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Review report on the Ph.D. Thesis entitled  

“The mechanism of methane adsorption on clay minerals” 

By Paweł P. Ziemiański 

 

The scientific problem tackled in the dissertation of Paweł P. Ziemiański 

revolves around the adsorption properties of methane gas in shales and in particular 

with clay minerals. This problem has recently gained much attention given the 

potential source energy of such a natural gas for humankind.    

The thesis is written in the form of a package of two published peer-reviewed 

papers and a short review of 30 pages at the first part of dissertation. The review is 

written in English and starts with a short introduction detailing the knowledge 

background about interaction of methane with clay minerals as well as existing 

inconsistencies in literature and hypotheses at the origin of the Ph.D. work. Paweł P. 

Ziemiański then describes the materials and methods related to his work and in 

particular the structure of clay minerals and the different techniques and methods 

used to characterize the interaction with methane. The number of methods used is 

rather large and complementary, including experiments (gas adsorption and X-ray 

diffraction at high-pressure conditions) and simulations (molecular modelling). This 
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short review is concise and well-written and provides to the reader the fundamental 

understanding on how Paweł P. Ziemiański intends to conduct his work to refine our 

knowledge about the complex process of methane-clay minerals interaction. This 

work is developed thereafter in the dissertation under the form of the two peer-

reviewed papers published in international and renowned journals and summarized 

by Paweł P. Ziemiański at the end of the review report.  

In the first paper, published in International Journal of Coal Geology, Paweł P. 

Ziemiański presents an experimental study on the investigation of the controlling 

factors of methane adsorption process in clay minerals. This work includes a well-

chosen combination of different methods (gravimetric methods of CH4, CO2, and N2 

gases probes, X-ray diffraction and thermogravimetric techniques) and a large panel 

of different clay minerals samples. The results highlight the role played by interlayer 

vs. interparticle adsorption process of methane. In particular, Paweł P. Ziemiański 

evidences the preferential sorption of CH4 in the interparticle microporosity as well 

as some interesting correlations between CH4, CO2, and N2 adsorption quantities that 

can be very useful for natural rocks. Paweł P. Ziemiański well evidences the negative 

effect of the collapse of swelling clay layers by mechanically blocking the interlayer 

space using TMA. Moreover he reveals the role played by anisotropy in particle 

orientation, preferred orientation having a positive role on CH4 adsorption process. 

This work brings many remarkable results and I have some questions that were not fully 

addressed in the dissertation: 

- This study well highlights that analysis of the crystal-chemistry of clay minerals for 

understanding CH4 adsorption is not sufficient and that textural effects have to be 

taken into account. In line with such a multiscale consideration, the question 

regarding the influence of overall porosity is not fully addressed. Does the author 

can tell us about potential impact of this parameter on the obtained data?    

- The significant role played by small (and likely parallel) pores on CH4 adsorption, 

either by pillaring the interlayer pace or by tuning the preferred orientation raise 

the question regarding the potential existence of an ideal pore thickness for 
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methane adsorption. What would be the future work that could allow to define 

such an ideal pore morphology?  

-In line with the two aforementioned questions and with a multiscale 

consideration of a clay porous media, could Paweł P. Ziemiański draw a general 

and ideal scheme of organization that may favour or inhibit methane 

adsorption?  

In the second paper, published in Journal of Physical Chemistry C, the work of 

Paweł P. Ziemiański focuses on fundamental aspects of CH4 intercalation in smectite 

interlayers. For this purpose, Paweł P. Ziemiański combines the state-of-art of 

experimental technique (X-ray diffraction in high-pressure conditions) and 

computational method (Monte-Carlo simulations in the Grand Canonical ensemble). 

I found this work remarkable with high quality of results and a very good agreement 

between experiments and simulations. In this work Paweł P. Ziemiański highlights the 

mutual effect of methane accessibility/adsorption and interlayer clay swelling. 

Moreover the authors take advantage of the theoretical calculations to provide new 

insights on the energetics of the system as well as on the exact location of CH4 

molecules in the interlayers, and on the role of water as inhibitor of adsorption. The 

results and interpretations shed a new light on the mechanistic of CH4 intercalation 

and also provide new interpretation for the understanding of CH4 adsorption, far 

beyond the initial configuration and hydration of smectite interlayers. I have one 

question regarding potential extension of this work: 

 -In line with the aforementioned questions on the first paper, could Paweł P. 

Ziemiański provide some potential future directions for numerical (and 

experimental?) studies to investigate the effect of interparticle porosities on 

CH4 sorption and associated limitations?  

In conclusion, the quality of the work performed by Paweł P. Ziemiański in his 

Ph.D. work is excellent and I have no doubts that the two papers will rapidly represent 

milestone in the field of methane-clay minerals interactions. Paweł P. Ziemiański has 

been able to take advantage of the expertise of an internationally recognized group 
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of collaborators and supervisors. He has been also able to provide a consistent and 

impressive amount of work with findings beyond the existing literature on the topic 

by combining innovative methodologies and a well-reasoned choice and properly 

prepared sample set. The Thesis dissertation meets all requirements for a Ph.D. 

degree and I warmly recommend that the dissertation should be accepted to a public 

defence. 

 

On the 25 July 2021, 

 

Eric FERRAGE 


