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Agenda
Forschungsergebnisse und weiterführende Ansätze

COMPASS & ProMetHeus: 
“REFORMING”

KryoReIF: 
Cyogenic cleaning 
of contaminated 
metal scrap

RecAL: Exploitation of 
secondary resources

MULTI-FUN: New alloys & LCA

SUSTAINair: New 
alloys & dismantling



KryoReIF
Kryogenes Recycling von wertvollen, industriell unzureichend 
genutzten Materialien als Industrielle Forschung
https://projekte.ffg.at/projekt/4141491

https://projekte.ffg.at/projekt/4141491


KryoReIF
Background knowledge and CRYOMILL infrastructure
 Cryomill combining cooling by liquid nitrogen and ball milling
 e.g. for micronizing of (plastic) rubber at cryogenic temperature



KryoReIF
Basic idea of LKR: applying SYNRONS‘s cryomilling
for cryogenic cleaning

 Preliminary tests applying Cryomill positively confirmed that there was no significant change 
in chip geometry during cryo-cleaning.



 Remaining contamination on the chips w/o and after 1-5 runs 
(Fraction of contamination in [%] of current total mass) 

KryoReIF
Cryogenic cleaning success for contaminated metal chips



 Wire in sufficient quality 
(but in low amount of a 
few kg)

 WAAM samples built
 Porosity of ~1% in the 

layered structure

KryoReIF
Cleaned metal chips recycling



 AMAG supplying large volumes of 7075 chips (lubricated & pyrolysis-cleaned chips of 
aerospace grade 7075 composition)

 AMAG as a frontrunner in closed loop recycling:

KryoReIF
Acknowledgement to AMAG for their support



KryoReIF
Successful cryogenic separation of 
polymer compounds

 Recycling of multilayer-film (polymer) components by 
cryogenic separation by SYNRON and TCKT



MULTI-FUN 
Enabling MULTI-FUNctional performance through multi-
material additive manufacturing 
https://cordis.europa.eu/project/id/862617
www.MULTI-FUN.eu

https://cordis.europa.eu/project/id/862617
http://www.multi-fun.eu/


MULTI-FUN
applying the KryoReIF approach used for 
LKR’s alloy development in MULTI-FUN  

Al-5.4 Mg-3.8Zn-0.3Cu-0.2Ag
 Offering high strength
 Reacting to air quenching
 LCA trade-off studies ongoing: Ag vs. lightweighting  



SUSTAINair
SUSTAINablility increase of lightweight, multifunctional and intelligent 
airframe and engine parts
https://cordis.europa.eu/project/id/101006952
www.SUSTAINair.eu

https://cordis.europa.eu/project/id/101006952
http://www.sustainair.eu/


SUSTAINair
Remelting of random scrap
 Shredded aluminium aircraft scrap consisting of mainly Aluminium 2024 (ISO AlCu4Mg1) and 

Aluminium 7075 (ISO Alum AlZn5.5MgCu)  and their derivates
 Melt composition of remelted aluminium aircraft scrap (named “LKR 1181/22” and “LKR 

1182/22”) in comparison to standard compositions of typical structural alloys 
 Limited chemical compatibility (due to limited element contents or toxic elements) of mixed scrap 

to create again aerospace grade alloys
 End of ICE in 2030/2035 (pistons, crankcase, gearbox)  loss of sink for high alloyed scrap



SUSTAINair
Random scrap leading to new alloys
 Aviation material flows are not suited for closed-loop recycling
 Aviation allows have limited intrinsic and zero extrinsic recyclability 
 Very low buy-to-fly ratios in SoA aircraft manufacturing (<<80%)

 Introduce “new”, material efficient processing routes
 Align new aviation alloy designs with larger ones (automotive, construction)
 Complex (pseudo)eutectics  intrinsic refinement



SUSTAINair
Random scrap leading to new alloys
Lab scale SUSair_14.9 (AlMgSiFeNi+Zn)
 High compressive properties
 Easy processing
Challenges
 Beyond CALPHAD predictability 
 Elaborate (5D) screening

Transfer to wrought 6xxx
 Cross alloying “light”
 Cu/Zn introduce 7xxx mechanisms 
 (nano)eutectics enhance properties and 

composition + HAZ improvement anticipated



SUSTAINair
SUSTAINablility increase of lightweight, 
multifunctional and intelligent airframe and engine 
parts
 CFRP industrial scrap recycling

 Aluminium full value chain approach towards recycling  Projects ReCAL
 Aluminium EoL scrap recycling  REFORMING  Projects COMPASS & ProMetHeus



RecAL
Recycling technologies for circular Aluminium
https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/how-to-participate/org-details/999999999/project/101138747/program/43108390/details

https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/how-to-participate/org-details/999999999/project/101138747/program/43108390/details


RecAL
Recycling technologies for circular Aluminium
Abstract
Recycling aluminium from existing End of Life (EoL) and production scraps uses only 5% of energy compared to primary 
material production, making it mandatory for exploiting its global decarbonisation potential and meeting the demands of 
the European Green Deal. However, once aluminium is alloyed with other metals, it is virtually impossible to remove 
these elements again. Extensive mixing of different EoL alloys therefore inevitably leads to downcycling. This practice 
has been a successful strategy due to high demand for cast aluminium alloys in combustion engines, a universal 
recycling “sink” that will dry up in the coming years. Europe possesses a rich potential of secondary aluminium
resources with an expected share of 49% of total aluminium production by 2050. The RecAL project (Recycling 
technologies for circular ALuminium) provides a balanced approach to fully exploit this valuable resource. It 
synergistically addresses all stages of circular production and tackles problems of the entire value chain: - Increase 
impurity tolerance in alloy design at level or superior performance - Exploit the benefits of digitization and robotic 
assistance in sorting and dismantling - Create recyclate streams with vastly enhanced purities - Adapt production 
paradigms to unfold the full potential of secondary resources - Harmonise communication between all sectors of the 
aluminium industry The project will mature an envelope of 14 crucial technological solutions towards these goals up to 
TRL6 and embed them into a digital, “socio-technical ecosystems”: the Aluminium HUB for circularity. This interactive 
platform will directly link stakeholders along the value chain for full scale industrial and technological symbiosis and 
circular economy closing energy, resource and data loops at regional and European scale.



COMPASS
A data-driven remanufacturing process for sheet metal and 
thermoplastic composites
https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/how-to-participate/org-details/999999999/project/101136940/program/43108390/details

REFORMING

ProMetHeus
PROduction and processing of METals
for High-performance, Energy Efficiency, 
environmental protection a. Sustainability
https://www.ffg.at/presse/ffg-kraeftiger-schub-fuer-die-spitzenforschung-oesterreich 

https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/how-to-participate/org-details/999999999/project/101136940/program/43108390/details
https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/how-to-participate/org-details/999999999/project/101136940/program/43108390/details


ReForming instead of ReMelting …
… between ReCycling and ReUse

REFORMING



REFORMING
WHAT IS THE POINT?

21

ReForming instead of ReMelting in the second and third 
life cycle: 
... no shredding, no sorting, no melting down, no hot and 
cold rolling …
... no solution annealing if necessary 

> 99 % of energy/CO2 savings compared to 
primary production

[1]

© by Carina Schlögl, LKR 

Different expansion stages in the project:
(1) Production scrap (from different resources )
(2) EoL scrap 
(3) ReForming Ecosystem 



In House 

EoL Scrap 

Specific ReForming Products 
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REFORMING
WHAT IS THE POINT?
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• Optical analysis
• Defect detection
• Mechanical properties
• Heat treatment and 

forming recommendations
• Optical analysis
• Defect detection
• Mechanical properties
• Cleaning & Paint stripping
• Specific heat treatment  & 

forming operations
• Digital ReForming

Passport
• ReForming alloy (fine

recrystallising, healing) 
• ReForming operations
• Formable, healing

lacquers



REFORMING
WHAT IS THE POINT?
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We need a lot of 
information ... to make 

the ReForming
economically and 

ecologically reasonable. 



Motivation
Horizon 2020 & Horizon Europe funding

COMPASS & ProMetHeus: 
“REFORMING”

KryoReIF: 
Cyogenic cleaning 
of contaminated 
metal scrap

RecAL: Exploitation of 
secondary resources

MULTI-FUN: New alloys & LCA

SUSTAINair: New 
alloys & dismantling



Austrian Footprint
RecALconsortium
(1) LKR LEICHTMETALLKOMPETENZZENTRUM 

RANSHOFEN GMBH  
(2) RTDS - VEREIN ZUR FORDERUNG DER 

KOMMUNIKATION UND VERMITTLUNG VON 
FORSCHUNG, TECHNOLOGIE UND INNOVATION  

(3) AIRCRAFT END-OF-LIFE SOLUTIONS (AELS) BV  
(4) ALOUMYL, BIOMICHANIA ALOUMINIOY ANONIMI

ETAIRIA - ALUMIL ALUMNINIUM INDUSTRY
(5) BENTELER AUTOMOBILTECHNIK GMBH 
(6) FERIMET SL
(7) ETHNIKO KENTRO EREVNAS KAI TECHNOLOGIKIS

ANAPTYXIS - CENTRE FOR RESEARCH AND 
TECHNOLOGY HELLAS CERTH

(8) DEUTSCHES ZENTRUM FUR LUFT - UND 
RAUMFAHRT EV  

(9) FRAUNHOFER GESELLSCHAFT ZUR FORDERUNG
DER ANGEWANDTEN FORSCHUNG EV  

(10) GEBAUER & GRILLER KABELWERKE GMBH  
(11) K-BUSINESSCOM AG
(12) KATHOLIEKE UNIVERSITEIT LEUVEN - KU Leuven 
(13) ACONDICIONAMIENTO TARRASENSE ASSOCIACION

- LEITAT
(14) STENA ALUMINIUM AB
(15) SWERIM AB - Swerim AB
(16) UNIVERSITA DEGLI STUDI DI FIRENZE – UNIFI 
(17) UNIVERSITA DEGLI STUDI DI MODENA E REGGIO 

EMILIA - UNIMORE
(18) ASOCIACION CENTRO TECNOLOGICO CEIT – Ceit

SUSTAINair consortium
(1) LKR LEICHTMETALL-

KOMPETENZZENTRUM 
RANSHOFEN GmbH

(2) STICHTING KONINKLIJK
NEDERLANDS LUCHT - EN 
RUIMTEVAARTCENTRUM

(3) DEUTSCHES ZENTRUM FUR 
LUFT - UND RAUMFAHRT EV

(4) JOANNEUM RESEARCH 
FORSCHUNGSGESELLSCHAFT
MBH

(5) UNIVERSITAT LINZ JKU
(6) TECHNISCHE UNIVERSITEIT 

DELFT
(7) AIRCRAFT END-OF-LIFE 

SOLUTIONS (AELS) BV
(8) INOCON TECHNOLOGIE GMBH
(9) INVENT INNOVATIVE 

VERBUNDWERKSTOFFEREALIS
ATION UND VERMARKTUNG
NEUERTECHNOLOGIEN GMBH

(10) DUTCH THERMOPLASTIC 
COMPONENTS BV

(11) RTDS - VEREIN ZUR
FORDERUNG DER 
KOMMUNIKATION UND 
VERMITTLUNG VON 
FORSCHUNG, TECHNOLOGIE
UND INNOVATION (RTDS
VEREIN,

COMPASS consortium
(1) PROFACTOR GMBH
(2) CIRCULARISE BV 
(3) FACC OPERATIONS GMBH 
(4) AIRCRAFT END-OF-LIFE 

SOLUTIONS (AELS) BV 
(5) STICHTING KONINKLIJK

NEDERLANDS LUCHT - EN 
RUIMTEVAART

(6) AIT AUSTRIAN INSTITUTE OF 
TECHNOLOGY GMBH 

LKR 
LEICHTMETALLKOMPETENZ
ZENTRUM RANSHOFEN 
GMBH - LKR(998093723) -
COORDINATOR

(7) NEROSUBIANCO SRL
(8) MARK METALLWARENFABRIK

GMBH 
(9) FUNDACION AITIIP
(10) EDAG ENGINEERING GMBH
(11) SCHILD & PARTNER GMBH 
(12) VOESTALPINE METAL 

FORMING GMBH 

MULTI-FUN consortium
(1) LKR LEICHTMETALLKOMPETENZZENTRUM 

RANSHOFEN GMBH
(2) VOESTALPINE METAL FORMING GMBH
(3) DEUTSCHES ZENTRUM FUR LUFT - UND 

RAUMFAHRT EV
(4) FUNDACION BCMATERIALS - BASQUE 

CENTRE FOR MATERIALS, APPLICATIONS 
AND NANOSTRUCTURES

(5) INOCON TECHNOLOGIE GMBH
(6) FRAUNHOFER GESELLSCHAFT ZUR

FORDERUNG DER ANGEWANDTEN
FORSCHUNG EV

(7) LORTEK S COOP
(8) INPHOTECH SP ZOO
(9) INSTITUTO DE SOLDADURA E QUALIDADE
(10) MIGAL.CO GMBH
(11) EUROPEAN FEDERATION FOR WELDING 

JOINING AND CUTTING
(12) RHP TECHNOLOGY GMBH
(13) CRANFIELD UNIVERSITY
(14) WAAM3D LIMITED
(15) AEROTECNIC METALLIC SL
(16) EDAG ENGINEERING GMBH
(17) PEAK TECHNOLOGY GMBH
(18) ALPEX TECHNOLOGIES GMBH
(19) BEYOND GRAVITY AUSTRIA GMBH
(20) ALUWAG AG
(21) AVL LIST GMBH
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