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Abstract: The construction industry is affected by the constant growth in the populations of urban

areas. The demand for cement production has an increasing environmental impact, and there

are urgent demands for alternative sustainable solutions. Volcanic ash (VA) is an abundant low- cost material
that, because of its chemical composition and amorphous atomic structure, has been

considered as a suitable material to replace Portland cement clinker for use as a binder in cement

production. In the last decade, there has been interest in using alkali-activated VA material as an

alternative material to replace ordinary Portland cement. In this way, a valuable product may be

derived from a currently under-utilized material. Additionally, alkali-activated VA-based materials

may be suitable for building applications because of their good densification behaviour, mechanical

properties and low porosity. This article describes the most relevant findings from researchers around
the world on the role of the chemical composition and mineral contents of VA on reactivity during

the alkali-activation reaction; the effect of synthesis factors, which include the concentration of

the alkaline activator, the solution-to-binder ratio and the curing conditions, on the properties of

alkali-activated VA-based materials; and the mechanical performance and durability properties of

these materials.

Keywords: volcanic ash; treatments for reactivity; alkali-activated materials; curing method; strength

properties; durability properties

1. Introduction

Ordinary Portland cement (OPC) is one of the most commonly used building materials
for construction worldwide; it is also the most extensive manufactured product by mass

on Earth. OPC is used in combination with water and aggregates and can also include

chemical admixtures for the production of cement-based materials, such as concrete [1,2].

Currently, the global rise in urbanization has increased the need for cement. It is

almost unimaginable that infrastructures could be developed without using OPC. OPC

is inexpensive and adaptable for different types of constructions and requirements [3].

However, the production of one tonne of OPC generates 0.55 tonnes of carbon dioxide

(CO2). An additional 0.39 tonnes of CO2 in fuel emissions are required for baking and

grinding activities, which contribute to a total of 0.94 tonnes of CO2 [4,5]. Cement is the

second most consumed material in the world, after water. The global demand for OPC is

expected to increase by almost 200% by the year 2050 [6,7].
The scientific community is interested in achieving a better understanding of supple- mentary cementitious
materials that could be used to partially or totally replace OPC. The

major components of pozzolanic materials are silica (SiO2) and alumina (Al2O3), which do

not have any hydraulic properties. However, when these components are mixed with lime

or an alkaline product in the presence of water, they are capable of fixing calcium hydroxide,
and they form stable compounds that have hydraulic cementitious properties [8,9]. Poz- zolanic materials have
been used since the Greek and Roman civilizations, which first used

them in lime mortars to build such structures as bridges, basilicas, aqueducts, coliseums
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