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Project description: Humankind has used metals since the Bronze Age, extracting copper, zinc and 
tin, with lead, iron and other metals following, and the last century seeing lightweight alloys of 
magnesium and aluminium driven by aerospace needs. The last 20 years has seen unprecedented 
demand for a group of elements that very few metallurgists fifty years ago would have heard of, 
many have only been isolated in the last century, including rhenium, tellurium, indium, neodymium, 
and lanthanum. These elements have become critical to modern society: pervasive touchscreen 
mobile devices in cars, aircraft, phones, laptops and tablet computers all use indium tin oxide on 
the screen. Magnets in wind turbines need tellurium and neodymium. Medical imaging makes use 
of lanthanide elements. Photovoltaics and superconductors are being made with increasing 
contributions from these elements. 

The supply of many of these elements has been controlled by a few key nations, notably 
China, and this monopoly is regarded as an economic threat. However, it is likely that supply can 
also be found closer to home. Across the UK, industrial waste products, e.g. those from blast 
furnaces, legacy mining coal spoil heaps, ash from power generation and overburden from quarrying 
operations, may hold the key to production of these strategic metals and rare earth elements. 
Already partially-processed by virtue of industrial activity, this waste constitutes an untapped and 
independent strategic resource. 

Prof. Greenwell has developed porous beads from sustainably produced biopolymers, 
blended with minerals and chelators, showing promising removal of metals from waters.  This initial 
work has been undertaken with Hafren Scientific (and Chemostrat), a leading oilfield services and 
analytical company seeking to develop new business areas.  In this project, specific metals of interest 
will be (i) Indium (In), through looking at levels in spoil heaps and ore bodies related to legacy zinc 
(Zn) extraction (In substitutes for Zn in sulphide ores); (ii) Rare earth elements (REE) and vanadium 
(V) in shale deposits that form quarry overburden; (iii) Tellurium (Te) in tellurides from gold/copper 
extraction processes; (iv) Cadmium from metal mine drainage.  Extraction and selective 
concentration will be studied using modified sustainable biopolymer beads with known affinity for 
metals.  The plans for a new REE processing centre on Teesside are timely for this project. 
 

Stated link to CDT theme:  REE deposits are critical for new energy technologies, whether for 
magnets for wind turbines, while Cd and Te are the primary elements in photovoltaics, with 
vanadium critical to a wide range of industries.  Indium is primarily used in new smart devices with 
touch screens, with indium tin oxide (ITO) the basis of most touch screen technology.  
 

Any Additional Research Costs: None above RTSG. 
 

Has access to data been secured?  The data from a Royal Society Industry Fellowship with 
Chemostrat, as well as other analytical data, will be made available. 

 

Career routes: Extractive industries, resource management, clean energy technology 


