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Review of the doctoral dissertation of Pawel Ziemiański, MSc, entitled 
 “The mechanism of methane adsorption on clay minerals” 

 
 
The PhD dissertation investigates the adsorption properties of methane on clay minerals at elevated 

pressures and discusses the microscopic mechanisms that control the adsorption process in these 

systems. Clays are abundant in gas shales and the findings of this work contribute towards improving 

our understanding of the mechanisms of gas accumulation in these plays. By presenting an 

extensive set of new adsorption data on both expandables and non-expandables clay minerals, the 

thesis also aims at providing an explanation for the apparent inconsistencies reported in the literature 

between methane adsorption isotherms measured on same mineral species. There are at least two 

notable features of the work presented in this PhD dissertation. First, the approach uses various 

complementary experimental techniques and combines experimental work with molecular 

simulations. This integrated approach allows for the establishment of a direct link between the 

macroscopic observation of methane adsorption and the underlying nano-scale processes. As an 

example, the candidate has developed an experimental method to extract interlayer adsorption 

isotherms in the presence of adsorbed water, enabling a direct comparison with molecular simulation 

data. Second, the candidate has profitably exploited the ability of clays for ion exchange to expand 

substantially the parameter space in which the analysis has been conducted. Specifically, as 

compared to previous work, this study covers a much wider range of values of key textural 

parameters, such as the clay micropore volumes and specific surface areas, which in turns allows 

for correlations to be derived that have a much stronger statistical basis. Overall, this represents an 

important contribution to the field of high-pressure gas adsorption in nanoporous materials and a 

solid starting point in the investigation of more complex situations, such as those involving gas 

mixtures. 

 

The thesis is well-written and is broadly organized into two main sections. The first section is a 

summary of the work, which is followed by an appendix that includes two peer-reviewed research 

manuscripts first-authored by the candidate. The introduction provides a motivation for the work and 

outlines the specific research objectives of this PhD dissertation. This section also includes a brief 

literature review that present background information on shale gas, clay minerals and the analysis 
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of gas adsorption at elevated pressures. There is then a description of the materials used, the high-

pressure methane adsorption experiments and the molecular simulations of methane adsorption. 

The subsequent chapter represents the core of the work, where the main results associated with the 

two publications are summarized. The final chapter presents a list of the key findings arising from 

the PhD dissertation. Overall, the thesis contains a substantial body of novel work and, as anticipated 

above, it has already generated two publications in peer-reviewed journals.  My recommendation 
is that the thesis meets merit and formal requirements for a PhD degree and it is 
recommended for a public defense. 
 

I will discuss in the following the main outcomes associated with this PhD thesis and list the points 

that I would like to raise during the public defense.  

 

Paper 1 – Ziemiański et al. (2020) International Journal of Coal Geology, 224, 103483. 

The manuscript shows that the clay-mineral texture – primarily the microporosity associated with the 

edges of stacked clay particles – is the major factor controlling methane adsorption at supercritical 

conditions. In fact, the latter correlates strongly with micropore volume measured with nitrogen at 

77K, which is known to not penetrate the interlayers. There is a strong correlation also between the 

nitrogen micropore volume and the clay specific surface area, albeit the latter loses physical 

significance for microporous solids.  The authors also show that methane and carbon dioxide may 

access distinct pore spaces and that caution should be taken in using the micropore volume 

measured with carbon dioxide to make storage estimates.  

 

The following points require some additional clarification: 

- The candidate should discuss the applicability of this investigation to a representative gas 

shale reservoir, given that the experiments have been carried out at one temperature only 

(25oC) and by using pure methane. 

- What is the reason for not extracting and considering the full pore-size distribution in the 

interpretation of the experimental adsorption data? 

- The candidate argues that inconsistencies between adsorption capacities reported in the 

literature on (supposedly) the same clay minerals are the result of the dependency of 

methane adsorption on textural properties. This conclusion is not obvious to me. 

 

Paper 2 – Ziemiański et al. (2021) The Journal of Physical Chemistry C, 125, 7598. 

The manuscript shows that smectite clays swell in the presence of dry methane, because of the 

expansion of the interlayers following penetration by methane. Like previous results on carbon 

dioxide, there must be an “optimum” amount of hydration of the interlayers for this process to take 

place. Notably, access of methane into the interlayer does not only depend on the initial opening, 

but also on the way water molecules are arranged in the interlayer itself. Also, swelling is observed 
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for divalent cation-exchanged smectites and is absent for monovalent cation-exchanged smectites, 

even in the presence of large cations.  

 

The following points require some additional clarification: 

- Does the swelling influence the interpretation of the high-pressure adsorption experiment (the 

computation of the adsorbed amount), given that the sample volume changes with pressure? 

- The molecular simulation work focuses on interlayer adsorption only – why? Is this sufficient 

to capture the adsorption process in these complex porous materials that are characterised 

by a distribution of pore-sizes?  
 
I look forward to discussing the points above with the candidate during the public defense. 
 
Sincerely yours, 
 
 
Ronny Pini 
 

 


