
Hydrochemical Routes to Recycle NiMH 

Batteries and Fluorescent Lamps

Christian Ekberg, Martina Petranikova,Kristian Larsson,  Irena Herdzik Koniecko, Teodora Retegan, 

Cristian Tunsu

Chalmers University of Technology, Gothenburg, Sweden 

Nuclear Chemistry and Industrial Materials Recycling



Conclusions

ÅA centre for multidicplinary research and development have been

established in Sweden. THe competence Centre Recycling, CCR.

ÅNew members are welcome from both academia, research 

organisations and industry. Please contact: che@chalmers.se or 

bms@chalmers.se

ÅA recycling route for Toyota Prius NiMH batteries has been developed

and tested on semi pilot scale

ÅA recycling route for Hg contaminated fluorecent lamp waste has been

developed and testing in pilot scale has begun

mailto:che@chalmers.se
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Vision ðCCR

To be the leading Research and Technology Development (RTD) constellation for initiating, 

coordinating and performing R&TD in the field of circular use of materials in Sweden

To meet this vision we will build and develop a creative, extremely multi disciplinary research 

and innovation environment attractive to academy and industry in Sweden and also 

internationally.

Mission

¶ To act as a creative R&I arena (meeting place) for the stakeholders and the value circles 

¶ To initiate, coordinate and execute world-class research and innovation projects

¶ To bring research results to industrial exploitation and use in the society by creating an 

interdisciplinary research and innovation environment where industrial need and research 

excellence are combined

¶ To promote innovations and scientific advances that lead to a more sustainable material use in 

industry/society 

All missions should contribute to the development of a competitive industry in Sweden and to the 

implementation of a sustainable, circular material use in industry/society. 



Obtaining access to non-energy raw materials is becoming a 

challenge to many resource-dependent countries all over the world.

REEs presently have the highest supply risk for the EU.

European Commission ςCritical raw materials for EU. Report of the Ad-hoc Working Group on defining critical raw materials (2014)

La, Ce, Pr, Nd, Pm, Sm, Eu, Gd

Tb, Dy, Ho, Er, Tm, Yb, Lu, Y



REM: the Nordic elements



REEs applications
Essential in many technologies

Metal alloys
Batteries

Glass and ceramics
Polishing
Catalysts
H2 storage
Nuclear sector

Χ ŀƴŘ Ƴŀƴȅ ƻǘƘŜǊǎΗ

Magnets

Phosphors; luminescence

Öko-Institut e.V., Study on Rare Earths and Their Recycling. 2011



US Department of Energy. Critical Materials Strategy. 2011.

Distribution of 

materials by 

criticality category 

Short term: 0-5 y

Medium term: 15-20 y



This has focused attention towards the possibility of recovering REEs from various 
end-of-life products.

But how much of the REEs are recovered from end-of-life products?

UNEP. Recycling Rates of Metals: A Status Report. 2011

Developing an 
industrial 

process for the 
recovery of 

REEs is of great 
importance! 



¢ƘŜ ŦƻŎǳǎ ƻŦ ǘƻŘŀȅΩǎ ǇǊŜǎŜƴǘŀǘƛƻƴΥ I9± bƛaI 
batteries and fluorescent lamps.



Recoveryof metalsfrom NiMH batteries



NiMH as a secondary raw material 

Metal content:

3kg of REEs/ battery
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Battery construction 

Anode: 

steel grid 
+
MmNi5-x-y-zCoxMnyAlz

(Mm: mixture of La, 
Ce, Pr, Nd) LaNi5

Cathode: 

nickel grid 
+
Ni(OH)2

REEs are present 
mostly in anode 

material   

Battery
Modul



Hydrometallugical process developed at 

Chalmers 

1. Dismantling of 

batteries

2. Leaching of electrode 

material with HCl

3. Solventextraction 

using Cyanex 923



NiMH battery dismantling 

Toyota Prius Battery ïbefore dismantling 

Batterymodules�x 38
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