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GOAL:  ISO14001 Platinum Accreditation @ QMUL

3 year journey

• Objectives: 
• Integrate sustainability into research in SPCS and across faculty (S&E) and beyond
• Joint-projects & funding spanning sustainability unit & research (in SPCS)
• Longer-term: sustainability in curriculum in SPCS, across S&E and beyond



Research Foci: Cement Functionality & Durability
I - Medical & Dental Cements

• Hg-Amalgams remain the performance & 
mechanical ‘poster-child’, outlasting recipient
• Hg-Amalgams used more than ever @ ~100 M /yr
(USA). 1g x 108 = 100 tonnes / yr
The United Nations Environmental Programme (UNEP) reported that the 
dental sector uses about 340 tons of mercury in dental amalgams each year. It 
is estimated that 100 tons of dental mercury enters the waste stream annually.
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• wealthy EU-states like France and 
the UK leading users of dental-Hg 
(00’s of tonnes)

• most promising alternative GICs are 
unknown by a large number of dental 
practitioners (up to ~44% in UK)

• Main reasons for continued use of 
Hg-amalgams = cost, lack of 
knowledge on GICs !!!

• GICs used remain TOO BRITTLE

• R&D and commercial aspects 
estimated at 5bn € / yr

Phasing-out Hg-Usage in Europe



Shortcomings & Successes of the GIC Research
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Research Foci: Cement Functionality & Durability
II - Concrete & Infrastructure



Ensuring Complexity – Failing to Bridge the Divide

“I could have done it in a much 
more complicated way, said the
Red Queen immensely proud.”

– Lewis Carrol –
In Alice’s Adventures in 
Wonderland (1865)



Towards Sustainability – Environmental, Economical, Temporal
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Simplification of the Complexity



Project Lifecycle



Cements: Functionality, Durability + Sustainability 

Agri-wastes

Emissions, Brines
& Slags

Heritage 
Solutions



“CCUS can create new industries and markets through the use of
carbon dioxide, such as chemicals, plastics, and building materials” *

* The UK carbon capture, usage and storage (CCUS) deployment pathway, BEIS, 2018
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Cambridge Carbon Capture Ltd 
technology (CO2LC) to store CO2

in mineral form (MgCO3)

CO2 – Into Added Value Products



World expertise in 
mineralization guiding Industrial 
technologists to permanently 
mineralise CO2

CO2 (gas) → MgCO3 (solid)

The FUNMIN 
consortium

(EU-Horizon-2020, 902k)
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Mineral carbonation
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CO2 mineralisation reactor 
for particle-beam 

measurements (i.e. neutron)
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Conceptual design of a CO2 mineralisation rig @ QMUL & RAL, UK

(a) Original prototype industrial reactor to track the permanent sequestering of CO2(g) by Mg(OH)2; (b) Proposed initial 
design of  flow cell for in situ neutron scattering observation of CO2 mineralization at the (c) UK's neutron facility. (d) 3D 
model and Engineering Design Specification.



Tracking CO2 mineralisation & toughness in real-time

May+June 2021, RAL, UK



BULK Mineralisations (~10kg/hr)
CO2 mineralisation with waste industrial brine 

(from industry and desalination plants)

• Control MgCO3 output phase & properties 
(amorphous ↔ fully crystalline) for use in Cd+2 remediation
• Proof-of-concept in-hand as additive in cement/concrete
• Scale up planned for ~50-100 kg/hr mineralisation



Beamline Mineralisation & Cementation – Nano to Bulk
(widening research scope)

NEUTRON, MUON, FREE-ē 
LASER Beamlines

CO2, CH4 GAS 
‘Beamlines’

• In-situ ‘beamline’ CO2-mineralisations and cementation for on-the-fly analyses 
• Nano-scale analyses on bulk-scale properties and systems



The Steel Industry

• Huge CO2 output

• Gigga-tonnes of 
waste ‘slags’ exist

• Locked potential 
in slags for use in 
concrete & 
infrastructure



Conclusions & Acknowledgements

This project FUNMIN is funded through the ACT programme 
(Accelerating CCS Technologies, Horizon2020 Project No 294766). 

Financial contributions made from Department for Business, Energy & 
Industrial Strategy (BEIS) together with extra funding from NERC and 

EPSRC research councils, United Kingdom,
ADEME (FR), MINECO-AEI (ES)

• Wide-scope to projects will advantage their sustainability & impact
• ISO standards and project-lifecycles must be included
• Partnerships w/industry & academic partners (i.e. Canada) essential
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