
Alkali-Activated Cements and Concretes:
Unlocking Sustainable Construction
In the face of growing concerns about climate change and the depletion of
natural resources, the construction industry is actively seeking sustainable
solutions to reduce its environmental footprint. Alkali-activated cements and
concretes (AAC) emerge as promising alternatives to traditional Portland
cement-based materials, offering a host of advantages that align with the
principles of sustainability.

What are Alkali-Activated Cements and Concretes?

Alkali-activated cements are binders that utilize industrial byproducts, such
as fly ash and ground granulated blast furnace slag, as the main
cementitious components. These materials are activated by alkaline
solutions, typically sodium hydroxide or potassium hydroxide, to form a
cementitious matrix.
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When mixed with aggregates, alkali-activated cements form concretes that
exhibit exceptional durability, strength, and resistance to various
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environmental conditions. AACs have a lower carbon footprint compared to
Portland cement-based materials, contributing to the reduction of
greenhouse gas emissions in the construction sector.

Benefits of Alkali-Activated Cements and Concretes

AACs offer numerous advantages over traditional cement-based materials,
making them an attractive choice for sustainable construction:
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Reduced Carbon Footprint
AACs significantly reduce carbon emissions during production, as they
utilize industrial byproducts that would otherwise end up in landfills or
pollute the environment. The manufacturing process of alkali-activated
cements generates up to 80% less CO2 emissions compared to Portland
cement.
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Enhanced Durability
AACs possess remarkable resistance to chloride penetration, sulfate
attack, and acid corrosion, ensuring long-term structural integrity and
reduced maintenance costs. This durability makes them ideal for use in
infrastructure projects, marine structures, and other applications exposed to
harsh environments.
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Improved Strength
Alkali-activated concretes can achieve compressive strengths comparable
to or even exceeding those of Portland cement-based concretes. Their
dense microstructure and high degree of hydration contribute to excellent
mechanical properties, making them suitable for structural applications.

Reduced Permeability
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AACs exhibit lower permeability than Portland cement-based concretes,
reducing the ingress of harmful substances and moisture. This
characteristic enhances the durability and longevity of structures,
particularly in areas where water exposure or chemical attack is a concern.

Fire Resistance
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Alkali-activated concretes demonstrate superior fire resistance compared to
Portland cement-based concretes, maintaining their structural integrity
even at elevated temperatures. Their high specific heat capacity and low
thermal conductivity contribute to this enhanced fire performance.

Applications of Alkali-Activated Cements and Concretes

The versatility of AACs makes them suitable for various applications,
including:



Infrastructure Projects
AACs are ideal for use in infrastructure projects, such as bridges, roads,
and tunnels, due to their durability, strength, and resistance to
environmental factors. They can extend the service life of structures,
reducing maintenance costs and improving overall safety.
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Marine Structures
The exceptional resistance of AACs to chloride penetration makes them
well-suited for use in marine structures, such as piers, docks, and
breakwaters. They can withstand the harsh conditions of saltwater
exposure, ensuring long-term performance and safety.
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Industrial Applications
AACs find applications in industrial settings, such as chemical plants, paper
mills, and wastewater treatment facilities. Their acid and sulfate resistance,
along with their low permeability, protect structures from corrosive
environments and prevent contamination of fluids.
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Residential and Commercial Buildings
AACs are increasingly used in residential and commercial buildings,
offering benefits such as improved indoor air quality, reduced moisture
issues, and increased energy efficiency. Their durability and fire resistance
make them a safe and sustainable choice for various building applications.

Alkali-Activated Cements and Concretes: A Comprehensive Guide

For a comprehensive understanding of alkali-activated cements and
concretes, including their chemistry, properties, and applications, we highly
recommend the book "Alkali-Activated Cements and Concretes" by Caijun
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Shi. This authoritative guide provides detailed insights into the science,
technology, and practical applications of AACs, making it an invaluable
resource for professionals in the construction industry.

Alkali-activated cements and concretes represent a transformative
technology for sustainable construction. Their reduced carbon footprint,
enhanced durability, improved strength, and versatility make them a
compelling alternative to traditional cement-based materials. As the
construction industry continues to embrace sustainability, AACs are poised
to play a significant role in shaping a more sustainable built environment for
generations to come.
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