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One inconvenience presentad by the thermal activation of kaolinite(K)-based waste is its low content of 
metakaolinite, a highly pozzolanic product listed in current standards for the manufacture of commercial cements. 
The addition of a chemical activator during the thermal activation process is a priority line of research to increase 
the reactivity of the recycled metakaolinite. 

The objective of the present investigation is to analyze the combined effect of the activation of a K-based coal 
waste on pozzolanic reactivity and on the evolution of mineralogical phases in a metakaolínitellime system cured 
at 1, 3, 7, 28, 90 and 360 days of reaction time. To do so, activation temperaturas between 550°C and 650°C were 
analyzed as well as percentages of ZnO between 0.05 and 3.0% by sample weight. 

In this paper, an additional chemical activator, ZnO, is studied and its effect on both pozzolanic properties and the 
evolution of mineralogical phases in the thermal activation of coal waste with a reaction time of up to 360 days in 
the pozzolanllime system. To do so, activation temperaturas of between 550°C and 650°C were selected and 
additions of chemical activator (ZnO) in percentages of 0.0%-3.0% by weight of coal waste, because it is an 
activator with a positive effect on a 100% natural kaolinite. 

Different techniques were used for the material characterization. Mineralogical composition of the bulk samples 
was determinad by XRD. The mineralogical quantification was performed with the Rietveld method. Morphological 
observation and microanalyses of the samples were carried out by SEM/EDX. A confocal Renishaw lnvia Raman 
microscope equipped with a Leica microscope and an electrically refrigerated CCD camera was used for sample 
analysis. The FTIR analyses determinad the spectra in the range of compressed frequencies of between 4000 
and 400 cm-1 . 

24 



The results showed that the incorporation of ZnO highly reduces the reactivity of the recycled metakaolinite and 
in consequence, the capacity of the metakaolinite to react with the surrounding lime; even more so when the 
content of added chemical activator was raised. In none of the cases under analysis was the chemical activator 
able to significantly improve the properties of metakaolinite in comparison with those of the reference. Thermal 
activation (550°C-650°C) without the addition of ZnO maintained a very similar mineralogy. The crystalline 
hydrated phases that appeared in the pozzolanic reaction were tetracalcium aluminate hydrate, stratlingite, 
ettringite, monosulfoaluminate hydrate and LDH (phyllosilicate/carbonate). The laminar morphological compounds 
were formed to the detriment of the C-S-H gels that acted as a substrate for crystall ization and were found 
interspersed with them, forming aggregates. 
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1. INTRODUCTION 

The constant advanoement in research and technological innovation presents an ever-widening range of solutions 
and opportunities for an evolving community, resulting in a patent economic growth which is irrevocably hindered 
by a greater use of energy and resources, in conjunction with the adverse ambient factors induced by them. The 
increasing need for cement and concrete in the last decades has raised the necessity to enhance the efficiency of 
precursors and find less damaging alternatives in arder to contribute to a sustainable balance. 

Cement industry is one of the main contributors of greenhouse gas emissions, such as CO, COz and NO, dueto 
is coal production, where its increasing demand (Figure 1, light blue) (British Petroleum, 2017) has become a 
matter of considerable concern. In an attempt to surpass the challenges proposed by the European Union (EU) 
for 2020 (European Commission, 201 0), where these emissions are to be reduced by 20% compared to 1990 
levels, the use of new strategies in this sector has become primal for most countries. The effectivity of the current 
approach towards this problem is palpable according to official environmental data, where the European Union 
has already achieved the Europe 2020 target with a decrease of over 24% (Figure 1, dark blue) (European Union, 
2017a). 

Cleaner processes are not exclusive to air pollution; industry procedures include the generation of great quantities 
of waste, which has been the main focus of material recycling and reutilization. While strong efforts have been 
made in recent years towards a betterwaste disposal with variable yet considerable success (Figure 111) (European 
Union, 2017b), the use of discarded subproducts as new, viable sources has become one of the most important 
paths to explore in arder to diminish their negative impact. 

Numerous waste resources can be employed in different steps of cement production, such as combustion of 
solvents, plastics, sawdust and mineral oils -among many others- during pyroprocessing, or the inclusion of 
pozzolans which, additionally, allows the manufacture and tailoring of diverse types of concrete with specific 
properties. The economic benefit lays in a direct saving of 1 tonne of fuel-oil per 1 O tonnes of additives, while 
indirectly lessening the costs of mineral exploitation; on the other hand, partially replacing cement crude with these 
components de creases the amount of CaC03 present in the process, thus further mitigating C02 emission (Horton, 
2001 ). One of the most widely used additives is kaolinite (K), a phyllosilicate mineral whose thermal treatment 
generates the dehydoxylated metakaolin (MK), well known for its high reactivity and usefulness as a pozzolan 
(Murat, 1983; Schüller, 1984; Bj0rkum et al., 1990) and currently incorporated in international norms for cement 
manufacture. 

This research contemplates the possibility of avoiding overexploitation by the adoption of kaolinite-rich mining 
waste, following the works of others with similar residues (Sabir et al., 2001; Dinakar et al., 2013; Frías et al., 2014; 
Gandoman and Kokabi, 2015; Juenger and Siddique, 2015) , studying its viability and attempting to replicate its 
activating enhancement by the use of ZnO, as occurs with the naturally existing mineral (Taylor-Lange et al., 
2012). The pozzolan behavior of mixtures with increasing amounts of ZnO, up to 3% in most cases, have been 
considerad for three different calcination temperaturas after severa! accelerated aging times via chemical method. 
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Ettringite is readily formed in most cases where ZnO is present, although not always crystall ine. With low enough 
amounts of activator, the mineral evolves into well-structured monosulphoaluminate. 

Very similar mineralogy is mantained throughout most samples with analogous amount of ZnO. 
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