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The construction industry

Worth of around 12 trillion USD in the world economy
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Cement and concrete

The indispensable carbon intensive materials

= The annual CO2

uptake by 30% trees 
in England

UK produces

~ 10 million tonnes of 

cement per year 

over the past 20 years

Equivalent to 8.3 million 

tonnes of CO2 emission
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Why decarbonisation of cement is hard

The challenges of process emissions

100% embodied CO2

0% embodied CO2
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Why decarbonisation of cement is hard

The challenges of process emissions
40% due to 

use of fossil fuels

*Can be reduced by 

electrification

60% due to 

Calcination of limestone

CaCO3 → CaO+CO2 (release)

Difficult to reduce!
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The future of low-carbon concretes

The challenge for the coming decades

By-products from coal 

combustion & steel-making 

are effective cement 

placement with good 

performances

~20-40% 

reduction potentials
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The future of low-carbon concretes

The challenge for the coming decades

The global decline 

of “go-to” resources 

for low-carbon concrete

What will be the new 

cement replacement?
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The future of low-carbon concretes

A solution from the nature 

The typical compositions of 
London clays
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The future of low-carbon concretes

A solution from the nature 

Clay minerals have 
layered structures
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Crystal structure images, from Wimpenny, J. (2018). Clay Minerals. In: White, W.M. (eds) Encyclopedia of Geochemistry. Encyclopedia of Earth Sciences Series. Springer, 

Cham. https://doi.org/10.1007/978-3-319-39312-4_51
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Mechanochemical activations (microstructures)

Mechanically-induced chemical reactions

Key parameters include:
• Milling ball diameters

• Milling jar/ball materials

• Ball to sample charge ratio

• Rotation speed

• Milling frequency

• Milling time

• Chemical additives 200 nm

Baki, V.A., Ke, X.* et al., Cement and Concrete Research, 2022. 162: p. 106962.
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Mechanochemical activations (crystallinity)

Mechanically-induced chemical reactions

H2O

H2O

H2O

Delamination

&

Dehydroxylation

>20min 

Amorphization

>40min 

Exposure of internal Al layers
Baki, V.A., Ke, X.* et al., Cement and Concrete Research, 2022. 162: p. 106962.



Dr Xinyuan Ke 30-Jan-2023

Mechanochemical activations (at atomic levels)

Mechanically-induced chemical reactions

H2O

H2O

H2O

Delamination

&

Dehydroxylation

>20min 

Amorphization

>40min 

Exposure of internal Al layers

XPS surface characterisations (5-10nm) 

indicates reduced binding energy for both 

Si and Al element, suggesting surface Al 

enhancement

Baki, V.A., Ke, X.* et al., Cement and Concrete Research, 2022. 162: p. 106962.
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Superior mechanical performances
• ~ 500% (5 times) higher than untreated clays

• ~ 30% higher then the existing techniques
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Improved sustainability
• Better materials efficiency

• Lower embodied carbon

• Reduced cost
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