
Appel à projets international 

1 
 

Modelling of hydrogen production and CO₂₂₂₂ capture by natural amphibole 
minerals 

 
Keywords Natural hydrogen; Decarbonization; Molecular modelling DFT; Energy transition; Geological 
H2; Grunerite 
 
Summary 
The natural production of hydrogen by iron-rich minerals that simultaneously capture carbon dioxide 
offer a transformative pathway toward decarbonized economy. By combining advanced theoretical 
modeling with experimental geological characterization, the present research aims to uncover the 
molecular mechanisms governing hydrogen formation, diffusion, and storage in subsurface reservoirs, 
alongside with CO₂ capture. Understanding the key factors of these coupled processes will provide 
critical knowledge for supporting the global energy transition. The project involves an international 
collaboration France-Brazil integrating expertise in Chemistry and Geology. 

 
Scientific background 
Hydrogen H2 is currently an eco-friendly alternative to fossil fuels due to its zero carbon footprint. 
However, its production and commercialization are associated with expensive industrial 
(electro)catalytic processes that emit CO2. Recently, natural hydrogen occurrence has been reported in 
several locations around the world, such as Mali, Albania, and France

1
. The availability of these 

reservoirs could revolutionize energy management: naturally produced in large quantities by rocks in 
contact with fluids in the Earth's crust, it is cheap, abundant, and continuous. Nevertheless, the 
conditions under which natural hydrogen is generated and stored are not always well understood. 
 
The geological H2 system presents scientific challenges, including understanding the mechanisms of its 
formation and storage. Natural hydrogen is observed in areas rich in iron minerals, mixed with other 
gases such as methane and CO2. Formed at depths of several kilometers, and being volatile and light, 
H2 accumulates in shallow regions located near the surface

a
, with purity reaching 90%. The mining and 

oil industries have obtained exploitation permits, but their knowledge remains confidential. The scientific 
literature focuses primarily on identifying geological sites where H2 is observed

b
. Among the proposed 

hydrogen sources
2
, we are interested here in iron-rich rock minerals that would act as a solid support on 

which the chemical reactions take place. The most studied reaction is serpentinization, but recently a 
new reaction was reported by C. Arrouvel

3
 in which grunerite, a very abundant amphibole mineral on 

Earth, transforms in the presence of carbon dioxide into siderite and quartz while releasing H2: 
 
       Fe7Si8O24H2(s) + 4 CO2(g) = 4 FeCO3  +  Fe3O4(s) + 8 SiO2(s) + H2 (g)  (1) 
             grunerite                      siderite      magnetite      quartz 
 
This reaction can occur at the Earth's crustal surface down to a depth of 10 km

3,4
. Interestingly, this 

reaction not only produces H2 but also captures CO2. Amphiboles would therefore be extremely 
promising for both H2 production and CO2 storage

5
. However, the molecular mechanisms of 

formation, adsorption/desorption, and their kinetics remain unknown. In this thesis project, we propose 
to evaluate these mechanisms using molecular simulation methods, which provide precise information 
on the energetics and reactivity at mineral-gas interfaces, and to couple these techniques with the 
characterization of geological samples. This combined approach will reveal the fundamental factors 
involved in these reactions in a comprehensive manner. 
 
Objectives 
The main objective of this project is to build a model of natural hydrogen production that takes into 
account the molecular structure of minerals and their interaction with CO2 and H2 fluids, assessing  

• the atomic mechanisms that enable the production of H2 and the capture of CO2 within the Earth's 
crust, highlighting the role of solid-gas interfaces 

• the link between the molecular level and the macroscopic observations of natural hydrogen 

• the prediction of the reactivity of unstudied or hypothetical systems to guide the design of geo-
inspired materials for selected applications 

 
Scientific Strategy and Methodology  
A combined experimental and theoretical approach will allow us to connect phenomena occurring at the 
atomic scale with macroscopic observations.  

                                                
a
 reservoir in Mali is only 110m from the surface 

b
 cratons, BIFs (Banded Iron Formation), fairy circles 
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We will focus our studies on grunerite, from the amphibole family, which has a silica-iron structure, and 
is present in the Earth's crust, to represent the substrate in reaction (1). To our knowledge, no studies 
concerning grunerite surfaces or its interaction with small molecules have been reported to date. The 
study will proceed in three steps: 
 

1) Modeling the CO2 capture and H2 formation reactions at the molecular scale, focusing on the role of 
solid surfaces. We will construct first bulk, then surfaces models that maximize the interactions 
between the solid and the gases CO2, H2. We will determine the thermodynamics involved in the 
reactions, identify the main intermediates and energy barriers, as shown in Fig. 1. State-of-the-art 
molecular modeling methods periodic DFT

c
 will be coupled with chemical potential analysis codes to 

analyze the conditions for the formation, transport, and storage of H2. 

2) Experimental analysis of mineralogical samples extracted from sites identified as natural hydrogen 
formation sites in the state of Rio de Janeiro, Brazil

3
. Fieldwork will involve collecting samples near 

the sites (e.g., Morro São João, São José de Uba) and then analyzing them using XRD, XRF, 
optical microscopy, and IR techniques

d
 to characterize the structure and conditions necessary for 

the processes involving H2. 

3) A final step will consist of combining theoretical and experimental results to construct a molecular 
model for the mechanisms of formation, transport, and storage of natural hydrogen and CO2. The 
final part of the thesis will be devoted to writing the manuscript and articles. 

 

 
Figure 1: Scheme of the combined theoretical-experimental approach of the present Thesis project   

 
Feasibility 
We have the necessary technical resources for the successful completion of the Thesis: access to 
computing centers (local SU, national high-performance GENCI), software licenses (VASP, CRYSTAL), 
libraries and databases (SU, CNRS). On the Brazilian side: characterization equipment (XRD, XRF, 
optical microscopy, IR). The supervision team has recognized expertise in the themes of this project. 
MC has extensive experience in ab initio DFT modeling of surface reactions with H2 

6,7,8,9 
 and has 

supervised several theses on these topics. Most recently, she published work on the hydrogenation of 
iron oxide maghemite 

10
 and the characterization of carbonates 

11
, which are central to this project. CA 

has expertise in mineralogy and geosciences and has published several works on natural hydrogen and 
mineral characterization

3,4
. She is also familiar with the modeling of oxides

12 
and sulfides

13
. The 

supervisors’ know-how is perfectly complementary and ensures an efficient communication. 
 
Expected Results 
Natural hydrogen has the potential to revolutionize the energy sector and play a crucial role in the 
transition to a more sustainable future. The results obtained will pave the way for: 

• In-depth fundamental knowledge in physics, geology, and chemistry, useful in other fields of 
application, e.g., planetary mineralogy, agriculture (use of carbonate minerals to enrich soils), and the 
development of laboratory proxy model systems for new compositions of interest to H2 chemistry 

• Development of cutting-edge simulation and sample analysis protocols adapted to geological 
conditions (pressure, temperature, presence of gas mixtures) 

• Strengthening academic collaborations and internationalization between SU and UFRJ-LENEP-
UENF (Brazil). Attached a support letter from the Brazilian institution for the present project. 

                                                
c
 density functional theory 

d
 XRD: X-ray diffraction, XRF: X-ray fluorescence, IR: infrared spectroscopy 

Theoretical Experimental

Extraction, characterizationBulk, surfaces
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H2 releaseCO2 capture
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paths, storage
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Macaé, the 19 of February 2026 
 
 
To whom it may concern, 
 

 
As coordinator of the Postgraduate Program in Reservoir and Exploration Engineering 
(PPGERE) at University of Northern Rio de Janeiro – Darcy Ribeiro (Universidade Estadual 
do Norte Fluminense Darcy Ribeiro – UENF) I am writing to express my strong support for 
the project titled "Modelling of hydrogen production and CO₂ capture by natural amphibole 
minerals´ (in French: Modélisation de la production d'hydrogène et capture du CO₂ par des 
minéraux naturels amphiboles)", led by Prof. Dr Corinne Arrouvel. I certify as well that the 
Laboratory of Petroleum Engineering and Exploration (Laboratório de Engenharia e 
Exploração de Petróleo – LENEP/UENF) can provide all necessary resources (human and 
material) for the successful completion of this international project in joint supervision and 
collaboration with Prof Dr Monica Catalatayud (Laboratory MONARIS, La Sorbonne University, 
Paris, France), who is the PhD director in the Project Proposal. Indeed, Dr Corinne Arrouvel has 
the innovative expertise enabling to supervise the present project. Since 2024 she is an 
associate professor at UFRJ-Br and professor collaborating within our institute. She is at the 
origin of the implementation of the Hydrogen project at LENEP and responsible for creation 
of the discipline ´Fundamentals of Mineralogy Applied to the Natural Hydrogen Generation 
System´.  
 
Please accept the assurance of my highest consideration.  
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Profª Georgiana Feitosa da Cruz 

Vice-Coordinator of the 
Postgraduate Program in Reservoir and Exploration 

Engineering 
(Programa de Pós-Graduação em Engenharia de 

Reservatório e de Exploração) 
PPGERE/LENEP/CCT/UENF 


