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INDUSTRIAL APPLICATIONS OF NEUTRON SCIENCE

ACCELERATING THE DEVELOPMENT OF RENEWABLE 
FUELS

THE CHALLENGE
The development of reliable, efficient renewable fuels, including biodiesel, is vital to meet net-zero commitments. Biodiesel is a 
renewable, clean-burning fuel derived from plants or animals and can be used in existing diesel engines without modifications. The 
widespread use of biodiesel as a renewable fuel offers many potential advantages, and so investigating the behaviour of biodiesel 
candidates under operating conditions is important. Undesired phase-changes at high temperatures or pressures could lead to 
potentially serious consequences. Under the high pressures within a fuel-injection system, formation of crystals within fuel could 
block the injection nozzle inside the engine, causing major issues.

THE EXPERIMENT
The research undertaken by Infineum UK aimed to investigate the behaviour 
of biodiesel, in particular one of its main components, methyl stearate, 
under high pressures. The research group used a high-pressure cell at 
ISIS Neutron and Muon Source, which operates a neutron diffractometer 
optimised for studies of the structural changes in materials that occur 
under high pressure.

The crystallisation behaviour of methyl stearate studied using neutron 
diffraction was combined with complementary high-pressure X-ray 
diffraction experiments at Diamond Light Source. The group observed 
four transitions between different structural phases, therefore better 
understanding how biodiesel behaves under high pressures. One of these 
phases contained plate-like crystals, formation of which could have serious 
consequences if crystallisation occurred in a fuel-injection system.

This research has helped Infineum better understand the process, behaviour 
and consequences of using biodiesel at high pressures, in particular the 
observed crystallisation of methyl stearate, which could impede engine 
operation.

THE RESULTS

Infineum UK, a specialty chemicals company, accessed unique facilities to perform the first structural 
investigation into the behaviour of biodiesel under high pressures.

State of the art facil-
ities, along with expertise, have 
been instrumental in helping us 
to carry out critical R&D to allow 
us to remain competitive and sus-
tainable within the renewable fu-
els sector.

Peter Dowding
Chief Research Scientist, Infineum Ltd
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INDUSTRIAL APPLICATIONS OF NEUTRON SCIENCE

The League of advanced European Neutron Sources (LENS) is a non-profit consortium working to strengthen European neutron science and technology. 
Through the collaborative efforts of its members, LENS endeavours to enhance and promote neutron science as an indispensable research tool for academic 
and industry scientists, working to address important scientific and societal challenges.

For decades, European neutron facilities have established productive collaborations with a diverse range of industrial users. Such 
partnerships have delivered important results for industry, providing insights into materials and methods that have driven process 
optimisations and technological innovations.

HOW CAN INDUSTRY USERS GET 
ACCESS TO NEUTRON FACILITIES?
European neutron facilities provide industrial users with access to advanced 
instrumentation for R&D. No prior experience is needed – expert scientific 
and technical staff provide support for users to get the most from their 
experiments.

Neutron facilities offer a variety of mechanisms to access their infrastructure, 
including proprietary access, academic partnerships and public beamtime.
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WHY USE NEUTRONS?

Neutron wavelengths are are comparable to
the spacings of atoms and molecules.

Neutron energies are comparable to the time 
scales of molecular diffusion, vibrations and 
rotations.

STUDY STRUCTURE STUDY DYNAMICS STUDY MAGNETISM
The neutron’s magnetic moment can be used 
to study the microscopic magnetic properties of 
materials.

PENETRATION POWER
Neutrons can penetrate deep into matter 
(including many different metals) enabling the 
study of large samples - even within complex 
sample environments.

NON-DESTRUCTIVE
As a non-destructive, non-invasive probe, 
neutrons are suitable for the characterisation of 
delicate and precious samples.

VERSATILE SAMPLE ENVIRONMENTS
Sophisticated sample environments enable 
measurements under operating conditions - 
including extreme temperatures, pressures, etc.
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SENSITIVITY TO LIGHT ELEMENTS
The neutron scattering power of nuclei varies in 
a quasi-random manner such that lighter atoms 
(e.g. H, Li) can be studied in the presence of 
heavier ones.

ISOTOPIC CONTRAST
Neutrons are sensitive to different isotopes of 
the same element, so isotopic substitution (e.g. 
H/D) can be used to highlight specific structural 
features.

COMPLEMENTARITY
Neutron scattering is highly complementary 
to other techniques, such as X-ray scattering, 
electron microscopy, magnetic resonance and 
computational methods.


