
PhD Studentship Available:
Carbon geological storage: understanding micro-mechanisms of CO2 capillary 

breakthrough and localized pathways to assess caprock CO2 leakage hazard

RESEARCH CONTEXT: The development of
Carbon Capture and Storage will occur at
global scale, and considering the amount of
CO2 that will be captured and stored
underground, long-term leakage of CO2 into
the atmosphere is one of the most crucial
concerns for CO2 repositories. CO2 trapping
potential of these geological repositories
depends on the caprock’s low permeability to
CO2

RESEARCH QUESTION: Recent field experiences have highlighted
one major issue: CO2 moves through the caprock barrier much
faster than expected. Several studies have suggested that this could
be due to chemically-induced triggering of cracking in the clay rich
rock, but previous studies have not been able to understand how
the chemistry of the injected fluids may affect the micro-
mechanics of the caprock. Water acidification and non-polarity of
the CO2 irreversibly change the electrochemical interaction forces
that dominating the clay particle configuration, which can both
weaken the clay and cause it to shrink, hence, CO2 intrusion results
in cracking of the caprock.

PREVIOUS RESEARCH: Research in micro-mechanics of clayey
geomaterials is lagging behind granular materials owing to the
difficulty of investigating particle-to-particle interaction at the
microscale. Even very basic responses observed in compression are
not elucidated by basic microscale mechanisms. Characterisation of
localized mechanisms such as crack initiation involves the
understanding of the configuration of elements (particles) and the
forces controlling the kinematics of such elements. Clay
micromechanics (including the evolution of particle configuration in
clays when subjected to mechanical loading) has rarely been
investigated explicitly, although significant aspects of the pore space
and particle configuration have been addressed by microscopic
analyses. Our previous research 1) showed the effect on clay
microstructure for different pore water chemistries and 2)
formulated a micromechanical conceptual model able to account for
clay particle configuration changes caused by different chemistry of
pore water (pH, fluid polarity and dielectric permittivity).

PHD STUDENSHIP: This PhD studentship will focus
on conducting a micro-scale experimental
investigations of crack initiation in clays, to
characterize the cracking micro-mechanism
occurring when exposed to CO2. The proposed
PhD represents an exciting opportunity to
conduct fundamental research, with the prospect
of having a significant impact on the assessment
of the long-term CO2 trapping potential. The PhD
student will be involved in the activities of the
International Research Centre for Clay
Micromechanics include the annual Workshops.
The student will have the chance to be challenged
by the academics from different field and
exchange ideas with the other early stage
researchers in the network.
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Centre for Doctoral Training (CDT):
Geoscience and its Role in the Low Carbon Energy Transition 

Gas migration in consolidated sediment (Trojer et al 2015)

CAREER ROUTES: This PhD will provide skills and experience to work 
for geotechnical engineering, civil engineering, ground engineering 
industry and petroleum engineering, . It will also fit candidates 
interested in pursuing further academic research.

WHY UNIVERSITY OF STRATHCLYDE: The Department of Civil and
Environmental Engineering at Strathclyde has a track record in the
hydro-mechanical behaviour of geomaterials from nanoscale to
macroscale. It is equipped with an advanced materials laboratory
containing SEM, XRD, XRay-CT, AFM and state-of-the-art soils
laboratories. Specifically, the geomechanical laboratory is a
worldwide centre of excellence (currently 1st in UK) for the
measurement of suction in soil and plants, as it manufactures
bespoke high-capacity tensiometers. The department’s peculiarity lies
in its multidisciplinary approach to research, focused at the nexus
between geosciences, climate, soil science, earth infrastructure and
biotechnologies.

Configuration of clay particles (Pedrotti et al 2018)
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