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With Diamond now firmly into its third phase of construction, the
availability of new beamlines is allowing the industrial usage to thrive.
The scope for industrial research and development is greater than ever
before, allowing our clients to probe their systems of interest with
greater resolution or under closer to realistic operating conditions. The
establishment of the industrial liaison activity at Diamond, along with
a description of our key market sectors, was described in a previous
article [1]. The current status of industrial research at Diamond and an
insight into some Europe-wide initiatives is given here.

The Diamond Industrial Liaison Group
The Industrial Liaison Group at Diamond supports commercial
users of the synchrotron and associated facilities throughout their research program. The team of seven scientists covers a wide range of
specialities, including macromolecular crystallography, X-ray absorption spectroscopy, small-angle X-ray scattering, X-ray powder diffraction, small molecule crystallography, and software engineering. The
myriad of ways in which we support industrial scientists include running a mail-in service across a number of techniques, providing a full
analytical service where we translate research problems into solutions,
and collaborating on large research projects either through peer review
or grant-funded projects.
While the pharmaceutical sector is still the predominant user of
Diamond beamlines (mainly for macromolecular crystallography), an
increase in both usage and income is being seen throughout the physical sciences. Some examples of areas where this is occurring are given
below.
In-situ catalysis
Significant benefits to industry of using a facility such as Diamond
may come through one of a few key advantages:
• Using the higher intensity of X-rays (or other radiation type, such
as infrared) produced to perform experiments much faster than
feasible using laboratory sources;
• Using a technique that is not available in the home laboratory,
such as X-ray absorption spectroscopy;
• By combining the above points to study samples in a time-resolved in-situ manner to mimic realistic conditions for industrial
processes.
Catalysis is estimated to be involved in 90% of all chemical processes and in the creation of 60% of the chemical products available
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Figure 1: Design of the capillary cell for in-situ catalysis experiments showing the capillary sample cell (15 cm long) with the hot air blower below
and the gas inlet/outlets. The whole cell is mounted on a motorized stage
(both vertical and horizontal).

on the market, but it is rarely analyzed at the atomic scale. The need
to understand catalysis at this level is driven by both economic and
environmental concerns; therefore, there is a global interest in optimizing the syntheses of new catalytic materials and in understanding the
fundamental process of catalysis.
A proper understanding of structure-property relationships plays a
central role in the design and discovery of novel catalysts. In many
cases, exploring the relationship between the structure of these new
materials and their physical and chemical properties requires that measurements are carried out under exactly the same in-situ conditions of
temperature, pressure, and atmosphere that the materials would experience in their performance environments.
In order to facilitate such experiments, the Industrial Liaison Group
at Diamond has developed a gas flow reactor for use on multiple beamlines. The sample environment is a generic capillary-based cell with
temperature control and gas mixing/switching capabilities which covers
a wide range of catalytic processes. This set-up allows us to mimic the
proper conditions and, at the same time, gives the flexibility to study
structural properties of the catalysts using a wide range of techniques.
The reactor has been combined with X-ray absorption spectroscopy,
mass spectrometry, Raman spectroscopy, and X-ray powder diffraction
and has been used by a number of industrial users from around the world.
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Engineering applications
For engineering applications, the key benefits to industry come from
the much higher energy and flux of X-rays that are generated at synchrotrons. Larger penetration depths are achievable and times for data
collection are greatly reduced, allowing engineers to extract more detail
out of their studied systems than feasible using conventional facilities.
Advanced design approaches by engineers can solve complex
real-world problems; novel concepts are needed to push performance
boundaries and greater scientific insight is often needed to fully realize
the design. Increased insight can be achieved by improving the materials and processes used in the manufacturing route or measuring parameters such as stress and strain directly to validate computational models. Additionally, in the event of catastrophic failure of the engineering
system, a forensic method is often needed to re-engineer the component
or system. Diamond provides specialist analytical techniques for the
atomic to microscale characterization of materials ranging from highperformance engineering components and devices to diagnostic tools
and drug delivery technologies.
For example, high-energy diffraction can be employed to measure
the stress and strain to evaluate the mechanical performance of an
engineering component or system in real time. Other applications of
high-energy diffraction include studying the residual stress and strain
in a component that arises due to manufacturing processes by nondestructively mapping the strain profile in 3D or investigating failed
components to determine the underlying cause, establishing routes to
re-engineer the component for future requirements.
Beamline I12 is ideal for these types of experiment, combining
high-energy polychromatic X-rays, which can penetrate through significant thicknesses of samples, allowing measurements that would
not be feasible using lab-based diffraction, with an energy-dispersive
detector. The energy-dispersive diffraction set-up consists of a multielement detector and two collimator slits. The detector is a cryogeni-

Figure 2: Geometry of the energy dispersive diffraction experiment. A 3D
diffracting volume is deﬁned by the three pairs of slits and the sample
is scanned through the volume point by point. Right: Multi-element Gedetector.
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cally cooled, high-purity Ge-detector with 23 crystals arranged in a
semi-annular array. The 23 detector crystals are equally spaced in steps
of 8.2°, covering azimuthal angles from 0° to 180°. The detectors are
in orthogonal pairs, allowing simultaneous measurement of 11 sets of
orthogonal q-vector components. This design is intended to improve
the determination of strain tensor components and permits the measurement of crystallographic texture with a single detector set-up.
A recent industrial experiment was performed to characterize the autofrettage process and evaluate the effect of impact damage on gas cylinders which find application in high-pressure, self-contained breathing
apparatuses used by firefighters. The use of this non-destructive technique allowed the materials engineers to understand their processes in
a more detailed manner and the results are feeding into the product
development cycle.

Consumer products
Innovation and sustainability are two of the key drivers for the consumer products industry in today’s marketplace. With sustainability
high on the consumer agenda and with rising raw material, water, and
energy costs, the development of efficient and green products, packaging, and processes is vital to long-term business success. Increasing demand for product performance, product security, and shelf-life
makes the development of innovative products and technologies vital.
However, successful innovation requires a fresh approach, a good understanding of the science behind the product or process, and access to
the widest possible variety of research and development tools. By adding a synchrotron facility to the researcher’s armory of analytical tools,
a wide range of experiments relevant to the consumer products sector
can be performed. These might include structural characterization of
dispersions, emulsions, and partially ordered materials under controlled
conditions; investigation of phase behavior of self-assembled systems,
including surfactants, lipids, and polymers, or understanding structural
changes associated with the use of additives (e.g., rheological modifiers). Additionally, the packaging of materials is becoming ever more
complex. Grazing incidence X-ray diffraction can be used to study
structure, thickness, and roughness of thin films and coatings; X-ray
imaging can observe microscale features in bulk samples (e.g., cracks
and pores), and small angle X-ray scattering can be used to develop
novel polymer composite materials. A recent example of consumer
products research at Diamond was led by Karen Edler of the University
of Bath.
Only a very small proportion of the surfactant used in cleaning products is actually needed to provide the cleaning function. The majority
of the surfactant used in formulations is added as a rheological modifier (thickener). Many surfactants are derived from petrochemicals, so
finding alternative and sustainable sources of ingredients with similar
physicochemical properties is an important formulation challenge for
consumer products manufacturers. Already finding uses in medical applications, cellulose has been proposed as a rheological modifier suitable for a wide range of formulation types. Cellulose is, in many ways,
a perfect formulation ingredient. As a waste product of other processes,
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it is abundant and non-food-competitive. It is not derived from petrochemicals and is renewable, sustainable, and inexpensive. However,
while it represents huge potential as a formulation thickener, its gelation behavior is not well-understood and therefore cannot be accurately
controlled.
Developing novel cellulose-based formulation materials is the goal
of a Technology-Strategy-Board-funded collaboration in Functional,
Renewable, and Sustainable Materials with project partners including Unilever, Croda Speciality Chemicals, Rockwood Additives, University of Bath, University of Liverpool, and the National Non-Food
Crop Centre. Researchers used small-angle scattering at Diamond on
beamline I22 to investigate gel microstructure using a biodegradable
and easily dispersible form of cellulose. The gels were investigated under a range of formulation conditions, including varying salt concentration, variable salt types, surfactant types, and pH levels. Changes in
the structure of the gel were also monitored in the presence of other
formulation ingredients; for example, perfumes and low-molecularweight alcohols.
Understanding and controlling the behavior of cellulose in formulations represents an opportunity to respond to consumer demand for the
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increased use of sustainable resources, a cost saving for the total product to pay for a new ingredient, and for the development of innovative
new products. The SAXS experiments at Diamond enabled the team
to probe the gelation behavior of oxidized cellulose nanofibers to explain gel formation under a range of formulation conditions. They have
demonstrated that oxidized cellulose nanofibers show great promise for
future use as sustainable and low-cost formulation ingredients.

Increasing European collaboration
The Diamond Industrial Liaison Group is continuing to participate
in a Europe-wide consortium, CARENA [2] (CAtalytic REactors based
on New mAterials), a large EU-funded collaborative project to create
technologies enabling efficient conversion of light alkanes and CO2
into higher-value chemicals. While CARENA is making use of our scientific expertise, we are also participating in an EU-funded network,
CALIPSO [3].
The CALIPSO project funds transnational access in the physical
sciences to the European synchrotrons as well as some joint development projects. As part of the project, a networking activity between
the industrial liaison/technology transfer offices and industrial users

9

Downloaded by [Chadwick & RAL Libraries] at 04:49 23 May 2014

Technical Reports
has been established. This networking allows for the sharing of best
practice in the field with the ultimate aim of enhancing services at the
research facilities and thereby collaboration with industry. Additionally, the synchrotron group has linked up with the neutron and muon
facilities that are collaborating under the auspices of another EU funded
project, NMI3 [4]. While it is recognized that photons, neutrons, and
muons are in fact little known by industry apart from certain sectors,
such as pharmaceuticals for drug discovery, where synchrotron X-rays
are used as a routine and daily tool, facilities such as Diamond and
the ESRF have direct experience that is of interest to industry in all
methods that can help improve materials and processes. One major issue, which facilities are recognizing, is the different way of thinking
between industry and facility research staff. Dedicated staff, now being
recruited at some facilities, and an efficient user interface (e.g., software for instrument control and data treatment), are the foundation for
attracting industry as commercial users, as well as provision of “mailin” hands-free experiments. The Diamond Industrial Liaison Group has
recently added a senior software scientist to the team to further enhance
the offering to our industrial users.
Another project within Europe is Science Link, a project funded by
the EU-commission in the Baltic Sea Region. Running between January 2012 and January 2014, Science Link’s main goal was the optimization of the current and future large-scale research infrastructures (RIs)
in the Baltic Sea Region for improved innovation and cooperative research with industry.
During the project, 66 industrial users applied for a feasibility test
measurement at one of the 17 participating RIs spread throughout eight
countries. A total of 47 of these users were awarded measurement time
at one of the RIs and a further 11 users were offered consultation to support their research and development. Two-thirds of the 66 commercial
users were SMEs (small- and medium-sized enterprises). Examples include Swedish company Speximo, investigating stabilization of emulsions by food starch using small-angle X-ray scattering, and Estonian
power electronics development company Clifton AS, studying Gallium
Arsenide (GaAs) structures and chips for power electronics using X-ray
photoelectron spectroscopy, both at MAX IV. Many other examples are
available on the Science Link website [5].
Additionally, in the frame of the project, some of the reasons that
may deter companies from using the services of large-scale RIs were
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identified. The primary reasons included a lack of knowledge about applications of synchrotron and neutron radiation in the companies, as
well as the perceived high cost of measurements for SMEs. Furthermore, SMEs need a much more consultative offer from the facilities in
order to prepare for and run experiments and then analyze the results.

Conclusions
The landscape for industrial usage of large science facilities in Europe is changing markedly, with more facilities realizing the benefits
that accrue from establishing industrial liaison activities and more industries than just the pharmaceutical sector deriving huge benefits from
their interactions with both synchrotron and neutron sources. By continuing to develop our individual capabilities while sharing knowledge
on best practice, the prospects for industrial exploitation of synchrotron
facilities throughout Europe are increasingly bright.
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