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The adding of wastes into fired clay products plays a key role to improve the 

circularity of the construction sector. Although clay brick and tile industries are showing 

innovative solutions to add to the circular economy, regulatory and technical barriers still 

exist to scale up current initiatives or to start new ones. In this way, the incorporation of 

coal fly ashes into ceramic products by firing (bricks and tiles) has been analysed on 

several studies showing that fly ashes composition is generally compatible with common 

clays, and thus, it could be used as alternative raw material for the manufacture of a 

variety of ceramic products. Most of these studies analysed the final properties of the 

products: microstructural characteristics, technological properties and the leaching 

behaviour. However, most of these studies do not assess the potential impact of the 

replacement on the manufacturing process, and the gases emissions during firing. 

Previous studies developed with other type of waste concluded that this is essential for 

the quantification of the benefits associated with the valorisation of these waste flows. 

The aim of this work is to study the impact of the incorporation of two Coal Fly Ashes 

with different content of unburned carbon (A: low content; B high content) in ceramic 

bricks produced using different clays (A and B) from an environmental and technical 

point of view. 

The methodology used in this work is divided into six main steps: (i) 

characterisation of raw materials, (ii) ceramic processing, (iii) assessment of the technical 

properties of the fired bodies, (iv) analysis of the microstructural characterization of the 

final products, (v) study the leaching behaviour of fired products and (vi) estimation of 

gases emissions during firing. 

As a result, it is obtained that the incorporation of coal fly ashes into ceramic 

bricks is not detrimental to the physical and mechanical properties of the resulting 

products. Ceramic bricks containing up to 20-30 wt. % fly ash A exhibited higher density, 

water absorption and flexural strength. In the case of fly ash B, percentages of 20% obtain 

values of the properties studied close to the bricks using Fly Ash A. 

The leaching behaviour of Fly Ash A and B according to the Directive (EU) 

2018/850 on the landfill of waste shows that all pollutants are below the limit for inert 

waste landfill except Cr and Mo which are below the limit for non-hazardous waste 

landfill, being Se the only one that exceeds this limit. Ceramization process achieve to 

immobilise the Se and Cr even below the limits of inert waste landfill and Mo close to 

this limit. For Clay B-Fly Ash A and B based bricks, HF and HCl emissions are below 

that the emissions of the 100% clay bricks, so introducing Fly Ash would reduce the 

emissions of these pollutants in the firing process. On the other hand, the SO2 emissions 

are above that the emissions of the 100% clay bricks, being higher for Fly Ash B, due to 

the high contents of S present in the Fly Ash. Finally, CO2 depend on the content of 

carbonates, as calcite and dolomite, the unburnt carbon, firing temperature and the 

percentage of CO2 emitted, therefore, it is necessary to assess the volume of ceramic 

production to establish the level of CO2 emissions. 


