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Abstract

This preliminary evaluation of aluminium recoverfeom a municipal solid wastéandfill was ca-

ried out as part othe EU Training Network for Resource Recovery through Enhanced Landfill
Mining (NEW-MINE). NEW-MINE is laying the foundations for a resowe#icient and enviro-
mentally drivenindustrythat couplesenhancedandfill mining (ELFM) with production processes
Among othersELFM combine remediation stratégsand innovative technologiesifthe recovery

of potentially secondary raw materials and the productigngbfaddedvalue products.

To this day, thereis no reliable data about the quality of metals recovameBLFM. In general,
excavated materials are processed mechanically through difsteqst such as classifying, sie
ding and separation. In the case of metal recoveeghanicaprocessig schemesise magnet ge
arators to extract ferrousetalsand eddycurrent separators to recover nonferraustals, such as
aluminium, copper, zinandlead.Within NEW-MINE, a case study @ascarried outon metals &-
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cavatedrom a Belgianlandfill in the municipality ofMont-SaintGuibert wherenonferrousmetals
were extracted usingddycurrent separationThe separation afluminium was madeising two
different sorting technologies; optical sorting based in infrared spectrum -aaygl sOrting.Sub®-
quently thealuminiumwas melted in a tilihg rotary kiln using a slag of K&@MgCl-CaF, as oxide
collector and atmosphere barri€inally, the qualityof aluminium was evaluated in terms ofipo
luted metals and oxidewhich were influenced by the sorting technology used

Impurities and oxides in the aluminiwsarapsshowed values of around 50 % and 30 % for the fine
and coarse fractionsespectivelyThe impurities had negative effects the detection yield of both
techngues However the X-ray sensowas less affected by the presencengburities andallowed

a betteraccuracyto maximize Al separationThe purity after refining reaed values betwen 96%

and 99 %. Several of the pollutants found on the aluminium were closely relatedetoployed
separation techquesand the impurities attached abuminiumscrapitself. These alloying elements
can be loweredby apreviousfiring. Final results demonstrated thaltl aluminium scrap can be
successfully recycled despite been bufeadiecades.

1. Introduction

In general, ehanced landfill mining (ELFMgaims at an integrated waste valorisation as wdste
material and wasto-energy respecting most astringent social and environmental crifgriin
particular, ELFM within the framework of theEU Training Network for Resource Recovery
through Enhanced Landfill MininGNEW-MINE) couplesthe latter with innovative technologies
for the recoveryf upcycled and higladdedvalue products, such asetals, gngas,inorganicpol-
ymers ancconstruction matéals, among others~errous(Fe) and norferrous(NFe) metals belong
to the recoverable materialgth highest market valum ELFM [2]. In most cases, metals remain
buried for several decades befaite remediation, and during this time theyight experience
strongcorrosionand polution with organic andnorganicmatter Thus, he study of their quality
and extent of recovery is of high interest anitical relevance.

Previous landfill mining studies have shown that landfills could be a source of Fe and NFe metals
as well as of other secondary raw materials, such as plasfigse rderived fuel, constructiog-a
gregates and glass, among others [3Fd}.instance, aluminium (Al) typidgl represents arourb

wt.% of NFemetals frommunicipal solid waste (MSY5], which a few decades ago was sent to
landfills together with theest of the wasteith poor or even without recovery of NFe metals

Al is one of the most ignoble elements of nature. When this metal is in centaather metal
oxides at high temperatyrthe oxides tend to be reduced which in turn cause a polloftialumn-
ium. This is reason whyefining plants demandhigh quality scraps tprevent udesiredalloying
going to themetallicphase.

In the NEWMINE casestudy wade was excavated andnechanicallypre-processedat a landfill
sitein Belgium[6, 7]. Samples of the excavated waste aftertpratment were taken and analysed
in order to determine tirecomposition and characteristidgsom which the amount of NFReaction
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wasdeterminedand samples for the laboratory analysis of this study were obt@né]. The pe-
sent studys focusel on theresultsof the analysiof NFe metalic concentrate extractedfrom the
landfill in question particularly orthe quality and extent afecovery ofAl scrap

2. Materials and methods

2.1 Site description

The excavated landfill waa disposal site for MSW, construction and demolition wastenammel
hazardousndustrial waste located in the municipality obM-Saint-Guibert(MSG), Belgium (Fig.

1) [6-8]. This sitehas a total area of about 44 ha [9] &adbeen in operation since the late 1960°s
[10]. The excavation took place at the old landfill aresd (delimited area ifrig. 1 (eft)) [6, 7],
which has a varying depth of ®D m andstores more than 5.7 million*hof waste material§6-
11]. This area haan estimatedizeof 14 ha p, 7].

Figure 1: MSG landfill (left) and excavation zone (righ].

A smallerzonewithin the old aregwhite delimited area in Fig.1 (right)yas selectedbr theexa-
vation of wastewith the aid of geophysical explorati¢®, 7]. This areanadaround130 nf and was
excavated to a depth about5 m (excluding cover layer)6] 7]. Further information about it
landfill site can be found in Garcia Lopez et al., 2@|%hd HernandeParrodi et al., 20187].

2.2 Excavation works and material ppeocessing

A total amount obbout370 ton of landfill waste were excavat@tg. 2a) from the landfill in quee

tion in AugustSeptember 201[6, 7]. Theexcavated material was processed wibabistic sepaa-

tor (Fig. 2b) in two step$§6, 7]. This machine splits the input material into 3 different outputs: 3D,
2D and undescreen fraction$6, 7]. The first ballistic separation step was carried out using a
screen of 200 mm, while the secastdp was done with a screen of 90 f@n7]. In the MSG larl-

fill case study the coarse fractionsorrespond to the materials with a particle size >90 mm (3D
>200 mm, 2D >200 mm, 3D 2680 mm and 2D 2080), whereas the fine fractions to the fractions
<90mm{[6, 7].
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After the ballistic separation, only the 2D fraction >20fh was processed with a mobile shredder
equipped with a buiHin overbelt magnetic sepaor (Fig. 2c), where Fe metals were recovered
onsite [6, 7]. The NFe metal content of all otheictions was determined via manual characeriz
tion at the laboratory.

Figure2: (a) Excavatoand dumpstei(b) ballistic separatoy (c) mobile siredder

In the NEWMINE case study around 20 Wi of the total excavated material raw statecorre-
sponded to coarse fractions (mates@0 mm) and 80 wt to fine fractions (material <90 mm) [6,
7]. More details about thexcavation works can be found @arcia Lopez et al, 2018][and Her-
nandez Parrodi et al., 2013 |

2.3 NFe metalsontent andegparation

In order to determine the composition and characteristics of the excavated meaperaximately
900 kg ofrepresentative samplesere taken from all output fractions of the ballistic separation pr
cess[6, 7]. These samples were analysedhet Department of Waste Processing and Recycling
(IAR, RWTH Aachen University)

According to the particle size of the material flow, different routes to extract metals were chosen:
The NFe metals in the coarBactions(>200 mmand 20090 mm) were selectd manually with

the diference that the fraction 26D mm wasfirst driedand sievedThe fine fractions were also
dried and sieved prior to Fe metal recovekiter magnetic separatiomhe fine fractionswere di-

vided in threepatrticle size ranges order toenhance Fe and NFe metals recovery with magnetic
andeddycurrentseparata. These particle size ranges w830 mm, 30-10 mm and 104.5mm.

The fraction <4.5 mm from the fine fractions was not processed further regarding Fe andtNFe me
als recovey.

24 Al sorting

Sorting technologiesise differentsensordo separate and detect materi#dlsaong the most ao-
montechnologies Xray transmissior(XRT) and Neainfrared (NIR) detectors can besedto rec-
ognise and separate metals.
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For this studythe NFe fraction were first analysed with a portable XRF analyséregrmo Fisher
NITON XL3t 600), weighedand marked with a reckoss After this preliminary quantitative arnal
sis,which showed the exact proportion of Al, the samples were randoonigedin a white piece
of paper andhem scannetty each methodPieces identified aél for each method were sorted
again by hand and weighed for quantitative analysis.

24.1 Separation oAl with X-ray sorting

The used Xray detector is a luggage scanner baseduah €hergy Xray transmission. The-xays

are generated by a 14V high-performance generator and can be categorized as hagsXThey

are commonly used to investigate the inside of an object. The generated image of the detector has a
resolution of 48k 576 with a colour depth of 2dit. The objectsare classified in three different

colours depending on thedfective atomic weighZes of the fractions in the object. In the generated
image, light elements (£ < 10) are orange, mediuireavy element$Z: 10-15) are green and

heavy elements £ 15-56) are blue. Depending on the elements and thickness of the object, the
analysis of the sensor results in an overlay of the co[@0fs

Referring to Table 1, green is an indication for Al and bluanigndication for copper and zinc.
With this classification, separation of Al from the NFe concentrates has been possible.

Tablel: Colouring according to different materigis].

Colour gradient Effective atomic weight | Pure mate&els and compounds

<10 Light elements: hydrogen, carbon, nitrogen, oxyg
and their compounds, organic materials, plastics
acryl, paper, textiles, food products, woaad wa-
ter, among others.

10-15 Mediumheavy elements: sodium, light metéilee
magnesium andluminium and their oxides

15-56 Heavy elements: titan, chrome, iron, niclapper,
zinc, tin andsilver, among others.

Figure3 shows an example of a measurement with the XRT sensor with a photo of the material and
two processed images of the XRT sen&agure 3a shows a sampé NFe metalsstuckrandomly

on a white paper and where tAé pieceswere marked with a red cross tongpare the detection
efficiency of both sensor3he two XRT imagegFig. 4a and 4b)resent two different processing
settings of the sensor. This helps to detect lighter elements (egeswye particles) of the sample.

In this example, the blue highlighteopper/zinc particles are clearly to differentiate from the other
green and orange mosthl parts. The next step is to sort the detected particles by hand, weigh
them and do a measurement with the same sample with the NIR sensor.
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Figure3: (a) NFe sample(b) XRT image with high contrasfc) XRT with low contrast

24.2 Separation oAl with nearinfrared sorting

For the NIR sensor measurements, a MNiRoerspectral imaging system froreaVK DI
KERSCHHAGGL GMBHwas used. The sensor operates in a spectral range fé@® tb 1700
nm. The width of one pixel is 1.08m (based on 139 pixel distributed on 1b6).

After taking images with the NHRensor, the raw spectrum of each pixel as a function oéwav
length aml intensity of the detected radiation is shown. Based on the first derivative and narmaliz
tion of the spectrum, characteristic areas and peaks in the spectrum has to be analysednwWhen co
paring the different spectra of the objects, a matédhtification can be done along with an
assignment of colours for each spectrum. The result is a cololaegified image of the samples.

J‘:

Figure 4 (a) NFe sample; (b) NIR without image processing; (¢) NIR with image processing

|(b)

Figure 4 shows an example thie measurements with a VIS image, a raw NIR image without any
classification (Fig. 4b) and the coloureldssified image of the sample (Fig. 4c). Particles with Al
parts should appear red and the otherAbparts should appear green. In reality, thidifficult to

achieve because of contamination, similar spectra, mixed spectra and other leffpatsicular,

these samples (Fig. 4) differ in the spectra compared to pure aluminium, copper and zinc samples
due to corrosion and pollution of the sampsesface. herefore, in this case a chaexisation

could be done due to different weathering conditions of the metals.
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Al sortingis summarisd in the flow diagranin Figure5.
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Figureb: Schema of Aprocessing fronhandfill waste

25 Saltrefining

Al scraprecovered using the XR3ensor wereelected for the refiningd mini tilting rotary fu-
nace TRF) as shown in Figre 6 wasusedfor thesmelting of Alscrap.The furnace heated by ele
trical resistanceusea ceramic crucible with a volumaf 0.3 |. This device can be tilted for therve
tical position (0) to 65 and the rotatiospeedcan also be adjusted between 0 to 40 ppm.

For all theexperimentsa NaCt25 % KCI saltmix with 5 wt. % cryolite was used. The temperature
set up a750°C and the rotation at 30 rprthoraval M. etal. [13] demonstrated that with this eat
tional speed, a Froude number equivalent to those used by industrial TRF can be ¢bfhired
ratio Al scrap/salt washosen a0.33 due to a high content of impurities

In this work, only the fraction 2000 mm and 981.5 mm were studied and compared.

Large pieces of Al (>20 mm) were previously sliced. Around 200 g of scrap was used irxeach e
periment. Six trisd were performed, three related to the frace®0 mm andhree for the<90 mm.
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Figure®6: Mini-tilting rotary furnace TRF) used for Alrefining.

3. Results

3.1 Excavation and metal separation

As shown in Figures, the excavated material was divided into several fractions using a ballistic
separator. Related to the interest of this article, three metallic fractions were extracted;Z06ces
mm, 20090 mm andfinally, the finest fraction comprised among-2® mm. The processingf

the fraction below 4.5 mm was considered economically unsuitable for the extraction of metals.
Metds (fine and coarséractiong represented 2.&t. % of the input material wherein NFeetal
concentrateare 16.5 % oit.

In general terms, the distribution of metals in landfill waste follapgroximatelythe same disir

bution than the input material (s€able 2).Since he finest fractior{90-4.5 mm),from which mé-

als were extractedoncentratethe 74 % of NFe, as itan be seen on the table aboaed the fine
fractions (<90 mm) represen8 % of the total excavateldndfill waste.

Table2:  Materialdistribution obtained with the ballistic separators

Screening results : Ferrous Nonferrous
(wt. %) InputMaterial (2.43% input) (0.48% input)
>200 mm 6 % 7% 8%
20090 mm 16 % 24% 18%
<90mm 78% 69 % 74%

The Figire 7a shows the results of Atrap extracted by manual sorting from the NM&ecentrates
and subsequentlyconfirmed using a portable XRF apparatus. Regarding the Al recovere@:-the r
sults were grouped in three categoriglspackagesAl foils andAl alloys, whichcontain the scraps
thatdid not fit the previouswo categorieslt is clear than the contribution &f foils, such as those
we use in our kitcherand packagg like cans or Btrapacks, aredriving the finest fractiorf<90
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mm). In case of coarse fractio(ss90 mm), Al came mainly from construction and demolitio@-m
terids. The origin of this Alcanhave a strong influence on the type and proportions of pollutants
found after the refining.

@) 90-200 mm E-4.3 (b)

Al package

90-200 mm | 52.0

90-200 mm j—ls.s NIR
Al alloys

0 5 10 15 20 25 30 35 40 40 60 80 100
wt. % Detection yield (%)

90-200 mm | 91.7 —

Al foils

o
Sl
o

Figure7: Al sorting: (a)by category (b) detection yields of NIR and XRT sensors.

3.2 Al sorting

3.2.1 NIR detectors

The spectra deceted by the sensor and used for thar-ctdssification is shown in Fige 8. As in
Figure 9c, the colours red and green stand Abrand norAl parts. The white curve presents the
spectrum of the background which in this cass awhite paper. The curve of thid and norAl
curves showed similar trends when the scraps had strongly pollutétbwever, a correct
classification of the materias is possitleen the surface of the metals where clean

2 1024 1056 1088 1120 1152 1184 1216 1248 1280 312 1344 1376 1408 1440 1472 1504 1536 1568 1600 1632 1664 1696
Wavelength (nm)

Figure8: NIR spectra of thenaterials in thesample

The reliability on the NIR technology will depend on the degfesontamination of the particle. In
case of the analysed samplése detection yiedvasaround 50% for both fractions (20®0 mm
and 904.5 mm)with an strongstandirddesviation (see Fig. 7NHIR).
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Figure9: Sample of NFe 9@.5 mm (a)image of probe before sensi(d marked witha X), (b)
XRT scan (light element in orange), (c) NIR scan (Al coloured in red).

3.22 XRT detectors

As shownin Figure 9b, XRT scan allows recognising lighter elements (orangedigkn particles)

from the rest. In this case, the separation set up as low pass filter where green/blue highlighted pa
ticles (Pb, Zn, Cu) where discard from the rest. The main prabte this strategy were related

with the presence of composite materials such as small pieces of electronic waste present in the Al
fraction 964.5mm or coaxcables which have an inner conductor made of copper surrounded by a
tubular insulating layer, stounded by a tubular conducting shield typically made of Al.

In terms of reliability, the XRT sensor allows detecting between 85 and 90 % of Al (see Fig. 7b
XRT). This detector was not only more performant that NIR but also present fewer deviations.

3.3 Al refining

The problems related to Al coming from landfill are related to the proportion of pollutants. Al used
to produce foils or packing is in general rather pure. However, once these materials are mixed with
organics and inorganics,ig difficult avoiding partial oxidation of Al in a thermal treatment at high
temperature. This happens not only by pinesenceof oxygen in the molten salt but also by the
partial reduction of other metal oxides nobler than Al such as Fe, Cu, Si, Ti, €ntpasspoll-

tants.

Comparing the two fractiongfined the purity of the Al recovered in the fines is higher than in the
coarse fraction. However, the proportion of metal recover&3 ¥ higher in the fraction 2690

mm thanin the 904.5 mm.Apart from soda cansAl packaging are composites that contains paper
and plastics; and Afbils have rest of food insid®&esides, Al foils are more sensible to oxidation
than the rest of Ascrap, and consequently the inorganics in the final mass balance ane Agghe
shown in Figire 10a, both organic and inorganics represenaveragéhe 5L % of the input mag-

rial.
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FigurelO: Al refining: (a)proportion of metals vs pollutants; (b)-plrity obtained.

After smelting,the fraction had completely differenésults The fractiors 290 mmwererich in
construction and demolition materials besides all kind of wires. The problem related withdhis fra
tion is, that Al pieces are natompletelyisolates. Al came togeth&rith pieces of ironcopper or
brass. Wiresare among the most common elensdotindin the NFeconcentrate$rom this larl-

fill, andfrom all wires,coaxcableswerecomplicates to separate because the outside mesh is made
of Al wires and the centre contains a copper wire. If these wires are igldisf Al for the sorting

machines, copper will pollute Al during the refining.
The impurities found in the refined Al depend not ormytlee alloying existing inthe starting ma-

rial, whichwas the case of the fraction 28D mm due to the presenckconstruction and demel
tion waste, but also of pollutants. The amount pollutavese related with the mechanical @r

cessing and the metal sorting technics.
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Figurell: Impurities found in refinedl.

11
Proceedings of EMC 2019



Lucas, Li, Garcia-Lopez, Hernandez-Parrodi, Giirsel, Friedrich, Pretz, Wotruba A

Regarding the mechanical processing, many of these were buried for more than 60 years: The mi

eral are so bonded that after one hour of ultrasonic cleaning, they still stuck on the surface of the
metal. On the other side the type of pollutant found\balso depends of the separation teciue

used. In this case XRT sensor was used asplssgfilter to separate the light elements from the

rest and treated as Al. Using XRT as a low pass filter allows for example, contaminated Al scrap
with some electnoic waste due to the plastic board that contains the electronic components. For this
reason trace of Pb, Sn, Zn and Cu are present in the refined Al of the fracdds 19n (see Fig

11).

Regarding the fraction 2680 mm coaxcables contained Cu also lunced the proportion of this
metal in the final product. Finally, elements such as Fe, or Si, existent under the form ofroxides i
side the inorganics fraction were partially reduced during the smelting.

4. Conclusions

Nowadays, Al is the main nonferrous @etecovered from MSW [5]. However, it was not the case
of this particularlandfill which Al was the second most commifre metal found behind Cu. The
presencef other valuable metals such as Pb, Zn, and Cu are related to tbe mol recyclingof
MSW carried outa few decades agdhis also is whyld landfills represent not onlynaenvira-
mentalproblem but also a potential for metal mining [3].

In the case of the sensarsed to detecind separatdl in this study it wasverified thatsorting
sensoraremoreeffective thecleaner thearticles areThe NIR sensowas the most affected when
the metalsvere found agglomerated and polluted with organics and inorganiteir surfaceFor
this reason, it can beoncludedthat XRT sensoris more suitablefor separang Al from landfill
wastethan NIR

For increasing Al quality during the refining, a previous incineration step is required to burn organic
matter This precombustion can also favour the separation of those impurities which werg deepl
attached to the metal after decades of being buried. However, it is necessary to take into account
that Al foils, mainly present irthe fine fractions(<90 mm), are sensitive to oxidation, and part of

them might be los duringcombustior{5].

An Al quality between 9% and in some case 99 % were achieved, which resulgsiite hightak-
ing into consideratiothe age of théandfill waste, sincsome of these metals have been landfilled
for more than 60 years.

This work seeksto demonstrate thanhared andfill mining is a necessary stér a sustainable
developmentn our society and metbuchas Al can be successfully recyclezlren after decades
of having beemanufactured.
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