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ABSTRACT

Reducing the clinker to binder ratio is a key strategy to reduce CO, emissions in cement
industry. Currently, fly ash, ground granulated blast furnace slag and ground limestone are
added to the concrete. However, their availability varies around the world and is expected to
decline in the future. This limited supply has led to growing interest in calcined clays, as clay
deposits are geographically spread and sufficiently abundant to meet the projected demand
of cement. Additionally, their high pozzolanic reactivity enables a higher reduction in clinker

to binder ratio.

The properties of the binder depend on the composition and characteristics of the material
added to ordinary Portland cement. The calcination process alters the physico-chemical
properties of raw clays, making it essential to understand these changes to predict
performance in binder system. This thesis investigates the influence of calcination conditions
on the physical and chemical characteristics of kaolinite clays for use as supplementary
cementitious material. Nine natural clay samples were selected for this work and calcined in
a laboratory muffle furnace at 400°C, 500°C, 600°C, 700°C, 800°C, 900°C and 1000°C. The
structural changes in the calcined clays were analysed using thermogravimetric analysis (TGA),
differential scanning calorimetry (DSC), X-ray diffraction (XRD) and Fourier transformation
infrared spectroscopy (FTIR). The change in physical properties like specific surface area,
density, water demand and morphology upon calcination were studied. The pozzolanic

reactivity was assessed using lime reactivity and modified chapelle test methods.

The results show that the conversion of kaolinite to metakaolin significantly changes the
degree of crystallinity and bonding between silicates and aluminate layers. This phase
transformation governs reactivity without changing the physical properties. The metakaolin
becomes unstable around 950°C and transforms into Al-Si spinel phase, as confirmed by
differential scanning calorimetry. The spinel phase reduces the pozzolanic reactivity
significantly and marks an onset of over-calcination in kaolinitic clays. The associated minerals,
such as quartz, iron and 2:1 clay minerals, influence only the temperature at which spinel
forms but not the quantity. Highly disordered iron rich clays exhibit spinel formation at

temperatures approximately 80°C lower than those of quartz-rich kaolinite.



A combination of methylene blue and density measurement allows the assessment of the
quality of calcined clays at an industrial scale in a rapid and cost-effective manner. The degree
of conversion of kaolinite to metakaolin can be effectively obtained by measuring the residual
kaolinite content and methylene blue reduction of less than 50%, compared to the raw
sample, indicates under-calcination. Additionally, the formation of spinel phase, which is the
first less reactive product that forms upon over-calcination, can be identified by density
measurements as it has a higher density. The associated minerals influence the properties of
kaolinite clays as iron-rich kaolinite clays exhibit higher specific surface area and water
demand than quartz-rich kaolinite. Moreover, metakaolin formation occurs at lower
temperature in iron-rich clays compared to quartz-rich kaolinite. Interestingly, the calcite
impurities do not interfere with the calcination of kaolinite and the physical properties and
pozzolanic reactivity of the calcined clays containing calcite were similar to the control sample.
The environmental impact of additional CO; emissions due to partial decomposition of calcite
must be taken into consideration. Limited experiments on flash calcination showed that a
higher calcination temperature is required to achieve a similar degree of dehydroxylation
compared to soak samples. Flash calcined clays exhibit lower specific surface area and higher
amorphous fraction than soak calcined clays at similar degree of dehydroxylation. The
decomposition of smectite upon calcination temperature was studied in detail and the results
show that smectite undergoes two step-mass loss, unlike a single step process observed in
kaolinite. The hydroxy groups that are removed in the second step transforms smectite into
an amorphous fraction. Although the calcination temperature required for smectite is higher

(900°C), the pozzolanic reactivity is similar to kaolinite clays.

Overall, this study provides a comprehensive understanding of the processes that clays
undergo upon calcination, and the factors that influence their suitability for use as SCMs. This
study also details techniques that can be used to characterise and assess clays and their

quality of calcination.
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