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Why new or alternative cements?
3CaCO3 + SiO2 →Ca3SiO5 + 3CO2

Fossil fuels burned to reach high 
temperatures (~1400°C)

Environmental 
Considerations

Performance Considerations

• Rapid repair
• Acid resistance
• Sulfate resistance
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Interest in “sustainable cement”
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evolution.berkeley.edu

• Evolution occurs through 
natural selection

• Some mutations result in 
better fitness

• End result is a multitude of 
species

Can cement evolve?
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The evolutionary tree of cement
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Carbon utilization 
and storage
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New Technologies

Both are making OPC… but not as usual
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Portland Limestone Cement
• PLCs in the US are also called 

Type IL and have up to 15% 
limestone 

• Concerns over early strength 
have led to the use of higher 
cement contents in some 
concrete mixtures

• When manufactured properly, 
PLCs have good early strength, 
comparable to OPC

• You can use PLCs to make high 
early strength concrete for 
pavement repair applications

Montanari, Helsel, Hosseini, and Juenger, “Evaluation of early age strength and porosity of binary and ternary 
mixtures incorporating portland limestone cement and a set accelerator,” submitted to ACI Materials Journal. 

Source: FHWA. 

Source: FHWA. 

Ground Glass or 
Metakaolin. 

Accelerator and 
Non-Air Entrained

Example opening 
requirements



T E X A S M A S E E H  C I V I L ,  A R C H I T E C T U R A L  &  E N V I R O N M E N T A L  E N G I N E E R I N G

LC3 Cements in the US
• We have portland limestone cements
• We have natural pozzolans and calcined clays
• Can we combine them to make readily 

available limestone-calcined clay cement 
(LC3)?

O’Quinn, Juenger, & Bernal “MAKING LC3-ADJACENT CEMENTS BY COMBINING PORTLAND LIMESTONE 
CEMENTS WITH SUPPLEMENTARY CEMENTITIOUS MATERIALS” submitted to Construction & Building Materials. 

Interpreted from USGS 
geochemical and 

mineralogical maps for soils
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LC3 Cements in the US
• Formation of carboaluminates is not limited 

to calcined clay – limestone blends
• Pozzolan-limestone blends can perform just 

as well as calcined clay limestone blends, 
allowing for regional optimization

IL-P

O’Quinn, Juenger, & Bernal “MAKING LC3-ADJACENT CEMENTS BY 
COMBINING PORTLAND LIMESTONE CEMENTS WITH 
SUPPLEMENTARY CEMENTITIOUS MATERIALS” submitted to 
Construction & Building Materials.

CC= Calcined Clay
P = Pumice
FA = Fly Ash
PER = Perlite
MK25 = 25% Metakaolin SCM
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And about carbonation…
C = neat cement
MK = 15% metakaolin
1 & 28 = days of curing prior to exposure

• Thermogravimetric analysis 
of pastes allows for 
quantification of CaCO3
formed and CO2 bound

• Metakaolin densifies pore 
structure, reducing expected 
CO2 ingress 
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Calcined clay purity affects 
carbonation rate

O’Quinn, Bernal & Juenger unpublished data. [Confidential]
Natural clays 
calcined in lab

Commercial 
calcined clays

Diluted metakaolin

Carbonation rate decreases with 
increasing kaolinite content in calcined 
clay because of refined pore structure
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Do we really want carbonated 
concrete?
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The evolutionary tree of cement
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Geopolymers: Self-healing
• Self-healing can be hard to 

measure – we chose to use water 
permeability under pressure

• Cracks controlled through freeze-
thaw cycling
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Geopolymers: Self-healing

• Permeability of OPC increases after wet curing post cracking.
• Permeability of fly-ash based geopolymers decreases after wet 

curing post cracking. Danzhu Zheng, George Ulerio II, Veerabhadra S Denduluri, Maria Juenger, and Eric van 
Oort, Geoenergy Science & Engineering, 2024.

LSS = activated by liquid sodium silicate
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Geopolymers: Self-healing
After initial damage After 28 days of healing 

µCT scans and videos taken by Parth Panchmatia 
[unpublished; confidential]
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 There has been increasing interest in sustainable 

cements over the past 25 years – both in research and in 

commercialization. 

 Alternative cements can have excellent or even enhanced 

performance compared to portland cement. Sustainability 

does not mean that you have to sacrifice performance.

 Scalability, cost, and durability of new or alternative 

cements will determine their impact on the concrete 

industry.

Summary and Conclusions
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THANK YOU
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