
Met-7 60.C 23.7 NonMe*-7 96.2 99.2
Met-8 100.C 21.1 NonMe*-8 96.2 100.(
Met-9 100.C 13.2 NonMe*-9 95.¢ 100.C
Met-1C 49.C 63.2 NonMet-1C 98.2 96.7
Met-11 10.1 63.2 NonMei-11 97.t 72.2
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For the eddy current separation, the recoverywhalium was decreased at a higher belt speed.ridysbe
because higher speed lowers the residence tinfeed&€CS. However, it was observed that the closesiitter
position is to the drum, the better the recovehe dptimal test condition for the eddy current sappan was first
achieved in Met — 10. The belt speed was set &t22&nd the splitter position at +4 with the aluramirecovery
of 63.2%. Met — 10 was further taken through rougirel scavenging tests to improve the recoverygaade of
the aluminium maintaining the splitter position ahe belt speed at +4 and 25 Hz. The optimal regstachieved
at the third scavenging (Scv) stage, Scvah(e 4) with aluminium grade and recovery of 65.45% aBdB2%,
respectively.

Table4. Eddy current separation process with scavengingsrhalance

Al (9) PP, (g Mass, (g Al, (%) PP, (% Al recoveny | PP recover
Feec 3.¢ 76.7 80.€ 4.84 95.1¢ 100.00 ¥ 100.00 ¥
Roughe 2.0 0.c 2.¢ 68.91 31.02 51.28 % 1.17 %
Scw-1 2.8 1.c 4.7 59.51 40.4:% 7179 % 2.48 %
Sc\-2 3.2 1.¢ 5.2 63.4¢ 36.5¢ 84.62 % 2.48 %
Sc\-3 3.€ 1.¢ 5.5 65.4¢ 34.5¢ 92.31 % 2.48 %
Rejec 0.2 74.¢ 75.1 0.4C 99.6( 7.69 % 97.52 ¥
Feed cum 3.¢ 76.7 80.€ 4.84 95.1€ 100.00 ¥ 100.00 ¥

3.2. Electrostatic Separation

Three parameters; voltage, drum speed and splittsition influence the grade and recovery of aliamn
using the electrostatic separation. The splittesitipm was set at 120 and 130 degrees respectualg varying
voltage and the drum rotational speed.

3.2.1. Effect of drum rotational speed on aluminium grade and recovery

The effect of drum rotational speed on aluminiuradgr and aluminium recovery was analysed using the
following pairs of tests:
e EST-2 vs. EST-3: Voltage at 25 kV, splitter positit 130°
e« EST-5vs. EST-6: Voltage at 30 kV, splitter positit 120°
In both pairs, the primary variable was the drurtation speed. At the same time, the voltage anittespl
position remained constant, allowing us to isokatd observe the effect of drum speed on grade ecul/ery.
Considering the EST — 2 and EST -Fag(re 4), with an increase in the drum rotation speed f8&mpm to 55
rpm, the aluminium grade dropped significantly fr@m50% to 15.24% with an increase in the recoem
55.00% to 73.53%. A sharper decrease in the alumirgrade was discovered (from 73.33% to 12.05%)nwhe
the rotation speed was increased from 35 rpm tpBS(EST — 5 and EST — 6) with a slight changéérecovery
from 96.91% to 96.79%. It can be established thainarease in drum speed rotation resulted in aedese in
aluminium grade. Also, the observed changes invargowas not only dependent on the drum rotatiaedp
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Figure 3. Grade and recovery variation with the varying drum rotation speed
3.2.2. Effect of voltage on aluminium grade and recovery
The effect of voltage on aluminium grade and aluommrecovery was analysed by comparing two tesspai

e EST-2 vs. EST-4: Drum rotation speed at 35 Hz{tgplposition 130°
e EST-1 vs. EST-5: Drum rotation speed at 35 Hz{tgplposition 120°
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Decreasing the voltage from 25 kV (EST-2) to 20(B&T-4) significantly diminished the aluminium gead
from 27.50% to 13.79 %~{gure 5). However, aluminium recovery was only marginaffected by the change
in voltage, decreasing from 55.00% at 25 kV (ESTeZ)3.33% at 20 kV (EST-4). A significant improwent in
aluminium grade was observed when the voltage @se@ from 20 kV (EST-1) to 30 kV (EST-5). The grade
increased from 14.40% to 73.33% with a slight desedn the recovery dropping from 100% at 20 kVTH&$to
96.91% at 30 kV (EST-5).
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Figure 4.Grade and recovery variation with the varying voltage

In both test pairs, increasing the voltage resaolts significant improvement in aluminium gradeisTis due
to the stronger electric field at higher voltagekich enhances the ability of the high-tension safoa to pull out
conductive aluminium particles more effectivelyg¥eng behind plastics.

3.2.3. Aluminium grade and recovery optimization

In the Eddy Current separation, the optimal resals achieved in Scv — 3 with aluminium grade o#6%
and recovery of 92.31%, setting the belt speed&i2and the splitter position at +4. This indicatieat a slower
belt speed, combined with a splitter flap positibotoser to the drum gives the optimum result.

Grade and recovery optimization in aluminium seflanausing electrostatic separation was a delibatance
between drum speed, voltage, and splitter positiomer drum speeds and higher voltages resultiglzer grade
with improved selectivity, but recovery may be btlg impacted. An optimal result was achieved dgit8ST — 5
with 73.33% and 96.91% of aluminium grade and recpvespectively. The drum rotation speed wasas8b
rpm, voltage at 30, and the splitter position &°12n this study, the splitter position was keptveo different
positions but lacks data to predict the behavidgrade against the splitter arrangement. It igested to conduct
more tests to establish the optimization with thiéter position.

4. CONCLUSION

In the Eddy Current Separation process, the optiestlcondition was observed when the belt speedset
at 25 Hz and the splitter position was adjusted4@osition. This combination led to an aluminiuradg and
recovery of 65.45% resp. 92.31%. These resultsatdithat a slower belt speed, coupled with atsplitap
positioned closer to the drum, enhances both aluminecovery and grade. Although ECS is effectivadparated
aluminium from the plastics, tiny fractions of gias were attached to the aluminium, especiallthatlid. This
can be observed in the lowest recovery of alumirstiiMet — 9, hence further separation is required.

In Electrostatic Separation, optimizing the alumimigrade is a delicate balance between drum spekage,
and splitter position. Lower drum speeds and highstages typically result in higher aluminium geatly
improving the selectivity of the separation procedthough this can come at the cost of slighttueed recovery.
While the study effectively examined the effectddloim speed and voltage, it was limited in the esgiion of
splitter position, which was only tested in twotisgfs. Further testing is recommended to fully ustind the
impact of splitter position on aluminium grade amovery and to establish the optimal configuration
maximizing separation efficiency.

5. REFERENCES

Antonopoulos I, Faraca G, Tonini, D (2021) Recyglof post-consumer plastic packaging waste in the E
Recovery rates, material flows, and barriers. Whtiaagement, 126, 694-705.

59



Dien-Muhammad et al. Preliminary research on separatiohaluminium from...

Baruki¢ |, Ssetar M, Jakopovi K, Kurek M, Bozant R, Galit K (2021) Overview of packaging materials for
Dairy packaging. Croatian Journal of Food Techngl@&jotechnology and Nutrition, 16, 85-93.

Dahlbo H, Poliakova V, Myllari V, Sahimaa O, AndensR (2018) Recycling potential of post-consumer
plastic packaging waste in Finland. Waste Managentdn 52-61.

Hossain M, Shahid M, Mahmud N, Habib A, Rana M, Kis& Hossain M (2023) Research and application of
polypropylene: a review. Discover Nano.

Kostic D, Hoffmann U, Furtauer S, Fell T, YilmazBurth D, Sangerlaub S (2022). Packaging wefiling
ratio and filling efficiency of yogurt and relevagpackagings depending on commercial packaging desigterial,
packaging type and filling quality. Dairy, 3, 66826

Marsh K, Bugusu B (2007). Food packaging-roles,emals, and environmental issues. Journal of Food
Science, 72, R39-R55.

Niero M, Olsen S (2016). Circular economy: to baatto be in a closed product loop? a life cyslsessment
of aluminium cans with inclusion of alloying elemtgnResources, Conservation and Recycling, 1148118-

Rao S R (2006). Physical and physcochemical Prese¥gaste Management Series, 7, 35-69.

Shan Z, Yuan, Y, Cao B, Li G, Wang Q (2025) Pdks#s and difficulty levels for vertical eddy cemt
separation between different non-ferrous metalpa@gion and Purification Technology.

60





