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Introduction 
Carbon capture and storage (CCS) is considered one of the most promising strategies for mitigating 
anthropogenic CO2 emissions and enabling a transition toward low-carbon energy systems. Well confined 
saline aquifers within porous geological formations of clastic rocks and lithology such as sandstones are 
particularly attractive candidates as reservoirs for long-term CO2 storage. This is mainly due to their favorable 
porosity, permeability, mineralogical composition, thickness and widespread distribution as exemplified by 
the Utsira Formation at the Sleipner Project in Norway [1]. The Mesohellenic Trough (MHT) represents a large 
sedimentary molassic basin located at the northern central Greece. Deposition of various geological 
formations commenced in Late Eocene and lasted up to the Early Miocene age. Since the sandstones are the 
dominant facies of the MHT formations and they are potentially suitable for CO2 sequestration applications, 
we explore their validity in this geologic regime. Previous studies have shown that sandstones from this 
region contain mineral phases capable of interacting with injected CO2, potentially leading to mineral 
trapping mechanisms and long-term storage stability [2,3]. The present study investigates the CO₂ adsorption 
behavior and structural evolution of a representative sandstone sample from the Pentalofos clastic formation 
of the southeastern MHT under high-pressure CO2 and temperature exposure conditions, simulating 
subsurface storage environments of a potential injection well. 
 
Materials and methods 
The sandstone sample was crushed into small fragments and subjected to high-pressure CO2 adsorption 
measurements using a customized manometric gas sorption system consisting of a high-pressure autoclave, 
gas burette, control unit and relevant data acquisition software. Adsorption experiments were performed at 
temperatures of 303, 308, 313 and 318 K and pressures ranging from 1 to 5 MPa. To evaluate the effect of 
CO₂ exposure on the rock matrix, the sandstone sample was characterized before and after the adsorption 
experiments using X-ray diffraction (XRD) for mineralogical analysis, Fourier transform infrared spectroscopy 
(FTIR) for identifying chemical and structural changes and N2 adsorption/desorption at 77 K to determine 
specific surface area and pore structure. 
 
Results and discussion 
The investigated MHT-derived sandstone sample exhibited measurable CO2 adsorption capacity under high-
pressure conditions, with a maximum uptake of approximately 5.93 mg/g (0.59 wt.%) at 303 K and 5 MPa. 
The obtained CO2 adsorption isotherms are depicted in Figure 1. The gas adsorption capacity decreased with 
increasing temperature, indicating that physisorption mechanisms dominate the interaction between CO2 

molecules and the sandstone surface. Preliminary mineralogical characterization revealed that the sandstone 
is mainly composed of quartz, feldspars, and calcite, typical of sandstones belonging to the Pentalofos 
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Formation of the MHT basin. The porous structure of the rock provides adsorption sites and pathways for 
CO2 migration and retention. Comparative characterization of the samples before and after high-pressure 
exposure aims to identify potential structural or mineralogical alterations induced by CO2 interaction, 
including possible changes in pore structure, mineral phases or surface chemistry. These analyses provide 
valuable insights into the stability of sandstone reservoirs under repeated CO2 injection conditions. 
 

(a) (b) 
Figure 1. CO2 adsorption isotherms at 303, 308, 313 and 318 K for the MHT-derived sandstone sample. The 

CO2 adsorption uptake is expressed as (a) g adsorbed CO2/g dried sample and (b) wt.% CO2 
 
Conclusions 
This study evaluates the CO2 adsorption performance and structural stability of MHT sandstone under 
simulated geological storage conditions. The results indicate that the investigated sandstone exhibits 
measurable CO₂ adsorption capacity and structural features favorable for CO2 retention. The combined 
adsorption and characterization analyses contribute to assessing the suitability of sandstone formations in 
the Southeast Mesohellenic Trough as potential geological reservoirs for CO2 sequestration in Greece. 
 
Acknowledgements: The authors acknowledge co‐financing by the European Research Executive Agency 
(REA) under grant agreement No. 101079246 (“TWINN2SET” project). 
 
References 
 

[1] P. Zweigel, R. Arts, A.E. Lothe, E.B. Lindeberg, Reservoir geology of the Utsira Formation at the first 
industrial-scale underground CO2 storage site (Sleipner area, North Sea), BAINES, S. J. & WORDEN, R. H. (eds) 
2004. Geological Storage of Carbon Dioxide. Geological Society, London, Special Publications, 233, 165-180 
 
[2] M.A. Christopoulou, P. Koutsovitis, N. Kostoglou, C. Paraskevopoulou, A. Sideridis, P. Petrounias, A. 
Rogkala, S. Stock, N. Koukouzas, Evaluation of the CO2 Storage Capacity in Sandstone Formations from the 
Southeast Mesohellenic trough (Greece), Energies 15 (2022) 3491, https://doi.org/10.3390/en15103491  
 

[3] N. Koukouzas, Z. Kypritidou, G. Purser, C.A. Rochelle, C. Vasilatos, Geochemical modelling for the 
assessment of the CO2 storage potential in the Mesohellenic Trough, NW Greece, Bulletin of the Geological 
Society of Greece, vol. XLVΙII, (2016) 
 
 
 

 

0

0.001

0.002

0.003

0.004

0.005

0.006

0.007

0.008

0.009

0 1 2 3 4 5 6

C
O

2
u

p
ta

ke
 (

g/
g)

Equilibrium pressure (MPa)

Sample: MHT Sandstone

303 Κ

308 Κ

313 Κ

323 Κ

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 1 2 3 4 5 6

C
O

2
u

p
ta

ke
 w

t(
%

)
Equilibrium pressure (MPa)

Sample: MHT Sandstone

303 K

308 K

313 K

318 K

https://doi.org/10.3390/en15103491

