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Important advances have been made in our understanding of mineral formation. Both,
experimental and computational data collected for various systems (e.g. calcite, apatite,
gypsum), have revealed a number of alternative – often called “non-classical” – perspectives
on the mechanisms underlying the birth, growth and transformation of mineral phases (e.g.
e.g. Gebauer et al., 2008; Dey et al., 2010; Van Driessche et al., 2012; Wallace et al., 2013;
Nielsen et al., 2014). However, there is still a long way to go until we fully and quantitatively
understand how minerals nucleate and grow from solution (e.g. Van Driessche et al., 2017).
Moreover, most experimental observations were done at room temperature and
atmospheric pressure, and many common minerals such as magnesite, siderite, goethite,
dolomite, magnetite, chrysotile and anhydrite predominantly form at significantly higher
temperatures and pressures.
A recently developed in-situ Raman monitoring system (Montes-Hernandez and Renard,
2016) is a powerful real-time technique to monitor reactions in aqueous, organic and multiphasic media, which allows us to probe in situ the early stages of mineral formation for both
homogenous (solution-solution interactions) and
heterogeneous (solid-fluid interactions) systems. The
present PhD thesis proposes the coupling of this in-situ
Raman spectroscopy technique with a hydrothermal
reaction cell (autoclave) in order to monitor the
solution chemistry (e.g. speciation, nature and fate of
organic matter…) and the nucleation and growth
processes of minerals. This will allows us to probe the
early stages of mineral formation for wide T and P
range, representative of environmental/industrial
conditions. For example, preliminary experiments have
revealed a detailed reaction mechanism of
precipitation of magnesite from brucite slurry under hydrothermal conditions (90°C and
50bar of CO2) that implies the CO2 dissolution in carbonate species (fast CO32- formation
followed by its protonation in HCO3-), transient precipitation of hydro-magnesite mineral
phase and finally nucleation of magnesite (more stable mineral phase in the system) by
progressive consumption of hydro-magnesite via a dissolution-reprecipitation process
(above figure; see also Montes-Hernandez and Renard, 2016).
We expected that this coupling experimental setup will allow extending this
investigation to other low-temperature and hydrothermal minerals such as siderite,

dolomite, anhydrite, zeolites, allophanes, etc. Moreover, Raman in-situ detection (immersed
probe into slurry phase) will allow obtaining realistic data on the pH behaviour (in specific
cases), carbonate speciation, nature of the first nucleating particles and fate of organic
molecules during crystal growth of carbonates, sulphates, serpentines and oxyhydroxides.
Note that the ex-situ measurements of fluid properties generally performed at ambient
conditions after filtration, cooling, depressurization, and degasification are not
representative of in-situ fluid properties behavior during nucleation-growth of solids in
multiphasic systems under hydrothermal conditions. Thus, in situ Raman monitoring will
provide key insights to improve our understanding of classical and/or non-classical
crystallization pathways taking place beyond room temperature and atmospheric pressure.
When required, the data Raman will be complemented with (cryo) TEM imaging and in situ
SAXS/WAXS experiments, using a custom-build hydrothermal flow-through cell.
PhD candidate will require a solid background in material sciences, physico-chemistry or
applied physics and, a good motivation to lab experimentation and numerical simulation. For
complementary details on the experimentation kind, solid/fluid characterization and
numerical simulation to be performed refers to the following some references:
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