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Determining the optimal assembly sequence of a fuel cell using a novel design for 
assembly driven complexity model 

Mussawar Ahmad (presenting)1, Professor Robert Harrison, Dr James Meredith, Sheffield 
University, Dr Axel Bindel, Dr Ben Todd 

1University of Birmingham 

 

Fuel cell components are, from a geometric perspective, relatively simple as compared with 
more complex products such as the combustion engine. Furthermore, the component 
interactions are also simple which means there are many real-world viable assembly 
sequences. An assembly planner may, with insufficient product knowledge, make incorrect 
conclusions with regards to the assembly sequence, choosing what may be felt as the intuitive 
approach. However, this simple approach may not be the optimal solution. Determining the 
optimal fuel cell assembly sequence using traditional approaches which utilise algorithms, 
with objective functions such as reducing part orientation changes or minimising tool 
changes, are not wholly appropriate for this technology. Therefore, this research proposes a 
novel approach to determining the optimal assembly sequence by implementing design for 
assembly criteria into a novel complexity model. As well as the traditional aforementioned 
criteria, this approach considers the mechanical nature of the component, the criticality of 
alignment and duration of exposure of critical components to arrive at an optimised sequence 
based on the generated complexity value. The case study for this research is a single, air-
cooled, open cathode fuel cell designed specifically for this study. Multiple assembly 
sequences are evaluated and the model’s validity is tested by testing sequences known to be 
non-optimal. This approach can be adapted to any fuel cell design and it is proposed that 
similar products, such as pouch cells, could also be subjected to this method. The impact of 
this research is to determine optimal assembly sequences at the design stage of the product to 
reduce product development costs and time to production. Furthermore, it introduces new 
criteria by which optimal assembly sequences can be determined, better aligning the product 
and process domains in manufacturing.  
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Development of Metallic Nanostructure-modified Electrodes for Fuel Cell Applications 
 

Islam M. Al-Akraa (presenting)1 
1The British University in Egypt 

 

Environmental hazards and limitations of fossil fuels have drawn the global community’s 
attention to replace such traditional fuels with other clean energy source. Of these clean 
energy sources, fuel cells are among the promising candidates that proved efficient, eco-
friendly, reliable, quiet, long-lasted, easily installed and moved, perfect for residential and 
transportation uses as well as portable electronic application. Herein, direct formic acid fuel 
cells (DFAFCs) have many advantages over the direct methanol fuel cells (MFCs). For 
instance, methanol is a toxic, evaporable, and flammable compound with high crossover 
through Nafion–based membranes. On the other hand, Formic acid (FA) is non-toxic, non-
flammable, and has a smaller crossover flux through Nafion membranes, which permits the 
use of high concentrated fuel solutions and thinner membranes in DFAFCs. However, 
DFAFCs experience a gradual deterioration for the catalytic activity of the Pt–based anodic 
catalyst that is frequently used for FA electro-oxidation (FAO). This actually happened as a 
consequence of the adsorption of the poisoning CO resulting from the “non-faradaic” 
dissociation of FA at Pt surface. Therefore, overcoming this poisoning is essential in order to 
introduce a reliable and stable anodic catalyst for DFAFCs. This will be addressed herein. 
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Recent development on hydrogen impurity analysis  
Thomas Bacquart (presenting)1, Arul Murugan 

1National Physics Laboratory 

 

Hydrogen is now commercially available to be used as a clean energy vector for fuel cell 
vehicles. Refuelling stations are being installed across European cities and automotive 
manufacturers are aiming to roll out their hydrogen fuel cell vehicles in 2015. A main 
concern of using hydrogen in fuel cell vehicles is the detrimental effect that impurities, such 
as carbon monoxide and total sulphur compounds, can have to the platinum catalyst. These 
effects can be irreversible leading to catalyst deactivation, but also the presence of air or any 
inert gas could dilute the hydrogen and lead to lower fuel cell performance. Much research 
has been performed to determine the individual species and levels of impurities that affect 
fuel cell performance and in some cases these quantities are extremely low (ppb or ppm 
level) challenging the analytical state-of-the-art. 

 

The National Physical Laboratory, UK, has successfully developed a three ways strategy to 
measure the key impurities in hydrogen as specified by ISO/DIS 14687-2 standards: (1) 
production of gravimetric gas standards in hydrogen; (2) Analytical development using 
techniques including gas chromatography and hygrometry and (3) an hydrogen impurity 
enrichment device to tackle the actual instrumental detection limit. The presentation will 
outline the NPL capability in term of hydrogen impurity analysis. The NPL method 
development strategy will be illustrated by the formaldehyde analysis (from standard 
preparation, stability assessment to method development at low concentration). Finally, NPL 
enrichment device will demonstrate how the common issues with the limits of detection can 
be tackle for the analysis of extremely low concentrations of impurities. The ‘hydrogen 
enrichment’ method is based on the extraction of a known amount of hydrogen from a sample 
through a palladium-based membrane to concentrate the impurities. By calculating the 
enrichment factor and measuring the concentration of the enriched impurities, the amount 
concentrations of impurities in the original sample can be determined. 

 

At the moment it is not clear how quality assurance will be carried out as the number of 
refuelling stations in operation starts to grow. The work that NPL is carrying out in 
collaboration with their partners will deliver new strategies and instruments that will help to 
simplify, speed up and reduce costs for performing a full purity analysis; these are essential 
outcomes if hydrogen refuelling stations are required to provide evidence of quality assurance 
of the hydrogen that they supply. 
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Physically-based interpretation of impedance spectra of solid oxide fuel cell anodes 
 

Antonio Bertei1 (presenting), E. Ruiz-Trejo, B. Sum, M.R. Somalu, F. Tariq, V. Yufit, N.P. 
Brandon 

1Department of Earth Science and Engineering, Imperial College London 

 

Solid oxide fuel cells (SOFCs) represent a promising technology for the sustainable 
production of electricity, whose electrochemical performance needs further improvement. 
Electrochemical impedance spectroscopy (EIS) allows the identification of the dynamic 
response of the different processes that contribute to the electrode resistance, but the 
interpretation of spectra is often a complex task. 

 

In this contribution, we adopt a physically-based model for the deconvolution of EIS spectra 
of composite anodes made of nickel and scandia-stabilized zirconia. The model takes into 
account the electrochemical reaction (Butler-Volmer-type kinetics) as well as the transport of 
gases (Stefan-Maxwell model) and charges across the electrode thickness. The 
microstructural parameters required by the model are obtained from the tomographic 
reconstruction of the samples. The model is fitted and validated in samples with different Ni 
volume fractions in a wide range of temperature and hydrogen contents as shown in the 
Figure. 

 

Model simulations indicate that the low-frequency feature of the spectra is mainly due to gas 
diffusion while the high-frequency arc is the contribution of the coupled ionic transport and 
electrochemical reaction. In addition, material-specific kinetic parameters are extracted and 
applied for the interpretation of EIS data obtained in nanostructured electrodes. The results of 
the study are used to identify the limiting factors of the anode and to guide the design of more 
efficient electrodes. 
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Analysis of cryocharging and cryokinetics in high-pressure hydrogen adsorptive storage 
 

Nuno Bimbo1 (presenting), Wesley Xu, Jessica E Sharpe, Valeska P Ting and Timothy J 
Mays 

1University of Lancaster 

 

Mature hydrogen storage technologies, such as compression and liquefaction, incur 
significant energy penalties due to the stringent operating conditions of high-pressures and/or 
low temperatures. Hydrogen storage materials can be incorporated into gas storage cylinders 
to improve on volumetric densities (essential for mobile applications such as light-duty 
vehicles) or to lower the operating pressures. Hybrid systems that incorporate highly porous 
hydrogen storage materials into cylinders are excellent candidates for next-generation gas 
storage cylinders, as adsorption works at relatively moderate conditions when compared to 
compression or liquefaction and can significantly increase volumetric densities. In this work, 
we used experimental hydrogen sorption data to model a new strategy for hydrogen storage, 
in which the loading of hydrogen in the cylinders is done at cryogenic temperatures 
(cryocharging), and the storage temperature is maintained at ambient conditions. Using this 
strategy, a comparison of pressures and amounts stored was drawn between three systems - 
empty cylinder, a cylinder full of carbon AX-21 and a cylinder full of metal-organic 
framework MIL-101. The results show that under some conditions, cryocharging in hybrid 
systems can be a viable alternative, as it can simultaneously lower the charging pressure at 77 
K and the final pressure at 298 K, for the same hydrogen density present in a state-of-the-art 
70 MPa cylinder. As the hydrogen refilling times are of importance for practical applications, 
the kinetics for these materials were analysed, by modelling experimental hydrogen sorption 
kinetic data for both the AX-21 and the MIL-101 at the same conditions (cryogenic 
temperatures and high-pressures). The estimated diffusivities are within range of others 
obtained from quasielastic neutron scattering and molecular simulations for other high-
surface area metal-organic frameworks.  
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Impregnated CGO scaffolds for SOFC anodes – connecting fabrication parameters and 
materials structure with catalytic and electrocatalytic properties 

Paul Boldrin1 (presenting), F. Tariq, T. Konuntakiet, N. P. Brandon 
1Imperial College 

 

Impregnation of metal salts into a porous ceramic scaffold is an emerging technique for 
fabrication of SOFC anodes. We present results from a series of Ni-CGO anodes examining 
how the structure of these materials is affected by the materials used and connect these to 
observed catalytic and electrocatalytic properties. The CGO scaffold was varied by use of 
nanometric carbon black and/or polymer microbeads, and by use of commercial or 
nanometric CGO particles. Electrodes of different thicknesses were produced. Nickel was be 
impregnated either on its own in an aqueous solution or with urea added to increase the nickel 
dispersion. 

 

Nickel surface areas were measured using CO chemisorption, carbon deposition tests 
followed by TPO were used to measure propensity towards carbon deposition, and 
symmetrical cell tests in hydrogen were used to measure electrocatalytic activity. 

 

Our results show that it is possible to independently control the structures of the metal and 
ceramic phases using these impregnated ceramic scaffolds, which is important for elucidating 
structure-property-function relationships. We find that CGO helps prevent carbon deposition, 
with a more intimate mixture between Ni and CGO being more effective. In terms of 
electrocatalytic activity, the surface area of the CGO appears to be more important than the 
surface area of the nickel, indicating that the surface area of the CGO is the limiting factor for 
oxidation of hydrogen. 
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New Approaches on Solid State H2 Storage Materials for Portable Power Applications 
Laura Bravo Diaz (presenting)1, 2, James M. Hanlon2, Marek Bielewski1, Aleksandra 

Milewska3, Cèdric Dupuis4 and Duncan H. Gregory2 
1European Commission, Joint Research Centre, Institute for Energy and Transport, 

2School of Chemistry, University of Glasgow, 
3Institute of Power Engineering, Department of Thermal Processes, Warsaw, Poland 

4McPhy Energy 
 

HYPER [1] is an EU FCHJU [2] project focused on the development and demonstration of 
portable power pack comprising an integrated modular fuel cell and hydrogen storage system 
which is flexible, cost effective and applicable across multiple low power markets. The 
development of a promising solid-state store based on nanostructured materials that comply 
with the requirements of the modular PEM FC was investigated in collaboration between the 
School of Chemistry, University of Glasgow and the SolTeF laboratory of DG JRC, 
European Commission [3].  

 

A range of potential hydrogen storage materials was investigated throughout the duration of 
the project with the aim of providing improved performance in the form of a low desorption 
onset temperature, fast desorption kinetics and a high gravimetric energy density.  

 

Initially, four materials were tested as ‘stand-alone’ solutions: MgH2 as a performance 
benchmark, the Li-N-H system as an advanced hydride system with high reversible 
gravimetric capacity and de-hydrogenation at low temperature, LiOH(•H2O)-LiH as a high 
capacity “single shot” material and NaOH-NaH [4] as a reversible “single shot” material.  

 

However, after extensive testing, none of these materials could meet HYPER targets and two 
potential solutions were envisaged. One solution was based on a new concept for a novel 
composite material in which an exothermic component was embedded within a matrix of 
endothermic hydride. The heat of the reaction of the exothermic filler material would initiate 
and propagate a reaction in the matrix hydride and additionally contribute to the H2 yield. 
Three systems were considered as options for the exothermic component: MgH2-Mg(OH)2 
[5-6], MgH2-LiOH(•H2O) and LiH-Mg(OH)2.  

 

Another solution we investigated is to confine a material with low molecular weight and high 
gravimetric hydrogen capacity within an inert micro- or meso-porous matrix. 
Nanoconfinement is an efficient way of improving hydrogen desorption properties and can 
reduce dehydrogenation temperatures. In addition, where applicable, suppression of the 
release of unwanted by-products can be achieved. Two different synthesis methods for 
confining the H2 storage material will be presented. Comparison of both methods and the 
effect of the inert matrix will be discussed, as will the most promising approaches for further 
optimisation. 
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Effect of reducing the halide content of lithium amide halides on structure and 
hydrogen storage reactions 

Rosalind A. Davies (presenting)1,2 and Paul A. Anderson1 
1Hydrogen Storage Chemistry Group, School of Chemistry, University of Birmingham 

2Hydrogen and Fuel Cell Group, School of Chemical Engineering, University of Birmingham 

 

Lithium amide can release up to 9.3 wt% hydrogen on reaction with lithium hydride.1 It has 
been found that the reaction of lithium amide with lithium halides results in the formation of 
a range of new amide halide compounds that exhibit an increased rate of hydrogen release 
and much reduced level of formation of the by-product, ammonia.2 However, adding halides 
increases the weight of the system which is unfavourable for mobile applications. The main 
aim of this project was to maintain, or further enhance, the improvement in desorption 
properties whilst attempting to reduce the gravimetric penalty. 

This paper investigates the phase space of the halide systems, examining the structural 
changes that occur as the halide level is changed and the effect of these structural changes on 
the hydrogen desorption properties. It was found that the Li3(NH2)2I structure was unable to 
accommodate any variation in stoichiometry, with the starting materials present in the 
product at other reactant ratios and the lattice parameters remaining unchanged. In contrast, 
some non-stoichiometry was accommodated in Li7(NH2)6Br, shown by a decreasing unit 
cell volume.3 For the amide chloride Li4(NH2)3Cl, a range of non-stoichiometric phases 
were observed, including a new phase with the stoichiometry Li7(NH2)6Cl. Temperature 
programmed desorption (TPD) measurements found that the new, lower chloride, phase was 
found to maintain the reduction in hydrogen desorption temperature observed for the original 
amide chloride, with rehydrogenation of the imide products occurring more readily.4 In situ 
synchrotron X-ray and neutron powder diffraction were used to characterise the structure of 
both the new phase and Li7(NH2)6Br as synthesised, and during cycling under 
hydrogen/deuterium.  

The formation of the amide halides in situ during the dehydrogenation process was also 
investigated, by adding the lithium halides directly to the lithium amide–lithium hydride 
mixture. Reduction in the hydrogen desorption temperature was observed even when the 
level of halide added was below that needed to form the lowest observed amide halide 
stoichiometry.  

For the case of lithium fluoride, where no amide halide has been observed, the feasibility of a 
lithium fluoride–lithium hydride solid solution, and its effect on hydrogen desorption, was 
investigated. 

  

References 
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Destabilisation of LiBH4 using Nickel 

Oliver Deavin (presenting), David M Grant, Gavin S Walker 
University of Nottingham 

 

Currently complex metal hydrides are of great interest for hydrogen storage and one example 
is lithium borohydride which has a high hydrogen storage capacity (18.5 wt%). However, its 
high dehydrogenation temperature, >400oC, makes it impractical for automotive 
applications.  Owing to the success of using CaNi5¬ to destabilise LiBH4 [1], in which the 
formation of nickel borides was observed, the focus of this work was to investigate the use of 
nickel to accomplish a similar reaction.  Previous work using nickel showed very little 
reaction between the two materials, owing to the use of low stoichiometric amounts of nickel 
(2:1, 4:1 and 6:1 LiBH4 to Ni) [2], but in this work the stoichiometry was reversed with 1:3, 
1:2.5, 1:2 and 1:1 LiBH4 to Ni. 

TGA data for the different LiBH4:xNi systems, figure 1, shows that the addition of nickel is 
able to reduce the decomposition of LiBH4 to below 300oC in the case of the 3, 2.5 and 2Ni 
systems with a 2 wt% storage capacity achieved for the LiBH4:2Ni system.  XRD was used 
to confirm the presence of nickel borides at the end of the reaction, figure 2, with a 
preference for either Ni2B or Ni3B depending on stoichiometry. Reaction equation is as 
follows for the 1:2 ratio:  

 

LiBH4 + 2Ni à LiH + Ni2B + 1.5H2 
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Metal meshes and foams as GDLs for PEMFCs 
Dr Kieran Fahy (presenter) 

Imperial College 

 

Metal meshes and foams have become subjects of increasing interest as gas diffusion layers 
(GDLs) in direct methanol and direct ethanol fuel cells due to their mechanical stiffness, 
excellent thermal and electrical conductivity, and volumetric density [1, 2]. In PEMFCs metal 
GDLs are less well studied, particularly as carbon paper has become such a standard material 
industry-wide. The increasing trend however, has been to make PEMFCs ever thinner and 
with increasing power densities. This presents new cooling, electrical conductivity and water 
management challenges. The use of metal GDLs in this case makes much more sense in 
terms of PEMFC performance and lifetime. 

 

In this study, a number of metal foams and meshes were examined as GDLs in fuel cells and 
in ex-situ measurements to determine their performance characteristics. A number of 
parameters including corrosion resistance, contact resistance and hydrophobicity were 
evaluated. The effect of various surface treatments, such as plasma-coating and surface 
nitriding, on these properties were also examined and compared to a standard carbon paper 
sample. Fuel cells studies were conducted to determine the effect material properties on peak 
power density and water management. 
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Intermediate Temperatures Direct Ethanol Fuel Cells (IT-DEFC) 
Jochen Friedl (presenting), Berthold B.L. Reeb1, Srikkanth Ramachandran2 and Ulrich 

Stimming1,2,3 
1Bavarian Center for Applied Energy Research (ZAE Bayern), Division Energy Storage, 

Walter-Meißner-Str. 6, D-85748 Garching, Germany 
2 TUM CREATE Singapore, 1 CREATE Way, #10-02 CREATE Tower, 138602, Singapore 

3 School of Chemistry, Newcastle University, Newcastle upon Tyne, NE1 7RU, United 
Kingdom 

 

Direct ethanol fuel cells (DEFC) have attracted rising attention in recent years, as the direct 
electrochemical conversion of the fuel is highly efficient and ethanol has a high energy 
density. Bioethanol can possibly be produced from biomass or municipal solid waste (MSW); 
from 1 ton of MSW 152 litres of bioethanol can be obtained1,2. Since complete oxidation to 
CO2 needs to be achieved low temperature fuel cells are hardly suitable3, a DEFC should be 
operated at intermediate temperatures of approx. 250°C to thermally activate C-C bond 
breaking of the ethanol molecule. For such operation temperatures new fuel cell materials 
have to be developed, as both Nafion™ and phosphoric acid doped polybenzimidazole 
cannot be used as membrane – and carbon as catalyst support or as the gas diffusion layer 
(GDL) will easily corrode. Possible membranes for these temperatures are composites of 
ammonium polyphosphates (APP) and metal oxides embedded in a polymer electrolytes 
which were recently prepared in our group4,5. Since carbon needs to be replaced an 
alternative could be Nb doped SnO2 as catalyst support6. As catalyst for the EOR at 
temperatures below 100°C PtSn has shown good activity higher than PtRu and Pt7 which is 
expected to be similar at 250°C but due to the thermal activation non-noble metal catalysts 
can possibly be used. Regarding a DEFC stack, the cell design and thermal management of 
the HT-PEM can be adopted, as the difference in temperature is not large. Further, the 
demand on the materials is much lower as compared to a solid oxygen fuel cell (SOFC), e.g. 
stainless steel can be used for the bipolar plates.    

The current status of this research will be reported including the materials development for a 
DEFC at intermediate temperatures, and why bio-ethanol from organic waste can be an 
important approach to higher sustainability. 
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Mechano-chemical engineering: Can strained oxide ion conductors provide a route to 
next-generation SOFC devices for energy conversion? 

	  

George F. Harrington (presenting)1,2,3,4, Tobias Huber1,2,3,5, Andrea Cavallaro4, Stephen J. 
Skinner4, John A. Kilner4,5, Kazunari Sasaki1,5, Bilge Yildiz1,2,3,4, and Harry Tuller1,4,5 

1Next-Generation Fuel Cell Research Centre, Kyushu University, Fukuoka, Japan 
2Department of Materials Science and Engineering, Massachusetts Institute of Technology,  
3Lab. for Electrochemical Interfaces, Department of Nuclear Science and Engineering, MIT 

4Department of Materials, Imperial College London, London, UK 
5International Institute of Carbon Neutral Energy Research, Kyushu University, Japan 

 
Traditionally, the development of new materials for electrochemical devices, such as solid 
oxide fuel cells (SOFCs), has been based upon new chemical compositions and structures.  In 
recent years the interplay of mechanical and chemical properties on the functional properties 
of such materials has been receiving ever growing interest for improving ion transport and 
surface reactivity in electrochemical devices (mechano-chemical engineering).   Much of this 
has sparked from previous enticing enhancements in the ionic conductivity of commercial 
electrolytes such as yttria-stabilised zirconia (YSZ), when grown in confined systems such as 
thin films and multilayers[1,2].  Lattice strain, occurring at interfaces is repeatedly cited as 
the mechanism by which the transport properties of such materials can be tailored, but a lack 
of direct evidence and inconsistent findings has have plagued research on this topic. 

Here we will report on an extensive study into YSZ films grown on a range of substrates to 
systematically study the effects of lattice strain, dislocation networks, and microstructure.  
Films were fabricated by pulsed laser deposition (PLD) onto MgO, Al2O3, LAO and NGO 
substrates at a range of thicknesses to isolate the interfacial contribution to the conductivity.  
The films were highly textured and strained to up to 2.5%, as confirmed by x-ray diffraction 
and high resolution transmission electron microscopy.  The films measured using impedance 
spectroscopy and a novel tracer diffusion technique, displayed no enhancement of the 
transport properties over that of single crystal YSZ. Surprisingly, the conductivity was found 
to be independent of the strain present in the films.  This result calls into question the 
potential of strain engineering as a route to improved SOFC devices.   
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Figure 1- Effect of the lattice parameter of YSZ films on the conductivity.  Annealing films at 
high temperature significantly reduces the lattice strain but results in no significant change 

in the transport properties. 
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Insights from Hydrogen Fuel Cell (HFC) Innovation and Diffusion in Germany and the 
United Kingdom (1954 to 2012) 

Nick Hacking (presenting), Prof. Malcolm Eames, Prof. Peter Pearson 

University of Cardiff 

 

HFC applications have the potential to help national policy makers meet their internationally-
agreed air pollution and decarbonisation targets by offering significant reductions in a range 
of air pollutants, including carbon dioxide.  Yet in the countries where HFC innovation is 
taking place, the diffusion of these technologies has occurred at different rates and in 
different ways.  Improvements in understanding the socio-technical processes behind the 
different HFC innovation pathways within and between countries are needed to inform long-
term policies for the promotion of such disruptive clean technologies.  Historical narratives 
are presented for Germany and the UK revealing socio-technical developments in HFC 
applications in three different sectors – defence, transport and stationary power – in three 
successive periods - 1954-1973, 1974-1998 and 1999-2012.  In-depth comparative analysis of 
the processes of HFC innovation and diffusion highlights the key socio-technical factors 
influencing the nature and pace of change in each case.  Ultimately, this research has 
implications for Innovation Studies theory as well as for national and regional policymakers 
considering HFC-specific policies.  This comparative case study research is based upon data 
gathering for the EPSRC SUPERGEN XIV Delivery of Sustainable Hydrogen (DoSH) 
consortia, together with subsequent historical research. 
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Hydrogen research at HSL: An overview, including attached high pressure jets 
Jonathan Hall (presenting) 

Health and Safety Laboratory 

 

The Health and Safety Laboratory has been heavily involved in the hydrogen safety sector for 
over 10 years and has been an integral part of a number of European collaborative projects 
such as, HySafe, HyPer, HyIndoor and H2FC and nuclear industry projects. 

 

The research to be presented will provide an overview of large scale experimental work 
conducted on site at HSL as well as a more focussed look at the most recent piece of work on 
high-pressure hydrogen releases in close proximity to surfaces. This research was 
commissioned as part of the H2FC transnational access project in which HSL collaborated 
with the University of Quebec. 

 

The experimental programme involved ignited and unignited releases of hydrogen at 
pressures of 150 and 425 barg through nozzles of 1.06 and 0.64 mm respectively. The 
proximity of the release to a ceiling or the ground was varied and the results compared with 
an equivalent free-jet test. During the unignited experiments concentration profiles were 
measured using hydrogen sensors. During the ignited releases thermal radiation was 
measured using radiometers and an infra-red camera. The results show that the flammable 
volume and flame length increase when the release is in close proximity to a surface. The 
increases are quantified and the safety implications discussed. 

 

Selected experiments were modelled using the CFD model FLACS for validation purposes 
and a comparison of the results is also included in this paper. Similarly to experiments, the 
CFD results show an increase in flammable volume when the release is close to a surface. 
The unstable atmospheric conditions during the experiments are shown to have a significant 
impact on the results. 
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Characterisation of Membranes for Hydrogen Purification and Enrichment of 
Impurities to Facilitate Purity Analysis of Fuel Cell Hydrogen 

Ruth Hill-Pearce (presenting)1, and Arul Murugan1 
1National Physical Laboratory 

 

By 2030 we are to expect 1,100 hydrogen refuelling stations in operation in the UK1, 
supplying high purity hydrogen to 1.6 million fuel cell vehicles. Despite this great surge in 
hydrogen technologies, fuel cell degradation, caused by impurities in hydrogen, remains a 
major issue 2. The ISO 14687-2 standard specifies the maximum limits of 13 gaseous 
impurities ranging from 4 nmol mol-1 to 300 µmol mol-1 2. The consensus from analytical 
laboratories is that the measurements required for this qualitative assurance step are not 
currently possible at the stated amount fractions 3. Additionally, the analysis of all impurities 
in the standard with commercially available techniques would be excessively time-consuming 
and prohibitively expensive. Pre-concentration of the impurities using an enrichment device 
enables lower cost measurements and reduces analysis time and the need for expensive state-
of-the-art analysers. The enrichment device uses membranes which are selectively permeable 
to protons, we investigate the suitability of membranes for this device and for hydrogen 
purification providing confidence in these membranes after prolonged use. 

Using dense Pd/Au membranes in the enrichment device we have shown that some reactive 
species such as carbon monoxide, methane and hydrogen sulphide react in the enrichment 
chamber or adsorb on the membrane wall during enrichment 4. This loss or gain in impurities 
during the enrichment process leads to deviation from the calculation of the enrichment 
factor.  

A gas testing rig has been built at NPL to enable membranes to be subjected to controlled 
gaseous environments through use of our suite of primary gas reference standards, enabling 
the accurate quantification of the loss or gain in amount fraction of the key reactive 
impurities in hydrogen during the enrichment process. We investigate the chemical reactions 
occurring and the loss of species due to adsorption on the membrane walls using downstream 
gas impurity analysis and surface analysis techniques including XPS and SIMS. The 
possibility of quantifying the adsorbed impurities using these techniques during the 
regeneration or cleaning of the membranes by temperature programmed desorption is also 
investigated.  
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PIM-MOF Composites for Use in Hybrid Hydrogen Storage Tanks 
Leighton T. Holyfield (presenting) 1,2, Robert Dawson3, Antonio J. Noguera-Diaz2, Jack 

Bennet2, Nick Weatherby4, Andrew D. Burrows3, Timothy J. Mays1,2 
1 Doctoral Training Centre for Sustainable Chemical Technologies, University of Bath,  

2 Department of Chemical Engineering, University of Bath,  
3 Department of Chemistry, University of Bath,  

4 Haydale Composite Solutions Ltd., Charnwood Business Park, Loughborough,  
 

Due to its ability to be synthesised and used in a manner that does not produce CO2, 
hydrogen has gathered much attention as a sustainable energy vector. Because elemental 
hydrogen has a very low volumetric energy density at standard temperature and pressure, it 
must be densified in order to be stored effectively, which has proven to be a technical 
challenge. The current industrial state of the art for hydrogen storage is compression, 
whereby hydrogen is pressurised up to 70 MPa and stored in a carbon fibre reinforced 
polymer tank with an interior liner, made either of aluminium or a polymer. Compression has 
flaws, including: a high energy penalty; the high cost of the materials required to contain the 
pressure whilst maintaining a low tank mass; and an inherent safety risk. An alternative is the 
use of adsorption, a technique that uses the physical interaction between gas molecules and 
the solid surfaces of nanoporous materials to densify the hydrogen molecules. 

This work focuses mainly on two microporous adsorbents: the polymer of intrinsic 
microporosity PIM-1; and metal organic framework MOF-5. PIMs are polymeric materials 
composed of molecular chains that feature regular spiro-centres and rigid linkers, which 
cannot pack efficiently and leave free volume within their structures. PIM-1 is a bright 
yellow polymer that is soluble in polar aprotic solvents such as chloroform and THF, and 
forms robust, flexible films upon solvent casting, making it a highly attractive adsorbent [1]. 
However, PIM-1 films often show relatively disappointing BET surface areas of ~ 600 m2 g-
1 in 77 K nitrogen isotherm tests [1], and this needs to be raised if the material could possibly 
be used to create a system that meets the United States Department of Energy targets for 
hydrogen storage [2]. This can be done by combining PIM-1 with another material, in this 
case the high surface area (~3000 m2 g-1) MOF-5, which has been the subject of industrial 
attention for solid-state hydrogen storage systems [3]. 

This work aims to synthesise both PIM-1 and MOF-5 separately, before combining them into 
composite materials. Characterisation is performed on all the aforementioned materials, 
mainly through adsorption isotherms of nitrogen (77 K, 0 – 0.1 MPa), CO2 (273 K, 0 – 2 
MPa) and H2 (77 K, 0 – 20 MPa). Hepycnometry and thermogravimetric analysis is also 
performed.  
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Anion and Cation Diffusion Properties of Grain Boundary Engineered Sr-doped 
LaMnO3 

Tobias M. Huber (presenting), E. Navickas, G. Harrington, J. K. Sasaki, J. Fleig, B. Yildiz, 
and H. Tuller 

Massachusetts Institute of Technology 

 

Sr-doped lanthanum manganite (LSM) is the most commonly used cathode material in solid 
oxide fuel cells (SOFC). Nevertheless, many aspects including the oxygen reduction at LSM 
electrodes are not yet fully understood. Particularly important in this respect are oxygen 
reduction (ORR) kinetics, that often exhibit the highest losses in thin film electrolyte-
supported SOFCs. By identifying the rate limiting steps and obtaining a fuller understanding 
of the catalytic reaction mechanisms at the cathode, further optimization becomes possible.  

 

Much attention has recently been focused on the oxygen reduction reaction on dense LSM 
thin films shown to be dominated by grain boundaries. Instability and degradation is often 
implicated and correlated to preferential grain boundary cation diffusion. The influence of 
heterogeneous doping on cation segregation and on the transport properties of anions and 
cations in LSM was studied by combining operando impedance spectroscopy (IS) and 18O 
tracer exchange measurements. LSM thin film electrodes were deposited by pulsed laser 
deposition (PLD) and analyzed by time of flight secondary ion mass spectrometry (ToF-
SIMS), transmission electron microscopy (TEM), scanning tunneling microscopy (STM) and 
IS. Tracer exchange measurements, on both the polarized and non-polarized polycrystalline 
thin film microelectrodes, with and without heterogeneous doping, reveal contributions from 
diffusion and surface exchange kinetics of both grains and grain boundaries. These 
investigations showed that grain boundaries facilitate a nearly 1000 times faster oxygen 
diffusivity, as well as oxygen exchange kinetics. Additionally the impact of grain boundaries 
on LSM thin film oxygen reduction kinetics could be varied by nano-engineering the thin 
film microstructure by varying the deposition conditions. Cathodically polarized 
microelectrodes in SOFC operation conditions showed a large increase in 18O concentration 
in the LSM films with an apparent uphill diffusion. This could be understood by 3D finite 
element simulations of the two parallel and interacting diffusion pathways, via grains (Db and 
kb) and grain boundaries (Dgb and kgb). By heterogeneous doping the total polarization 
resistance could be dramatically enhanced in the low temperature regime. This shows, that 
with appropriate optimization of microstructure and microchemistry, suitable cathodes for 
reduced temperature SOCF operation become possible. 
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Maximising Biohydrogen Yields via In Situ Removal of End Products 
Rhys Jones1 (presenting), Jaime Massanet-Nicolau, Alan Guwy, Richard Dinsdale, Giuliano 

Premier 
1University of South Wales 

 

For biological hydrogen production to be viable at full scale, several challenges need to be 
overcome. The yield of hydrogen need to be increased to approach the stoichiometric 
maximum of 4 moles per mole of hexose and antagonistic process which consume hydrogen 
such as homoacetogenesis need to be reduced or prevented. Additionally, the methodologies 
developed to achieve this must be applicable to biomass sources which are available in 
industrially relevant quantities. 

 

In this project, continuous fermentative hydrogen production is combined with several 
technologies for the in situ removal of fermentation end products. Carbon dioxide is removed 
via scrubbing with an NaOH solution. Hydrogen was removed via a novel form of 
electrochemical purification. Volatile fatty acids (VFAs) such as acetic and butyric acid were 
removed using electrodialysis. 

 

Fermentation experiments show that removing just carbon dioxide during fermentation 
increases hydrogen yields from 0.07 to 0.72 mol H2 mol-1 hexose while reducing carbon 
dioxide levels in the fermenter to less than 5%. Combining in situ carbon dioxide and 
hydrogen removal increases yields further to 1.79 mol H2 mol-1 hexose and reduces 
hydrogen concentration in the bioreactor headspace to below 5%. Electrodialysis was shown 
to be successful  in removing volatile fatty acids from the fermenter, however when used in 
combination  with carbon dioxide and hydrogen removal, hydrogen yields were 0.64  mol H2 
mol-1 hexose, lower than when gas purification alone was used. 

 

Substrate consumption rates and volatile fatty acid production patterns indicate that increased 
hydrogen yields result from alleviation of end product inhibition combined with a reduction 
in homoacetogenesis. It is hypothesises that the lower hydrogen yield obtained when VFA 
removal is used is a result of the free energy of the homoacetogenesis process being altered 
by the reduced acetic acid concentration in the fermenter. 

 

The results obtained to date show that in situ removal of hydrogen fermentation end products 
can increase hydrogen yields as well as extracting and purifying valuable by-products such as 
acetic acid. The technologies used to remove these end products are compatible with 
substrates containing solids or requiring longer fermenter residence time and so will be 
compatible with industrially relevant sources of biomass. 
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Rupture of a high pressure hydrogen vessel in a fire: prediction of blast wave 
parameters 

Sergii Kashkarov (presenting), V. Molkov 

University of Ulster 

 

 

Safety is one of the main technological barriers for implementation of hydrogen and fuel cell 
systems and infrastructure. The methodology for evaluation of the separation distances 
governed by characteristics of a blast wave after the rupture of a high-pressure hydrogen 
storage vessel in a fire is presented. The review of the existing techniques allowing 
calculation of the mechanical energy of compressed gas and decay of a blast wave was 
performed. The original model was developed at Ulster to account for non-ideal (real) gas 
behaviour of compressed hydrogen. The model postulates that combustion energy of a 
flammable compressed gas, released after vessel rupture, is dynamically added to the total 
energy, thus contributing to the blast wave overpressure. 

 

The model was validated against experimental data by Weyandt [1],[2] for both stand-alone 
and under-the-car hydrogen storage tank explosions. The best fit of blast wave decay with 
distance for the stand-alone tank explosion was achieved for fractions of mechanical and 
chemical energy contributing to the blast wave as 1.8 and 0.052 respectively. For the under-
the-car tank explosion the fractions of mechanical and chemical energy were equal 0.12 and 
0.09. The drastic decrease in the mechanical energy coefficient from 1.8 (typical for 
hemispherical physical explosions at the ground level) to 0.12 is related to the fact that a 
major part of immediately released mechanical energy was spent to dislocate the car by 22 m 
from its original location. 

 

The model reproduced experimentally measured overpressure and impulse in the blast wave 
at different location from the vessel. It can be used as an engineering tool for the assessment 
of the separation distances for humans and buildings. Four typical hydrogen storage 
applications are analysed and separation distances for them are presented. These involved on-
board tanks and the large stand-alone hydrogen vessel hosted at a refuelling station. Typical 
pressure and impulse harmful thresholds for humans and destructive effects on buildings 
were selected from the literature and used by the authors to demonstrate the use of the model 
as an engineering tool for estimation of separation distances. 
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R&D Status and Propects on Fuel Cells in Korea 
Chang Soo Kim (presenting) 

Korean Institute of Energy Research 

 

For uniform performance of PEMFC, the mass production technology of MEA is important. 
The catalyst ink properties are affected by the additive materials, mixing order and 
mechanical process. Well dispersed catalyst ink can be made crack-free electrode.  For long 
life time and uniform performance of PEMFC, the electrode structure is important.. The 
catalyst layer with uniform thickness shows good adhesion with excellent electrode-
membrane interface property, the durability of MEA depends on chemical properties and 
structural characteristics of MEA. Catalyst layer should have better structural stability. Strong 
bonds are required between the catalyst agglomerates and catalyst/membrane interface. 
Structural view point of electrode performance decay, active area and ohmic resistance are 
increased more in loosely packed electrode than dense electrode 

Kinetics and Thermal performance of epoxy-based intumescent paint for thermal 
protection of high-pressure hydrogen storage 

Yangkyun Kim (presenting), Makarov, D., Molkov, V 

University of Ulster 

The EPSRC SUPERGEN Challenge project “Integrated safety strategies for onboard 
hydrogen storage systems” aims to develop engineering solutions for increasing fire 
resistance of high-pressure hydrogen storage tanks. This, in particular, will allow to use 
smaller diameter of temperature activated pressure relieve device (TPRD) triggered in the 
case of fire, which, in due course, will result in a significantly smaller hydrogen jet flame 
length, opportunity for car passengers self-evacuation and rescue by first responders, 
exclusion of the pressure peaking phenomenon in garages, improved public safety, etc. The 
engineering solution under testing is thermal protection of carbon-fibre reinforced polymer 
(CFRP) tank by intumescent paint. The objective of this study is to evaluate thermokinetic 
properties of intumescent paint to enable computer modelling of its thermal performance and 
parametric studies in order to achieve targeted fire resistance of hydrogen storage tanks 
(beyond a fire duration). 

 The experimental programme includes thermogravimetric analysis (TGA) and cone 
calorimeter testing. Commercially available epoxy-based intumescent paint was chosen for 
this study. TGA testing is carried out with different heating rates for investigating thermal 
degradation process. The overall process of coating degradation is described by multi-step 
processes with constant activation energies, where each single step involved can be 
independent, parallel, competitive or consecutive. Following study [1], a thermo-kinetic 
model is developed to reproduce intumescent paint behaviour under thermal load and 
simulation results are in a good agreement with TGA data, see Figure 1. The cone calorimeter 
test is conducted with and without intumescent paint protection to: 1) evaluate thermal 
performance of the intumescent paint, and 2) to provide data for model validation (see Figure 
2). The results indicate that application of the intumescent paint substantially decreased heat 
flux to the underlying surface of the tank and could be a cost-effective engineering solution 
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for the thermal protection of high pressure hydrogen storage tanks beyond duration of car 
fire. 

   

 

Figure 1. Comparison of TGA data with 
thermo-kinetic model simulation results 

Figure 2. Intumescent paint coating: a) before 
cone calorimeter test, b) after cone 
calorimeter test  
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Integrated catalyst electrodes based on PdPt nanodendrites 
	  

Yaxiang Lu1,2 (presenting), Shangfeng Du1 and Robert Steinberger-Wilckens1 
1School of Chemical Engineering, University of Birmingham, Edgbaston, Birmingham  

 2Department of Chemical and Process Engineering, Faculty of Engineering and 
Physical Sciences, University of Surrey, Guildford GU2 7XH, UK 

 

Three-dimensional (3D) catalyst electrodes by bottom-design from one-dimensional (1D) 
nanostructure arrays have been demonstrated as an effective approach to address some 
challenges faced by conventional fuel cell electrodes [1]. 3D Pt-nanowire (PtNW) catalyst 
electrodes, benefiting from a significantly reduced mass transfer resistance from the 
extremely thin catalyst layer, the excellent catalytic abilities through the unique surface 
properties of single-crystal Pt NWs, together with a highly reliable fabrication approach 
enabled by a simple one-step reduction process, show a high potential for next-generation 
polymer electrolyte fuel cell (PEFC) application developments [2]. 

 

Inspired by the Pt nanowire catalyst electrodes and considering the synergistic effect between 
Pd and Pt, in this work, the influence mechanisms of Pd are studied on the morphology, 
crystal structure and distribution of PdPt bimetallic nanodendrites (NDs) in-situ grown on 16 
cm2 gas diffusion layers (GDLs) [3]. The GDLs with PdPt nanostructures are directly tested 
as cathodes in H2/air PEFCs to evaluate the power performance. The electrochemical surface 
area (ECSA) and intrinsic catalytic activities of PdPt bimetallic nanostructures are measured 
in-situ in PEFCs and their contribution to power performance in real fuel cell operation 
conditions are also discussed in detail under comparison with Pt NWs.  

 

Experimental results show that the introduction of Pd not only manipulates the catalytic 
activity and durability of bimetallic PdPt NDs, but also can be an efficient tool in tuning the 
morphology and distribution of nanodendrites throughout the large-area substrate. At an 
optimal Pd content of 5 at%, uniformly distributed PdPt NDs with a branch diameter of 4 nm 
and length of 10–15 nm are achieved. Other than with most other reported data, a lower in-
situ mass activity and specific area activity are observed for PdPt bimetallic NDs as 
compared with Pt NWs. Despite this, the uniform distribution of nanodendrites still leads to a 
better fuel cell performance. Since a similar challenge is faced with other advanced 
nanostructures for their poor performance in practical applications, the understanding gained 
here could aid in the design of practical catalyst electrodes from advanced nanostructures. 
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In order to make PEM fuel cells commercially feasible, significant cost reductions are 
necessary. Inexpensive non-precious metal catalysts (NPMCs) have emerged as promising 
candidates to replace expensive Pt at the cathode.1 Although they still have a lower activity 
compared to Pt based catalysts, a higher loading is conceivable due to its low cost.1,2 
However, the thicker catalyst layer poses new challenges in terms of mass transport and 
water management.2  

 
Newly developed catalysts vary widely in their surface area and 
microstructure.1 This means the optimal ionomer content varies 
as well, making it time consuming to find the right loading for 
the new electrode. It is therefore difficult to judge if the 
performance of the MEA is optimised in order to exploit the 
full intrinsic activity of the catalyst.  
 

We have developed a strategy based on electrochemical 
impedance spectroscopy (EIS) to quickly assess whether 
the ionomer content is too high, too low or in the right 
range. These findings will speed up the translation of newly 
developed catalysts into actual MEAs and give insight into the behaviour of thick catalyst 
layers.  
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Figure	  2:	  MEA	  cross	  section.	   left:	  Pt	  
anode,	   middle:	   Nafion	   117,	   right:	  
thick	  NPM	  catalyst	  layer. 

Figure	  2:	  Nyquist	  plot	  of	  MEAs	  with	  
NPM	  catalyst	  operated	  with	  H2/Ar,	  
showing	   the	   difference	   between	  
high,	   low	   and	   optimal	   ionomer	  
loading	  
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In the last few decades, due to the rapid development of fuel cell technology, many studies 
have been devoted to  fuel cell fault diagnostics to enable stable performance and extend the 
lifetime. In order to achieve reliable diagnostic results, enough information should be 
monitored and extracted from the fuel cells. For this purpose, a series of sensors are usually 
installed in the practical fuel cell system. 

However, with consideration of the large amount of data from sensors, it is difficult to 
provide on-line diagnostics as processing of such information may be time-consuming. 
Moreover, the involvement of more sensor data cannot guarantee improved diagnostic 
results, because measurement and environment noise cannot be avoided from the practical 
fuel cell systems, and some sensors may not be sensitive to the fuel cell faults. Therefore, 
sensors from the fuel cell system should be selected carefully in order to provide reliable 
diagnostic performance, but only limited studies have been performed and no guidelines have 
been proposed about sensor selection for fuel cell diagnostics.  

In this paper, a sensor selection framework will be proposed to select the optimal sensors for 
fuel cell fault diagnostics based on a sensitivity analysis. Two criteria are defined to evaluate 
the sensor sensitivity and noise resistance, respectively. Based on the results, the available 
sensors can be ranked and selected from top to bottom for fuel cell fault diagnostics. 
Moreover, the optimal number of sensors used in the analysis will be determined by 
evaluating their performance with various sensor numbers. From the results, the optimal 
sensor set can be determined for the fuel cell fault diagnostics, and their performance is 
further validated using test data. Finally, conclusions will be given based on these results, and 
further work is also suggested. 
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Measurement and evaluation of transport properties of PEMFC electrodes 
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Fuel cell efficiency is dictated by electrocatalytic activity, charge carrier resistance, and the 
ability to efficiently supply reactants and remove products. Recently, Zaletis et al.1,2 has 
developed an electrode structure for high mass transport in 3-electrode experiments. The 
activity of Pt in these electrodes suggest that catalyst loading in PEMFCs can be reduced to 
only 33 µgPt cm-2 and achieve DOE performance targets for automotive applications. 
Clearly, significant reductions in catalyst loading are possible with a deeper understanding of 
the transport mechanics occurs in PEM devices. 

 

Recently, the Secanell3 group reported on the importance of Knudsen diffusion as a transport 
mechanism within commercial PEMFC electrodes. This is well illustrated when attempting to 
predict the viscous flow of gases through PEM electrodes using experimentally measured 
parameters (figure 1(a)). Here, constants dependant on the structure of the transport medium 

are measured using H2 and Darcy’s law, and the 
predicted curves for other gases are compared with 
experiment. Clear discrepancies are observed in both 
the ordering and magnitude between theory and 
experiment, demonstrating significant additional 
effects. 

 

We have further developed the approaches of Secanell 
into a simple linear model (Figure 1(b)) that unifies 
the pressure vs flow rate curves for a series of gases. 
In contrast with the non-linear approach presented by 
Carrigy3, the model presented here only requires 
knowledge on the pressure vs. flow behaviour of one 
gas in order to accurately predict the behaviour of 
other gases. We further investigate the ability of this 
technique to determine the relation between structure 
and gas phase transport in model substrates and in 
commercial PEMFC electrodes.  

Figure 3 – (a) Pressure drop data for gases through SGL-34BC and predictions of Darcy's law, and (b) linearized 
model unifying pressure drop data through porous substrates 
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Polymer electrolyte fuel cells (PEFCs) fuelled with hydrogen is among the most promising 
energy conversion technologies for a broad range of applications. In situ diagnostic 
techniques provide a means of understanding the internal workings of fuel cells so that 
improved designs and operating regimes can be identified. Therefore, the combination of 
existing metrologies and development of novel methods is crucial to enable the next 
breakthrough in fuel cell performances. Investigations of the dead-ended anode1, current of 
lowest resistance2, current and temperature mapping via a single PCB sensor plate3, 
combined with water mapping in through-plane using neutron imaging4, and hydro-electro-
thermal analysis4, has enabled optimum operating regimes to be identified, at the cell and 
stack level. 

 

Here, the effect of two commercial cathode gas diffusion layers with high/low porosity is 
characterised using these novel diagnostic techniques. Firstly, their porosity was extracted ex-
situ using X-ray CT tomography (VERSA, ZEISS). Then these two GDL were analysed in-
situ, inserted in two, otherwise identical, air-cooled open-cathode stacks to study how the 
structure influences the hydro-electro-thermal profile in steady-state and transient operation. 
The stacks were imaged in in-plane and through-plane orientation in order to separate 
cathodic and anodic water and characterise the water transients across the cell (NEUTRA, 
Paul Scherrer Institute), meanwhile the current and temperature profiles have been monitored 
to investigate the effect of the water gradients on the performance. 
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Oxygen reduction performance of Pt deposited on different carbon supports in alkaline 
media 
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Among the different types of low-temperature fuel cells, Alkaline Exchange Membrane Fuel 
Cells (AEMFCs) present some advantages respect to Proton Exchange Membrane Fuel Cells 
(PEMFCs), such as a more kinetically favoured Oxygen Reduction Reaction (ORR) in the 
cathode side[1]. In the present work, four different carbon materials are proposed to act as 
electronically-conductive supports for Pt catalyst: Carbon Black (CB), Multi-walled Carbon 
Nanotubes (MWCNT), Graphene Oxide (GO) and reduced Graphene Oxide (rGO). The Pt 
catalyst was deposited onto the different carbon supports (for a Pt composition of 20% wt.) 
by two different methods: a microwave-assisted polyol-reduction process (MWAPRP) and a 
sodium borohydride chemical reduction process (NaBH4-CRP)[2]. Thermogravimetric 
Analysis (TGA) was used to determine the real deposition of Pt onto the different carbon 
supports and Transmission Electron Microscopy (TEM) images showed the distribution of 
the catalyst particles on the carbon supports. Rotating Ring-Disk Electrode (RRDE) 
measurements and in-situ fuel cell tests were employed to characterise the performance of 
each catalyst system towards the Oxygen Reduction Reaction (ORR) in alkaline media. It 
was found that NaBH4-CRP showed better performance towards Pt deposition compared to 
MWAPRP (Fig. left). Regarding to the carbon supports, Pt/CB, Pt/MWCNT and Pt/rGO 
showed an excellent correlation between the amount of Pt deposited and ORR activity (Fig. 
right). Application of the Koutecky-Levich equation demonstrated that catalysts with Pt 
loadings closed to 20% experienced the one-step mechanism. The unusual low performance 
of Pt/GO could be related to the presence of active oxide groups hindering the ORR and 
decreasing the electrical conductivity[3]. 
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Left: TGA measurements of Pt deposited on different C supports by MWAPRP and NaBH4-
CRP. Right: values of limited current (at 1600 rpm in 0.1 M KOH solution) vs. Pt 
composition of the different Pt/C catalysts.  
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The developments both in passenger and commercial hydrogen vehicles necessitate a rapid 
expansion in the centrally developed hydrogen distribution infrastructure. Easy on-site 
generation of hydrogen will make it attractive for domestic hydrogen generation and 
distribution. The required high hydrogen pressure (>350 bar) for refuelling the hydrogen 
vehicles can be achieved by a reliable Metal Hydride thermal sorption compression (MH 
compressor). However, design and the alloy selection of the MH compressor has an 
immediate impact on performance and efficiency of the system. In particular, the 
performance of a multi-stage MH compressor is governed by the alloys thermodynamic and 
kinetic properties. In addition, other requirements, such as: acceptable hydrogen capacity, 
plateau slope, hysteresis and the alloy stability during cycling. This study focuses on the 
alloys selection process for a domestic two-stage MH compressor capable of compressing 
600 g hydrogen within 10 h to over 350 bar. A combination of an AB5 (LaNi5) and an AB2 
(Ti-V-Mn) alloy is proposed to meet the required conditions. The plateau pressure of the 
commercially available Ti-V-Mn alloy was shown to be dependent on the unit cell volume of 
C14 laves phase. Hence, its plateau pressure was tuned by modifying the Mn content of the 
alloy to achieve the MH compressor operation temperature of RT-130 °C. Effective 
improvement in the hydrogen sorption kinetics of the Ti-V-Mn alloy was achieved by Mn 
addition and heat treating at 850 °C for 120 h. Whilst, a full hydrogen cycle (based on 80 % 
of hydrogen capacity) in the as-received Ti-V-Mn takes more than 45 min, it takes less than 
20 min for the modified sample. This will result in a considerable reduction in the required 
amount of alloy. 
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Polymers of Intrinsic Microporosity are interesting new materials offering very large surface-
to-volume ratio which can be utilized in gas storage applications. This feature is an effect of 
an internal network of connected pores of nanometres size, being a result of highly rigid 
structures that prevent the polymer from efficient space packing. Due to lack of rotational 
freedom in polymer’s main chain, it maintains porous framework during the synthesis.  

These small pores (around 2 nm in diameter) can be employed for applications in gas storage 
where gas particles are being trapped in small void volumes with van der Waals force.  

This mechanism of physisorption and attempts of improving its efficiency for hydrogen 
storage materials have been important aims of researchers in the last years. With sufficiently 
enhanced efficiency, the use of hydrogen energy would constitute a real alternative to fossil 
fuels.  

PIM-1 is a very promising material for such application and the aim of this study was 
identification of its potential use as lining material for hydrogen storage tanks with decreased 
pressure and improvement of its adsorption capabilities by increasing surface-to-volume area. 
Detailed mechanical characterisation of PIM-1 films was performed to enable hydrogen 
storage liners development and optimisation using e.g. Finite Elements Method.  
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Novel cationic head-groups for alkali-stable anion exchange membranes 
Julia Ponce (presenting), J.R. Varcoe, D.K. Whelligan 

University of Surrey 

 

Traditional alkaline water electrolysers are based on liquid-phase aqueous electrolytes and 
can suffer from electrolyte leakage and carbonate precipitation issues. There is a current 
interest incorporating solid polymer electrolyte membranes into these devices. This would 
allow a reduction of the inter-electrode distance, leading an increase of energy efficiency 
without an increase in undesirable gas crossover and a reduction of the purity of the product 
H2.[1] Electrochemical cells utilising alkaline media are very attractive due to the ability to 
utilise inexpensive non-precious metal catalysts.[2] For these reasons, there is currently 
worldwide attention focused on the introduction of alkaline anion-exchange membranes 
(AAEM) into alkali water electrolysers (e.g. Acta SpA). However, a handicap is the low 
stabilities of current AAEMs in the required concentrated hydroxide media.  

Herein we present a quaternary-ammonium-type AAEMs, some of which present enhanced 
alkaline stabilities at 80 °C compared to benzyltrimethylammonium benchmark AAEMs. 
These membranes were prepared in two steps via the radiation-induced grafting of 
vinylbenzyl chloride monomer onto electron-beamed ETFE films followed by amination 
using heterocyclic amines. The radiation induced grafting of commodity polymer films 
affords a reproducible method for the lab-scale preparation of ion-exchange membranes that 
is easily scalable (and cost-competitive) for further industrial applications.[3] Furthermore, 
the amines employed present low volatility and affordable prices, which should facilitate the 
commercialisation of these materials. The resulting membranes present ionic conductivities 
comparable to the benzyltrimethylamine benchmark. Nevertheless, this next generation of 
AAEM showed a decrease in ion-exchange capacity loss on alkali treatment. This enhanced 
hydroxide resistance was further confirmed by detailed post-mortem spectroscopic (Raman, 
IR, NMR) and thermogravimetric analyses. 
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Oxygen hyper-stoichiometric CeNbO4+d is reported to possess high ionic conductivity at 
intermediate temperatures, making it a new class of ionic conductor. The crystal structure of 
parent phase where d = 0 was solved using single crystal X-ray diffraction with the space 
group determined to be C12/c1 (a = 7.2609(3) Å, b = .11.4032(4) Å, c = 5.1621(2) Å, b = 
130.530(1)°).  This stoichiometric phase, however, is not suitable for a fuel cell electrolyte 
due to its low ionic conductivity. To introduce interstitial oxygen in CeNbO4, a single 
crystal, grown using a floating zone mirror furnace, was heated in a box furnace in static air 
at 873K for 96h, then quenched to room temperature. The interstitial oxygen content was 
determined to be 0.25 per formula unit. The structure has to accommodate the interstitials by 
modulating the oxygen positions commensurately, creating a ~12 times larger cell with cell 
vectors given by the following matrix 
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where the (a,b,c)r  and (a,b,c)p are the resultant supercell and parent cell lattice vectors. The 
ordering of Ce3+ and Ce4+ was determined from the single crystal XRD data with the higher 
oxidation state species being found to form a continuous helical network running parallel to 
the crystallographic z- axis, connected by edge-sharing. The connectivity between slabs along 
the y direction is formed by expanding the coordination number of Nb to 7 or 8. 

The oxygen migration was simulated using molecular dynamics approach based on the 
determined superlattice. CeNbO4.25 shows significantly greater mean square displacements of 
oxygen at 1073K than does CeNbO4; this indicates that the interstitial oxygen ions are 
mobile. At higher temperature (1573 K and above), the major migration pathway lies within 
the NbOx polyhedra slab (xz plane), but with some connectivity along the y crystallographic 
axis being observed, consistent with the existence of NbO7 and NbO8. The calculated 
activation energies for oxygen diffusion (~1 eV) are comparable to those measured by Packer 
and Skinner.i  
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Biomass-derived porous carbons for the oxygen reduction reaction in PEM fuel cells 
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As the limitation of climate change poses a pivotal challenge nowadays, the avoidance of 
carbon dioxide emission is desirable. One solution would be the shift from a carbon based 
energy economy to a hydrogen based. Here hydrogen could be won from renewable energy 
resources and used in fuel cells, to produce electricity and heat. With a high electrical 
efficiency, polymer electrolyte membrane (PEM) fuel cells are a promising opportunity for 
future automotive, stationary and portable power applications.  

Currently, electro-catalysts for the oxygen reduction reaction (ORR) at cathodes of PEM fuel 
cells involve platinum and Pt-alloys. Pt catalysts show a number of shortcomings, such as 
slow ORR kinetics, low availability and high cost, which is why alternative catalytic 
materials are highly desirable.[1]  

A new approach for an environmentally friendly and low cost production of heteroatom 
doped materials represents hydrothermal carbonization (HTC) of waste biomass. Here, in a 
matter of hours biowaste can be converted into useful carbon materials under moderate 
temperatures and self-generated pressure.[2]  

The aim of this research project is the development and discovery of novel Pt-free electro-
catalysts for the ORR at cathodes of PEM fuel cells.  

Here, we report the production of multifunctional nanoporous carbon materials containing 
nitrogen, boron and/or sulphur heteroatoms, high specific surface area, large pore volume and 
tuneable pore sizes. The resulting carbon materials were produced using the hydrothermal 
carbonisation of carbohydrates in the presence of gelating proteins. We have also produced 
nanostructured carbon composites combining the hydrothermal synthesis of inorganic 
nanoparticles, such as iron/iron carbide, with the HTC process. We will present the physical, 
chemical and electrochemical characterisation of the synthesised carbon materials. The 
performance of these materials as electro-catalysts for the oxygen reduction reaction will be 
compared with the standard Pt on Vulcan carbon catalyst. 
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In order to overcome the shortfalls of the Ni-based cermet as a solid oxide fuel cell (SOFC) 
anode material, mixed ionic and electronic conductor (MIEC) materials are being researched 
as potential alternatives 1. A MIEC can be produced by taking an oxide ‘backbone’ material 
and impregnating it with electrocatalytically active transition/lanthanide metals/metal oxides. 
These materials have the potential to exhibit higher redox stability, sulphur and coking 
tolerance (in the presence of a hydrocarbon fuel gas) and reduced catalyst particle 
agglomeration 1. 

 

The A-site deficient perovskite: La0.20Sr0.25Ca0.45TiO3 (LSCTA-) has previously been 
employed as a SOFC anode ‘backbone’ material on an industrially relevant scale at Hexis 
AG, Switzerland. Employment of a NiO and Ce0.80Gd0.20O1.9 impregnated LSCTA- anode in 
the Hexis Galileo 1000 N micro-combined heat and power unit (60 cell stack – 1 kW) 
initially showed a promising power output of 700 W. However, this degraded to only 250 W 
after ~600 h 2. Post-test microscopic analysis revealed that the anode ‘backbone’ layers were 
abnormally thin, leading to poor current distribution and degradation due to the development 
of localised temperature ‘hotspots’ in the stack 2. 

 

Due to the promising performance demonstrated, further research is now taking place on this 
material. In this work, ceramic processing techniques have been used as the primary method 
in controlling anode ‘backbone’ microstructure. An explanation of the rheological properties 
of LSCTA- inks (for screen printing), their interaction with screens of differing mesh count 
and the importance of the sintering protocol employed will be provided. Also, conductivity 
data for a series of microstructural architectures will be presented along with some simple 
models used to predict the required thickness of the anode layer to ensure good lateral 
conductivity and current collection. 
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Compounds with a Perovskite structure (ABX3) have been shown to have a number of 
applications from solid oxide fuel cells (SOFCs), photovoltaics, piezoelectric and hydrogen 
storage materials.  This presentation will focus on psudobinary (yBa0.7Ca0.3TiO3-
(1-y)BaTi0.8Zr0.2O3 (BCZT)) and BaxCa1-xTiO3 systems. Whilst neither of these systems are 
directly applicable to hydrogen fuel cells, storage and purification, the techniques developed 
and results obtained are of interest in these areas. 
The determination of temperature and composition phase transition of perovskite based 
materials is of great interest, as typically the functional properties are controlled by the 
composition, and the operating temperature limited by phase transitions. Therefore 
construction of an accurate phase diagram is essential to optimisation of the properties.  
Raman spectroscopy provides a relatively quick and direct measure of the structure, and 
when coupled with a heating cell can provide structural information with a temperature 
resolution of around 0.5 °C.  In this presentation the examples of (Ba,Ca)TiO3 and BCZT 
phase diagrams will be presented. 

Variable temperature Raman spectroscopy also sheds light onto the changes in molecular 
dynamics and vibrations with in the structure.  It is possible to probe the energies of 
reorientation within the sample, such as the energy of reorientation of atom located at the 
body centre, or the changes on oxygen mobility. 

The diffusion of atoms within a solid solution can be difficult to track, mapping the surface 
using Raman spectroscopy and determine the subtle changes in composition as they influence 
the vibrational spectra. A diffusion couple of BaTiO3 (BT) and CaTiO3 (CT) was prepared 
and a map of the Raman spectra was collected before and after sintering.  The results showed 
there was a greater mobility of Ca into the BT phase, with solid state diffusion initially 
occurring around the grain boundaries.   

 

 

 

 

 

 

Figure 1. (a) schematic of the BaTiO3(BT)-CaTiO3(CT) diffusion couple. (b) change in peak 
width across the BTO-CTO boundary before sintering (c) ) change in peak width across the 
BT-CT boundary after sintering where red represent Ca rich and Blue represents Ba rich. 
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Hydrogen/manganese regenerative fuel cell 
Javier Rubio-Garcia (presenting)1, Vladimir Yufit2, Nigel Brandon2 and Anthony Kucernak1 

1Department of Chemistry, Imperial College London, 
2Department of Earth Science and Engineering, Imperial College London 

 

Regenerative fuel cells merge the efficiency and durability of redox flow battery with the 
high power density of fuel cells. Such architecture allows for an independent scalability of 
power and capacity while showing larger durability than lithium-ion batteries making 
regenerative fuel cells attractive solutions for medium to large scale energy storage and 
contributing for further integration of renewable energy in the grid. New hydrogen/metal 
regenerative fuel cells based on vanadium (1) and cerium (2) catholytes were recently 
reported demonstrating promising power density and performance. In this context, the 
implementation of a manganese-based liquid electrolyte would contribute to decreasing the 
cost of the active species while keeping a high cell voltage  

Mn2+ ⇄ Mn3+ + e- (Eo=1.509V vs NHE)  

However, to this date the implementation of Mn-based electrolytes has been elusive as a 
result of side reactions such as the spontaneous disproportionation of Mn(III) leading to 
precipitation of MnO2 and the depletion of active species.  

2 Mn3+ + 2H2O ⇄ MnO2(s) + Mn2+ + 4H+  

Recently, we have discovered a novel chemical system that stabilizes Mn(III) in solution and 
prevents the formation of MnO2. The resulting hydrogen/manganese regenerative fuel cell 
presents excellent capacity retention, efficiency and power density and no signs of MnO2 
formation (Figure 1).  

 

  

References:  

(1) Yufit et al., Journal of The Electrochemical Society 160 (6) A856-A861 (2013).  
(2) Dewage et al., J. Mater. Chem. A, 3, 9446–9450 (2015).  
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Patterned electrodes for the study of CO/CO2 electrolysis 
Enrique Ruiz-Trejo (presenting), V. Duboviks, Z. Jamil, P. Boldrin, R. C. Maher, G. J. Offer, 

F. Tariq, G. R. Castillo Vega, J. R. Vázquez de Aldana, L. F. Cohen and N. P. Brandon 

Imperial College 

 

A series of patterned electrodes were manufactured by machining a grid of trenches with a 
femto-second laser on a CGO or YSZ disc followed by nickel sputtering and 
electrodeposition. The trenches were 100µm wide, 100µm deep and were equidistantly 
spaced by 300µm in both directions resulting in a total geometric TPB of 4.44m leading to 
well-defined triple phase boundary after the nickel deposit. These electrodes were used to 
study carbon deposition under CO/CO2 electrolysis at 600 °C by Raman mapping. The 
charge-transfer reaction occurring on the TPB in electrolysis mode was shown to facilitate 
carbon deposition. Our results confirmed previous observations of superior resistance of 
Ni/CGO to coking in comparison to Ni/YSZ. Deposition of carbon at the interface between 
nickel and the electrolyte was also detected and we discuss the possible origin of this deposit 
using the 3-D reconstruction of the electrode microstructure by X-Ray tomography.  

 

   

 

 

 

 

 

Raman	  spectra	  collected	  from	  the	  (a)	  Ni/YSZ	  and	  (b)	  
Ni/CGO	  electrodes	  after	  Ni	  pattern	  was	  removed	  –	  
red	  spectra	  collected	  from	  the	  surface	  next	  to	  the	  
trench,	  black	  spectra	  -‐	  from	  the	  trench.	  Raman	  maps	  
of	  the	  integrated	  G	  peak	  from	  (c)	  Ni/YSZ	  system	  

A	  region	  of	  the	  3D	  patterned	  electrode	  exhibiting	  
good	  contact	  between	  nickel	  and	  ceramic	  phases	  
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Computational modeling of thermal decomposition and fire resistance of type-4 
hydrogen cylinders in engulfing propane fire 

Zaki S. Saldi (presenting), Jennifer X. Wen 

Warwick FIRE, School of Engineering, University of Warwick 

 

An important consideration in the design of hydrogen tank for fuel cell vehicles is its fire 
resistance, i.e. how long the tank can withstand fire thermo-mechanical loading in a probable 
event of fire accident before its structure fails and bursts. The reported fire resistance of 
current generations of type-4 hydrogen tanks is only around 3.5-6.5 minutes (Zalosh & 
Weyandt, 2005). Such fire resistance is still unacceptable to allow for a timely evacuation by 
fire brigades or first responders, even if the tank is equipped by a temperature-based pressure 
relief device (TPRD) as enforced by the regulation. 

 

In this study, we address the fire safety characteristics of a type-4 carbon-fibre-reinforced 
polymer (CFRP) hydrogen tank subjected to engulfing external propane fire, mimicking a 
published fire exposure burst experiment (Zalosh & Weyandt, 2005). The thermal loading is 
represented as heat flux from the fire predicted using CFD code FireFOAM, incorporating 
Large Eddy Simulation and an extended Eddy Dissipation Concept combustion model. Two 
radiation sub-models, i.e. grey mean absorption and weighted sum of grey gases, are 
compared in order to evaluate their effects on fire characteristics and heat transfer to the tank. 
The tank thermal simulation is carried out using Finite Element code Elmer, taking into 
account CFRP decomposition and volatile gas transport. Based on the simulated thermal 
response and tank internal pressure, the predicted tank fire resistance is found to be in a good 
agreement with the reported fire resistance. Additionally, an initial assessment of the fire 
resistance based on thermo-mechanical modeling is also presented. This computational study 
is expected to contribute to further efforts to enhance the fire resistance of hydrogen cylinder 
tanks onboard HFCV. 
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Modelling renewable hydrogen value chains and integrated networks in the UK 
Dr. Sheila Samsatli (presenting), Dr. Nouri Samsatli, Prof. Nilay Shah 

Imperial College 

 

The advantages of hydrogen as an environmentally clean energy carrier can be fully realised 
when hydrogen is produced from renewable energy sources. Hydrogen can be produced from 
various renewable sources such as wind, solar, biomass etc. and can be converted to different 
intermediates and products (both energy vectors and chemicals). It has a great potential to 
facilitate the penetration of renewables into the current energy systems. If it were to play an 
important role as an energy carrier, then new network infrastructures for producing, 
transporting, storing and delivering hydrogen to end-users are required. Storage and 
transmission/distribution technologies are the key-enabling components of these networks, 
ensuring that the energy produced from distributed and intermittent renewable sources is 
available when and where it is needed.  

 

There are different technological options to meet the targets and to make best use of the 
limited available resources. Understanding how different combinations of technologies 
perform together and determining the best combinations are challenging problems. In 
addition, because the renewable resources are available in different quantities at different 
times and places, as are the demands for energy, it is necessary to decide where to locate the 
technologies and when to operate them, where to site storage facilities and how to transport 
resources between different locations. Moreover, there are opportunities that can be exploited 
by integrating the different energy networks (e.g. for hydrogen, electricity etc.), therefore it is 
necessary to determine how they can be properly integrated. These are interdependent 
decisions that are impossible to determine without using mathematical models.  

 

In this presentation, we will use STeMES [1, 2] to model the different value chains for 
hydrogen from renewables and to determine simultaneously the design and operation of the 
integrated networks. To capture the distribution of resource availability and demands, the UK 
is divided into different regions which can be connected by different transmission networks. 
The model will capture long-term strategic decisions by considering a long planning horizon, 
as well as short-term operational issues such as intermittency of renewables and dynamics of 
energy storage by performing the optimisation using hourly time intervals.  This results in a 
very large optimisation model and we will discuss the challenges involved in solving such a 
model.  The results and insights from various case studies will be presented. 

 

Reference: 

[1] S. Samsatli, N.J. Samsatli (2015). A general spatio-temporal model of energy systems with a detailed 
account of transport and storage. Computers & Chemical Engineering 80, 155-176, 0098-1354. 
http://dx.doi.org/10.1016/j.compchemeng.2015.05.019 
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Effect of microstructure on the performance of porous nickel electrodes for alkaline 
electrolysers 

Gulcan Serdaroglu (presenting), Ming Li, Nick Van Dijk and Gavin S Walker 

University of Nottingham 

 

Abstract Not Published 
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Numerical modelling of premixed hydrogen deflagration in refuelling congestion 
Chandra Vendra (presenting), Madhav Rao, J X Wen 

University of Warwick 

 

Future widespread use of hydrogen as fuel requires similar level of confidence in its safe 
handling as that of the conventional fuel. Safety measures at hydrogen installations are 
concerned with identifying possible accidental scenarios and measures to mitigate associated 
hazards with it. In the present study, the worst case scenario where a vehicle and dispensers 
are enveloped by a premixed hydrogen air cloud is numerically simulated. The computational 
domain mimics the experimental setup for premixed hydrogen cloud explosion in a vehicle 
refueling environment experimentally tested by Shirvill et al. [1].  

 

Large Eddy Simulations (LES) are performed using the OpenFoam CFD toolbox solver. The 
Flame Wrinkling model in the large eddy simulation (LES) context is used for modeling 
deflagration [2]. Additional models are provided to account for hydrogen properties. Detailed 
comparisons of the numerical predictions are carried out with the experimentally measured 
overpressures. The effect of ignition location in the flammable hydrogen-air cloud is 
predicted in terms of the developed overpressures. The effects of congestion on the generated 
overpressures are also analyzed.  

                   

Figure 1. Experimental Layout [1] and computational domain for refueling station 
congestion. 

Reference: 

1. Shirvill, L.C., Royle, M. and Roberts, T.A., Hydrogen release ignited in a simulated vehicle refuelling 
environment, Proc. 2nd International Conf on Hydrogen Safety, Sept. 11-13,  2007, San Sebastian, 
Spain 

2. Weller, H. G., Tabor, G., Gosman, A. D., and Fureby, C., Application of a flame wrinkling LES 
combustion model to a turbulent mixing layer, Proceeding of Combustion Institute, 27: 899-907(1998).   
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Performance testing of novel Wavy-type Single Chamber Solid Oxide Fuel Cell 
Vijay Venkatesan (presenting), Indae Choi, Jung-sik Kim 

Loughborough University 

 

Single Chamber SOFCs, in which the fuel cell utilizes non-separated air-fuel mixtures, have 
been pursued to alleviate the problems associated with conventional SOFCs such as 
requirement of sealing, separation of fuel and air streams, and thermal shock. Poor selectivity 
of materials for the required electrochemical reactions, along with very low fuel utilization, 
are the present factors limiting their widespread use. Moreover, exposure to redox 
environments brings new requirements for both electrode materials’ stability, which may not 
be satisfied by present state-of-the-art SOFC materials. To improve active electrochemical 
area within given planar dimensions, a wavy type cell has been fabricated by a single step co-
sintering process, with thickness ratio 1:3:9 for anode (Ni-GDC), electrolyte (GDC) and 
cathode (LSCF) layers respectively. The wavy cell showed significant performance 
enhancement in OCV (0.39 vs. 0.15V) and maximum power density (9.7 vs.1.8 mW/cm2) at 
600°C, in CH4/O2 mixture ratio of 1:1, for the same materials, thickness composition and 
planar area. This is to be further investigated and validated through impedance 
characterization, in which a current gathering grid will be sputtered onto the wavy cell to 
ensure electrical contact and conformity on the non-planar geometry. The extra cathode bulk 
is proposed to resist perovskite-phase destruction during the anode reducing process, but 
aside from polarization losses, this could inhibit diffusive transport of oxygen through 
cathode, minimising the oxygen partial pressure gradient and reducing OCV.  The other 
factor proposed to explain low OCV was the electronic conductivity displayed by GDC at 
low oxygen partial pressures, which provides an electronic pathway through the cell and 
manifests losses without external current. 
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A vapor feed microfluidic fuel cell prototype with high fuel and energy efficiency 
Mr. Yifei Wang (presenting)1, Prof. Dennis Y. C. Leung1, Dr. Jin Xuan2, Dr. Huizhi Wang2 

1University of Hong Kong, Hong Kong 
2Heriot-Watt University, UK 

 

Microfluidic fuel cell is a promising new type of fuel cell due to its cost-effectiveness, easy 
heat & water management, flexible electrolyte PH tailoring, etc. A typical microfluidic fuel 
cell utilizes two laminar flows in parallel to deliver fuel and oxidant to the anode and 
cathode, respectively, with all components confined in a micro channel. Since its first 
appearance in 2002, various research works have been done to optimize the cell performance, 
fuel utilization, and long-term stability, while many different types of fuel were tried for 
microfluidic fuel cells, including methanol, ethanol, formic acid, vanadium, hydrogen etc. 
This work reports a different microfluidic fuel cell prototype from the conventional cells, 
with only one laminar flow in the micro channel as electrolyte, while both fuel and oxidant 
are provided from the outside of the cell, namely the air-breathing cathode and fuel-breathing 
anode. Volatile organic fuels are especially suitable for this prototype, such as methanol, 
ethanol and formic acid, which are all tested in a prototype under room temperature. The 
result shows that this new type of microfluidic fuel cell achieves comparable or even better 
performance than its conventional counterpart, mainly due to the alleviation of fuel crossover 
problem on cathode and the elimination of fuel depletion layer on anode. Advantages on fuel 
utilization and energy efficiency are also found for this new type of cell. Moreover, system 
complexity and parasitic energy lost are greatly reduced, leading to a much higher energy 
density for the whole fuel cell system. 
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Aging Effects of Dual-Phase ScSZ/LSCrF Membrane for Hydrogen Production 
Chi Ho Wong (presenting) 

Imperial College 

 

Oxygen transport membranes show high potential for applications in a wide variety of 
industrial applications, ranging from high purity oxygen (>99.99%) separation from air, 
oxycombustion of carbonaceous or hydrocarbon fuels, and production of synthesis gas (also 
known as syngas – a mixture of H2, CO and CO2) for conversion into hydrogen or liquid 
fuels [1]. Hydrogen production can be achieved first with syngas production via reaction of 
pure oxygen with CH4, followed by separation and removal of CO/CO2 using carbon capture 
and storage techniques. A dual-phase membrane consisting of scandia-stabilized zirconia 
(ScSZ) and doped lanthanum chromite (LSCrF) offers promise for its high oxygen flux and 
robust chemical structure under simulated operating conditions. To understand the oxygen 
ion transport behaviour of the dual-phase membrane, oxygen isotope exchange depth 
profiling (IEDP) was performed on unaged samples as well as on samples aged in various 
conditions (1000°C in air, N2, and synthesis gas, H2-CO2) for 300 hours, with tracer oxygen 
ion diffusion measured using secondary ion mass spectrometry (SIMS). The oxygen ionic 
conductivity of dual-phase ScSZ/LSCrF measured by IEDP-SIMS does not appear to be 
affected significantly by aging under these conditions. SIMS depth profiling also shows bulk 
homogeneous distribution of elements even after aging. Scanning electron microscopy (SEM) 
revealed formation of secondary phases on aged samples. Surface chemical analysis was 
performed using Low Energy Ion Scattering (LEIS) on unaged and aged samples of 
ScSZ/LSCrF as well as on single-phase ScSZ and LSCrF components; all elements were 
present on the outermost surface. 

 

Reference: 

[1] S. Gupta, M. K. Mahapatra, and P. Singh, “Lanthanum chromite based perovskites for oxygen transport 
membrane,” Mater. Sci. Eng. R Reports, vol. 90, pp. 1–36, 2015.  
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Isotopic studies of the mechanism of ammonia decomposition mediated by sodium 
amide 

 
Tom Wood 

ISIS Neutron and Muon Source, STFC 
 

Hydrogen storage represents one of the largest hurdles to the realisation of a hydrogen 

 
Tom Wood 

ISIS Neutron and Muon Source, STFC 
 

Hydrogen storage represents one of the largest hurdles to the realisation of a hydrogen 
economy, with high pressure tanks (up to 700 bar) being used in the first generation of fuel 
cell vehicles. Ammonia, synthesised and transported on the hundred-megatonne scale each 
year, is a promising potential solution with attractive properties such as being liquid at 
moderate pressures (10 bar at room temperature, like LPG), having 17.8 wt % hydrogen and 
above 0.1 kg hydrogen per litre density. 
One major issue stymying the use of ammonia as a fuel, however, is the slow kinetics 
associated with its decomposition. At the moment, the state-of-the-art catalyst is alkali-metal-
promoted-ruthenium, which is very expensive. In a recent publication we presented the use of 
sodium amide to decompose ammonia via the following reactions:[1] 
NaNH2 → Na + ½N2 + H2 
Na + NH3 → NaNH2 + ½H2 
This system showed equivalent performance to ruthenium, but at a fraction of the cost. In this 
presentation, I will show how isotopic substitution of the amide catalyst or the ammonia itself 
can be used to elucidate mechanistic details of the ammonia decomposition reaction, via mass 
spectrometry, Figure 1. These experiments have determined that the sodium amide 
decomposes the ammonia by itself rather than acting as a promoting species and that the 
presence of a significant kinetic isotope effect indicates that N2 desorption is not the rate-
limiting step (in contrast to transition metal catalysts). The data also can be used to calculate 
whether the sodium exists as sodium metal or sodium amide and whether the reaction occurs 
in the bulk or merely at the surface. 
 

 
Figure 1: A contour plot of the mass spectrometry data (left panel) gathered for the residual 
gas from NaND2 exposed to ND3 then NH3 at 485 °C, showing the release of D-containing 
ammonia species from the catalyst, along with the histogram fits (right panel). 
 
References: 
(1) David, W. I. F.; Makepeace, J. W.; Callear, S. K.; Hunter, H. M. A.; Taylor, J. D.; Wood, T. J.; Jones, M. 

O. J. Am. Chem. Soc. 2014, 136, 13082.  


