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1. Introduction  

Energy industry using solid fossil fuels like coal, lignite, oil shale and peat is responsible for producing 

large quantities of solid residues that are often chemically reactive and/or unstable, and are disposed in 

holding ponds and deposition sites. Stability and long term behaviour of such deposits is, in most cases, 

studied in short-term laboratory experiments that are not capable of describing and predicting long-term 

changes taking place in these materials. We study the long-term (>40 years) transformation of Ca-rich ash 

wastes under highly alkaline conditions by analysing the full extent of material from a drillcore 

penetrating the ash depository at Eesti Power Plant, Estonia. Detailed mineralogical, chemical and 

micromorphology analyses using X-ray diffraction, X-ray fluorescence, 29Si nuclear magnetic resonance, 

scanning electron microscopy and other methods were applied in order to identify the phase 

transformation and assess the long-term stability of ash deposits of this type.  

 

2. Results and Discussion  

Long-term stability and diagenesis of Ca-rich ash waste sediments was investigated by analysing drillcore 

material penetrating the 37.5 m thick ash sediment pile formed during the last 50 years. Previous 

laboratory mid-term experiments and ash diagenesis studies [1-2] indicate that the dominating reaction in 

Ca-rich ash with an ample amount of reactive CaO is lime hydration and subsequent sediment 

carbonation. Ash pile carbonation will continue for prolonged times due to slow CO2 diffusion into the 

sediment. Our current study shows that instead the formation of C-S-H type phases at the expense of 

silicate minerals and amorphous glass phases with increasing depth and age of the sediments seems to be 

the dominant ash diagenesis product, and demonstrated that over time the high alkalinity of the ash was 

responsible for initiating natural alkali activation. The content of C-S-H type phases increases from about 

25% near the surface to over 60% near the bottom layers. 29Si NMR analyses show formation of more 

complex-structured C-A-S-H phases in the bottom layers suggesting continuous diagenetic 

recrystallization of silicate phases. The formation of C-S-H type phases increase the mechanical strength 

of the sediment and ensures the long-term stability of waste deposits. 

 

3. Conclusions  

Semicrystalline C-S-H and possibly C-A-S-H type phases gradually form over long periods of time in the 

naturally highly alkaline conditions in the Ca-rich ash sediment deposit. The source of these phases is the 

slow dissolution and recrystallization of primary crystalline and glassy silicate phases. Formation of C-S-

H type phases ensures the increase in mechanical strength and long-term coherence of the deposits.  
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