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Concrete is the second 

most consumed 

material on earth after 

water

Concrete composition by volume

Source: Earth System Science Data
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Z. Cao et al. Climateworks foundation (2021)

Carbon footprint of 

concrete

Global Cement and 

Concrete Association 

aims to reach carbon 

neutrality of cement 

and concrete by 2050

CaCO3, ~33%
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MgO

Mg(OH)2

“Brucite”

MgCO3·3H2O “Nesquehonite”
4MgCO3·Mg(OH)2·4H2O “hydromagnesite ”
MgCO3·Mg(OH)2·5H2O “dypingite ”
MgCO3·Mg(OH)2·3H2O “artinite”

Hydration

Carbonation

MgO powder

1 day old “hardened” brucite

Magnesia

3



ACI Spring 23 Convention. San Francisco, CA April 1-5

Uncarbonated weak core

Low-pressure carbonation Carbonated specimen

Outside-in process

Atmospheric Carbonation

Cast MgO 
cylinder
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3D Printing
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Materials

∅ 30nm

1. Nanoclays (NC)
• Attapulgite nanorods made of purified Magnesium 

Aluminosilicate

2. Methyl Cellulose (MC)
• 15,000 molecular weight viscosity 

modifying admixture (VMA)
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Pre-shear

Rest

Low strain-rate

Applied 

stress/strain/

strain-rate
ሶ𝛾 = 260 s-1

ሶ𝛾 = 0.1 s-1

t = 1200 s t = 300 s

τ = 0

Rheological characterization
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Rheology
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Infill #1 Infill #2 Infill #3

3D Printing Program
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Compressive Strength

+455%

+525%
+390%

+432%
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Mass Change

Infill #3

Cast
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Conclusion

• Nanoclays can increase the structuration of MgO to enable 3D 

printing

• 3D printing can increase MgO compressive strength reaching 

40-60 Mpa

• The higher water evaporation due to lack of protective 

formwork increased porosity which in term enhanced carbon 

intake

• 3D printed MgO is a promising new construction material with 

neutral or negative carbon footprint
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Microstructure
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XRD
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