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Summary:
This is the final newsletter for an exciting feasibility study to
develop the required technology to recover gallium from end-
of-life (EoL) LEDs. The recovered gallium will supply the uptake
of Gallium Nitride (GaN) semiconductors in power electronics,
machines, and drives (PEMD) by using Deep Eutectic Solvents
(DESs).
During Q3 there has been significant progress and LED
disassembly has been demonstrated to be feasible both by
manual and automated processing.
The consortium has made significant progress in understanding
the current practises for gallium extraction and consolidated
the pre-treatment and gallium electroplating processes.
Successful electrodeposition of gallium from a DES has been
demonstrated and progress is being made in extracting other
valuable metals such as indium, silver and gold from the
recovered LEDs. Recovery of these metals will have a positive
impact on the process’s economics.



Project promotional webinar held on 27th July 

Entitled: Critical Raw Materials – the recovery of Gallium

InnovateUK asks ReGaIL to be part of “Driving the Electric Revolution”:

7th, 14th and 21st September 2021:
As part of InnovateUK’s promotion of “Driving the Electric Revolution”, the ReGaIL team 
will contribute to webinars and summarise the project’s progress and outcomes.

Dissemination.

Period 3 progress:



• LEDs have been around almost since the 1960s

• Initially, infra-red and red emitting, but then came yellow and green

• The invention of blue emitting diodes meant that white light could be produced and, as a result, their use has 

expanded rapidly in recent years

• The light emission comes from a compound semiconductor (III-V) material

• Examples include gallium arsenide, gallium phosphide, gallium nitride and more complex variants chosen for a 

specific wavelength and application

• A common feature is that they utilise the critical raw material gallium

Light Emitting Diodes (LEDs)
Period 3 progress:



LED Chips

Where is the Gallium in LEDs?

A dismantled GU10 LED lamp showing its component parts
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Manual disassembly Automated disassembly

Initial work was carried out by manual disassembly of LED lights, but by Q3 it had 
been demonstrated that automated disassembly is possible. 

Period 3 progress:



The collected crushed LED containing material can be ball milled into a finer 
powder more suitable for extracting the high value metals. 

Period 3 progress:



Ionic liquids and Eutectic Solvents

• Purely ionic material that melts below 100 ᵒC
• Unusual solvent properties
• Low vapour pressure
• Good thermal stability
• Good conductivity?
• Many have wide electrochemical windows 
• Very expensive!

Source: www.chemistryworld.com
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One of HSSMI’s tasks has been to explore how digital tools can be used to highlight
possible issues and resolve them as a production facility concept is developed. The
partner has produced a simulation model consolidating the overall completed
process and has created a simulated conceptual facility which provides a holistic
visualization of the scaled-up process.

The simulation contains flexible and adjustable parameters that allows the
assessment of various operating criteria and how any variations would impact the
process’s outputs and economic viability. Of particular importance are the availability
of feedstock, the amount of gallium contained therein and its market value.

Simulation model Part 1
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The model can be updated as more knowledge is generated from future trials. Of
particular interest is the impacts of other recoverable metals such as indium, silver
and gold, all of which could be potentially extracted from the WEEE LED lamps.

Schematic of gallium extraction facility

Period 3 progress:
Simulation model Part 2



• Review of the waste streams that are produced at each stage in the gallium recycling 
process.

• Key aim: developing the process to be as sustainable as possible, includes limiting the 
production of waste. 

• Approach not only minimizes the environmental impact but also reduces the overall 
costs as waste disposal can add significant expense to a process. 

Period 3 progress:
Waste Analysis Part 1



Process Flowchart showing each waste stream – reusing and recycling at every opportunity

Period 3 progress:
Waste Analysis Part 2



High-Level Economic Assessment Part 1

• A high-level economic assessment of the proposed process has been performed. 

• At this early stage of process development, quantitative economic values cannot be 
accurately given, but the types of costs attributed to the process can be identified. 

• Each process step has an impact on the economics, including both capital costs and 
operating costs.

Period 3 progress:



Key Cost Drivers at each stage of the process

High-Level Economic Assessment Part 2
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Stakeholder engagement has been conducted with both different organisations 
that either manufacture or utilise gallium products and catapults that specialise 
in the application of gallium products. 
These include:
• CPI, 
• Compound Semiconductor Applications (CSA) Catapult, 
• IQE

Stakeholder Engagement Part 1
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The stakeholders provided the following insights:

• Interest in recycled content of gallium is increasing;
• High purity needed 7-9N – this could make process costlier due to refinement;
• First step is to reuse, not recycle LEDs;
• Micro-LEDs identified as a new and fast-growing application;
• Stakeholders do not have much say in the recycled content – need engagement with 

suppliers;
• No current concern amongst the stakeholders about the supply risk, but this could 

change once volumes increase – more concern for supply of other metals;
• Stakeholders interested in the ReGaIL project and its results;  
• Some interest in partnering for future projects. 

Stakeholder Engagement Part 2
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• Manual Disassembly potential small due to time taken;
• Some level of Automation required;
• Look at best Shred size that will allow LED’s to be recovered in best state for 

grinding;
• Look at Ball Mill Grinding solutions on commercial scale that will allow for best 

particle size for adding to liquid for onward plating;
• Look at commercialisation of process and what is required at each stage. i.e. Any 

separation, any filtering and material outputs.

Conclusions and Future Work
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