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Bradley 
Young

University of 
Oxford

Novel zirconium 
alloys for fusion 
applications

Nuclear fusion could be a vital energy source for a zero-carbon future but no reactor has yet managed to output electricity. This project is focussed on materials for 
the breeder blanket, and especially for the liquid lithium breeder/coolant design. Zirconium alloys appear to be good candidate materials for this application due to 
their low neutron absorption cross-section and long track record of successful operation in fission reactors. Some 20 years ago, the UK Atomic Energy Authority 
concluded that zirconium alloys had been neglected by the fusion community and showed some promise [1], and although new generations of fission alloys have since 
been developed little further work has been carried out on fusion applications. In this work, binary zirconium alloy systems with the potential to operate at temperatures 
higher than required in fission reactors have been identified. Candidate alloys are being cast, aged and thermo-mechanically processed. Microstructural characterisation 
and mechanical testing will be presented from various processing stages of each alloy, and this preliminary data used to understand the strengthening mechanisms and 
reassess the potential of these alloy systems for use in breeder blankets. [1] C. B. A. Forty and P. J. Karditsas, “Potential use of zirconium-based alloys in fusion power 
plants,” Proceedings - Symposium on Fusion Engineering, vol. 2, pp. 849–852, 1997

Yiana 
Shakespeare

University 
College 
London

Carbon-MOx 
(M = V-Nb-
Mo) composite 
materials for 
use as high 
performance 
anodes in lithium 
ion batteries and 
hybrid capacitors

A high throughput discovery methodology (using continuous hydrothermal flow synthesis) was used to develop carbon coated nanoparticulate high power and high 
energy anode materials of mixed V-Nb-Mo oxides. First the optimum sample was discovered from a library of 48 samples, thereafter for the best sample, carbon 
additions were made to further improve the electrochemical performance. This resulted in the development of the high performing composite conversion anode 
material C-V0.3Nb0.1Mo0.6O2 (CVNM). The inorganic phase exhibits a largely monoclinic MoO2 crystal phase and is coated in a thin layer of graphitic carbon (~6 nm). 
The carbon coated active material gives a high specific capacity of ~600 mAh g−1 at 0.5 A g−1, good capacity retention at high C-rates (197 mAh g−1 at 10 A g−1). When 
constructed into a hybrid capacitor with activated carbon (AC) as the cathode, the AC//CVNM device exhibited a specific energy of 81 Wh kg−1 at a power of 1270 W 
kg−1. At a high power of 8500 W kg−1 the energy was 11 Wh kg−1.

Gabriel 
Krenzer

Imperial 
College 
London

Phonon-ion 
interactions to 
understand non-
classical diffusion 
behaviours 
in solid-state 
electrolytes

Solid state batteries promise to be safer, to be potentially lighter, to have higher energy density, and to have longer lifetimes than current batteries [1]. The successful 
design of solid-state batteries has therefore the potential to solve most, if not all, of the challenges encountered by energy storage engineers. The research community, 
however, is faced with several challenges at the electrolyte level [1]. In particular, ions in solid-state electrolytes do not flow like ions in liquid electrolytes. Instead, 
they perform single jumps through the potential energy surface of the crystal lattice, which greatly hinders their ability to conduct ions as quickly as liquids. A class 
of materials known as superionic conductors, however, displays correlated ionic motion like the one seen in liquids [2, 3, 4]. Nevertheless, such non-classical diffusion 
behaviours are still poorly understood. In this talk, I will show you how I use computational techniques and phonon theory to explain such non-classical diffusion 
behaviours to improve the materials design of solid-state electrolytes. [1] T. Famprikis et al. Nature materials (2019). [2] Y. Mo et al. Nature communications (2017) [3] J. 
Niedziela et al. Nature Physics (2019) [4] J. Ding et al. Proceedings of the National Academy of Sciences (2020)



HENRY ROYCE INSTITUTE STUDENT SUMMIT
Advanced materials for a sustainable society

2 - 3 MARCH 2021

Name Institution Abstract Title Abstract
Mian Zahid 
Hussain

University of 
Exeter

Bi-MOF Derived 
Nanocomposites_
Applications 
in Energy and 
Environment

Metal-organic frameworks (MOFs) are exceptionally porous and highly crystalline coordination polymers. Since the late 1990s, MOFs have been intensively investigated 
for a large variety of applications in energy and environment. However, many key questions need to be answered to optimize the synthesis of these materials for 
industrial-scale applications. In this study, in-situ formation of p–n heterojunctions between TiO2 and CuxO in heteroatom-doped carbon nanocomposites and their 
applications in photocatalytic H2 evolution is demonstrated. One-step pyrolysis of bi-MOF, NH2-MIL-125(Ti/Cu) forms a p–n heterojunction between TiO2 and 
CuxO nanoparticles. Concurrently, a phasejunction between N/C co-doped TiO2 is formed, accompanied by the formation of CuxO heterostructures. These multi-
heterostructures are embedded in N-containing and hydrophilic carboxyl functionalized carbon matrix. The optimized TiO2/CuxO/C composite multi-heterostructures 
absorb more visible light and offer multiple pathways for photoinduced electrons and holes migration, providing an increased number of active sites for photocatalytic 
reactions. Without loading expensive noble metals, the TiO2/CuxO/C nanocomposite exhibited a photocatalytic H2 generation activity of 3298 μmol gcat−1 h−1 under 
UV-Visible light, 40 times higher than that of commercial TiO2.

Mengnan 
Wang

Imperial 
College 
London

Development 
of Fuel Cell 
Electrodes from 
Biomass

The low temperature polymer electrolyte fuel cell (PEMFC) is one of the most attractive energy-delivery systems for fuel cell vehicles and small stationary application. 
Over the last several decades, significant improvement has been seen in increasing the PEMFC performance especially on the development of highly active catalysts 
for oxygen reduction reaction (ORR). High mass activity (0.44 A mgPt-1) can be achieved with low loaded cathodes (0.1 mgPt cm-2) in the low current density region 
where the ORR kinetics dominates. However, at a more realistic high current density region, the influence of transport resistance of the electrode cannot be ignored. 
Therefore, the electrode structure needs to be engineered precisely in both catalyst layer and gas diffusion layer of the membrane electrode assembly, to facilitate 
the transportation and accessibility of reactants (oxygen and proton). Carbon materials have been serving as the best candidates for both catalyst support and the gas 
diffusion layer due to their diverse and tuneable morphologies. In this project, we propose to develop a hierarchical electrode derived from the world’s most abundant 
carbon resource – biomass. Highly ordered mesoporous carbon has been developed from hydrothermal carbonisation of xylose employing PEO-PPO-PEO block 
copolymer as the soft templates. Gas diffusion layer will be developed by electrospun lignin nanofibers where a gradient thickness of fibres will be employed to achieve a 
gradient pore size. The porosity at each layer will be designed and developed to maximize the utilization of the active sites thus improve the performance of the fuel cell.

Ilias Ntoukas Coventry 
University

Development 
of Novel 
Nanoporous 
Materials for 
Energy Storage 
Applications

In our times technology is advancing with expeditious rates, thus creating the need for efficient ways of energy storage for various applications. Batteries, fuel cells and 
capacitors complement this need and researchers globally are dealing with the synthesis of novel devices with enhanced properties to increase the efficiency and reduce 
the cost. Transportation electrification is a combination of an energy efficient powertrain system and the utilization of sources far from fossil fuels. One example is 
hybrid electric vehicles which possess a conventional internal combustion engine system with an electric propulsion system. Supercapacitors find a place in applications 
where rapid charge or discharge is required for short term energy storage, making them perfect candidates for hybrid electric vehicles, where currently are used for 
regenerative breaking. The present research focuses on the development of novel nanoporous materials based on a new family of porous materials, the Metal Organic 
Frameworks (MOFs) for energy storage applications.

Angus 
Pedersen

Imperial 
College 
London

Fe-based 
Dual Atom 
Electrocatalysts 
for Oxygen 
Reduction

Low temperature fuel cells powered by hydrogen provide a means to sustainable energy production for stationary and transport applications, such as back-up power and 
fuel cell vehicles, respectively. Although, their commercialisation has been limited by the cost of the high platinum catalyst loading at the cathode. This is necessitated 
by the sluggish kinetics of the oxygen reduction reaction, where oxygen reacts with protons to produce water. Cheap, abundant, and sustainable non-platinum-group 
metal catalysts are being explored as alternatives; still, the thus far most promising iron-based single atom catalysts possess limited activity. These activity barriers can 
be overcome through synthesising iron-based dual atom catalysts, which can potentially provide unique oxygen binding pathways. However, methods of producing 
these catalysts are so far limited and typically uncontrolled, while their characterisation from single atom catalysts difficult to distinguish. In this talk I will discuss novel 
synthesis methods along with relevant characterisation techniques for dual atom catalysts.

Transition to Zero Carbon 
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Andrew 
McClintock

Loughborough 
University

Establishing the 
coefficient of 
thermal expansion 
at the micro scale 
for Gilsocarbon 
as an input for 
modelling nuclear 
reactor cores

Overlap between Molecular Dynamic (MD) simulations with realistic experimental scales have been near impossible in previous years. Following Moore’s law, 
MicroElectroMechanical System (MEMS) chips have been developed which allows accurate temperature control in both scanning/ transmission election microscopes 
(SEM) and (TEM). Capitalising on these MEMS chips the coefficient of thermal expansion (CTE) of Gilsocarbon has been measured at the micro scale which can 
detect movements small as 15nm and can be heated to in increments. Where Gilsocarbon consists of binder and filler regions and is currently employed in Advanced 
Gas-cooled reactors as a moderator and for structural support. In operation, Gilsocarbon is exposed to both neutron irradiation and radiological irradiation, causing 
property change. The expansion was determined by depositing tungsten as fiducial marks in the x- and y-axis and an automated digital image correlation (DIC) script 
was used to detect the distance between the tungsten. The results found the CTE to range from (6.9 − 7.4)x10−6K−1 for within the filler region, in comparison to the 
bulk at the milli scale from the literature (7.0 − 7.6)x10−6K−1. The ultimate goal of this research is to better understand how the CTE varies for the features within the 
Gilsocarbon to input into the reactor cores models in a bid to prolong the life of the remaining 7 AGRs to complement the UK’s goal of becoming carbon neutral by 
2050. Furthermore, robust models may also influence the manufacturing of next generation nuclear graphite.

Siqi He University of 
Bristol

Novel microscopy 
approaches to 
evaluate creep 
cavities

Grain boundary creep cavitation is an important degradation mechanism for determining creep life for components operated at an elevated temperature such as boiler 
header in Advanced Gas-cooled Reactor. The formation of creep cavities is strongly related with stress, temperature as well as the associated local microstructure 
that evolves. The precipitation at grain boundaries, grain boundary properties (e.g., direction relative to loading direction, boundary misorientation, etc.) all play roles 
on affecting the cavitation damage. Therefore, the characterisation and quantification of creep cavities and local microstructural environment are of significance for 
us to better understand the cavity formation mechanisms and to help improve the related modelling works. Conventional topographical characterisation technique, 
e.g., scanning electron microscopy (SEM) can provide information of morphology, size, distribution, etc, of creep cavities in a short acquisition time, but limited in 
characterising large area and lack crystallographic knowledge. The crystallography can however be gained through electron backscatter diffraction (EBSD). In this 
work, an extensively creep cavitated ex-service AISI type 316H stainless steel boiler header was characterised by a combination of correlative EBSD and stitched high-
resolution SEM enabling a direct visualisation of creep cavities on EBSD map and cavitated grain boundary properties.

Loukia-
Pantzechroula 
Merkouri

University of 
Surrey

Switchable 
catalysts for 
end-products 
flexibility in 
CO2 utilisation 
schemes

The growing trend of carbon dioxide (CO2) emissions driven by the increase of global energy consumption makes mandatory a commitment of the scientific 
community to investigate routes for CO2 valorisation. The transformation of CO2 into valuable fuels and chemicals, or chemical recycling, is the most desired but 
at the same time the most challenging solution to combat CO2 emissions. Indeed, CO2 is a highly stable molecule, thus making difficult its conversion under normal 
conditions. Advanced catalytic materials able to catalyse more than one reaction efficiently are needed within the CO2 utilisation schemes to benefit from end-
products flexibility. CO2 activation forms a common starting point to develop high performance catalysts with robust activity for CO2 utilisation reactions. This 
flexibility in operation would then enable switchable process designs, that adjust to the changing demands in natural gas and chemicals production from CO2. In 
this project, three reactions that can use CO2 as a carbon pool were studied; the dry reforming of methane, the reverse-water-gas shift and the CO2 methanation 
reaction. Its aim was to find one single catalyst that would demonstrate high activity and stability in all CO2 reactions. Hence, activity and stability experiments and 
chemical characterisation of our switchable catalyst were carried out. Herein, our switchable bimetallic nickel-ruthenium catalyst was found to effectively catalyse 
three CO2 utilisation reactions in the gas phase.

Transition to Zero Carbon 



HENRY ROYCE INSTITUTE STUDENT SUMMIT
Advanced materials for a sustainable society

2 - 3 MARCH 2021

Name Institution Abstract Title Abstract
Renzhi Li The University 

of Manchester
Modified 
Polylactic 
Acid Self-
Reinforcement 
Composites

Nowadays, most traditional composite materials are composed of two distinct fossil fuel based components. They are not eco-friendly and are difficult to recycle. 
The concept of using bio-based polymers as reinforcement for composites is gaining more and more approval day by day. Due to its excellent biodegradability and 
compostability, as well as attractive cost structure, polylactic acid(PLA) is one of the most popular renewable resource-based biodegradable polymers. Self-reinforced 
composites(SRCs) have potential of greater performance due to the higher compatibility between the two phases. But a huge chanllege of preparing PLA-SRCs is 
the narrow processing window because of the two identical material phases. And previous research shows that the melting temperature of PLLA/PDLA is about 50 ℃ 
higher than that of the pure PLLA. So the proposed research is that PLLA/PDLA blends would be prepared by solution mixing method. Then PLLA/PDLA fibres would 
be produced by solution spinning, and it would be mixed as reinforcement with PLLA film by hot pressing method to make self-reinforcing composite material, which 
not only maintains its good interfacial bonding but also can greatly increase its processing temperature window

Harriet Kildahl University of 
Birmingham

Optimising 
Barium Calcium 
Iron Niobates 
for the 
Thermochemical 
Splitting of 
Carbon Dioxide

The transition to a net-zero carbon economy requires a new carbon-neutral feedstock for many industrial processes including the chemical industry and transport 
sectors. Synthesis gas (syngas), made of hydrogen and carbon monoxide, is currently used as a feedstock and, through the Fischer-Tropsch process, can be upgraded 
to higher-order olefins and fuels such as kerosene. If syngas is produced using renewable electricity, it can be produced with no emissions. Thermochemical cycles 
have been used to produce hydrogen from water and carbon monoxide from carbon dioxide using heat from excess renewable power. Typical thermochemical 
cycles require 1400 °C, resulting in a high energy cost. Barium Calcium Iron Niobates, a perovskite family, can catalyse the reduction of carbon dioxide at 700 °C, 
leading to significant energy savings. This study investigates the Barium Calcium Iron Niobate family of perovskites to maximise the thermochemical splitting of CO2. 
Ba2Ca0.66Nb1.34-xFexO6 (x= 0, 0.34, 0.66 and 1) can be reduced to undergo a non-stoichiometric release of oxygen, forming Ba2Ca0.66Nb1.34-xFexO6-℃. This 
reduced perovskite can then split CO2 at 700 °C, resulting in CO production. The factors investigated include iron content, reduction temperature and time, oxidation 
temperature and time, CO2 concentration and sintering temperature. Results to date suggest that the higher the iron concentration, the higher the CO yield since 
Fe3+ is redox-active while Nb5+ is not.

Alexandra 
Dickinson-
Lomas

University of 
Birmingham

Characterising 
Radiation Induced 
Mechanical and 
Microstructural 
Changes in Model 
Alloys for Nuclear 
Reactor Lifetime 
Extension

With many operational Pressurised Water Reactors nearing the end of their design lives, safe life extension is of economic and environmental importance. The Reactor 
Pressure Vessel (RPV) is the critical irreplaceable component of a nuclear plant and is exposed to high radiation fluences for at least 40 years in operation. This leads 
to microstructural defect formation in RPV steels, decreasing fracture toughness. Contemporary alloy behaviour diverges from existing fracture toughness models, 
based on copper content, so characterisation of defect formation mechanisms involving other solute elements is of interest. Clusters of Manganese, Nickel and Silicon 
have been observed at high fluences and their characterisation is crucial to understanding mechanical behaviour responses to radiation damage in RPV steels. There 
are disagreements in the field on formation mechanisms and thermodynamic stability of these defects. This project will induce and characterise defects in model alloys 
and quantify the effects of different solute concentration and fluence on the acceleration of Mn-Ni-Si cluster nucleation and growth. Model Fe-Mn-Ni-Si alloys and 
commercial RPV steel have been proton- irradiated with 2.9MeV protons to induce damage of 0.1-0.2dpa. Bulk analysis using Small Angle Neutron Scattering (SANS) 
followed by local analysis using complementary techniques e.g. Transmission Electron Microscopy and Nanoindentation, will be performed. Combining characterisation 
methods will enable a comprehensive microstructural analysis. This will inform in-situ SANS annealing experiments of irradiated samples to investigate the stability of 
the Mn-Ni-Si rich structures and the design of irradiation damage recovery methods for low alloy RPV steels.

Circular Economy
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Steven Hall University of 

Leeds
Spray dried 
surface treated 
titanium dioxide: 
Influence 
of surface 
treatments 
on powder 
flowability

Titanium dioxide is extensively used as a white pigment in paints, plastics and paper, but also finds use in other applications such as medical devices, catalysis and 
photovoltaics. During processing, inorganic surface treatments are applied as processing aids to improve powder flowability. However, many other factors such as 
particle size, particle shape and moisture content are also known to effect powder flowability, which therefore brings into question the effectiveness of inorganic 
surface treatments as processing aids. Good powder flowability is important, as powders must be transported during processing, for example by lean phase pneumatic 
conveying, gas fluidisation in storage hoppers and gravity flow through packing. In this work, titanium dioxide particulates, surface treated with alumina, silica and/
or zirconia which have been granulated by either spray drying or spin flash drying are investigated using a multitude of experimental techniques to determine the 
characteristics of the granules, their physicochemical surface properties and bulk powder flowability under a range of consolidation conditions and a range of flow 
regimes. Variables known to affect powder flowability are eliminated and the effectiveness of inorganic surface treatments as powder flow aids are evaluated.

Hanwen Fu University of 
Manchester

Investigation A 
Novel Pre-
age Deform 
and Re-age 
Processing Route 
for Tailoring 
Properties in Al-
Mg-Si-(Cu) Alloys

A novel hybrid thermos-mechanical processing route consisting of solution treatment followed by pre-ageing, cold rolling and re-ageing processes is currently under 
investigation because it can increase the tensile strength to an extent that is not obtainable by the conventional strengthening method, T6. The aim of this project is 
to find the optimum treating parameters for this processing route and develop a fundamental understanding of every step in this processing route. From the hardness 
and tensile tests, it was found that the strengthening contribution of the standard pre-ageing step, 4 hours ageing at 180 °C, decreased from 126 MPa to 20 MPa with 
the applied cold rolling strain increased from 10% to 72% and the pre-ageing step had negative effect on the work hardenability for all the tested samples. XRD and 
EBSD characterisation revealed that the pre-aged samples exhibited higher dislocation density and geometric necessary dislocation during the cold rolling, comparing 
to the ones without it. It is therefore suggested that for low to medium strain hardened material, adding a pre-ageing step before the deformation can benefit the 
strengthening; however, for the high strain hardened material, the pre-ageing step should be avoided to keep its moderate ductility.

Janine 
Preston

University of 
Leeds

Characterisation 
of the properties 
of polyphenol 
crystals to aid 
the design of 
novel Pickering 
Emulsion 
stabilisers

In recent years, there has been growing demand for the use of food-grade particles (including polyphenols) as ‘cleaner label’ replacements for polymeric emulsion 
stabilisers. Polyphenols are secondary plant metabolites that are crystalline in nature and have been demonstrated to deliver added health benefits. Their widespread 
use is restricted by their low solubility in aqueous solutions. Despite this limitation, studies have established that polyphenol crystals can act as effective Pickering 
emulsion stabilisers. This research aims to understand the relationship between the crystalline structure of xanthone particles and their physical properties such as 
wettability and thermodynamic stability. Solid-form screening has been used to identify polymorphs, hydrates and solvates of this compound. Synthonic modelling 
and the attachment energy model was used to determine the key intermolecular interactions within the crystal and model the chemical properties of each crystal 
facet. Preliminary studies have shown that xanthone can be successfully recrystallized from a range of solvents and that the resulting crystals were needle-shaped 
irrespective of the solvent used. Crystals with high aspect ratios are predicted to make effective Pickering particles. Future studies will involve the experimental 
validation of the modelling results by measuring facet specific surface properties and testing the capability of different solid forms to stabilize water in oil or oil in 
water emulsions.

Sustainable Manufacture 
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Bruno Moog University of 

Southampton
The fabrication 
of infrared 
chalcogenide 
glass fibre, ultra-
thin fibre and 
large diameter 
gallium lanthanum 
sulfide windows.

The development of specialty infrared glasses have produced a number of alternative compositions which have become well established for many applications, both 
for industrial use and academic research. Among them, gallium lanthanum sulfide glass is a particularly suitable competitor. Indeed, its transmission window ranging 
from 500 nm to 16µm in bulk glass, along with its mechanical strength and high transition temperatures compared to currently available chalcogenides make it a viable 
candidate for a variety of applications, such as thermal imaging and chemical sensing. The thermal properties of gallium lanthanum sulfide make shaping it to a specific 
end delicate and challenging work. In particular, its crystallization temperature lies near its softening temperature, making any process involving the manipulation of 
softened or molten glass highly time and temperature constrained. In this work, several methods have been employed to enable gallium lanthanum sulfide to fulfill new 
applications. It has been crucible-drawn, made into ultrathin (10µm) fibre, cast and cut into fibre drawing preforms, made into large diameter (>90mm) windows and 
significant progress is being made towards achieving graded-index, by taking advantage of its wide composition variability.

Julian Holland University of 
Southampton

Building more 
realistic models of 
battery materials: 
Quantum 
mechanical 
simulations of an 
entire graphite 
nanoparticle 
and its lithium 
intercalation

Graphite is the most used anode for Li-ion batteries due to its high lithium capacity and cost-effectiveness. It has been extensively studied both computationally and 
experimentally. However, the process in which Li is stored is not well understood. Prior computational investigations focused more on the bulk structure. We seek 
to model the intercalation of Li into a graphite nanoparticle to better understand the electronic and structural changes that occur during the charging of a battery. 
The results may help improve energy storage, something that will be essential as power grids become more sustainable. Our computational investigation specifically 
looks at graphite nanoparticles, the structure present in most batteries. By using nanoparticles, we can consider interface chemistry that is otherwise neglected. We 
believe we are the first to run quantum mechanical calculations on such a system. To run these calculations on large enough systems we use the linear-scaling density 
functional theory program, ONETEP. We also present a novel method for modelling Li placement based upon the electrostatic potential of the graphite structure. 
Preliminary results from our calculations of Li-ion intercalation within the graphite nanoparticle provide insights into experimental observations. The calculations 
also provide important electronic, structural, and energetic information that is not experimentally observable and can further improve our understanding of these 
processes.

Sustainable Manufacture



HENRY ROYCE INSTITUTE STUDENT SUMMIT
Advanced materials for a sustainable society

2 - 3 MARCH 2021

Name Institution Abstract Title Abstract
Richard 
Culwick

University of 
Birmingham

Improving rail 
reliability using 
acoustic emission 
monitoring

Rail transport is an efficient mass transport system for both freight and passengers. Networks are now moving away from traditional diesel trains towards, electric 
and potentially hydrogen power systems. These upgrades will further the case for rail transport as an effective tool in reducing emissions from the transport sector. 
To encourage further uptake of rail as a preferred transport method, networks must provide a rapid, regular, and most importantly reliable service. To meet all these 
requirements is however challenging and requires new and innovative monitoring techniques to meet current and increasing demands. Real time acoustic emission 
monitoring systems offer a viable solution to this challenge. Acoustic sensors attached directly to rail infrastructure can monitor, in real time, the structural health of 
the system. These sensors are not only able to locate and analyse crack growth events, providing data on crack length and severity, they are also able to do so without 
requiring access to the network thereby reducing network downtime, and delays to the system. Whilst detection does not stop failure of the infrastructure, the real 
time and highly accurate nature of this technique allows for targeted maintenance and replacement. This will reduce unplanned delays and cancellations increasing the 
reliability of the network.

Anastassia 
Milleret

University of 
Birmingham

4D printing of 
magnetic shape 
memory alloys

Nature is made of elements that respond to external stimuli with a change in their physical properties. It is the case of pine trees reacting with pressure and 
temperature, plants absorbing sun’s energy and some bird’s retina detecting earth magnetic field. 4D printing a material is giving to a 3D printed structure the ability 
to react to its environment. Magnetic shape memory alloys (MSMA) are ferromagnetic materials exhibiting a plastic reversible transformation. Compared to thermally 
activated shape memory alloys, such as NiTi, the response of MSMA is much faster (less than a millisecond), making them good candidates for actuators and sensor. 
The best magnetic shape memory effect was reported in single crystalline Ni-Mn-Ga exhibiting up to 10% strain. However, in the polycrystalline form, grain boundaries 
create obstacles for twin boundary motion and thus the shape memory effect is reduced. Nevertheless, recent studies show a high magnetic-field induced strain, up to 
8.7%, in polycrystalline Ni-Mn-Ga foams. Increasing porosity and grain size decreases the grain boundary constraint. MSMAs foams can be made using ceramic space 
holders, by binder-jetting or by ink-printing. However, these techniques create random distribution and/or size porosity. Further investigations are required to control 
porosity and grain morphology to enhance the shape memory effect. In addition, magnetic properties are orientation-dependant. Previous studies have reported the 
possibility to control the grain orientation via laser-powder bed fusion (l-PBF) additive manufacturing technique by tuning the printing parameters and the scanning 
strategy. Thus, l-PBF appears to be a potential approach to create near-net shape oligocrystalline and foam-structure Ni-Mn-Ga.

Digital & Communications
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Andrew 
McCormack

Heriot Watt 
University

Self-healing 
granular gels as a 
suspension media for 
omnidirectional 3D 
bioprinting

Many of the current tissue engineering strategies are focussed on the use of extrusion-based 3D printers to print mechanically stiff, polymer-rich structures, 
which are not permissive to tissue maturation. A major challenge in this field is presented by the competing requirements of biomimicry and manufacturability. 
Our work focusses on the exploitation of a granular gel suspension medium- a yield stress fluid capable of supporting printed material that is extruded within 
its volume. Here we present the development of a suspension medium formulated from gelatin and gellan gum, which exhibits functionalities of both a bulk 
and granular hydrogel. Using this suspension medium we demonstrate the capability to 3D print water-rich gels with weak mechanical properties into non 
self-supporting structures, which cannot be printed in air. We also demonstrate the ability to engineer perfusable ‘vascular-like’ channels within our suspension 
medium. Gellan-gum granular gel formulations were produced by controlling the shearing dynamics of the gelling polymer. These granular gels were incorporated 
into gelatin-based solutions where the gelatin was modified to aid inhibition of the physical gelation of the solution. Rheological analysis was performed to show 
the lowering of the physical gelation temperature of our modified gelatin solutions to temperatures below that of room temperature. Shear recovery analysis was 
also performed to study the self-healing response of our suspension media to alternating high and low shears. This analysis was used to model retracing of the 
printer nozzle in regions of the media which have been previously sheared by the shaft of the nozzle.

Syed 
Mohammad 
Daniel Syed 
Mohamed

University of 
Sheffield

Development 
of a Bioartificial 
Kidney using 
Polyhydroxyalkanoates

End-Stage Kidney Disease, resulting in the need for dialysis or a kidney transplant, occurs due to several factors. Haemodialysis cannot fully address the problem, 
especially in restoring the kidney filtration functionality and physiological activities. The waiting list for a renal transplant is long and there are immunosuppression 
issues with this treatment. Recent advances in tissue engineering technologies have led to the possibility of developing a bioartificial kidney as an exciting new 
alternative to diminish morbidity and mortality in patients with these conditions. Polyhydroxyalkanoates (PHA), a biopolyester and a natural polymer of bacterial 
origin, has been chosen as the biomaterial for bioartificial kidney production. PHAs are green polymers, biodegradable, and well-known to be highly biocompatible 
and bioresorbable in the human physiological system. There are two main types of PHAs, short-chain length PHAs, scl-PHAs (monomer with 4-5 carbons) and 
medium-chain length PHAs, mcl-PHAs (monomer with 6-16 carbons). The former is mostly brittle in nature, whereas the latter are highly elastomeric in nature. 
A specific and relatively unexplored elastomeric PHA, poly(3-hydroxyoctanoate-co-3-hydroxydecanoate), an mcl-PHA, has been chosen in this work due to its 
mechanical properties being similar to that of the kidney tissue and its printability using Fused Deposition Modelling. The PHA will serve as a scaffold for human 
conditionally immortalised podocyte and glomerular endothelial cell growth, to produce a bioartificial filtration barrier, as in a glomerulus. This construct will be a 
stepping stone towards creating a complete renal system with both filtration and physiological potency in the future, a novel ‘wearable’ kidney.

Emmanuel 
Asare

The University 
of Sheffield

Polyhydroxyalkanoates 
(PHAs) and Bacterial 
Cellulose (BC), highly 
versatile natural 
polymers; their 
use in nerve tissue 
engineering

Polyhydroxyalkanoates (PHAs) are advanced green and sustainable polymers that are produced via bacterial fermentation. These are degradable in the soil 
and marine environment. They also exhibit excellent biocompatibility, non-immunogenicity, bioresorbability and their degradation products are non-toxic to 
the human body. Similarly, Bacterial Cellulose (BC) is a highly versatile smart hydrogel that exhibits desirable mechanical properties and has shown excellent 
biocompatibility with many cell types. Hence, these natural polymers are gaining prominence among the best-studied biomaterials for various bulk and biomedical 
applications. In this study the potential use of PHAs and BC in nerve tissue engineering is being explored. A major challenge in nerve tissue engineering and 
regeneration is the complexity of the nervous system and its associated biological processes. Peripheral nerve injuries (PNIs) of 20 mm or less have been repaired 
by either suturing nerves end to end or by grafting. However, these techniques present surgical and patient-recovery drawbacks, prompting the search for better 
technologies. Nerve guidance conduits (NGCs) have shown promise to mitigate these limitations but are still deficient in supporting satisfactory recovery of PNIs 
due to a poor match between the NGCs and tissue environment. In this study, bioinspired 3D printing and electrospinning techniques will be explored to fabricate 
a variety of constructs using PHAs and BC. Preliminary results from our lab have established the superiority of PHAs in nerve regeneration over some of the 
commercially available state-of-the-art materials. A recently optimized fermentation process has resulted in a robust 15-fold increase in the yield of both PHAs 
and BC when compared to their respective yields in other published studies. These biobased polymers are currently being used for the development of innovative 
NGCs and the best prototype will subsequently be tested in animal models.
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Jonathan 
Hinchcliffe

University of 
Sheffield

Development of a 
next generation, 
natural polymer 
based, bioartificial 
pancreas for the 
treatment of Type 
1 Diabetes

Type 1 diabetes is described as an autoimmune condition which, through pathological immune system action, enables destruction of the ℃-cells of the pancreatic 
islets of Langerhans, reducing insulin production capacity (1). A proposed biomaterial solution to this problem has been microcapsule immunoisolation, where 
alginate microspheres were used to encapsulate islets in order to separate the immune system from implanted allogeneic and xenogeneic tissue (2). However, 
barriers to effective therapies remain, including hypoxia prior to revascularization and mechanical degradation. This work builds on previous research exploring the 
use of biodegradable, non-immunogenic Polyhydroxyalkanoates (PHA), bacteria derived polymers for the generation of a semi artificial pancreas (3). We have used 
Pseudomonas putida fermentation to produce an elastomeric PHA, Poly(3-hydroxyoctanoate-co-3-hydroxydecanoate), P(3HO-co-3HD). The ongoing work will aim 
to determine viability and glucose dependent insulin secretion of BRINBD11 and INS-1 832/13 cells (pancreatic cell lines) grown on P(3HO-co-3HD) compared to cells 
grown on Poly(caprolactone) and Poly(3-hydroxybutyrate) films, with the view to bioprint them into a novel 3D-printed P(3HO-co-3HD) construct. In future we will 
explore the development of an artificial pancreas using human islets, including important modifications to improve mechanical properties, glucose responsiveness, 
vascular tissue ingrowth, oxygen availability and non-immunogenicity in future constructs.

Krishnanand 
Shukla

Material 
Engineering 
Research 
Institute, 
Sheffield 
Hallam 
University

New Approach 
To Perform 
Plasma Nitriding 
Of Alloys Using 
HIPIMS Discharge

CoCrMo alloy, although an acceptable choice for metal-on-metal prosthetic implants, requires improvements in mechanical and tribological properties. In this work, 
an HIPIMS discharge has been utilized to perform low pressure plasma nitriding (HPN). Following nitriding, XRD studies revealed the formation of a compound layer 
consisting a desirable mixture of Co2-3N and Co4N phases and (111):(200) [43:57] texture. A case depth of 2.5 µm (4 hrs process time) achieved was higher than 
obtained by conventional plasma nitriding process (CPN) (2.1 µm in 18 hours). Surface hardness of 23 GPa was higher than obtained by CPN (20 GPa) and compared 
to the bare alloy (7.9 GPa). Consequently, a significant improvement in dry sliding wear resistance (KC = 1.18×10-15 m3N-1m-1) and lower friction coefficient (µ= 
0.6) could be achieved as compared to the untreated specimens ((KC = 6.0×10-14 m3N-1m-1) and µ= 0.8). H/E and H3/E2 values of 0.078 and 0.135 respectively 
indicated that HPN process enhances toughness, load damping capability and endurance limit of the alloy, also confirmed through impact load fatigue tests. Finally, 
potentiodynamic polaristion tests (Hank’s solution) showed a significant improvement in corrosion resistance; Ecorr value of – 218 mV was much nobler compared to 
untreated alloy (Ecorr= -775 mV).

Divya Jain Durham 
University

Need of adopting 
circular economy 
sustainable 
approach 
for handling 
End-of-life PV 
module waste 
in developing 
countries.

End-of-life (EOL) PV waste that will come in a decade is also of concern among the solar PV market. It is estimated that by 2030, there will be 8 million tonnes (Mt) 
of cumulative mass of EOL PV panels, which is projected to approach 80 Mt by 2050. Developed countries already started working on the management of this by 
introducing a WEEE policy directive. There is still a need to find an approach that can provide a sustainable solution for handling solar PV waste in a decade in India and 
other developing countries. Most of the informal sector’s electronic waste recycling is done using the incineration method by unskilled labour due to the absence of 
a mandated policy framework for PV waste recycling; if this informal way of recycling can be replaced by giving a simple recycling approach to managing PV waste. In 
that case, this will control hazardous material disposal that leads to potential risks to human health and the environment. There is a need to study and propose future 
outcomes regarding how informal recycling could open the door for socio-economic benefits both for developing and developed nations. We present the initial 
findings to establish an appropriate technical solution for the safe and economic recycling of solar PV waste in India, designed to take account of the circular economic 
and political factors present in India and many other developing nations.
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