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0.  Summary

Aluminium recycling is becoming more important as the 

amount of light metals being used, especially in the trans-

portation industry, increases. For example, from 1978 to 2012, 

the aluminium content of cars produced in Western Europe 

rose on average by 130 kg per car. New European regulations 

state that by 2015, 95 % of the mass of end of life vehicles 

must be recovered. Another prominent example is the appli-

cation of aluminium in the aerospace industry, where Al alloys 

are applied to save weight and to reduce CO2 emissions.

New aluminium is made by refining bauxite; however, refining 

the ore into pure metal requires large amounts of energy.  

Recycling aluminium requires only 5% of the energy required 

to refine prime metal, resulting in a vast economic and envi-

ronmental benefit.

Before post-consumer scrap can be recycled, a process which involves 

melting down the material, sensor based sorters are used to assure that 

the final product will have the correct composition. In the case of alu-

minium, sensor based sorting techniques like X-ray fluorescence, X-ray 

transmission or prompt gamma neutron activation analysis cannot di-

stinguish between different low alloyed Al wrought alloys; however, this 

discrimination is crucial in order to improve the purity of the light metal 

fraction, and to prevent downgrading of the high-value material. LIBS 

is a spectroscopic technique that can help to overcome this problem as 

it is capable of measuring small differences in alloy composition at high 

measurement rates over large working distances.

In the framework of the PARILAS project the requirements for a LIBS-

based sorter have been defined and two application cases are evaluated 

as promising for the user Constellium (France):

1 Batching of old aluminium scrap: 

    Secondary aluminium scrap from a shredder  

 process is batched into fractions compatible  

	 with	two	specified	wrought	alloy	families.

2 Sorting of new aluminium scrap: 

 Sorting of production scrap into three 

	 distinct	alloys.

Parilas – PilOT DeMONsTraTiON OF  
HiGH PerFOrMaNCe aluMiNiuM reCYCliNG 
BY iNliNe laser iDeNTiFiCaTiON
The overa l l  ob ject ive  of  the pro ject  PARILAS i s  a  p i lot  demonstrat ion of  h igh performance a lumin ium 

recyc l ing based on mater ia l  grade spec if ic  sort ing us ing in l ine ident if i cat ion by laser- induced breakdown 

spectroscopy (L IBS) .
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11.1  Environmental and economic sustainability

Sorting of secondary aluminium is economically useful for 

several companies because it will allow:

A. Prime alloy producers to use their production scrap more 

completely and efficiently and to purchase and include more 

post-consumer material in their product.

 

Prime alloy producers generate ~22 million tons of production 

and manufacturing scrap annually. The more demanding 

the application, the lower is the amount of this scrap that 

is closed-loop recycled into the same alloy. The remainder is 

either internally down-cycled into less demanding and usually 

less profitable alloys or is sold at a substantial discount to 

scrap brokers to end up either as painted sheet or in foundry 

alloys. It is estimated that one third of the manufacturing 

scrap is internally down-cycled and one third is sold, which 

gives a potential global annual market of ~14 million tons    

of Al manufacturing scrap - enough to feed ~1000 alloy  

sorters. With an estimated reduction in profit by down-cycling 

at ~100 €/ton, and discount on sale at ~150 €/ton, the 

potential global economic impact of Al sorting of production 

and manufacturing scrap could thus be as high as 1.75 billion € 

per year.

 

B. Remelters and refiners to buy cheaper input material and  

to batch higher quality and higher purity secondary alloys.

 

Remelters and refiners purchase both manufacturing scrap 

and old scrap from scrap yards, shredders and waste processors. 

Globally there are 7 to 8 million tons of post-consumer scrap 

recovered annually, most of it in the European Union and 

North America. Most of this scrap is shipped to China and 

India for processing and recycling. Well over half of the old 

scrap could be upgraded by alloy sorting providing a potential 

market for LIBS sorters. 

 

At a sorting margin of ~125 €/ton, the potential annual  

global economic impact of sorting of ~4 million tons of  

already recovered old scrap would be 0.5 billion €.

 

For old scrap, the potential melt loss reduction due to clean, 

dry, decoated scrap is ~3%, saving 120 thousand tons of  

Al and 1.44 million tons of CO2 annually. 

1.  PrOJeCT OBJeCTiVes
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1.2  Economic feasibility

The light metal fraction of metal scrap is generally a mixture 

of wrought and cast aluminium alloys. A high level recycling 

scheme is achievable if this mixture can be separated into  

cast and wrought fractions, and the wrought fractions further 

allocated to alloy types to provide high quality input material 

for remelters. Defined scrap charges with verifiable alloy  

composition will open new market chances for material  

specific recycling not accessible today.

Therefore the overall goal is to significantly improve the quality 

and to widen the applicability of secondary aluminium. Esta-

blishing a high level material specific recycling and avoiding 

down-cycling as shown in Figure 1 to low value aluminium 

grades will result in considerable energy savings and reduc-

tions of raw material consumption. With well-defined input 

charges refiners and remelters can further optimise their 

process guidance to reduce the energy consumption per ton 

of secondary aluminium.

The project’s objective is to conduct a demonstration of the 

technical and economic feasibility of high performance aluminium 

recycling based on single particle sorting using laser technology. 

The aimed results are: 

• Throughput of 20 to 200 tons per day  

 (depending on the scrap particle size)

• Sorting correctness > 90 mass-% for the separation  

 of aluminium alloys 

• System availability > 90 %

• Maintenance actions < 3 h/week 

The PARILAS project will allow an evaluation of the system  

for all Constellium EP casthouses, not only dedicated to one specific 

casthouse need. This global evaluation will set the requirements and 

performances of the sorting system for aluminium remelting and recy-

cling industry applied to automotive and aerospace. In case of technical 

and economical validation, the implementation of the system, internally 

or with a subcontractor, will provide information about the added value 

generated by sorting.

The PARILAS consortium aims to show that alloy sorting adds a value 

to the scrap which justifies the investment of such a sorting system. As 

no pilot plant exists, the developers of the sorter will to prove it on their 

own costs. By building the prototype and perform the large scale test 

this barrier will be tackled.

The implementation of such a sorting technique would result in a closed 

loop recycling for aluminium, cf. Fig. 1 and Fig. 2.
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2 The technique used for the PARILAS pilot  

 demonstration allows for a single piece  

 analysis and sorting that reduces down- 

 grading of valuable alloys as for example  

	 low	alloyed	wrought	products.

1 At present post-consumer aluminium is  

 down cycled to cast products as conventional  

 sensor based techniques cannot distinguish  

	 sufficiently	between	the	elemental	compo-	

 sition of the light alloys in order to separate  

	 by	alloy	types.

MeTHOD
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2.1  LIBS

The principle of Laser-Induced Breakdown Spectroscopy – 

usually abbreviated as LIBS is similar to flame colouration. The 

colour of a gas plume can be changed by introducing different 

salts. The flame colour is characteristic for the elements intro-

duced. The main difference to LIBS is that the energy which 

is needed to excite the atoms is provided by a focussed laser 

pulse instead of a gas burner. By analysing the emitted light 

by a high resolution spectrometer, a quantitative analysis is 

possible. A major challenge when analysing secondary metals 

is to uncover the bulk material of the metal. If scrap pieces 

are to be analysed, they are usually covered with a non-repre-

sentative surface layer which may consist of oxides, varnish 

or dust. This layer can – at least partially – be removed by 

laser ablation. Thus, the laser is not only used for quantitative 

analysis but it can also be seen as a tool for material preparati-

on. The fact that the whole procedure of material preparation 

and measurement can be performed within a few milliseconds 

over large working distances makes LIBS a powerful tool for 

high throughput sorting applications. A picture of the inter-

action between laser radiation and scrap piece moving on a 

conveyor belt at 3 m/s is shown in Fig. 3.

2.2  Concept of the PARILAS-Demonstrator

The pilot sorting machine that had been developed in the project  

is shown in Fig. 4. It consists of a vibratory feeder, conveyor belt, 3D  

camera, control computer, a laser-induced breakdown spectroscopy 

(LIBS) sensor, and a diversion unit. 

The process can be summarised as follows:

The vibratory feeder (1) spreads the particles into a single layer and 

drops them down a chute onto the belt (2). The belt carries the particles 

at 3 m/s under the line-laser of the 3D camera system (3). The control 

computer uses the 3D data to generate targeting information for the 

sensor. The LIBS sensor (4) uses a 3-axis scanner to direct a laser burst 

at the target coordinate. The spectral data is analysed by the control 

computer which then takes a classification decision which is forwarded 

to the diversion unit. The diversion (5) unit then hits the particle with a 

jet of compressed air to eject it into one of four fractions, which can be 

used e. g. as product A, product B, re-feed, or reject. The reject fraction 

can be recycled conventionally to cast alloys. The re-feed fraction con-

tains all pieces which had not been measured properly during the last 

run and can be re-fed into the sorter.

3 LIBS Plasmas on a scrap piece moving on a 

conveyor	at	3	m/s	from	right	to	left.	The	time	

in-between the three measurements is 25 ms, 

corresponding to a measurement rate of 40 

pieces	per	second.	the	picture	was	taken	at	the	

PARILAS	demonstrator.

3
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The specifications of the realised sorting system  

are listed in the following table.

Measuring rate 40 Hz

Covered measuring volume 600 x 600 x 100 mm³

Belt speed 3 m/s

Typical particle size ~ 70 mm

Mass throughput  4 t/h

(depending on particle size) 

Simultaneous analysis 

of multiple elements 15 elements

Output fractions 4

Measuring distance 720 to 820 mm

Laser wavelength 1064 nm

Laser average power 25 W

Schematic drawing of the PARILAS sorter

2.3  Setup for pilot demonstration

In the last period of the project (end of 2012) it is planned  

to conduct on-site test runs. The objective is to demonstrate 

the sorting of more than 100 tons of material. For this pur- 

pose, the previous setup for the small scale tests at Tomra  

Sorting GmbH, see Figure 5, was reconstructed in order to 

meet the harsh industrial requirements for such an on-site  

test and to provide a transportable sorting unit, see Figure 6. 

The sorted aluminium fractions will be assessed by Constellium 

by conventional analysis techniques (like spark-discharge 

optical emission spectrometry) and by melt trials to obtain the 

representative composition of the sorted aluminium fractions.

2.  MeTHOD

The four fraction containers from left to right  

are	for:	product	A,	product	B,	re-feed	and	reject.

resulTs
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The essential characteristics of the final system  

as shown in Figure 6 are:

• Transportable by road on a low-platform-trailer

 - Dimensions: 9 m x 2.5 m x 3 m

 - Total weight: 8000 kg

• Only power supply and compressed air supply required

 - 400 V/50 Hz, 63 A

 - 5 m³/min compressed air at 9 bar

• Separation and sorting modules included 

 4 output fractions

 - scrap feeding with a vibratory feeder at 15 t/h 

• Eye safe operation (laser class 1)

• User Interface for system control, remote access via internet

 

In the first period of the project a LIBS sorter was developed and built 

up at Tomra Sorting GmbH in Mülheim-Kärlich in Germany for testing 

technical components and for process development at small scales,  

cf. Figure 5.

In a next step an industrial rugged design was developed and the 

system was rebuilt to meet the requirements for on-site tests at the 

operator, see Figure 6. 

Small scale tests were carried out on both systems at the Technikum  

in Mülheim-Kärlich at Tomra Sorting GmbH.

A. It could be shown that on so called new scraps, which are aluminium 

alloys coming from a production process, high values for the analytical 

identification correctness are achievable. Altogether 16 different alu-

minium alloys from 7 different wrought classes were tested with the 

system, resulting in over 120 sorting scenarios which were individually 

analysed with respect to the discriminatory power of the LIBS analysis. 

Given such a sorting task as for example the sorting of two specific 

wrought alloys like 3104 and 6016, a sorting correctness based on  

the analytical LIBS signals of up to 99 % can be achieved. 

B. First results of the first sorting application - batching of old  

aluminium scrap -, is shown in Fig. 7.

Based on the analytical LIBS signals of seven subsequent measurements, 

up to 65 % of the batch, which consists of 200 single pieces, can be 

theoretically used as 3xxx or 6xxx aluminium alloys if the PARILAS sorter 

is applied to the demolition scrap.

5 6

3.  resulTs

5 First test setup at Tomra Sorting GmbH 

	 for	small	scale	tests.

6 Transportable PARILAS demonstrator for on-site  

	 measurements	under	industrial	conditions.
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The refeed fraction with a share of 11 % is not lost but can 

be re-fed into the system. A residual fraction of 25 % is not 

compatible to both aluminium alloy fractions and would be 

rejected by the system. 

Thus, the number of secondary alloys that were upgraded as 

they can be further used as 3xxx and 6xxx compatible alloys 

amounts to 65 %. In other words, compared to not sorting, 

the residual fraction was reduced from 100 % to 25 % by 

using scanning laser direct analysis.

C. The analysis of the major alloying elements such as man-

ganese and magnesium was found to be in good agreement 

with conventional methods such as spark optical emission 

spectroscopy (SD-OES). Further improvements are necessary 

to extend the analytical power to additional five elements 

that have to be controlled by a single burst analysis. The main 

challenge is the variation in plasma ignitions caused by coated 

and oxidised surfaces of the demolition scrap. Photos showing 

the interaction of the laser beam with the samples exhibiting 

different surfaces and geometries can be seen in Figure 8 - 10. 

The pictures were taken at 3 m/s with a long time exposure.

     

3.  resulTs

First	results	of	test-runs	on	aluminium	demolition	scrap.
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8	 Laser	plasma	ignition	on	new	scrap	piece.

9 Laser plasma ignition on sandblasted  

	 old	scrap	piece.

10 Laser plasma ignition on old scrap piece 

	 from	a	demolition	process.

10



 11

Members of the Consortium

Constellium

www.constellium.com

Fraunhofer Institute for Laser Technology ILT

www.ilt.fraunhofer.de

Lehrstuhl für Lasertechnik LLT

www.llt.rwth-aachen.de

Laser Analytical 

Systems & Automation GmbH

www.lsa-systems.de

TOMRA Sorting GmbH   

www.tomrasorting.com

Funding Agency and Supporting Program

PrOJeCT ParTNers

ParTNers
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Contact (Organization)

Dipl.-Phys. Patrick Werheit

Phone +49 241 8906-308

patrick.werheit@ilt.fraunhofer.de

Fraunhofer Institute for Laser Technology ILT

Steinbachstraße 15, 52074 Aachen, Germany

www.ilt.fraunhofer.de

Project Coordinator

PD Dr. Reinhard Noll

Phone +49 241 8906-138

reinhard.noll@ilt.fraunhofer.de

Chair for Laser Technology LLT, RWTH Aachen University

Steinbachstraße 15, 52074 Aachen, Germany

www.llt.rwth-aachen.de

     


