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On behalf of MASSIVE and SUbST we welcome you to the second in the ‘Sustainable Functional
Materials’ conference series – SFM2018. Reflecting the sustainability theme of the conferences, and
our inaugural meeting in Scarborough, SFM2018 sees us coming together in Weston-Super-Mare.
The intention of this conference is to bring together like-minded researchers whose focus is the
development of sustainable functional materials as well as the requirements for long term
sustainable manufacturing of functional materials devices. The programme is cosponsored by the
Engineering and Physical Science Research Council grants MASSIVE (EP/L017695/1) and S UB S T
(EP/L017563/1) under the auspices of the ‘manufacturing the future’ programme.
The programme that we have assembled with your help and support will be both interesting and
technically diverse and will hopefully inspire further research and collaboration between these
related topics. Special thanks go to our invited speakers for giving up time in their busy schedules
and to our hard working research and administrative staff who have helped bring this together. We
hope that you have a productive two days and enjoy the conference.

Yours sincerely

Robert Dorey and Ian M. Reaney
Co-chairs of the conference
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Programme
Tuesday 22nd May 2018
09:00
10:45
11:00

Registration opens
Opening remarks: Conference chairs - Robert Dorey, University of Surrey and Ian Reaney, University of
Sheffield
Invited talk: Pyro power, using fire to fuel the world
Steve Dunn
University of
Hertfordshire
Session 1: MATERIALS MODELLING

11:30
11:50

12:10
12:30

Using metadynamics to obtain the free energy landscape for cation
diffusion in ceramics: Dopant distribution control in functional oxides
Predicting optimised piezoelectric properties in BiMeO3 (Me = Al, Ga,
Sc, Y, Mg2/3Nb1/3,Zn2/3Nb1/3,Zn1/2Ti1/2) doped lead-free BaTiO3-BiFeO3
based ceramics
Effect of Phase Transitions on Thermal Depoling in Lead-Free
0.94(Bi0.5Na0.5TiO3 )–0.06(BaTiO3 ) Based Piezoelectrics
Imitation technique for modelling and quantitative characterization of
complex microstructures of porous ceramics

12:50

Poster Presentations: one minute / one slide presentation per poster

13:00

Lunch

John Harding
Shunsuke
Murakami

University of
Sheffield, UK
University of
Sheffield

Haixue Yan

QMUL

Sadjad Naderi

University of
Sheffield

British
Geological
Survey
University of
Sheffield
QMUL

Session 2: PROCESSING (1)
14:00

Invited talk: New prospect or old rubbish? A geological perspective on
secondary metal resources and the ‘urban mine’

Andrew
Bloodworth

14:30

Bulk Preparation and Characterization of Perovskite Halides

14:50

Whitney
Schmidt
Jiyue Wu

Perovskite Srx(Bi1-xNa0.97-xLi0.03)0.5TiO3 ceramics including polar nano
regions for high power energy storage
Cold-Sintered Temperature Stable Na0.5Bi0.5MoO4–Li2MoO4 Microwave Dawei Wang
Composite Ceramics
Break

15:10
15:30

University of
Sheffield

Session 3: PROPERTIES AND APPLICATIONS
15:45

Invited talk: Processing of magnetic materials and recycling of rare earth Allan Walton
materials

University of
Birmingham

16:15

Characterising energy harvesting and storage devices

Matthew
Phillips

University of
Surrey

16:35

Hybrid energy harvesters scavenging solar and mechanical energy
based on ZnO nanorods
Tuning the electrical conductivity and conduction mechanism of
‘stoichiometric’ Na0.5Bi0.5TiO3 by defect interaction: A study in
Na0.5Bi0.5TiO3–BiMO3 (M = Al, Ga, Sc) solid solutions
On the origin of low and temperature stable thermal conductivity of
A-site deficient perovskites
The influence of K2O non-stoichiometry on the electrical properties of
(K,Na)½Bi½TiO3 ceramics
Close of Day 1, Welcome Reception

Xuan Li

QMUL

Fan Yang

University of
Sheffield

Feridoon
Azough
Linhao Li

University of
Manchester
University of
Sheffield

16:55

17:15
17:35
17:55

Wednesday 23rd May 2018
Session 4: PROCESSING (2)
09:30

Invited talk: Low Temperature Processing of Functional Materials Using
Microwaves
Low thermal conductivity of modular structures: the Ga2O3(ZnO)m
homologous
High energy density bismuth ferrite-based lead-free ceramics

Bala
Vaidhyanathan
Diana Talía
Álvarez Ruiz
Ge Wang

10:40

Low pO2 sintering of sodium potassium niobate based lead-free
piezoceramics for multilayer actuators with base metal electrodes

Selina Fröhlich

11:00

A simple and cost-effective approach for sustainable manufacturing of Ewa Jakubczyk
functional ceramic films based on NaxCoyOz
Break
Invited talk: Low temperature bio-inspired synthesis of functional oxides Rebecca Boston University of
Sheffield
Towards sustainable manufacturing of biologically inspired silica: Effect Mauro
University of
of mixing and other operating parameters
Chiacchia
Sheffield
Lunch

10:00
10:20

11:20
11:40
12:10
12:30

Loughborough
University
University of
Manchester
University of
Sheffield
EAH-Jena/PI
Ceramic GmbH,
Germany
University of
Surrey

Session 5: SUSTAINABILITY AND ENVIRONMENTAL ISSUES
13:30
14:00

Invited talk: Recycling post-consumer waste plastics
“Green” Materials - Are they sustainable?

14:20

Towards scale-up production of liquid phase synthesised functional
nanoparticles
Invited talk: Assessing and managing risks associated with changing
manufacturing processes: a pragmatic approach

14:40

15:00

Closing Remarks: Conference chairs
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Pyro power, using fire to fuel the world
Professor Steve Dunn
School of Engineering & Technology, University of Hertfordshire

With a few notable exceptions society understands that our use of fossil fuels has led to a damaging cycle
of global warming. This understanding has led to intense global interest in technologies that can sustain
our energy hungry lifestyles while future proofing the planet for the next generations. Processes such as
producing H2 from water or converting atmospheric CO2 into a fuel (artificial photosynthesis) are
technology areas in which the UK is acknowledged as world leading. Recent collaborative work has shown
that it is possible to harvest thermal fluctuations to split water producing an excess of 1.4 V required to spit
water and to release H2 and O2. In this talk I will cover some of the interesting applications of functional
materials for water splitting and show how low grade heat might be harvested to provide a sustainable
source of fuel for the future.
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New prospect or old rubbish? A geological perspective on secondary metal
resources and the ‘urban mine’
Andrew Bloodworth
British Geological Survey, Environmental Science Centre, Keyworth, Nottingham NG12 5GG, UK

Over the last 100 years the global mining industry has achieved major technological innovation and
economies of scale. Despite significant environmental and social impacts, these developments have led to
the growth of an efficient and reliable international system for the supply of metals at relatively low
economic cost.
Although it has potential to make a major contribution to a more environmentally-sustainable system of
supply, the recovery of metals from secondary resources in the human environment contrasts sharply with
the primary mining sector. From a geological perspective, secondary ‘mining’ or recycling of metals
appears to be a relatively immature activity. Resources in the ‘urban mine’ are complex and poorly
understood. Knowledge of metal transport and concentration processes in the human environment is
incomplete. Measurement and quantification of secondary resources and reserves is poor and/ or
inconsistent. Physical access to secondary resources, and the extraction and processing of anthropogenic
‘ores’ are often problematic, as is the separation and refining of individual metals from the resultant
concentrates.
As a result of these challenges, the volume and variety of metals currently supplied from the urban mine is
small and restricted in comparison to primary mining. For example, only 12 per cent of aluminium metal
produced globally currently comes from end of life scrap. Of platinum-group metals produced, only 30 per
cent currently comes from end of life scrap. This is despite recycling rates for both aluminium and for
platinum-group metals being relatively high compared to most metals.
This presentation considers these problems and how they might be overcome, in part by learning lessons
from economic geology and the primary mining sector. Sustainable resourcing of future generations with
a wide palette of metals requires a paradigm shift in the way in which we utilise the urban mine. Major
improvements in efficiency, scale and scope of the recycling industry are required. A long-term goal might
be the efficient management of all metal resources through increased integration of primary and secondary
sectors. This would help maximise the circular flow of metals through our economy and reduce the
environmental footprint of metal extraction and processing.

Sustainable Functional Materials SFM2018

Low Temperature Processing of Functional Materials using Microwaves
Prof. Bala Vaidhyanathan
Professor of Advanced Materials and Processing, Department of Materials, Loughborough University, UK

Most of us know how to make a cup of tea using a microwave oven. This talk will inform you how to make
the ceramic cup itself and many other advanced functional materials using microwaves.
Microwave heating, which uses an electromagnetic field, is fundamentally different from conventional
surface heating techniques in that the energy can be deposited volumetrically throughout the material or
selectively in specific locations based on need. Properly utilized, this can lead to greater
micro/nanostructural control, improved product performance, significant reduction in processing
temperature and time as well as manufacturing costs and CO2 emissions.
This presentation will take you on a journey from an initial powder to a final product and the various
developments along the way will show how a large number of functional and smart materials/devices can
be manufactured using the energy efficient, eco-friendly, field-assisted processing methods - these include
advanced materials for energy, electronics, healthcare and defense applications.
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Low temperature bio-inspired synthesis of functional oxides
Rebecca Bostona, Silvija Zilinskaitea, Lucy M. Mottrama, Daniel Z. C. Martina, Anthony J. R. Rennieb, Nik ReevesMcLarena
a

b

Materials Science and Engineering, University of Sheffield
Chemical and Biological Engineering, University of Sheffield

Traditionally, oxide-based electroceramics have been made via solid-state synthesis, which whilst
reliable, suffers from several inherent drawbacks. Solid-state syntheses can be extremely slow,
requiring many heating and processing steps to produce a phase pure final product. It also gives no
control of size or morphology, a major disadvantage when nanoscale materials are required or
beneficial, and products can suffer from poor homogeneity, particularly in cases where there are a
large number of constituent oxides.
Recently, biotemplate- and solvent-mediated syntheses have been gaining popularity as a lowtemperature way to create homogenously mixed functional oxides. The techniques give exquisite
control over nanomorphology, and generally only require low temperatures to promote phase
formation. The polydentate chelating ability of many naturally occurring polymeric molecules
make them highly effective at uptaking metal ions from solution, keeping them spatially separated
during heating, circumventing many of the issues associated with traditional processing routes.
I will present the underpinning concepts of bio- and solvent- templating, and give examples of the
accessible structures and materials, including recent work on Na-ion cathode1 materials where we
successfully nanoscaled the material and accessed a low temperature polymorph which showed
better electrochemical performance than the solid state equivalent (see Figure), and an n-type
thermoelectric oxides2 which was successfully crystallised 700 °C below the solid state calcination
temperature.

Figure: cycling performance of a biotemplated Na-ion battery cathode
References
1.
2.

S Zilinskaite et al J. Mat. Chem. A, 2018, 6, 5346.
L M Mottram et al submitted
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Recycling post-consumer waste plastics
S.R. Collinsona*, A. Carne,b F.J. Mena Gil,b E. Okpala,b and R Villab
a School of Life, Health and Chemical Sciences, The Open University, Milton Keynes, MK7 6AA simon.collinson@open.ac.uk
b Water Science Institute, School of Applied Sciences, Cranfield University, MK43 0AL.

Plastic production increases annually to reach approx. 58 million tonnes/year in the EU in 2015. Plastics
often have a relatively short product life so their waste management is of growing concern due to the
consumption of resources and potential environmental impact. In 2018 the UK government pledged
approx. £60 million fund to tackle plastic waste, this fund is to be split to tackle three areas: ocean pollution,
research and waste management. This presentation discusses two approaches to tackling plastic wastes
that could be further extended to consider the recycling of functional material films.
Firstly feedstock recycling projects involved alkaline solutions or catalysts to depolymerise waste
polyesters, such as polyethylene terephthalate (PET) and polylactic acid (PLA). Previously we have
selectively transesterified waste PLA to form methyl lactate in the presence of PET due to its higher
reactivity (Figure 1).1 More recently we have seen a related reactivity in the hydrolysis of PLA and PET,
although the overall reactions are slower due to poorer interactions between the plastic and solvent.

Figure 1 Transesterification of mixed polyester wastes
Secondly clear plastics command a higher value in comparison to coloured and printed materials.
So we also studied surfactants in the removal of inks (i.e. deinking) from the surface of postconsumer waste polypropylene (Figure 2) or polystyrene films. The surfactant was cetyl
trimethylammonium bromide (CTAB) which was studied in alkaline solution at varying
concentrations relative to its critical micelle concentration (CMC). After deinking the surfactants
solution is contaminated with the pigments, which require the water to be treated before discharge.
Cotton or paper acted as absorbents as they have a much lower cost than the CTAB surfactant and
this enabled recycling of the surfactant solution.

a)

b)

c)

d)

e)

Figure 2. Deinking of oriented polypropylene film at pH12 at 40°C with increasing concentration
of surfactant CTAB a) pure water b) 1x CMC c) 2x CMC d) 3x CMC e) 4x CMC
We gratefully acknowledge the funding of the Chartered Institution of Wastes Management.
1. A. Carne, S.R. Collinson, The selective recycling of mixed polylactic acid and polyethylene terephthalate
waste by design of process conditions, European Polymer Journal, 2011, 47, 1970-1976.
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Assessing and managing risks associated with changing manufacturing
processes: a pragmatic approach
Sophie Rocksa,b, Oleksandra Ierominab, Renee Cordovab, Robert Doreya
a

University of Surrey, Surrey, GU2 7XH; bCranfield University, Bedfordshire, MK43 0AL

A high proportion of functional material manufacturing relies upon the use of toxic and/or rare elements,
which raises concerns with regard to occupational health, environmental safety and sustainability of the
manufacturing process. Risk management measures can help to reduce the potential exposure to the
elements, but small changes in manufacturing processes can also affect the exposure (potentially altering the
risk) requiring additional assessments which can be resource consuming. This demand increases as
processes are translated from laboratory to a commercial scale supporting the need to provide convincing
arguments and comparisons between old and new materials processes (as highlighted in the EPRSC project
“Manufacture of Safe and Sustainable Volatile Element functional materials - MASSIVE Materials”). In
order to achieve this comparison, project specific metrics to rank process-based hazards and exposures were
developed drawing from published literature and control banding methodologies.
Expert input was used to break six selected manufacturing processes (including mixed oxide, sol-gel and
molten salt processes) into key stages to enable the identification of chemicals and specific techniques used
that could then individually be assessed for hazards and potential exposure. Published evidence was
interrogated using structured literature searches in scientific databases without restriction of language or date
to identify literature on the toxicity of chemicals used within the manufacturing processes (with over 45
chemical precursors and 13 final products identified) and process exposure information (from chemicals
transfer through to drying of the final product). The collected information was synthesised and collated to
allow for occupational and environmental assessments, drawing upon published control banding methods
including RISKOFDERM and Stoffenmanager).
This presentation presents the work to date and discusses the issues surrounding control banding and its
application to commercial processes.
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Invited Speaker Biographies

Mr Andrew Bloodworth, MSc, C Geol, Science Director for Minerals and Waste,
British Geological Survey, UK
As BGS Science Director for Minerals and Waste, Andrew is responsible for all BGS research related
to mineral resources and the geological disposal of radioactive waste. Andrew is also accountable for
BGS activities in Wales and SW England. His own interests include resource security, critical
minerals and the impact of mining on the developing world. He has worked extensively in Africa and
was formerly Mining Advisor to the UK Department for International Development. Andrew is a
Chartered Geologist and an Associate Member of the Royal Town Planning Institute. He is also a
member of the UK Minerals Forum, the Confederation of British Industry Minerals Group and the
Mineral Resources Expert Group of EuroGeosurveys.

Dr Rebecca Boston, University of Sheffield, UK
Rebecca is a Lloyd’s Register Foundation and Royal Academy of Engineer Research Fellow in
functional materials at the University of Sheffield. Based in Materials Science and Engineering, her
research is focussed on the development of novel synthetic methods for the low temperature
production and sintering of oxides. She completed her PhD with the Bristol Centre for Functional
Nanomaterials in 2015 with Dr Simon Hall on the control of crystallisation in oxide superconductors,
and following on from two years of PDRA with Prof Ian Reaney at Sheffield, she is now using the
techniques she helped to develop during her PhD in new areas of oxide research, including Li- and
Na-ion batteries, thermoelectric materials and dielectrics.

Dr Simon Collinson, Open University, UK
Dr Simon Collinson is a lecturer in Chemistry at the Open University his research interests involve
the application of chemistry to recycling waste materials. Previously he worked at Cranfield
University and the University of Nottingham. He is a chartered chemist and a fellow of the HEA. His
recent projects involve plastic recycling, electrospinning biopolymers for enzyme immobilisation or
for novel materials for food shelf-life extension, developing new hydrolytic catalysts, recovering and
analysing metals within wastes and converting waste fats into biodiesel. He is keen on public
engagement and so is a STEM ambassador and has supported Inside Science on BBC Radio 4 for
several years.
Web-page http://www.open.ac.uk/people/src367

Prof. Steve Dunn, University of Hertfordshire, UK
Before completing his PhD in the Materials Department of Cambridge University in 2000, Steve
undertook his under-graduate studies in the Chemistry Department of Edinburgh University. He
then moved to the School of Applied Science at Cranfield University for his first PDRA. At this point
his interest in the application of functional materials for real life problems took hold. In 2008 Steve
left Cranfield to take a post at Queen Mary University of London where he was promoted to a
personal chair as Professor of Functional Surfaces. Prior to joining University of Hertfordshire in
February 2018 Steve spent 18 months as Head of Materials in an industrial environment where he
developed electrical energy storage systems for electric vehicles. He has published over 100 peerreviewed articles in journals such as Advanced Materials and Energy and Environmental Science,
given over 20 invited or plenary talks at international conferences. In 2015 he was awarded the
‘researcher of the year’ for Science and Engineering at Queen Mary and is a Fellow of the Institute of
Materials, Minerals and Mining with a CEng.

Dr Sophie Rocks, Visiting Lecturer, University of Surrey
Sophie is a toxicologist with a background in materials science, and her research portfolio includes
work on risk assessment and related evidence, materials characterisation, and free radical
chemistry. Her particular interest is in the assessment and uncertainties surrounding risk, toxicity
and regulation of engineered nanomaterials and chemicals as well as other emerging technologies.
Her recent work has included the management of research providing insight to Government and
industry on the strategic risk assessment, risk and evidence, knowledge exchange and organisational
maturity. Until December 2011 was responsible for the programme management for research within
the Risk Centre grant (EPSRC/ESRC/NERC/Defra Collaborative Centre of Excellence in
Understanding and Managing Natural and Environmental Risks). She has been personally funded by
NERC, industry, utility companies, BIS, Defra and LARCI. Sophie was appointed in September 2008
as a member of the Advisory Committee on Hazardous Substances (now Hazardous Substances
Advisory Committee, expert scientific committee for Defra), is a member of the British Toxicological
Society (BTS), a UK and European Registered Toxicologist, and a member of the editorial board for
“Risk Management: a journal of risk crisis and disaster” and for "Journal of Applied Toxicology".
Sophie left Cranfield University in September 2017 and is currently a Visiting Lecturer at the
University of Surrey.

Prof. Bala Vaidhyanathan, Department of Materials, Loughborough University,
UK
Vaidhyanathan is a Professor of Advanced Materials and Processing, current Associate Dean for
Enterprise (ADE) of the School of Aeronautical, Automotive, Chemical and Materials Engineering at
Loughborough University (LU), Leader of the Advanced Ceramics Research Group, member of the
School Senior Management Team (SSMT), member of the advisory team of university’s research
challenges and Chair of School Student Placement committee. Previously he has been a member of
the research staff at the Pennsylvania State University, USA, and a Lead Scientist at General ElectricGlobal Research Corporation. He specializes in nanostructured functional materials and nonconventional field assisted processing. He has published over 150 peer-reviewed articles, 6 book
chapters, holder of 14 patents and has delivered >50 key note and invited presentations across the
globe. He has held/holds >40 Government/Industry sponsored project grants, worth >£9.2M.

Vaidhyanathan has pioneered the development of energy efficient microwave, hybrid and flash
methods for the advanced processing of functional ceramic materials and Loughborough is currently
regarded as one of the world leaders in the utilization of these techniques and hosts the largest
nanoceramics group in UK. With over 20 years of experience, he is one of the leading exponents in
the field of microwave-assisted materials manufacturing, pioneered the development of hybrid two
stage sintering methods and was the first to set up an atmosphere controlled, gradient flash sintering
facility for the processing of oxide and non-oxide materials and devices. The range of products
worked on has been very wide, from traditional to nanostructured materials, for energy, electronic,
defence and healthcare applications. LU Materials department is also the home of the Loughborough
Materials Characterisation Centre, a specialized facility for state-of-the-art materials
characterisation in all length scales from surface to bulk, from microscopic to macroscopic structure
determination and BV’s team commands significant analytical expertise on structure-property
correlations.















Chief Editor for Advances in Applied Ceramics (published by Taylor & Francis) and Editorial
Board member for 4 international materials’ journals
Awarded K.P. Abraham Gold Medal for the best doctoral thesis from IISC, Bangalore, 1998.
Awarded Edison Innovation Medal by GE, 2006
Fellow of the Higher Education Academy, UK, 2009.
Recipient of ‘Glory of India’ Award for his contribution to Science, Technology and Education,
2010
Awarded Verulam Medal and Prize for his significant contributions to the field of ceramics by
the Institute of Materials, Minerals and Mining (IOM3) in UK, 2015
Pfeil Award for Best Paper in Advanced Ceramics from IOM3, 2017
He is a member of American Ceramics Society, European Ceramics Society and Life member of
the Indian Ceramics Society
Management Committee member of the Association of Microwave Power Education and
Research in Europe (AMPERE)
Member of IOM3 Ceramics Science Committee, Defence, Safety and Security Committee, Defence
Ceramics Network, UK
Fellow of the Institute of Nanotechnology
Member of the Materials Research Society of USA, Singapore and India.
‘Visiting Professor’ at two international institutions
Session Chair and Organizing Committee Member for >15 International Materials’ Conferences.

Prof. Allan Walton, University of Birmingham, UK
Allan Walton is Professor of Critical and Magnetic Materials and Co-Director of the Birmingham
Centre for Strategic Elements and Critical Materials. He qualified with a BSc in Materials Science at
the University of Birmingham in 1997. He went on to study a PhD on the corrosion protection of
Neodymium Iron Boron Magnets (qualified 2002) where he helped develop a zinc alloy coating
process called Low Pressure Pack Sublimation which was patented by the University. After
becoming a research associate on corrosion studies for NdFeB permanent magnets he was employed
as a research fellow studying solid state hydrogen storage materials at the University of Birmingham.
Dr Walton built and managed the hydrogen laboratories within Metallurgy and Materials installing
over 30 pieces of equipment, much of which is bespoke. The hydrogen labs are now one of the
leading facilities for the synthesis and characterization of hydrogen storage materials in the UK and
are known as a centre of excellence worldwide. Dr Walton has investigated a large range of potential
hydrogen storage materials including carbon nanotubes, activated carbons, zeolites, metal organic

frameworks, porous polymers, metal hydrides, magnesium-based materials (including melt spun
material and high velocity ball milled) and complex hydrides.
In 2009 Dr Walton began working as a Senior Science City Research Fellow. His research was
focused in two main areas – solid state hydrogen storage materials and permanent magnetic
materials. He was heavily involved in research into recycling of rare earth materials. This research
involves the use of hydrogen to extract rare earth magnets from scrap devices and re-processing of
that material into new magnets.
Dr Walton took over as the head of the Magnetic Materials Research Group in 2011. The MMG now
has over £2.4 million in multi-disciplinary research projects on sustainable manufacturing routes for
permanent magnets. In recent years Dr Walton has been tackling the shortages in the supply of rare
earth materials; developing new lean processing routes for permanent magnets and novel recycling
processes which have led to 3 international patent applications.
Dr Walton works closely with both the Hydrogen Materials Group run by Prof David Book
(www.hydrogen.bham.ac.uk) at the University of Birmingham and the minerals processing group
headed by Prof Neil Rowson.
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Using metadynamics to obtain the free energy landscape for cation
diffusion in ceramics: Dopant distribution control in functional oxides
R.E. Warda, C.L.Freemana, D.C. Sinclaira, J.H. Hardinga
a Department of Materials Science and Engineering, University of Sheffield, Sir Robert Hadfield Building, Mappin Street,
Sheffield, S1 3JD, UK

Dopant cations such as yttrium, gadolinium and dysprosium are regularly used in barium titanate
based ceramic capacitors to increase the electrical stability of the device1, thus increasing the
lifetime of the component. The shortage of supply of these mid-range sized rare earth cations
means there is a strong desire to remove or reduce their usage in functional oxides. If we are to
achieve this objective then we need to understand why these cations are so effective in increasing
lifetime. It is thought that they do this by trapping intrinsic oxygen vacancies and so prevent
charged species from building up at the electrodes. Our understanding of the system suggests that
Gd, Y and Dy can all trap oxygen to a similar degree. This suggests that the difference in ability
between these ions to increase the lifetime of the component may be connected to their
distribution in the lattice – the more even the distribution of the ions, the more effective they will
be at trapping oxygen.

In this work we use advanced sampling techniques – metadynamics and umbrella sampling2 –
coupled with molecular dynamics simulations to explore the diffusion pathways for self-diffusion
in barium titanate, oxygen diffusion around rare earths, and rare earth diffusion. We calculate an
accurate activation energy for each of the diffusion pathways identified by the metadynamics
simulations. Our calculations show how small subtle differences in the sizes of the cations and
their defect structures results in changes in pathway length, shape and barriers for the different
ions and explain how the rare earth ions operate differently in the oxides.

[1] J. Itoh, D.C. Park, N. Ohashi, I. Sakaguchi, I.Yashima, H. Haneda, J. Ceram. Soc. Japan, 110,
495–500, (2002).
[2] C. Abrams and G. Bussi, Entropy, 16, 163–199, (2014).
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Predicting optimised piezoelectric properties in BiMeO3 (Me = Al, Ga, Sc,
Y, Mg2/3Nb1/3, Zn2/3Nb1/3, Zn1/2Ti1/2) doped lead-free BaTiO3-BiFeO3 based
ceramics
Shunsuke Murakami,1 Nihal Thafeem Ahmed Faheem Ahmed,1 Ali Mostaed,1 Dawei Wang,1 Antonio Feteira,2
Derek C. Sinclair,1 and Ian M Reaney1
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2

A predictive framework is proposed based on electronegativity difference and tolerance
factor for BiMeO3 dopants to optimise the piezoelectric and electrostrictive response in BaTiO3BiFeO3 based ceramics. Compositions in the series 0.05Bi(Me)O3-0.25BaTiO3-0.7BiFeO3 (BMeBT-BF, Me: Y, Sc1/2Y1/2, Mg2/3Nb1/3, Sc, Zn2/3Nb1/3, Zn1/2Ti1/2, Ga, and Al) were studied and the
results used to validate this simple crystallochemical approach. Scanning electron microscopy and
X-ray diffraction revealed that only Bi(Mg2/3Nb1/3)O3 and BiScO3 dopants form homogeneous
ceramics, free from secondary phases which was reflected in their superior piezoelectric
coefficients, e.g. d33 ~ 145 pC/N. All other BiMeO3 additions exhibited either grain boundary
secondary phases and/or promoted a two phase perovskite matrix driven by immiscibility on
cooling in the furnace from the sintering temperature. The promising initial properties of BiScO3
doped compositions prompted further studies on 0.05BiScO3-(0.95-x)BaTiO3-(x)BiFeO3 (BS-BTBF, x = 0.55, 0.60, 0.625, 0.65, and 0.70) ceramics. As x increased the structure changed from
predominantly pseudocubic to rhombohedral, resulting in a transition from a relaxor-like to
ferroelectric response. The largest d33* (465 pm/V) was achieved for x = 0.625 under 5 kV/mm at
the crossover from relaxor to ferroelectric behaviour. BS-BT-BF with x = 0.625 showed 0.35%
strain under 6 kV/mm at 175 ºC, demonstrating its potential for high temperature actuation.
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Effect of Phase Transitions on Thermal Depoling in Lead-Free
0.94(Bi0.5Na0.5TiO3)–0.06(BaTiO3) Based Piezoelectrics

A. Mahajana, H. Zhanga, J Wua, E. V. Ramanab, M. J. Reecea, and H. Yana
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0.94(Bi0.5Na0.5TiO3)−0.06(BaTiO3) (BNTBT) is a potential lead-free piezoelectric candidate to replace
lead-based PZT ceramics. The thermal depoling temperature sets the upper limit for the high
temperature application of piezoelectric materials. Recently, an interface model1 was proposed to
explain the good resistance to thermal depoling of BNTBT-ZnO composite. However, we found that
the presence of ZnO was not limited to the interface, but contributed intrinsically to the BNTBT lattice.
This played a critical role in the structural changes of BNTBT, confirmed by a unit volume change
supported by XRD, which was further proved by Raman, EDS, and dielectric characterization at
different temperatures. The previous interface model is not correct because BNTBT shows thermally
stable piezoelectric properties, even though there is no interface between BNTBT and ZnO. The thermal
depoling behaviour of BNTBT-based materials is directly related to the transition temperature from the
rhombohedral phase to the tetragonal phase in our phase transition model2, which is consistent with four
current peaks in their ferroelectric loops close to the depoling temperature.

Refs:
1, Ji Zhang, Zhao Pan, Fei-Fei Guo, Wen-Chao Liu, Huanpo Ning, Y. B. Chen, Ming-Hui Lu, Bin
Yang, Jun Chen, Shan-Tao Zhang, Xianran Xing, Jürgen Rödel, Wenwu Cao & Yan-Feng Chen,
Nature Communications, 2015, 6, 6615.
2, Amit Mahajan, Hangfeng Zhang, Jiyue Wu, E. Venkata Ramana, M. J. Reece, and Haixue Yan, J.
Phys. Chem. C, 2017, 121, 5709−5718.
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Imitation technique for modelling and quantitative characterization of
complex microstructures of porous ceramics
Sadjad Naderi, Julian S. Dean
Department of Materials Science & Engineering, Sir Robert Hadfield Building, University of Sheffield, Mappin Street, Sheffield,
S1 3JD, UK

Abstract
Porosity is an important feature in the manufacturing of materials, either designed and desired, or an
unwanted effect of the processing. Here we study the effect of open and closed porosity and its effect on
the electrical lifetime of the material. This study is focused on an analytical mimic strategy to model an
irregular porous media with realistic features, controllable pore shapes and distributions.
An advanced micro-structural generated package using MATLAB has been developed based on
Voronoi Tessellation and B-Spline to generate three-dimensional realistic structures for simulations in
finite element modelling. Figure 1 shows four different pore structure models, each with the similar
effective density but different topologies of open and closed pores. These generated models are then solved
using finite element simulation to understand the effect of open and closed pores on the electrical behaviour
of dielectric ceramics. Many cases were studied to prove the effectiveness of this new heterogeneous object
modelling method. The numerical results reveal how the resistance increases and the local electric field is
more enhanced by increasing the volume of open pores versus closed pores while the overall density is
constant.

(a)

(b)

(c)

(d)

Figure 1. The schematics of pore structures with different topologies. The volume of the open pores
increases versus the closed pores while maintaining the overall density from (a) to (d).
Keywords
microstructure analysis; finite element model; material characterisation; ceramics; porosity.
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Bulk Preparation and Characterization of Perovskite Halides
W. L. Schmidt, W. Kargar, D. C. Sinclair, I. M. Reaney
Department of Materials Science and Engineering, University of Sheffield, Sheffield S1 3JD, England

Perovskite halides, with the general formula AMX3, have led a revolution in solar cell research. These
materials can be tuned by varying the compositions where A+ = CH3NH3 (MA), CH(NH2)2 (FA) or Cs;
M2+ = Pb, Sn; X- = I, Br, Cl. While certified efficiencies have reached approximately 20%, devices
continue to suffer from inconsistencies in processing and degradation over time. It has been shown through
experiment and computational models that moisture, oxygen, light and intrinsic defects contribute to the
instability of the perovskite halide films.1-4 Research efforts focused on bulk properties and synthesis
methods is gaining attention and is imperative to understanding the fundamentals of these perovskite
halides. This research focuses on the preparation of bulk powders via ball milling and solution based
methods to prepare high quality feedstocks for characterization. Impedance spectroscopy is used to
understand the conduction mechanisms in the bulk material of various compositions. The activation
energies for possible conduction mechanisms has been reported by Eames et al. through computational
methods5, which provides a useful reference for activation energies extracted from impedance
spectroscopy. Low temperature permittivity studies have revealed a heating and cooling rate dependent
hysteresis, in agreement with the low thermal conductivity and indicating that the measurement setup is
important. Residual solvent incorporated into the perovskite powders may play a role in the properties.
Therefore, thermal degradation studies are used to compare solution prepared samples vs. the ball milled
powders. Temperature dependent structure analysis by X-ray diffraction is also used verify phase
transitions and the average structure in varying compositions prepared by different synthesis methods.
1. N. Aristidou, C. Eames, I. Sanches-Molina, X. Bu, J. Kosco, M. S. Islam, S. A. Haque, Nat.
Commun., 2017, 8, 15218.
2. A. Walsh, D. O. Scanlon, S. Chen, X. G. Gong, S-H. Wei, Angew. Chem. Int. Ed., 2015, 54, 17911794.
3. L. Zhang, P. H.-L. Sit, J. Phys. Chem. C., 2015, 119, 22370-22378.
4. N. Aristidou, I. Shanchez-Molian, T. Chotchuangchutchaval, M. Brown, L. Martinez, T. Rath, S. A.
Haque, Angew. Chem. Int. Ed., 2015, 54, 8208-8212.
5. C. Eames, J. M .Frost, P. R. F. Barnes, B. C. O’Regan, A. Walsh, M. S. Islam, Nat. Commun., 2015,
6, 7497.
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Perovskite Srx(Bi1-xNa0.97-xLi0.03)0.5TiO3 ceramics including polar
nano regions for high power energy storage
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Abstract
Dielectrics have been used in capacitors for high power energy storage. However, the low energy
density of dielectric capacitors is the bottleneck for their applications. In this work, single-phase
perovskite Srx(Bi1-xNa0.97-xLi0.03)0.5TiO3 (x=0.30 and 0.38) bulk ceramics were prepared using
solid-state reaction method. Co-substitution at A-site was designed to create polar nano regions
(PNRs) which were observed in dark field TEM images. The temperature dependence of dielectric
properties shows relaxor behaviour, being consistent with PNRs and slim ferroelectric hysteresis
loops. Four current peaks in current-field loops indicate the field induced transition from non-polar
to polar structures in nanometre scale. A high energy density (1.70 J/cm3) with an ultrahigh
efficiency (87.2%) was achieved in Srx(Bi1-xNa0.97-xLi0.03)0.5TiO3 (x=0.30) due to the contribution
of PNRs, making it among the best performing energy storage material in lead-free bulk ceramics.
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Cold-Sintered Temperature Stable Na0.5Bi0.5MoO4-Li2MoO4 Microwave
Composite Ceramics
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A cold sintering process (150 °C, 30 min and 200 MPa) was employed to fabricate
Na0.5Bi0.5MoO4-Li2MoO4 (NBMO-LMO) composites with up to 96.4% relative density. X ray
diffraction traces, back-scattered electron images and Raman spectra indicated the coexistence of
NBMO and LMO phases in all composites with no detectable secondary phases. The pemittivity
(εr) and temperature coefficient of resonant frequency (TCF) decreased, while microwave quality
factor (Q×f) increased, with increasing weight % LMO. Near-zero TCF was obtained for NBMO20wt%LMO with εr ~ 17.4 and Q×f ~ 7470 GHz. Functionally graded ceramics were also
fabricated with 5 ≤ r ≤ 24. To illustrate the potential of these cold sintered composites to create
new substrates and device architecture, a dielectric graded radial index lens was designed and
simulated based on the range of r facilitated by the NBMO-LMO system, which suggested a 78%
aperture efficiency at 34 GHz.

Figure 1. The schematic illustration of the processing stages for NBMO-LMO composite
ceramics (small and large particles are NBMO and LMO, respectively).

References:
D. Wang, D. Zhou, S. Zhang, Y. Vardaxoglou, W.G. Whittow, D. Cadman, I.M. Reaney, ACS Sustainable
Chemistry & Engineering, 2018, 6 (2): 2438-2444.
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Characterising energy harvesting and storage devices
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An important requirement in the development of any functional material is to ensure that the desirable
properties obtained within a lab environment, translate into a useful viable application. With the EPSRC
funded UKTEG project, a holistic approach to the fabrication and application of high temperature
thermoelectric materials for engine energy recovery is undertaken, from material production through to
their integration into an engine exhaust manifold. This talk will focus on some of the techniques
employed to analyse the performance of thermoelectric devices, such as Impedance spectroscopy and
current-voltage curves. Results are compared to those obtained in engine testing with possible
improvements explored.
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Hybrid energy harvesters scavenging solar and mechanical energy
based on ZnO nanorods

Xuan Li and Joe Briscoe
School of Engineering and Materials Science, Queen Mary university of London, United Kingdom

Abstract
Hybrid energy harvesters have been drawing increasing interest in recent years. While large scale
photovoltaic power plants capable of providing energy for domestic usage, researches have also
been focused on mechanical energy harvester with less power output which can be integrated into
self-powered electronics such as implantable device, remote wireless sensor, wearables, etc. Since
majority of the devices would work under the conditions of exposure to incoming light and
mechanical vibration. It would be beneficial to design a hybrid energy harvester scavenging solar
and mechanical energy simultaneously. Couple of successful designs have been demonstrated,
however the structures remain complicated. Majority of the designs involve different types of
energy harvesters connected in series to work.
Here, a simple structure based on a p-n junction-based ZnO nanorod piezoelectric energy harvester
was designed. The utilization of piezoelectric n-type ZnO nanorod opens up the possibility of the
design of structure using p type hole transport layer/light absorber layer/n type charge transfer
layer. This was adapted to either form a ZnO nanorod-based dye-sensitised solar cell (DSSC), or
ZnO nanorod-perovskite solar cell (PSC). The two photovoltaic systems required different
adaptations, with long nanorods, CuSCN and traditional water-based PEDOT:PSS being used in
the DSSC and short nanorods and a non-aqueous PEDOT:PSS used in the PSC. To allow high
processing temperatures while maintaining mechanical flexibility, ‘Corning Willow glass’ was
used as a substrate, which can be annealed up to 800 °C, and was compared to the more common
PET/ITO. This resulted in 56% lower charge transfer resistance as shown by impedance analysis,
and a related 4 times fold increase in PCE efficiency for the photovoltaic system.
Mechanical bending and solar testing indicated that the devices operated both as mechanical and
solar energy harvesters separately, with the current generated by the photovoltaic around two times
greater than from mechanical excitation. In addition, illumination of AM1.5 improved the peak
power output of the device from 0.29 to 54.36 (W/cm2) while the device was oscillating at
resonance frequency by a permanent magnetic shaker. This indicates the device could perform as
a hybrid nanogenerator and photovoltaic simultaneously with enhanced output.
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Tuning the electrical conductivity and conduction mechanism of
‘stoichiometric’ Na0.5Bi0.5TiO3 by defect interaction: A study in
Na0.5Bi0.5TiO3-BiMO3 (M = Al, Ga, Sc) solid solutions
Fan Yang, Patrick Wu and Derek C. Sinclair
Department of Materials Science and Engineering, University of Sheffield, Mappin Street, Sheffield, S1 3JD, UK

Na0.5Bi0.5TiO3 (NBT) has been long considered for dielectric applications in high temperature capacitors
and lead-free piezoelectrics but it can be also an excellent oxide-ion conductor by manipulating the A-site
Na or Bi nonstoichiometry or by acceptor doping. Our previous studies show that at the same oxygen
vacancy concentration, NBT with B-site acceptor dopants usually shows lower conductivity than that with
A-site acceptor dopant, suggesting a strong tendency of trapping of oxygen vacancies by B-site acceptor
dopants, which provides a possible strategy to fine tune the electrical conductivity and conduction
mechanism of NBT-based materials by using the defect interaction. In this study Na0.5Bi0.5TiO3-BiMO3
(M = Al, Ga and Sc) solid solutions were prepared by solid state reaction and their electrical properties
established by impedance spectroscopy and electromotive force transport number measurements. We found
that incorporation of BiAlO3 (BA) decreases the electrical conductivity of NBT and with increasing BA
content sequentially changes the conduction mechanism from predominant oxide-ion conduction, to mixed
ionic-electronic conduction and finally to predominant electronic conduction. The suppressed oxide-ion
conduction by BA incorporation significantly reduces the dielectric loss at elevated temperatures and
produces excellent high-temperature dielectric materials for high BA contents. Possible reasons for the
suppressed oxide-ion conduction in the NBT-BA solid solutions are discussed and we propose the local
structure, especially trapping of the oxygen vacancies by Al3+ on the B-site, plays a key role in the oxideion conduction in these apparently ‘stoichiometric’ NBT-based solid-solution perovskite materials.
Comparison with NBT-BiGaO3 and NBT-BiScO3 solid solutions suggests that the ionic radius of M cation
is critical to the defect interaction. A small M cation is more effective to trap oxygen vacancies to show a
much quicker suppression of oxide-ion conduction in NBT-BiMO3 solid solutions.
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On the Origin of Low and Temperature Stable Thermal
Conductivity of A-site Deficient Perovskites
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A-site deficient perovskites have recently gained attention due to their low and temperature stable
thermal conductivity1,2. In this study, A-site deficient Ln2/3TiO3 (Ln = La, Pr and Nd) powders were
prepared using conventional mixed oxide method followed by sintering in a reducing atmosphere
in the temperature range of 1673 to 1723K for 4 to 12 hours.
All three compositions showed a low and temperature stable thermal conductivity in the range of
1.8 to 2.7 W/m.K in the temperature range of 300 to 1000 K (Figure 1).
Crystallographic data from X-ray analysis showed that the room temperature structure is
orthorhombic with a ~ 2aperovskite, b ~ 2aperovskite ~ and c ~ 2aperovkite. La2/3TiO3 and Nd2/3TiO3 adopt
Cmmm whereas Pr2/3TiO3 adopts Pmmm as space group.
Atomically-resolved imaging and analysis technique (STEM-HAADF-EELS) was employed to
gain insight and understanding for the thermal transport behavior of these compounds. The analysis
shows that atomic scale crystal structural features may play a major role in the thermal conductivity
behavior of this family of perovskites. To illustrate this, atomically resolved [010] zone axis
HAADF-EELS data for La2/3TiO3 is presented in (Figure 2).

Figure 1: Thermal conductivity for Ln2/3TiO3 (Ln = La, Pr and Nd).

Figure 2. RGB [010] HAADF image for Nd2/3TiO3 showing
long range ordering along the c-axis.

References:
[1] F. Azough, S. S. Jackson, D. Ekren, R. Freer, M. Molinari, S. R. Yeandel, P. M. Panchmatia, Stephen C. Parker, D. Hernandez
Maldonado, D. M. Kepaptsoglou, and Q. M. Ramasse, ACS Appl. Matter. Interfaces,2017,9, 41988-42000.
[2] S. R. Popuri, A. J. M. Scott, R. A. Downie, M. A, Hall, E. Suard, R. Decourt, M. Pollet, J. W. G. Bos, J. RSC Adv. 2014, 4,
33720-33723.
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The influence of K2O non-stoichiometry on the electrical properties of
(K,Na)1/2Bi1/2TiO3 ceramics
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The solid solution (KxNa0.50-x)Bi0.50TiO3 (KNBT) between Na1/2Bi1/2TiO3 (NBT) and K1/2Bi1/2TiO3 (KBT)
has been extensively researched as a candidate lead-free piezoelectric material because of its relatively high
Curie temperature and good piezoelectric properties, especially near the morphotropic phase boundary
(MPB) at x ~ 0.10 (20 mol% KBT). 1,2 Here we show low levels of excess K2O in the starting compositions,
i.e. (Ky+0.03Na0.50-y)Bi0.50TiO3.015 (y-series), can significantly change the conduction mechanism and electrical
properties compared to a nominally stoichiometric KNBT series (KxNa0.50-x)Bi0.50TiO3 (x-series). Impedance
Spectroscopy measurements reveal significantly higher bulk conductivity (σ b) values for y ≥ 0.10 samples
(activation energy, Ea, ≤ 0.95 eV) compared to the corresponding x-series samples which possess band-gap
type electronic conduction (Ea ~ 1.26 to 1.85 eV). The largest difference in electrical properties occurs close
to the MPB composition (20 mol% KBT) where y = 0.10 ceramics possess σb (at 300 oC) that is 4 orders of
magnitude higher than x = 0.10 and the oxide-ion transport number (tion) in the former is ~ 0.70 – 0.75
compared to < 0.05 in the latter (between 600 and 800 oC). This demonstrates the electrical properties of
KNBT to be sensitive to low levels of A-site nonstoichiometry and indicates excess K2O in KNBT starting
compositions to compensate for volatilisation can lead to undesirable high dielectric loss and leakage
currents at elevated temperatures.

1 Y. Saito, H. Takao, T. Tani, T. Nonoyama, K. Takatori, T. Homma, T. Nagaya, and M. Nakamura,
Nature, 2004, 432, 84.
2 J. Rödel, K.G. Webber, R. Dittmer, W. Jo, M. Kimura, and D. Damjanovic, J. Eur. Ceram. Soc. 2015,
35, 1659.
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Low thermal conductivity of modular structures: the Ga2O3(ZnO)m
homologous
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The Ga2O3(ZnO)m (m=integer) homologous series are naturally occurring nanostructured compounds with
a modular crystal structure. The ability of these nanostructured interfaces to scatter phonons effectively
and therefore to promote low thermal conductivity makes this family of homologous compounds suitable
for high temperature thermoelectric applications. However, the grain morphology inherent to layered
structures, hinders the densification process, being a 73 % dense sample the higher density reported in the
m=9 endmember [1].
In this study, high density Ga2O3(ZnO)m (m=9, 11, 13, and 15) ceramics were successfully prepared by the
conventional solid-state reaction with the aid of B2O3 and Nd2O3 to promote densification. Suitable
calcination and sintering conditions were found to engineer the microstructure and to obtain improved
thermoelectric properties. All the samples were single phase with minor amounts of Nd-rich eutectic phase
as a secondary phase. The atomic structure and local chemical composition of the Ga2O3(ZnO)9 homologue
was determined by means of high resolution X-ray diffraction and atomic resolution STEM-HAADF-EDS.
X-ray analysis showed that the compounds crystalize in Cmcm orthorhombic symmetry. The atomically
resolved HAADF-MAADF images, unambiguously showed the presence of nano-sized wedge-shaped twin
boundaries, parallel to the b-axis, with an apex angle of about ~63.37° for all compositions. These nanoscale structural features were chemically investigated, for the first time, revealing the exact Zn and Ga
distribution (Fig. 1). All the samples showed the segregation of Ga ions at the interface of the wedgeshaped head to head twin boundaries and halfway between the twin interfaces, where the presence of
inversion twin boundaries have been proposed for Ga doped ZnO [2].
To tune the transport properties, the width of the nanosize twins was controlled by increasing the value of
m. This lowered the thermal conductivity of ZnO by an order of magnitude. Composition with m = 9
showed a very low lattice conductivity of 2 to 1.5 W/m∙K in the temperature range of 300 K to 900 K in a
98% dense sample. A strong dependence of the electrical conductivity on the width of the nano-twins was
found. A high electrical conductivity of 22 S/cm at 700 K was observed in the Ga2O3(ZnO)15 compound,
two folding the electrical conductivity of the Z9GO compound. An improved ZT value of 0.06 at 900 K
was obtained in highly dense Ga2O3(ZnO)m (m=9 and 15) samples sintered in air, arising from the low
thermal conductivity of the former and the improved power factor of the latter.
(a)

(c)

(b)

(d)

Figure 1: (a) [100] HAADF image of the Ga2O3(ZnO)m and corresponding EDS elemental map (b) ZnK_α (c) Ga-K_α and (d) overlapped Zn and Ga-K_α maps.
13

References:
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High energy density bismuth ferrite-based lead-free ceramics
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Bismuth ferrite (BF)-based lead-free ceramics have been investigated for several decades due to their large
polarisation, high Curie temperature and potential magnetoelectric coupling1 Recently, Wang et al reported
high recoverable energy density (Wrec~1.82 J cm-3) and energy storage density (Wtotal~4.1 J cm-3) in BFbased lead-free ceramics, indicating potential applications in pulsed power capacitors.2
Yuan et al. have recently demonstrated that substitution of BiZn0.5Zr0.5O3 (BZZ) into BaTiO3 (BT)
increases breakdown strength (EBD~264 kV cm-1) raising the recoverable energy density (Wrec~2.64 J cm3 3
). In this study, up to 10% BZZ was substituted into BF-0.3BT to form a solid solution. Undoped BF0.3BT is reported as ferroelectric with mixed of rhombohedral and pseudo-cubic phases. With increasing
BZZ concentration from 0.5%, a single perovskite structure was observed up to 8%, above which small
secondary peaks were observed The increase in BZZ concentration was accompanied by a transition from
a saturated to a slim and constricted P-E loop at 5%BZZ-BF-0.3BT, indicative of a ferroelectric to relaxor
transition, Figure 1. Maximum and remanent polarisation drop significantly, Figure 1 but EBD doubles to
200 kV cm-1, Figure 2. For compositions with 5% BZZ at an applied field of 200 kV cm-1, Wtot is ~3.76 J
cm-3 and Wrec ~ 2.04 J cm-3.

References
1. J. Rödel, K. G. Webber, R. Dittmer and et al, J. Eur. Ceram. Soc., 2015, 35, 1659-1681.
2. D. Wang, Z. Fan, D. Zhou and et al, J. Mater. Chem. A, 2018, 6, 4133.
3. Q. Yuan, F. Yao, Y. Wang and et al, J. Mater. Chem. C, 2017, 5, 9552.
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Low pO2 sintering of sodium potassium niobate based lead-free
piezoceramics for multilayer actuators with base metal electrodes
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Since the legislation RoHS (Restriction of hazardous substances) was adopted, alternatives to the widely
used lead based piezoceramics are sought. (K,Na)NbO3-based piezoelectric ceramics are considered as
one of the promising alternatives. Furthermore, base metals such as nickel or copper are attractive
alternatives to the generally used silver palladium inner electrodes with regard to financially reasons. But
the usage of base metals as inner electrodes in co-firing processes requires a reducing atmosphere during
the sintering process to avoid metal-oxidation. In this study we demonstrated Li-, and Ta-substituted
KNN multi-layered laminates without inner electrodes, processed under different firing conditions. A
great challenge is a sufficient reoxidation of the ceramic during the thermal treatment with low oxygen
partial pressures. The influence of process conditions on dielectric, electromechanical and microstructural
properties of bulk ceramic were investigated. Therefore, laminates without inner electrodes were sintered
in a temperature range of 950 °C – 1070 °C with oxygen partial pressures of 10-12 atm – 10-6 atm.
Temperature and oxygen partial pressure during the reoxidation process varied in a range of 650 °C –
850 °C and 10-8 atm – 10-1 atm. A fine grained, homogenious microstructure were only observed on
samples with small volume. This samples showed a dielectric loss factor tan δ of ~2,0 %, relative
𝑇
permittivities 𝜀33
/𝜀0 of up to 1360 and effective coupling factors (of planarmode) keff of up to 45 %.
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A simple and cost-effective approach for sustainable manufacturing of
functional ceramic films based on NaxCoyOz
E.M. Jakubczyk, L. Boniface, R.A. Dorey
Centre for Engineering Materials, Mechanical Engineering Sciences Department, University of Surrey Guildford,
Surrey, GU2 7XH, UK.
e.jakubczyk@surrey.ac.uk

Sustainability and security of supply of materials for renewable energy applications has focused
researchers’ efforts on developing new thermoelectric materials together with simplification of production
routes. Oxide based ceramics such as sodium cobalt oxide (SCO) have shown potential as substitute
materials for thermoelectric applications, therefore it is important to find possible ways to enhance the
properties of those ceramics.
Environmentally friendly, sustainable production can be achieved through the use of additive printing
manufacturing techniques (Figure 1). However, there are significant implications for the manufacture of
devices based on SCO functional materials due to the presence of low atomic weight volatile elements.
The potential loss of the volatile element sodium poses a significant challenge when synthesising or
processing at high temperatures, particularly in the case of films (where there is a high surface area).
Additionally due to the sodium loss, there will be an adverse effect of longer times at high temperature
required to achieve densification. Temperature is also crucial as too low a temperature limits the formation
of the desired phases, while high temperatures lead to the loss of sodium which in turn leads to degradation
of the material and formation of non-functional ceramics.
The proposed sodium rich pre-treatment is a simple and cost effective modification method which helps
stabilise sodium levels as well as optimise the processing route. This processing technique for controlling
volatile elements content has potential for applications requiring scaled up deposition of functional films.
This simple and cost effective approach could enhance current methods of constructing patterned surfaces,
through increasing the ability to print fine detail and so the opportunities for developing fully printed
devices.

Figure 1: Processing routes for screen printed films with the stage of manufacturing cost reduction.
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Towards sustainable manufacturing of biologically inspired silica:
Effect of mixing and other operating parameters
Mauro Chiacchia a, Siddharth V. Patwardhan a
a

Dept. of Chemical & Biological Engineering, University of Sheffield, Mappin Street, Sheffield, UK
m.chiacchia@sheffield.ac.uk; s.patwardhan@sheffield.ac.uk
www.svplab.com

In the past decade, bioinspired silicification has shown to be a potential scalable method to manufacturing
silica with highly desirable properties such as mesoporosity 1. This method has been extensively hailed as
a feasible, more sustainable alternative to traditional synthesis of mesoporous silica 2,3; the latter not
achievable with current large silica manufacturing methods 4. However, while very well characterised at
laboratory small-scale, bioinspired silica has not achieved a translation to large-scale manufacturing 5. This
is due to the lack of knowledge of the effect of scales on the bioinspired process chemistry, in particular
mixing, which lead to the inability to match the commercially desired quantity and quality. In this work we
experimentally studied the effect of mixing on the bioinspired silica process and the products. Results
helped us to gain fundamental insight on how mixing affected the bioinspired silica reaction process and
final silica product critical quality attributes (CQAs) such as particle sizes, morphology, and meso- and
micro-porosity. Moreover, these results suggest that mixing parameters could be used to control some of
the final product and must be taken into account when this process is transferred from the laboratory to the
industrial scale.

Schematic showing bioinspired silica nanoparticles formation pathways and the resulting effects
of mixing on critical quality attributes (CQAs) .

1. S. V. Patwardhan, Chem Commun, 2011, 47, 7567.
2. C. J. Murphy, J. Mater. Chem., 2008, 18, 2173.
3. J. R. H. Manning, T. W. S. Yip, A. Centi, M. Jorge, S. V. Patwardhan, Chemsuschem, 2017, 10, 1683.
4. D. Y. Zhao, J. L. Feng, Q. S. Huo, N. Melosh, G. H. Fredrickson, B. F. Chmelka, G. D. Stucky, Science,
1998, 279, 548.
5. C. Drummond, R. McCann, S. V. Patwardhan, Chem Eng J, 2014, 244, 483.
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“Green” Materials- Are they sustainable?
Lucy Smitha, Taofeeq Ibn-Mohammedb,c, C. C. Lenny Kohb,c, Ian. M. Reaneya
a

Department of Materials Science and Engineering, The University of Sheffield, Sheffield S1 3JD, UK
Centre for Energy, Environment and Sustainability, The University of Sheffield, Sheffield S10 1FL, UK
c
Advanced Resource Efficiency Centre, The University of Sheffield, Sheffield S10 1FL, UK

b

Abstract
Although one material may be perceived as ‘green’ in comparison to another, these assumptions should
not be acted upon until the relevant impacts have been fully quantified1. Sustainability is an important
factor in determining the impact of new materials and devices and is assessed through the analysis of
potential Environmental, Economic and Social effects. Life Cycle Assessment (LCA) methodologies have
been widely developed to ensure that a robust and systematic approach can be applied when calculating
the environmental impacts of a product, service or system. Despite this, an LCA only achieves the
quantification of one pillar of sustainability, the environment. Therefore, methodologies including Life
Cycle Costing (LCC) and Social LCAs (SLCAs) have been proposed in parallel to traditional LCAs as a
method to quantify the spectrum of sustainability2.
The development of a Material Sustainability Index (MSI) is discussed which aims to quantify how
sustainable a material is within the context of the three pillars of sustainability, building on widely publish
LCA research. The MSI will provide a single figure to determine the sustainability credential of a material.
Furthermore, this talk will review the application of the hybrid LCA methodology to functional materials
and devices such as multilayer ceramic capacitors and solid oxide fuel cells. The associated findings and
appropriate interventions that may be taken to reduce their impact on the environment will also be outlined.
The overall sustainability of these materials will be discussed in line with the development of the MSI.
Future environmental and sustainability challenges for the functional materials community will be
discussed, including important materials and devices which must be assessed. This presentation will
emphasise the importance of using sustainability measurement methodologies in the design phase and
throughout the life cycle of a material or device due to the ever changing state of global supply chains and
the ecosystem.
[1] T. Ibn-Mohammed, L. S. C. Koh, I. M. Reaney, et al., Energy & Environmental Science, 2016, 9, 34953520
[2] BSI, BS EN ISO 14040:2006, “Environmental Management- Life cycle assessment- Principles and
framework”
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Towards scale-up production of liquid phase synthesised functional
nanoparticles
Tommy Chamberlain, Rebecca Townsend, Ewa Jakubczyk, Robert Dorey
Centre for Engineering Materials, University of Surrey, Guildford, Surrey, GU2 7XH;

The bottom up liquid phase synthesis of nanomaterials is often predicated on the use of relatively dilute
solutions and suspensions in order to maintain stable and nano-scale products. Such production also results
in by-products being produced during the chemical synthesis. These and any unreacted reagents need to be
removed from the system by washing before the nanoparticles can be used. This need to wash the materials
and the dilute suspensions mean that significant amounts of liquid can be required during manufacture.
Even where water is used in place of solvents or oils, the resultant contamination, means that it cannot
simply be disposed of by flushing down the drain.
Large volumes of dilute suspensions are costly to transport to waste disposal stations and it is energy
intensive to use thermal evaporation to remove the majority of the water prior to transportation.
Here we explore the viability of different processing routes designed to minimise the volume of waste
water produced in the manufacture of liquid phase synthesised metallic and ceramic functional
nanomaterials. Through the redesign of existing manufacturing protocols it has been shown to be possible
to reduce waste water volumes by over 60%. By using alternative closed loop water removal and recycling
techniques it is hoped that we can demonstrate near zero waste water during production of such
nanomaterials.
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Cold Sintering of Glass Enamels
J. Andrewsa, Prof. Ian M. Reaneya , Dr. H. Zhengb & J. Boothb
a. Department of Materials Science and Engineering, The University of Sheffield, Sheffield, UK
b. Johnson Matthey Technology Centre, Sonning Common, UK

Cold Sintering is an emerging technology for the densification of ceramic materials at dramatically reduced
temperatures. The process of cold sintering involves introducing a transient liquid phase to a material
before applying pressure and heat to drive densification and produce a dense solid material.

Reducing the temperatures of densification can have several positive outcomes: the reduction of energy
required, shorter time for densification, dimensional control of final component and increased compatibility
with electrodes and substrates due to lower temperatures. The exact mechanism of cold sintering is still
being understood, with different material systems requiring different particle morphologies, liquid
chemistries, pressures, and temperatures.
This work demonstrates the densification via cold sintering of a technical alkali borosilicate glass
composition containing zinc. The development of a process to cold sinter a thin layer of the material onto
substrates is also shown. The effect of this process on the properties of the resulting materials are discussed
and compared to conventional sintering methods.
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The Scalability of Bi2Te3 Thermoelectric Nano Powder Inkjet Compatible
Inks
T. Chamberlain, E. Jakubczyk, M. Whiting, F.A. Castro, R.A. Dorey
1 Centre for Engineering Materials, Department of Mechanical Engineering Sciences, University of Surrey, Guildford, Surrey,
GU2 7XH, UK
2 National Physical Laboratory, Hampton Road, Teddington, Middlesex, TW11 OLW, UK

Bismuth telluride (Bi2Te3) is a thermoelectric (TE) material that has the ability to convert thermal energy
to electrical energy and vice versa, without the need for moving parts or producing harmful emissions in
use. The material is often used in TE devices for energy harvesting and temperature control applications.
Traditional methods for making such devices are laborious, wasteful and expensive because the material is
diced into millimetre-thick cubes from ingots and then assembled by hand.
Inkjet printing is an alternative manufacturing technique that enables precise, repeatable mass-manufacture
with greatly reduced wastage. The inks used are formulated from chemically synthesised powders, which
contain a large quantity of by-products that require removal before formulation. A process of removing
these by-products has been developed for both small and large quantities of powder. Scanning electron
microscopy and energy dispersive x-ray spectroscopy were used to determine the effectiveness of each
stage in the process.
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Electrospinning chitosan to form materials to extend the shelf life of food
Simon Collinsona, G. Bonwickb, C. Birchc, G. Bryanta, N. Chattertona, J. Handforda, O. Qadirb
a

Institute for Agri-Food Research & Innovation, School of Natural & Environmental Sciences, Newcastle
University, Newcastle, NE1 7RU
b

Fera Science Ltd, National Agri-Food Innovation Campus, Sand Hutton, YO41 1LZ

c

School of Life, Health & Chemical Sciences, The Open University, Milton Keynes, MK7 6AA

The research involved electrospinning using mechanically processed crop by-products, i.e.
tomato fibre or oat husk, blended with the food additives polyethylene oxide (PEO) and a
biodegradable natural polymer, such as alginic acid from seaweed or chitosan (CS) from shellfish
waste (Figure 1a). The porosity of these materials was further increased by chemical or by an
enzymatic process using cellulase, followed by studies on the encapsulation and controlled
release of the anti-microbial compounds. The anti-microbial activity of the nanomaterials was
tested for growth inhibition against the bacterial species Eschericia coli (Gram positive) (Figure
1b) and Bacillus subtilis (Gram negative). These species represented the bacterial species likely
to occur within food as spoilage organisms or food pathogens. The release of substances from the
nanofiber films with anti-oxidant activity was also examined because this is potentially useful as
a means of preventing food spoilage (e.g. rancidity) and extending product shelf life. Antioxidant activity of the nanofiber films was tested using the TEAC and FRAP assays.
These studies demonstrated that the composite nanofiber/crop by-product materials produced by
electrospinning exhibited anti-microbial activity. Growth inhibition was most frequently
observed for E. coli and the most effective materials were those that contained oat husk and
tomato skin. Antioxidant materials were also released from the nanofiber films. Processing these
materials to increase porosity prior to encapsulation in the nanofibers was performed successfully
although the impact on the timed release of antioxidant or antimicrobial compounds was not
clear, partly due to analytical limitations.

a)

b)

Figure 1. a) Scanning electron micrograph of material obtained from electrospinning of a
PEO/CS/tomato fibre mixture. b) Left image - Inhibition of E. coli K12 growth on MuellerHinton agar inoculated at 106 CFU/ml. Right image – zone of inhibition surrounding a treated
disk (PEO-chitosan nanofiber with micronised oat husk).
We gratefully acknowledge the support of FoodWasteNet.
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A Sustainable Approach to Cathode Formulation for Lithium Ion Batteries
Joel Andrewsa, Christopher Constablea, Dr Qiong Caia, Dr Marco Ramaiolia
a

Department of Chemical and Process Engineering, University of Surrey

Lithium ion batteries (LIBs) currently offer the best solution for energy storage as they offer both high
energy densities and power capacity. This property makes them useful in a broad range of applications
from consumer electronics through to electric vehicles (EVs). One of the limitations in the performance
of LIBs lies in the formulation of the cathode, consisting of the active material, polymeric binder and
conductive agent. In the following investigation the effect of varying the active material content and the
binder to conductive agent ratio on the physical and performance characteristics of the cathode are
analysed. Specifically, the effect of formulation on rheology, layer adhesiveness and surface
conductivity is explored. Sodium carboxymethyl cellulose (NaCMC), an aqueous binder, was used
during the investigation as a sustainable alternative to polyvinylidene fluoride (PVDF). The team found
both active material content and binder to conductive agent ratios play a pivotal role in determining
viscosity across a shear rate from 0.01s-1 to 1000s-1. A maximum reading for surface conductivity was
measured at a 1:1 ratio of binder across the range of active materials tested with the highest reading
occurring at a 90% active material content. Top down SEM imaging revealed a systematic decrease in
cracking as binder is reduced at constant active material content. From the insight gained, a range of
optimised cathodes are recommended for further electrochemical testing.
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Interpretation of the impedance spectra of electroceramics with parallel
conduction pathways.
James Heatha, Julian Deana, John Hardinga and Derek Sinclaira
a. University of Sheffield, Sheffield, United Kingdom.

Impedance spectroscopy is a useful technique to interrogate electroceramics over a spectrum
of frequencies potentially revealing more information about core-shell and grain boundary
effects than can be obtained from DC or fixed frequency measurements. This makes
impedance spectroscopy a sensitive and attractive characterisation technique. A disadvantage,
however, is how best to analyse the data.
Firstly, there is the choice of an equivalent circuit to model the data. Traditionally, a dual RC
circuit (bulk and grain boundary components connected in series) has been popular for
conventional electroceramics with its applicability best suited to ceramics with thin resistive
grain boundaries (brick work layer model). This approach neglects the grain boundaries in
parallel with the bulk ceramic. However, with increasing use of core-shell microstructures
and nano-grained ceramics is this approach valid when the bulk is of similar thickness to the
grain boundary?
Previous models have attempted to use a parallel brick layer model to fit nano-grained
ceramics. Here we present finite element simulations of core-shell microstructures with the
aim of demonstrating preferred fitting procedures. An overview of which impedance
formalism (or combination of formalisms) works best for core-shell microstructures with a
range of shell properties will also be given.

25

Sustainable Functional Materials SFM2018

Synthesis of Solid Electrolyte Materials for Next Generation All-Solid-State
Rechargeable Batteries
Daniel Z. C. Martina, Dr Nik Reeves-McLarena, Dr Rebecca Bostona
a

Materials Science and Engineering, University of Sheffield, Hadfield building, Sheffield, UK

Three major advances have fuelled battery developments: the rise of portable devices, electric vehicles,
and the storage of renewable energy. Portable devices and electric vehicles need lightweight, long-lasting
batteries. For renewable sources of energy such as solar and wind to be real alternatives to CO2-producing
fossil fuels they must be able to store energy to keep up with demand and be cost-effective. Other
parameters, including safety, sustainability, cost of fabrication and cycle life, must also be considered if
new energy storage devices are to be developed that can successfully keep up with tomorrow’s energy
demands.
Solid electrolytes have the advantages of being safer than current liquid electrolytes, improved shock
resistance and durability, simpler battery design and potentially no loss of capacity over time. However,
they suffer from major disadvantages such as low ionic conduction and high fabrication temperatures.1 To
combat these issues novel doping and synthesis methods have been employed, particularly for lithium
stuffed garnets, which see lithium ion conduction up to ~10-3 S cm-1 at 25 °C.2 Other potential solid
electrolyte materials such as the complex lithium spinel, Li2NiGe3O8 have a modest Li-ion conduction and
activation energy of ~10-5 S cm-1 at 50 °C and 0.46 eV, when investigated using impedance spectroscopy.
These materials have been revisited using muon spectroscopy to give an insight into the diffusion
coefficient and activation energies, with the aim of highlighting how new materials can be developed with
a higher ionic conduction.

Figure 1: a) Potential pathway for Li-ion diffusion between three saddle points and b) Activation energy
calculated from fluctuation rate, ν against temperature.

References
1

J. C. Bachman, S. Muy, A. Grimaud, H. Chang, N. Pour, S. F. Lux, O. Paschos, F. Maglia,
S. Lupart, P. Lamp and L. Giordano, Chem. Rev., 2016, 116, 140–162.

2

V. Thangadurai, S. Narayanan and D. Pinzaru, Chem. Rev., 2014, 43, 4714–4727.

26

Sustainable Functional Materials SFM2018

Sustainable Additive Manufacturing?
A cost and energy consumption comparison with conventional
manufacturing routes
Rishabh Mukesh, Robert Dorey
Centre for Engineering Materials, University of Surrey, Guildford, Surrey, GU2 7XH;

Additive manufacturing is often heralded as offering improved sustainability due to its potential to deliver
products with significantly reduced materials wastage. This reported advantage often comes with increased
processing times and markedly different processing conditions as well as emerging restrictions in the ability
to effectively reuse or recycle materials within the manufacturing process placing the original stated
advantage into question.
Here three additive manufacturing processes (vat polymerisation, binder jet, and powder bed fusion),
conventional machining and casting operations are used to construct a flexible model for comparing the
manufacture of bodies composed of ceramics, metals or polymers to evaluate the anticipated energy and
cost implications for different manufacturing routes-material combinations.
In order to construct the cost-energy model each manufacturing process was broken down into its
constituent stages with energy usage and process and set-up time requirements identified from literature or
theory to yield a process stage ‘cost’. To each of these labour, factory overheads and material feedstock
costs and energy requirements were incorporated. Finally the ability to recycle or reuse materials was
included to determine the overall materials and energy usage and ultimate cost.
Using the model it is possible to define different material systems and input variables to evaluate different
material systems. Case studies examining polymer, metal and ceramic systems are presented as a way to
compare additive manufacturing with conventional manufacturing techniques.
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Study and Optimisation of the Liquid Phase Exfoliation of Graphene
Piers Turner,1 Mark Hodnett,1 Robert Dorey,2 David Carey,3,4
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3 Advanced Technology Institute, University of Surrey, Guildford, Surrey, GU2 7XH, United Kingdom
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By leveraging NPL’s multi-frequency sonoreactor [1] (Figure 1), we have studied the fundamental
mechanism, acoustic cavitation, which drives the sonication assisted liquid phase exfoliation of
graphene. We have found that graphene exfoliation is dependent on both the cavitation dose and the
lateral size of the graphene/graphite flakes being exfoliated. Graphene yields of up to 18% by mass were
produced when utilising high cavitation doses. This knowledge will help develop advanced exfoliation
strategies to overcome the production challenges limiting the industrial viability of 2D Van der Waals
bonded nanomaterials such as graphene.

Figure 1:
NPL’s multi-frequency reference vessel.

[1] L. Wang, G. Memoli, M. Hodnett, I. Butterworth, D. Sarno and B. Zeqiri. Towards a reference cavitating vessel part III—
design and acoustic pressure characterization of a multi-frequency sonoreactor. Metrologia 52(4), pp. 575. 2015.
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Titanium ionic lattice sites and microwave dielectric properties of
Mg2Al4(Si5-xTix)O18 ceramics with cordierite structures
Kaixin Songa,b, Bing Liua, Peng Liua, Ian M Reaneyb*
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Corresponding Author: k.song@sheffield.ac.uk

Cordierite-type ceramic (Mg2Al4Si5O18) is a kind of typical low-loss dielectric ceramic because of its
unique internal [(Si4Al2)O18] and external [Mg6O36] hexatomic ring structure with strong adjustability
(shown in Fig.1). In our work, Mg2Al4(Si5-xTix)O18 solid solution ceramics were prepared by adding
corresponding stoichiometric TiO2. The structural evolutions were systematically investigated along with
their effects on the microwave dielectric properties. The crystal sites of Ti4+ occupying Si/Al sites in the
[(Si4Al2)O18] inner rings were discussed in detailed using XRD Rietveld refined method. The result
illustrates the inner-ring atom Si2 has the biggest possibility to be replaced. The optimum microwave
dielectric properties with εr = 6.3, Qf = 75,000GHz, τf = -41 ppm/℃ were obtained in Mg2Al4(Si4.95Ti0.05)O18
ceramics.

Fig.1 illustrates the sketch pattern of crystal structure of orthorhombic cordierite structures.
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Substituion and Sustainability in functional materials and
devices involves a number of aspects of materials research,
which at the University of Shefﬁeld we combine to enable rapid
materials discovery, and implementation into technology and
prototypes.
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Materials Engineering involves the discovery of novel materials and
the use of cutting edge synthesis techniques, and manipulating
techniques to optimise material properties.
Cold-sintering allows for densiﬁcation of a variety of materials at low
temperatures and without skrinkage eﬀects of traditional sintering.
This has proved a novel route to preparing composite ceramics for
microwave applications.. (left)
We have investigated the inﬂuence of the quenching eﬀect for
0.05Bi(Mg2/3Nb1/3)O3-0.25BaTiO3-0.70BiFeO3, and how this aﬀects the
formation of core-shells. (below)

a)

b)

Prototype Devices are developed within the group, so
that novel materials can be demonstrated to industrial
partners before attempts at scaling up manufacturing.
High quality lead -free multilayer actuactors have been
prepared and are promising replacements to lead based
technologies. (left)

500 µm

We have recently developed new Solid Oxide Fuel Cell
materials, with NBT-based solid electrolytes.

Advanced electron microscopy enables
atomic scale understanding of the
relationships between composition,
structure, and properties.
We have been able to probe the structures
of LaFeO3 using high angle annular darkﬁeld (HAADF), along the [110] direction. In
addition, compositional information with
atomic resolution can be obtained using
electron energy loss spectroscopy (EELS).

Multiscale modelling combines diﬀerent simulation
techniques in order to model materials at diﬀerent
scales, both in terms of size and time.
Using atomistic models we investigate the inﬂuence and
dynamics of vacancies in crystal - such as the dynamics
of the MALI crystal structure. (left)
Using Finite Element modelling we are able to probe the
microstructure of materials and how it relates to device
lifetimes. (below right)

Life Cycle Assessment enables us to determine if a novel
material is actually viable as a ‘green’ alternative.
We are able to assess the economic and environmental
impact of materials ‘from cradle to grave’, and identify viable
paths of materials research.
Along with identifying viable materials to manufacture, we
are developing a tool to be enable people to understand life

Scale Up Manufacturing through partnership with industry, allows
us to take novel materials from the lab and into large scale factories
and device fabrication.
In conjunction with Greatcell Solar, large scale synthesis and
development of perovskite halide photovoltaices has begun.

SUBST is funded under the EPSRC grant “Manufacturing the Future,
EP/L017563/1.
Find out more about our research, publications, and events at http://fmdshef.blogspot.co.uk/ - or just scan the QR code!

Substituion and Sustainability in functional materials and devices involves a number of aspects
of materials research, which at the University of Shefﬁeld we combine to enable rapid materials
discovery, and implementation into technology and prototypes.

Multiscale modelling combines diﬀerent simulation techniques
in order to model materials at diﬀerent scales, both in terms of
size and time.

Cold-sintering allows for densiﬁcation of a variety of materials
at low temperatures and without skrinkage eﬀects of
traditional sintering. This has proved a novel route to
preparing composite ceramics for microwave applications.
(below)

Using atomistic models we investigate the inﬂuence and
dynamics of vacancies in crystal - such as the dynamics of the
MALI crystal structure.
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Using Finite Element modelling we are able to probe the
microstructure of materials and how it relates to device lifetimes.
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Materials Engineering involves the discovery of novel
materials and the use of cutting edge synthesis techniques,
and manipulating techniques to optimise material properties.
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Prototype Devices are developed within the
group, so that novel materials can be
demonstrated to industrial partners before
attempts at scaling up manufacturing.
High quality lead -free multilayer actuactors have
been prepared and are promising replacements
to lead based technologies. (below)
We have recently developed new Solid Oxide
Fuel Cell materials, with NBT-based solid
electrolytes.

Scale Up Manufacturing through
partnership with industry, allows us to
take novel materials from the lab and
into large scale factories and device
fabrication.
In conjunction with Greatcell Solar, large
scale synthesis and development of
perovskite halide photovoltaices has
Advanced electron microscopy enables us
to determine how crystal structure is related
to properties.

500 µm

We have been able to probe the structures of
LaFeO3 using high angle annular dark-ﬁeld
(HAADF),
along the [110] direction. In
addition, compositional information with
atomic resolution can be obtained using
electron energy loss spectroscopy (EELS).

SUBST is funded under the EPSRC grant “Manufacturing the Future, EP/L017563/1.
Find out more about our research, publications, and events at http://fmdshef.blogspot.co.uk/ - or just scan the QR code!

L i f e
C y c l e
Assessment enables
us to determine if a
novel material is
actually viable as a
‘green’ alternative.
We are able to assess
the economic and
environmental impact
of materials ‘from
cradle to grave’, and
identify viable paths of
materials research.

MAnufacture of Safe and Sustainable Volatile
Element Functional Materials
The MASSIVE project
MASSIVE is exploring the new manufacturing technologies required to create devices incorporating the
substitute safe and sustainable functional materials currently being developed to replace existing materials,
which can pose health hazards, and are obtained from parts of the world where supply cannot be guaranteed or
are relatively scarce.
Current and replacement functional materials

The focus of MASSIVE is on developing
scale-up manufacturing capability and
know-how for synthesis, processing and
fabrication
of
thermoelectric
and
piezoelectric substitute functional material
where the replacement materials share a
common set of manufacturing challenges:






TiO

they need to be processed at elevated temperatures
they contain volatile elements that evaporate at high temperatures
they are mechanically fragile making it difficult to shape the materials by cutting, grinding or polishing
they are chemically stable making it difficult to shape them by etching
many are air and moisture sensitive

MASSIVE addresses these challenges through a programme of university-led Manufacturing Capability Projects
(outlined below) delivered in collaboration with industry, with the objectives of:
 scaling-up the synthesis of particulate materials in sufficient quantity, composition and purity for the
manufacturing chain
 reducing lead time to market through exploration of high throughput manufacturing techniques for films
and bulk materials
 management of high temperature thermal treatments for co-processing, preventing near-surface
material degradation and maintenance of critical nano- and micro-structures
 design and characterisation of interfaces between dissimilar materials for in-service performance of
electrodes and protective coatings
 environmental risk assessment and management for the newly developed manufacturing processes
 knowledge transfer through academic-industrial collaboration, dissemination and networking,
increasing the level of technology transfer and training within the community and manufacturing supply
chain
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MAnufacture of Safe and Sustainable Volatile
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Professor Robert Freer University of Manchester
Professor Michael Reece Queen Mary University of London
Dr Sophie Rocks University of Surrey

Industry partners
Amphenol Advanced Sensors
CeramTec UK Ltd
European Thermodynamics
Limited
Intrinsiq Materials, Inc.

Johnson Matthey
Kennametal UK Ltd
M&I Materials Ltd
Meggitt PLC
Morgan Advanced Materials

National Physical Laboratory
PI Ceramic
Knowles
Xaar PLC

Industry engagement
The project team is continually seeking to engage with existing industry partners and expand this network of
end-users through visits, industry/university secondments, workshops and training courses, engagement with
university and industrial PhDs, hosting industrial year students, and the MASSIVE newsletter.

Collaborative industrial projects
MASSIVE is able to co-fund projects with industry through two collaborative routes:
Feasibility Studies Short-term, speculative projects to test concepts, develop preliminary data and support
future funding applications (up to 75% support from MASSIVE)
Industrial Development Projects Short/mid-term, industry-led projects designed to accelerate technology
transfer (up to 50% support from MASSIVE)

Impact
To date, MASSIVE has developed manufacturing techniques for synthesis of functional materials containing
volatile elements, such as sodium. We are currently working with our industry partners to apply this knowledge
in the manufacturing environment.
 Several Feasibility Studies have been completed, involving collaborations between MASSIVE university
partners and industry partners including Knowles, M&I Materials and Amphenol and external to MASSIVE,
Deregallera and IBUtec.
 Two Industrial Development Projects aligned with MASSIVE have also been initiated:
ENHANCED – Energy Harvester for AutoNomous Commercial Electronic Devices (Innovate UK, Jun 2015May 2017). Partners: European Thermodynamics Ltd, University of Surrey, Rolls-Royce.
www.enhanceduk.com
GraphTED – Graphene nanocomposite materials for thermoelectric devices (Innovate UK, Apr 2015-May
2016). Partners: European Thermodynamics Ltd, University of Manchester.
MASSIVE is also exploring possibilities for the synthesis and processing of functional materials in strong
magnetic fields through the MagMat facility at QMUL.

Contact
For further information about the MASSIVE project and to discuss collaboration with the project team, please
contact Prof Robert Dorey (r.dorey@surrey.ac.uk). www.surrey.ac.uk/massive

MASSIVE Functional Materials | EPSRC EP/L017695/1
March 2014 – September 2019 | www.surrey.ac.uk/massive

MAnufacture of Safe and Sustainable Volatile Element
functional materials
University Partners

The MASSIVE project explores new manufacturing
technologies required to create materials and
devices incorporating the substitute safe and
sustainable functional materials currently being
developed to replace existing materials whose
supply is scarce, can pose health hazards and are
obtained from parts of the world where supply
cannot be guaranteed.

Professor Robert Dorey University of Surrey (project
lead)
Professor Robert Freer University of Manchester
Professor Michael Reece Queen Mary University of
London
Dr Sophie Rocks University of Surrey

Industry Partners
Amphenol Advanced Sensors
CeramTec UK Ltd
European Thermodynamics Limited
Intrinsiq Materials, Inc
Johnson Matthey Plc
Kennametal UK Ltd
M&I Materials Ltd
Meggitt PLC
Morgan Advanced Materials
National Physical Laboratory
PI Ceramic
Knowles
Xaar PLC

Engagement and Outreach
The MASSIVE project is continually
seeking to engage with existing
industry partners and expand this
network of end-users through
visits,
industry/university
secondments, workshops and
training courses, engagement with
university and industrial PhDs,
hosting industrial year students,
and newsletters.

Collaborative Projects
MASSIVE is able to co-fund projects with
industry via two collaborative routes:
Feasibility Studies short-term projects to
test concepts and support future funding
applications
Industrial
Development
Projects
short/mid-term, industry-led projects to
accelerate technology transfer

Manufacturing Capability Projects
The focus of MASSIVE is on developing scale-up manufacturing capability for replacement functional materials, which share a
common set of manufacturing challenges:
• they need to be processed at elevated temperatures but contain volatile elements that evaporate at high temperatures
• they are mechanically fragile and chemically stable, making it difficult to shape the materials
• many are air and moisture sensitive
These challenges are addressed through a programme of manufacturing capability projects led by our partner universities.
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Synthesis of new thermoelectric oxides

Powder synthesis and characterisation of printed films
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Synthesis:
• NaCo2O4
• Bi2Te3 / (Bi,Sb)2Te3
• ZnO/ZnAlO
• Bi2S3
Printing:
• screen printing
• inkjet printing
• dip coating

Lyonsites (lithium iron/cobalt molybdates)
SrTiO3
comparison of synthesis routes –
solid oxide, aqueous chemistry
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Optimisation of processing conditions for lead free
B0.5Na0.5TiO3 - BaTiO3 material
Effect on properties of BNT-BT of:
• Pre-heating of precursors
• precursor purity
• synthesis route
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SEM micrograph of NaCo2O4 powder (L) and in situ XRD (R) showing
phase changes of a NaCo2O4 film as a function of temperature
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Microstructural features in La/Nb doped
strontium titanate
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BNT-BT ceramic sintered at 1150°C – 4 hrs: SEM micrograph (top right), piezo force
microscope micrograph topography (above left) and phase response (above right)
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