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Strength retrogression occurs in cements at high 

temperatures when calcium silicate hydrate phase in hydrated 
cement converts to alpha dicalcium silicate hydrate phase. To 
study this, a batch experiment was conducted using four 13 
ppg cement slurry designs and compared with 13 ppg neat 
cement slurry. All four cement slurry design contained class H 
cement and silica flour. Fine metakaolin, silica sand, steel fiber 
and polymer were added to the first, second, third and fourth 
sample respectively. For the experiment, cements were aged at 
140 0C for 30 days in a heated water bath circulator to simulate 
cement retrogression.  

Preliminary data suggest that thermal loading can cause 
alterations in cement chemical state as confirmed by x-ray 
photoelectron spectroscopy, where the main changes are 
observed through different chemical binding energies of Ca 
and Si, as the main chemical elements of hydrated cement. 
Furthermore, permeability of samples subjected to temperature 
changes appear to be impacted, as well as porosity, as observed 
in pulse-decay permeability measurements. The microstructure 
and spatial elemental chemical composition obtained by 
electron microscopy and energy dispersive spectroscopy 
confirm the changes and provide an insight into the mechanism 
of these changes. Some of the main alterations are manifested 
in the amount and morphology of calcium silicate hydrates 
present as well as calcium hydroxide and the pore-structure 
distribution within cement matrix. 

The desired outcome of this study is to provide a more 
durable design of wellbore cements capable to resist thermal 
fracturing and dissolution when in contact with low pH 
geofluids, such as brines rich in CO2. Geothermal wellbore 
systems are more susceptible to deterioration than traditional 
oil and gas wellbores, and therefore require modified chemical 
composition capable to withstand aggressive environment. 
Such systems would cut down the cost of geothermal energy 
by ensuring longer service life of these wellbores. 

 


