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Towards Sustainable Research Culture @ QMUL.:

Topics, Activities and International Partnering
in CO,-Usage and Infrastructure
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3 year journey

My Actions Matter Bm_@‘
» 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
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Research Foci: Cement Functionality & Durability
| - Medical & Dental Cements

Amalgams

Study on the potential for reducing mercury
pollution from dental amalgam and batteries

Composite Restorations

* Hg-Amalgams remain the performance &
mechanical ‘poster-child’, outlasting recipient

Final repert
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 Hg-Amalgams used more than ever @ ~100 M /yr
(USA). 1g x 108 = 100 tonnes / yr

The United Nations Envirenmental Programme (UNEP) reported that the m A H“
dental sector us€s about 340 tons of mercury in dental amalgams each year. It . b Opuisenes

Is estimated that 100 tons of dental mercury enters the waste stream annually.
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Phasing-out Hg-Usage in Europe
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Shortcomings & Successes of the GIC Research

COMMUNICATIONS
Atomic and vibrational origins of mechanical
toughness in bioactive cement during setting

Kun V. Tian!, Bin Yang?3, Yuanzheng Yue*?, Daniel T. Bowron®, Jerry Mayers®, Robert S. Donnan?,

Csaba Dobé-Nagy', John W. Nicholson’, De-Cai Fang®, A. Lindsay Greer®, Gregory A. Chass!?
491

1st ever NON-
destructive fracture
test of a material

& G. Neville Greaves

o | 12 | Baseline NCS width . E
= 1554 Glass Inflection - of starting GIC mixture Glass 14 A iu
Q 44 point :L: =
= ~10h -
8 —16.0 1 5 Q 11 &
3] o AP < X
2 Ca release =
@ —16.5 1 release k=] @
= / o B CP
T —17.0 1 Polymer 2 sz o
2 B el RS %, Coupling e . :
o e A1 ¥
-17.5 4 i, point ¢ Polymer & A £ Glass 0.5 MPa.m Bassline of starting GIC mixture
oy, 9 4 B
1 T - T T T T T T E T U T T T T T
1 10 1020 30 40 50 60 10 20 30 40 50 60
Time (h) Time (h) Time (h)
Coherent-THz Neutron Compton Engineering Scale
Spectroscopy Scattering Fracture (MPa)



: b
%Ecseleratmg ‘E‘_,_Q’ Queel’] Mal’y

Technologies University of London

Research Foci: Cement Functionality & Durability
Il - Concrete & Infrastructure
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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)
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‘Lab-Crete’
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Simplification of the Complexity

‘Eurocubo’
(DRC, Srl., Italy)
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15 cm
VoI=3375 cm® = 8kg
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Project Lifecycle

Characterisation | _ Raw Materials
Microscopy, Diffraction,d\ x W‘.\STE' Dry & Sourced or
Spectroscopy, Scattering ’ Liquid-Wash Generated
DAYS
' TESTED
CONCRETE
5019204 CO y
Standard LIFECYCLE Proportioning
& Mixing
Mechanical l
Testing Moulding
& Vibration

Curing l
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Cements: Functionality, Durability + Sustainability
UBC McMaster Cambridge

?i. "i. ﬁ:"i. University e Carbon

Capture S

&

SAPIENZA

UNIVERSITA DI ROMA

e el U e ]
Sy "‘1 ‘j*‘ "

Steel Slags

Emissions, Brines \ N i Bt ey Heritage
& Slags Solutions




b
el WQ4 Queen Mary

Technologie: University of London

CO, — Into Added Value Products

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

/
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CO, mineralization

Cambridge Carbon Capture Ltd
technology (CO2LC) to store CO,
In mineral form (MgCO,)

* The UK carbon capture, usage and storage (CCUS) deployment pathway, BEIS, 2018
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The FUNMIN

consortium
(EU-Horizon-2020, 902k)

World expertise in

mineralization guiding Industrial
technologists to permanently
mineralise CO,

CO; (gas) = MACO; (sgiig)

Cambridge
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Conceptual design of a CO, mineralisation rig @ QMUL & RAL, UK
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CO, mineralisation reactor  (C) EamrTrrebas I CLEees
for particle-beam i T
measurements (i.e. neutron)

(b) Input Port

OBJECTIVE: reduce size and raise precision

S
T rrrrrrrrEyr ey 'S TR W Y
- ; T o
..‘
) -
. ... : -

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

May+June 2021, RAL, UK
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BULK Mineralisations (~10kg/hr) McMaster
CO, mineralisation with waste industrial brine Unive ww}%
(from industry and desalination plants) ¥

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



2 .
%Eﬂseleratmg ‘-G;Q)_g'! Queen Mary

Technologie. University of London

Beamline Mineralisation & Cementation — Nano to Bulk
(widening research scope)
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¢ Nano-scale analyses on bulk-scale properties and systems
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ArcelorMittal Dofasco getting $400M from Ottawa McMa %‘f[@
to cut greenhouse gas emissions Univer w:y %g
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The Steel Industry
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CEO says changes will result in a 60% drop in CO2 emissions over the next 7 years

Saira Peesker - CBC News  Posted: Jul 30, 2021 10:43 AM ET | Last Updated: July 30

* Huge CO, output

» Gigga-tonnes of
waste ‘slags’ exist

» Locked potential
In slags for use In
concrete &
Infrastructure

The federal government is investing $400 million to cut emissions at ArcelorMittal Dofasco.
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Conclusions & Acknowledgements

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

UBC McMaster Cambridge
W University @ Capture $- SAPIENZA
'3‘(&4‘6 UNIVERSITA DI ROMA

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)
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