
 Research Conference 2018

 Book of Abstracts

18th December 2018 – 19th December 2018 



1

Contents 
Day 1: Keynotes 5 

From a Tractor to Taxis: Thoughts on the Transition to Fuel Cells 5 

Fuel Cells and the Automotive Market; An Engineering Perspective 5 

Surface Engineering for Nanowire Electrodes in Low Temperature Fuel Cell Applications 5 

Status update on the Development of Radiation-grafted Anion-Exchange Polymer 

Electrolytes for Alkaline Membrane Fuel Cells 5 

MnO2 as effective OER catalyst for Alkaline Anion Exchange Membrane Electrolysers 5 

Fuel cell-to-Battery Power Split Controller for Stationary and Mobile Applications 5 

PEFC Development 6 

Composite of transition metal oxide and heteroatom doped carbon fibre derived from lignin 

as bifunctional oxygen electrocatalyst 6 

Ionic Liquid Modified Pt/C catalysts for cathode application in proton eschange membrance 

fuel cells. 8 

Considerations for PEMFC catalyst layer development through the adaptation of Pt 

nanowire thin film electrodes 9 

Facile Synthesis of Bimetalic AgPt Alloy Nanorods for Proton Exchange Membrane Fuel 

Cells 11 

SOFC Development 12 

Development and Short Stack Testing of Metal/Metal Oxide Co-Impregnated 

La0.20Sr0.25Ca0.45TiO3 Anodes for Solid Oxide Fuel Cells 12 

Aqueous tape casting SOFC manufacturing & Electrochemical performance and carbon 

resistance comparison between Sn, Cu and Ag-doped Ni/YSZ anodes SOFCs operated with 

biogas 14 

Studies of the effect of the amount of both La and vacancies in A-position for ceramic oxides 

based on (Sr,La) A,A-TiO3±δ formula. 15 

Performance enhancement of intermediate temperature SOFCs using nano-composite 

cathode 16 

Hydrogen storage in nanoporous polymers 17 

Day 2: Alumni Talks 19 

Hydrogen Production and Storage 20 

Use of high oxygen capacity perovskite materials for hydrogen production via chemical 

looping 20 

BALANCE: Solid Oxide Reversible Cells 21 

Nanoporous Polymer-based Composites for Enhanced Hydrogen Storage 22 

Enriching impurities in hydrogen fuel samples using bespoke ultra-thin palladium alloy 

membranes to enable accurate ISO-14687 quality assurance 23 



2

Poster Abstracts 25 

Pathways for the Production of Renewable Synthetic Fuels. 25 

External wire attachment to a thin film temperature sensor on a SOFC cathode for its 

temperature monitoring 26 

Doping strategies to improve the sintering and stability of the proton conducting electrolyte, 

Ba2In1.8Si0.2O5.1 27 

Effect of B-doping in Fe-containing perovskites systems 28 

Perovskites as Electrocatalysts for Water-Splitting 29 

Composite Membrances for Intermediate Temperature PEFCs 30 

Modelling of the Cathode-Membrane Interface for the Development of High Performance 

PEMFCs 31 

The fabrication of new multi- metallic catalyst from low concentrations of critical metals 

using electrodeposition 32 

Tungsten Trioxide as a Co-Catalyst for Low-Purity Hydrogen 34 

E. coli synthesized Pt/Pd Bio-nanoparticles for use as PEMFC catalysts 35 

Evaluation of the effect of proton exchange membrane fuel cell nanocatalysts on platelets

36 



 3 

 

 

 

 

Day 1 
  



4

Keynotes 



5

Day 1: Keynotes 

From a Tractor to Taxis: Thoughts on the Transition to Fuel Cells 
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PEFC Development 

 

Composite of transition metal oxide and heteroatom doped carbon fibre 

derived from lignin as bifunctional oxygen electrocatalyst 

 
Linh Tran Thi Ngoc and Philipp Schlee, 

Ana Jorge Sobrido and Maria-Magdalena Titirici  

 

Bifunctional electrocatalyst is the key component of regenerative fuel cells and metal-air 

batteries. However, material development is hindered by naturally sluggish kinetics of oxygen 

catalysis. Heteroatom doped carbon has been proven to be active for oxygen reduction reaction 

(ORR)1 while binary transition metal oxide (TMO) are well-known for their ability to evolve 

oxygen (OER)2. The idea of fabricating composite of metal oxide and heteroatom doped 

carbon nanofibre (TMO/X-CNF) derived from lignin is to utilize synergetic effect for both 

chemical reactions, ORR and OER, on a single free-standing material, where X-CNF can also 

serve as a charge-transport media. 

Nitrogen doped carbon fibre is electrospun from lignin solution added Melamine as N source. 

The synthesis approach has manifested our effort to exploit unveiled values of industrial by-

products, particularly kraft lignin from pulping in this case. The carbon mat after carbonization 

has exhibited high flexibility as well as thermal endurance when significant mass loss measured 

by thermal gravimetric analysis (TGA) is only observed at 450oC in air. Nitrogen existence is 

confirmed by elemental analysis where N content still remains roughly 36% compared to 

initially added amount after the complete synthesis process. Nitrogen doping enhances 

conductivity by more than 2 fold, contributing to the improvement in ORR. However, shift in 

catalytic activity is minor due to unchanged surface area and lack of active sites, posing several 

main points in later experimental design. 

La-Ni hydroxide nanoparticles are then decorated onto carbon fibre, followed by series of 

thermal treatments, helping to introduce more oxygen to form complete metal oxide and to 

achieve required crystallinity. The preliminary result has shown successful particle deposition 

as La and Ni are revealed via EDS. Further characterizations will be employed to orient the 

synthesis.  

In future work, we continue with characterizations including XPS, Raman spectroscopy, etc. 

for structural confirmation. Various synthesis parameters will be explored to tune oxygen 

electro catalytic performance. Such work consequently helps to build understanding about 

triangle correlation of fabrication, electronic structure and chemical activity.  
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[1] Rao, C. V.; Cabrera, C. R.; Ishikawa, Y., In Search of the Active Site in Nitrogen-Doped

Carbon Nanotube Electrodes for the Oxygen Reduction Reaction. The Journal of Physical

Chemistry Letters 2010, 1 (18), 2622-2627.

[2] Hong, W. T.; Risch, M.; Stoerzinger, K. A.; Grimaud, A.; Suntivich, J.; Shao-Horn, Y.,

Toward the rational design of non-precious transition metal oxides for oxygen electrocatalysis.

Energy & Environmental Science 2015, 8 (5), 1404-1427.

Fig. 1 a) Flexible carbon mat, b) 

Nanofibre decorated with metal oxide 

particles, and c) EDX of particles show 

La and Ni 

Fig. 2 CV of carbon nanofibre (CNF) and 

0.49 wt% N doped carbon nanofibre (N-

CNF) 



8

PEFC Development 

Ionic Liquid Modified Pt/C catalysts for cathode application in proton 

eschange membrance fuel cells. 

Huixin Zhang* Jinying Liang Shangfeng Du

School of Chemical Engineering, University of Birmingham, Birmingham B15 2TT, UK 

Email: H.Zhang.4@bham.ac.uk 

Proton exchange membrane fuel cells (PEMFCs) are expected to become an indispensable 

clean energy for the future with particularly important applications in portable devices and 

transportation. However, the sluggish kinetics of oxygen reduction reaction (ORR) at cathodes 

has imposed a huge barrier for wide applications [1]. In past decades, people have devoted 

great efforts to improve catalyst performance for ORR by engineering the active sites in size, 

shape and composition and achieved some exciting results [2−5]. However, developing 

alternative routes to cost-effectively accelerating ORR kinetics, e.g. tuning the interface of 

electrode-electrolyte to optimize the catalyst performance in catalyst layer in operating fuel 

cells is still highly desirable. 

In PEMFC operation, oxygen gas, water product and other species closely interact with surface 

sites of the electrode material and their properties are strongly interrelated. Water is the reaction 

media and the reaction product but might also cause blockage of active site [2,3]. In this 

research, we study the coating of superhydrophoic protonic ionic liquids on Pt/C nanoparticle 

catalysts. The initial addition and adsorption time of the ionic liquid, the adsorption method, 

solvent and humidity are investigated. Ex-situ half-cell liquid electrolyte measurement and in-

situ fuel cell test are employed to understand their influences on catalyst performance. The 

experimental results show that the coating of ionic liquid improves both catalytic activities and 

stability of catalysts, but the behaviour is different between different systems and operation 

conditions. Considering the characterization results, the mechanisms are explored.  

[1] S.F. Du, C. Koenigsmann, S.H. Sun. One-Dimensional Nanostructures for PEM Fuel Cell

Applications. Oxford Elsevier, 2017. DOI: 10.1016/C2016-0-00341-8.

[2] J. Snyder, T. Fujita, M. Chen, et al. Nature Materials, 2010, 9, 904.

[3] GR Zhang, M Munoz, BJM Etzold. Angew. Chem. Int. Ed., 2016, 55(6), 2257.

[4] Y.X. Lu, S.F. Du, R Steinberger-Wilckens. One-dimensional nanostructured

electrocatalysts for polymer electrolyte membrane fuel cells-a review. Applied Catalysis B:

Environmental 2016, 199, 292.

[5] I.E.L. Stephens, J. Rossmeisl, I. Chorkendorff. Toward sustainable fuel cells. Science  2016,

354, 1378.
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PEFC Development 

Considerations for PEMFC catalyst layer development through the 

adaptation of Pt nanowire thin film electrodes 

Peter Mardle* and Shangfeng Du

Centre for Fuel Cell and Hydrogen Research, School of Chemical Engineering, 

University of Birmingham, Birmingham B15 2TT, UK 

Email: PJM556@bham.ac.uk  

In recent decades Pt based oxygen reduction electro catalysts have seen extraordinary leaps in 

development with mass activities obtainable more than 50 times that of conventional Pt/C 

nanoparticle catalysts [1]. However translating such performance into fuel cell devices has 

proven to be a great challenge thus hindering the progress to widespread adoption of Proton 

Exchange Membrane Fuel Cells (PEMFCs) in automotive applications [2]. 

In efforts to improve single cell performance with novel electro catalysts, our group has adapted 

a simple Pt nanowire synthesis method for the direct fabrication of Pt thin film nanowire 

electrodes for PEMFCs, with demonstrably improved power performance [3]. To provide 

further enhancements the focus has turned to adapting this fabrication method for the inclusion 

of novel catalyst supports and alternative metal compositions.  

For example, the impregnation and annealing of fabricated Pt nanowires with small quantities 

of Ni has been investigated and while a 1.78 fold improvement in mass activity compared to 

the pur Pt nanowires is demonstrated in rotating disk electrode experiments, in a single cell 

worse power performances at high current densities are obtained. X-ray photoelectron 

spectroscopic analysis shows surface Ni oxides and hydroxides, known to contaminate the local 

ionomer [4]. However, through rigorous optimisation of annealing temperature, Ni content and 

ionomer content, improved single cell activity and overall performance compared to 

commercial catalysts and Pt thin film nanowire electrodes are now obtainable.  

Alternative supports to carbon black such as reduced graphene oxide and plasma nitrided 

carbon nanotubes have also been investigated where fuel cell performance is found to primarily 

be a function of catalyst layer structure over improved catalytic activity. In the case of reduced 

graphene oxide, stacking of the catalyst support inhibits reactant gas flow and thus exacerbates 

mass transport losses. Platinum nanowires are shown to alleviate some of this stacking in 

comparison to Pt nanoparticles [5]. Conversely the plasma nitrided carbon nanotubes prepared 

directly on the electrode surface are shown to reduce mass transport limitations through an 

increase in porosity visible by cross-sectional and surface secondary electron microscopy. 

In the context of these developments, factors influencing the power performance of single 

PEMFCs will be discussed providing insights into the disparity between oxygen reduction 

catalytic activity and single cell power performance. 
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[1] M. Li, M. Li, Z. Zhao, T. Cheng, A. Fortunelli, C. Chen, R. Yu, L. Gu, B. Merinov, Z.

Lin, E. Zhu, T. Yu, Q. Jia, J. Guo, L. Zhang, W.A.G. Iii, Y. Huang and X. Duan, Science, 354

(6318), 2016, p1414–1419.

[2] B. Ifan, E. Lester, J. Rossmeisl and I. Chorkendorff, Science , 354 (6318), 2016, p1378–

1380.

[3] Y. Lu, S. Du and R. Steinberger-Wilckens, Appl. Catal. B Environ, 164, 2015 p389–

395.

[4] P. Mardle and S. Du, Materials, 11, 2018, p1473–1485.

[5] P. Mardle, O. Fernihough and S. Du, Coatings, 8, 2018, p48–56.
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PEFC Development 

 

Facile Synthesis of Bimetalic AgPt Alloy Nanorods for Proton Exchange 

Membrane Fuel Cells 
 

Elok Fidiani*, Shangfeng Du 

School of Chemical Engineering, University of Birmingham, Birmingham B15 2TT, UK 

*Email: EXF622@bham.ac.uk 

 

Facile synthesis of one-dimensional (1D) AgPt alloy nanorods on carbon has been successfully 

performed via chemical reduction process with formic acid at moderate temperature. Due to 

the different reduction potential between Ag and Pt salt precursors, we study the reaction time 

as a critical factor to derive the formation of the 1D structure. The morphological structure is 

confirmed by TEM analysis, and the configuration of alloy structure is checked by the shifted 

XPS peaks. The catalytic activity of 1D AgPt alloy nanorods towards oxygen reduction 

reaction (ORR) is investigated using half cell liquid electrolyte electrochemical measurement 

and, for the 1st time, by in-situ test in single cells. The rotating disk electrode (RDE) 

measurement indicated a higher mass activity as well as specific activity compared to that of 

commercial TKK Pt/C nanoparticles. The stability has also been intensified after 2500 cycles 

of cyclic voltammetry (CV) in 0.1 M HClO4, showing the steadiness nature of 1D structure 

despite in alloy form. A higher power performance is also achieved by in-situ testing in 16 cm2 

membrane electrode assembly (MEA) showing the promising performance with higher Ag 

loading. 

 

 

Figure 1. The LSV result of AgPt alloy NRs and Pt/C NPs TKK obtained in 0.1 M HClO4 under saturated O2 

before and after 2500 cycles of accelerated durability test.  
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SOFC Development  

 

Development and Short Stack Testing of Metal/Metal Oxide Co-

Impregnated La0.20Sr0.25Ca0.45TiO3 Anodes for Solid Oxide Fuel Cells 
 

R. Price a, U. Weissen b, J. G. Grolig b, A. Mai b and J. T. S. Irvine a 

a School of Chemistry, University of St Andrews, St Andrews, Fife, KY16 9ST, UK 

b HEXIS AG, Zum Park 5, CH-8404 Winterthur, Switzerland 

 

The current state-of-the-art Solid Oxide Fuel Cell (SOFC) anode material, the Ni-based cermet, 

is widely employed by manufacturers of SOFC-based systems due to its high activity towards 

the electrochemical oxidation of H2 and syngas, high electronic and ionic conductivities and 

comparable thermal expansion coefficient to other cell components 1. Despite the low voltage 

degradation rates (~0.2 % kh-1) that can be achieved using these materials, the inability of the 

Ni-based cermets to exhibit redox stability, overload tolerance and coking/sulphur resistance, 

in the presence of unprocessed natural gas feeds 1, identify them as non-optimal anode materials 

for the next generation SOFC (which must be able to operate with fuel flexibility, lower 

degradation rates and higher efficiencies). Therefore, a novel anode material is required to 

address these shortcomings. 

La0.20Sr0.25Ca0.45TiO3 (LSCTA-) is a novel, mixed ionic and electronic conducting (MIEC), A-

site deficient perovskite material which can be used as a replacement ‘backbone’ 

microstructure for a SOFC anode. Decoration of this perovskite scaffold with metal oxide 

electro catalyst coatings and metallic particles results in high performance, nanostructured 

SOFC anode materials. Previous research showed that SOFC containing LSCTA- anodes 

impregnated with Ni and Ce0.80Gd0.20O1.90 exhibited impressive performances in button cell, 

short stack and full system tests at the industrial SOFC manufacturer: HEXIS AG 2,3.  

As a result of the promising performances demonstrated, second generation research into these 

metal/metal oxide co-impregnated anode materials has yielded further improvements at both 

button cell 4,5 and industrially relevant short stack scales. Durability testing of electrolyte-

supported button cells, containing metal/metal oxide co-impregnated LSCTA- anodes, up to 

3000 h, with initial ASR of 0.41 Ω cm-2 (at 850 °C) and degradation rates of <1.9 % kh-1, will 

be presented, as well as performances in a typical reformate fuel gas with varying 

concentrations of H2S. Finally, information on upscaling of this technology to the short (5-cell) 

stack level will be discussed, including long-term galvanostatic operation, redox cycling 

treatments and overload tolerance of one specific anode catalyst system, at an industrially 

relevant scale.  

[1] Sun, C. & Stimming, U. Recent anode advances in solid oxide fuel cells. J. Power Sources 

171, 247–260 (2007). 

[2] Verbraeken, M. C., Iwanschitz, B., Mai, A. & Irvine, J. T. S. Evaluation of Ca Doped 

La0.2Sr0.7TiO3 as an Alternative Material for Use in SOFC Anodes. J. Electrochem. Soc. 159, 

F757–F762 (2012). 
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[3] Verbraeken, M. C. et al. Short Stack and Full System Test Using a Ceramic A-Site Deficient 

Strontium Titanate Anode. Fuel Cells 5, 682–688 (2015). 

[4] Price, R., Cassidy, M., Schuler, J. A., Mai, A. & Irvine, J. T. S. Screen Printed Porous 

La0.20Sr0.25Ca0.45TiO3 Fuel Electrode Scaffold Microstructures: Optimisation of Interaction 

with Impregnated Catalysts for More Durable Performance. ECS Trans. 68, 1499–1508 (2015). 

[5] Price, R., Cassidy, M., Schuler, J. A., Mai, A. & Irvine, J. T. S. Development and Testing 

of Impregnated La0.20Sr0.25Ca0.45TiO3 Anode Microstructures for Solid Oxide Fuel Cells. ECS 

Trans. 78, 1385–1395 (2017). 
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SOFC Development 

Aqueous tape casting SOFC manufacturing & Electrochemical 

performance and carbon resistance comparison between Sn, Cu and Ag-

doped Ni/YSZ anodes SOFCs operated with biogas 

Zeyu Jiang1, Nor Anisa Arifin1, Robert Steinberger-Wilckens1 

1 School of Chemical Engineering, University of Birmingham, Birmingham, B15 2TT, United 

Kingdom 

Traditional Ni/YSZ anode SOFCs were manufactured by tape casting technique and then 

modified by Sn, Cu and Ag by infiltration method to obtain Sn-Ni, Cu-Ni and Ag-Ni alloy 

electrochemical catalysts on the anode. The obtained maximum power density of Ni/YSZ, Sn-

doped Ni/YSZ, Cu-doped Ni/YSZ and Ag-Ni/YSZ cells fuelled by simulated biogas (14 mL 

min-1 CH4, 7mL min-1 CO2 and 7mL min-1 N2) at 750˚C were 0.101, 0.272, 0.085 and 0.102 

W cm-2 respectively. Stability tests of SOFCs in biogas reveal the operation stability of Sn-

Ni/YSZ and Ag-Ni/YSZ cells were greatly improved compare to the undoped Ni/YSZ cell. 

Both Sn-Ni/YSZ and Ag-Ni/YSZ cells stably operated for 48 h, but Ni/YSZ cell ceased 

operation after 19 h. In addition, the addition of small amount of Cu did not enhance the anti-

coking ability. Different from the severe carbon deposition on the Ni/YSZ anode surface, no 

observable fibrous carbon can be identified from the Sn-Ni/YSZ and Ag-Ni/YSZ anodes’ 

surfaces. 
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SOFC Development 

Studies of the effect of the amount of both La and vacancies in A-position 

for ceramic oxides based on (Sr,La) A,A-TiO3±δ formula. 

María Gálvez-Sáncheza,b, Jesús Canales Vázquezb and John TS Irvinea 

a School of Chemistry. University of St Andrews. St Andrews. Scotland. UK 

b Renewable Energy Research Institute. University of Castilla-La Mancha. Castilla-La Mancha. Spain 

Systems based on the perovskite structure (ABO3) are highly attractive because of the 

structural characteristics allow accommodate a wide variety of cations and defects in the lattice 

which permit to modify chemical and physical properties of the materials; small variations in 

the composition may cause important changes. It is possible to synthesize stoichiometric 

perovskites and also ceramics exhibiting deficiency or excess of oxygen that lead to crystals 

with properties as diverse as ionic, electronic and mixed conductors. Studies based on cation-

vacancy ordering in formulas of compounds with A-site vacancies is also interesting to 

understand attractive properties as ionic conductivity, dielectric behaviour and magnetic 

properties.  

Numerous articles have been published about perovskites-type formulas based on (Sr,La)TiO3 

as anode material within the field of Solid Oxide Fuel Cells. Besides transport properties based 

on the structure, it is well known that these compositions provide other desirable features such 

as: high stability at high temperatures and in a wide range of oxygen partial pressures, high 

electrical conductivity in reducing atmospheres, catalytic activity towards the oxidation of 

hydrogen, no reaction with the most common electrolyte materials (YSZ, CGO), carbon 

formation in hydrocarbon fuel is not promoted and are not sensitive to sulfur impurities. 

The aim of this work consist in a systematic studio to show the large differences both higher 

levels of substitution and the amount of the vacancies in compositions based on the (La,Sr)A/A-

TiO3±δ system. The polycrystalline samples have been prepared by solid state reaction and 

characterized using XRD, SEM (ES+EDS), HRTEM and TGA techniques. The stability under 

reducing/working conditions has been also analysed. 



16

SOFC Development 

 Performance enhancement of intermediate temperature SOFCs using 

nano-composite cathode  

Ayesha Samreena, Saim Sahirb*,Shahid Alia, 

aDepartment of Physics, University of Peshawar, Peshawar, Khyber Pakhtunkhwa, Pakistan 

bMaterials for Energy Storage and Conversion, U.S.-Pakistan Center for Advanced Studies in Energy 

(USPCAS-E), University of Engineering and Technology (UET) Peshawar, Peshawar, Khyber Pakhtunkhwa, 

Pakistan 

* Corresponding author: s.saher@uetpeshawar.edu.pk

Nanocrystalline ionic-electronic conducting perovskite oxide La0.6Sr0.4Co0.2Fe0.8O3-δ 

(LSCF) has found significant attention as cathode material in solid oxide fuel cells (SOFCs) 

operating at intermediate temperatures, 500-800 oC [1- 3]. The performance of LSCF electrode 

is limited by the oxygen ion transport process at the surface, which is the rate  

determining step of oxygen reduction reaction [4,5]. To enhance the oxygen surface exchange 

process of LSCF electrode, a nano-composite electrolyte is introduced at the surface, which 

substantially improves the electrochemical performance. The electrical conductivity relaxation 

technique (ECR) has been used to study the oxygen surface exchange kinetics of bare LSCF 

and coated with a mixture of Ce0.8Sm0.2O2- δ (SDC) and ZrO2.Y2O3 (Yttria-stabilized 

zirconia -YSZ) nano-powders in three different weight ratios, SDC:LMO = 0.5:1, 1:1, 1:0.5. 

The chemical oxygen surface exchange coefficient, kchem, of surface modified specimens 

were derived with a one-parameter fitting process. The results show that the oxygen surface 

exchange kinetics of LSCF is affected by the SDC-YSZ coating and the average kchem values 

of SDC-LMO coated LSCF increases by a factor 4 to 8 from 600 to 800 oC, respectively. It 

has been concluded that the high ionic conductive oxide coating improves the oxygen surface 

exchange kinetics of underlying LSCF mixed conducting oxide and consequently enhances the 

performance of electrochemical device such as solid oxide fuel cell.  

Keywords: SOFC, cathode, perovskite oxide, ionic-electronic conductor, surface exchange 

kinetics, nano-powder  

[1] B.C.H. Steele, J. Power Sources 49 (1994) 1.

[2] L.-W. Tai, M.M. Nasrallah, H.U. Anderson, D.M. Sparlin, S.R. Sehlin, Solid State Ionics

76 (1995) 273.

[3] J.W. Stevenson, T.R. Armstrong, R.D. Carneim, L.R. Peder- son, W.J. Weber, J.

Electrochem. Soc. 143 (1996) 2722.

[4] S. Adler, Chem. Rev. 104 (2004) 4791.

[5] Z. Wang, R. Peng, W. Zhang, X. Wu, C. Xia, Y. Lu, J. Mater. Chem. A. 1 (2013) 12932

mailto:s.saher@uetpeshawar.edu.pk
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Hydrogen storage in nanoporous polymers 
Sébastien Rochat1*, Mi Tian2, Timothy J. Mays2, Christopher R. Bowen3, Andrew D. Burrows1 

1Department of Chemistry, 2Department of Chemical Engineering, and 3Department of Mechanical 

Engineering, University of Bath, BA2 7AY, UK  

s.rochat@bath.ac.uk

Solid-state hydrogen storage promises to significantly improve upon the conventional forms of 

storage technologies such as liquid or compressed gas. In recent years a remarkable research 

effort has been devoted to the development of adsorbents with very high surface areas, such as 

metal-organic frameworks (MOFs), covalent organic frameworks (COFs) and amorphous 

organic polymers.1 A frequent drawback of these materials is that they exist in powder or 

particulate forms, which limits their processability and mechanical properties. In this context, 

materials combining solution-based processability, good mechanical strength and flexibility, 

and high hydrogen uptake capacity are highly desirable.  

We have investigated the use of a Polymer of Intrinsic Microporosity (PIM-1)2 as a supporting 

matrix for high surface area adsorbents (fillers), and reported composites combining the 

processability of PIM-1 with the high hydrogen uptake capacity of the fillers.3 We also 

investigated the long-term stability of PIM-1 for hydrogen storage purposes, shedding light on 

its potential for realistic applications.  

Here, we present our efforts to chemically modify the PIM-1 matrix to tune its own hydrogen 

uptake capacity, as well as the heat of hydrogen adsorption, which governs the efficiency of 

adsorption-based hydrogen storage. These parameters are key to the design and development 

of efficient polymers and polymer-based composites for hydrogen storage, and in this 

presentation we will show how to finely adjust them by chemically modifying the polymer.  

Figure 1: a) Chemical structure of PIM-1, b) A structural model2b of PIM-1 showing its contorted nature leading 

to enhanced microporosity, and c) A transparent, solvent-cast, 5-cm diameter membrane made of PIM-1 over the 

logo of the University of Bath.  

References:  

[1] D. P. Broom, C. J. Webb, K. E. Hurst, P. A. Parilla, T. Gennett, C. M. Brown, R. Zacharia, E. Tylianakis, E.

Klontzas, G. E. Froudakis, Th. A. Steriotis, P. N. Trikalitis, D. L. Anton, B. Hardy, D. Tamburello, C. Corgnale,

B. A. van Hassel, D. Cossement, R. Chahine, M. Hirscher, Appl. Phys. A 2016, 122:151;

[2] a) P. M. Budd, E. S. Elabas, B. S. Ghanem, S. Makhseed, N. B. McKeown, K. J. Msayib, C. E. Tattershall, D.

Wang, Adv. Mater. 2004, 16, 456; b) P. M. Budd, N. B. McKeown, D. Fritsch, J. Mater. Chem. 2005, 15, 1977;

[3] S. Rochat, K. Polak-Krasna, Mi Tian, Leighton T. Holyfield, T. J. Mays, C. R. Bowen, A. D. Burrows, J.

Mater. Chem. A 2017, 5, 18752.
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Hydrogen Production and Storage 

 

 Use of high oxygen capacity perovskite materials for hydrogen production 

via chemical looping  

 
Selim Ungut, Wenting Hu, Ian. S. Metcalfe 

School of Engineering, Newcastle UniversityNewcastle upon Tyne NE1 7RU, E-mail: 

S.Ungut2@newcastle.ac.uk 

 

Chemical looping occurs when a gas-phase reaction is broken down into several sub-reactions 

by the use of a solid intermediate that undergoes redox cycling. This concept can be applied to 

the water-gas shift reaction (CO + H2 <=> CO2 + H2O), where temporally separate gaseous 

carbon monoxide and water feeds can be passed over a solid oxygen-carrier material to produce 

unmixed hydrogen and carbon dioxide product streams. Compared to a co-fed system where 

the same overall reaction takes place, this eliminates the need for a separation stage and can 

serve as a potential means for affordable decarbonisation of fuels. It is therefore important to 

understand the stability and activity of the oxygen-carrier material, which plays a central role 

in this type of process.  

Non-stoichiometric perovskite oxides, as potential oxygen carriers, are less susceptible to 

sintering and agglomeration compared to simple oxide systems such as iron oxides. In this 

study, two perovskites with high oxygen capacity for the water-gas shift reaction, 

La0.8Sr0.2MnO3-δ (LSM821) and La0.6Sr0.4Fe0.67Mn0.33O3-δ (LSFM6473) are investigated using 

a laboratory scale fixed bed reactor, focusing on the cyclic stability and water conversion that 

could be achieved during chemical looping water-gas shift.  

For the experimental work, streams of 5 mol% carbon monoxide and 5 mol% water vapour in 

a balance of argon at 50 ml/min were consecutively flown over a material bed of LSM821 or 

LSFM6473 at 820 °C, with feed lengths of 1 minute for LSM821 and 3 minutes for LSFM6473. 

Argon was fed to the bed in between feed stages in order to purge the system of reactant gases 

and a mass spectrometer was used to determine the composition of the outlet gases from the 

reactor.  

Stable hydrogen production was achieved using both LSM821 and LSFM6437 for over 60 

cycles even when using longer feed lengths, and water to hydrogen conversions of >80% were 

also obtained with both materials. A thermodynamic analysis of the system was also carried 

out in order to further understand the characteristics of such non-stoichiometric perovskites.  

Keywords: Hydrogen production, chemical-looping, perovskite, fixed bed 
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BALANCE: Solid Oxide Reversible Cells 
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The European Climate Foundation (ECF) projects renewable sources to account for at least 

75% of the gross final energy demand by 2050. However, any future renewable energy 

landscape would require balancing (i.e. energy storage) in order to maintain or possibly 

improve upon present levels of electricity supply reliability, energy security, economic growth 

and prosperity. Traditionally, batteries have been considered as the cornerstone for energy 

storage. Lately, however, solid oxide reversible cells (SORC) have gained significant traction 

as a competing and/or complementary balancing technology. This is because SORCs would 

not only facilitate the broad penetration of renewable power and improve grid flexibility, but 

would also add alternative fuels to the energy mix. To this end, the ‘BALANCE’ project was 

launched in December 2016, under the auspices of the EU-funded FCH-JV. 

The BALANCE project specifically focuses on accelerating the development of a presently 

low-TRL European Solid Oxide Reversible Cell (SORC) technology into a sufficiently mature 

technology (~TRL 6). SORC is a high temperature electrolysis based technology that is 

characterised by very high efficiencies relative to other competing electrolyser or energy 

storage technologies. The BALANCE project would develop the next generation of SORC 

cells, optimise cell-integration into stack assemblies, and investigate constraints on reversible 

operation at both unit cell and system levels, and upon integration with the energy grid. 

This presentation would give an overview of the EU BALANCE project and present initial 

results for SORC unit cell tests. 
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The exploration and evaluation of new composites possessing both process ability and 

enhanced hydrogen storage capacity is of significant interest for on board hydrogen storage 

systems and fuel cell based electric vehicle development. Here we demonstrate the fabrication 

of composite membranes with sufficient mechanical properties for enhanced hydrogen storage 

that are based on a polymer of intrinsic micro porosity (PIM-1) matrix containing Nano-sized 

fillers: activated carbon (AX21) or metal-organic framework (MIL-101). This is one of the first 

comparative studies of different composite systems for hydrogen storage and, in addition, the 

first detailed evaluation of the diffusion kinetics of hydrogen in polymer-based Nano porous 

composites. The composite films were characterised by surface area and porosity analysis, 

hydrogen adsorption measurements, mechanical testing and gas adsorption modelling. The 

PIM-1/AX21 composite with 60 wt. % AX21 provides enhanced hydrogen adsorption kinetics 

and a total hydrogen storage capacity of up to 9.35 wt. % at 77 K; this is superior to the US 

Department of Energy hydrogen storage target. Tensile testing indicates that the ultimate stress 

and strain of PIM-1/AX21 are higher than those of the MIL-101 or PAF-1 containing 

composites, and are sufficient for use in hydrogen storage tanks. The data presented provides 

new insights into both the design and characterisation methods of polymer-based composite 

membranes. Our nanoporous polymer-based composites offer advantages over powders in term 

of safety, handling and practical manufacturing, with potential for hydrogen storage 

applications either as a means of increasing storage or decreasing operating pressures in high-

pressure hydrogen storage tanks. 
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According to a recent EU Directive hydrogen provided to fuel cell vehicles must meet ISO 

14687-2 specifications to ensure the customer is not receiving fuel which can damage their 

vehicle. This requirement is expected to be written in UK regulations shortly, but in the 

meantime vehicle manufacturers will not allow their cars to fill from hydrogen refuelling 

stations that cannot demonstrate this compliance 1 . Currently as many as 8 instruments are 

required to provide a full hydrogen purity analysis resulting in a capital expenditure of over 

€500,000. 2 Hydrogen provided must meet ISO 14687-2 specifications to ensure the customer 

is not receiving fuel which can damage their vehicle. 1  

Hydrogen selective membranes, especially those which show a 100% selectivity towards 

hydrogen could prove to be useful in reducing the number of instruments required to provide 

a full purity analysis. Palladium-based membranes, which separate hydrogen through a 

variation of the solution-diffusion mechanism, are the most popular choice for this. A 

Hydrogen Impurity Enrichment Device has been developed at NPL which is used to enrich a 

100 bar hydrogen sample by selectively removing hydrogen, therefore increasing the 

concentration of the impurities to levels where they can be processed using routine analysers.  

Previous work on impurity enrichment used the non-ideal gas law to calculate the degree of 

concentration. This had a large uncertainty associated with it due to the large number of 

variables, each with their own error. A novel tracer enrichment method was developed at NPL 

which cut the number of variables associated with the enrichment calculation down to one 

value. This method involves spiking the hydrogen sample with a known quantity of krypton 

and using the change in concentration to calculate the enrichment. Using this method cuts the 

associated uncertainty from 2.6% to 1%, due to a reduction in number of measured parameters 

required to perform the enrichment calculation. 3 

Current work explores developments in hydrogen enrichment using a range of ultrathin 

palladium alloy membranes. It was found that different membrane compositions had different 

interactions with impurities in gas mixtures, which affected the accuracy of the measurement 

and enrichment time. A range of membrane compositions were synthesised and tested using 

common hydrogen impurities. The best performing membrane was used to enrich a hydrogen 

sample taken directly from a hydrogen refuelling station to determine the membranes 
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suitability when enriching a real sample, and to further quantify the purity of hydrogen 

refuelling station gas.  

[1]International Standard ISO 14687-2: 2012. Hydrogen Fuel - Product Specification. Part 2: Proton Exchange 

Membrane (PEM) Fuel Cell Application for Road Vehicles (2012). 

[2] Murugan, A. 16ENG01 MetroHyVe. (2017). 

[3] Murugan, A. & Brown, A. S. Advancing the analysis of impurities in hydrogen by use of a novel tracer 

enrichment method. Anal. Methods 6, 5472 (2014). 
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Pathways for the Production of Renewable Synthetic Fuels. 
 

Samuel Sogbesan1, Ahmad El-kharouf1, Yousif Al-Sagheer1, Robert Steinberger-Wilckens1. 

Centre for Fuel Cell and Hydrogen Research, School of Chemical Engineering, University of Birmingham, 

Birmingham. B15 2TT, UK. 

 

With the recent increase in the global energy demand and carbon emissions, it is paramount 

that the focus on the development of the production of renewable synthetic fuels – to increase 

energy security and allow for an easier transition to a low-carbon energy system. However, the 

limitations for the deployment a 100% renewable energy system extends to the availability of 

renewable energy sources, technological readiness levels and economic competitiveness with 

established systems dependent on fossil fuels. International agreements like the Paris 

Agreements and obligations like the EU Energy Efficiency Directive, encourage countries to 

tailor their energy policies to increase efforts in to use energy more efficiently and increase 

their share in renewable energy sources.  

The transport sector accounts for the sector with the largest energy consumed by the end-user.  

The global demand for passenger and freight services is expected to increase by more than 

double in 2040, compared to today’s demand with, oil satisfying about 85% of the demand. 

The transport sector also accounts for a largest share in decentralised emissions.  

Fuel cells provide an opportunity to ease a low-carbon transition as part of a power-to-fuel 

(PtF) concept by providing hydrogen to convert captured carbon “waste” to sustainable fuels. 

The aim of this work is to assess viable pathways to produce synthetic fuels including 

hydrogen, synthetic natural gas and higher hydrocarbons. A decision-making assessment tool 

will be used to decide consider the best route(s) using availability of renewable energy sources 

(including carbon from anthropogenic sources) economic, environmental and technological 

criteria – which can be applied large or small-scale production.  

  



 26 

 External wire attachment to a thin film temperature sensor on a SOFC 

cathode for its temperature monitoring  

 
Erdogan Guk, Vijay Venkatesan, Jung-Sik Kim* 

Department of Aeronautical and Automotive Engineering, Loughborough University 

Epinal Way, Loughborough, LE11 3TU, United Kingdom 

Tel.: +44 (0)1509 227 219 / Fax: +44 (0)1509 227 275 

Email: j.kim@lboro.ac.uk 

 

Temperature fluctuation induces a thermal stress which is considered as a fundamental issue 

that leads performance degradation in SOFC (solid oxide fuel cell) systems. Therefore thermal 

management of SOFC is a significantly important factor to be concerned for minimising 

performance losses and maximising the cell lifetime. Thin film sensor technology is proposed 

as a great candidate to measure the cell temperature during operation due to its negligible mass 

and minimal disturbance to normal operation. However, the main challenge in the application 

of thin film sensor in SOFC system is in incorporating the external wire attachments to 

complete the electrical circuit. This is because of the high sensitivity of SOFC materials to any 

destructive/interfering operation, limited available space and harsh operating conditions. In this 

paper, a new concept of packaging for external wire attachments to the thin film sensor will be 

identified to enable the integration of the sensor in the SOFC system. This testing unit 

comprises SOFC elements (50×50mm NextCell, Fuelcellmaterial), a fuel processing holes and 

channels (designed manifold machined by Precision Ceramic), and a thermal control system 

(sensor) and providing electrical and fluidic connections as well as for mechanical support 

(developed by the author research group). It has been observed that the suggested method of 

the external wire attachment was successfully maintaining the required electrical connections 

throughout the experiments afterwards, even under SOFC’s operation conditions at 

temperature ranged from 700 ˚C to 800 °C, hence, the proposed method is ready for further 

applications within SOFC systems.  

 

Key words: wire attachment, thin film sensor, SOFC, current collection, temperature measurement  
* Corresponding author  

Email: j.kim@lboro.ac.uk ; Tel: +44 (0)1509 227 219 Fax: +44 (0)1509 227 275 
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Doping strategies to improve the sintering and stability of the proton 

conducting electrolyte, Ba2In1.8Si0.2O5.1 

 
Abubakar Muhammad, Peter Raymond Slater 
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In order to develop sustainable and more efficient energy systems, the development of new 

stable and highly conducting electrolyte materials in solid oxide fuel cells is an important goal. 

Si doping into Ba2In2O5 has been recently shown to significantly enhance the proton 

conductivity and CO2 stability leading to potential applications in a proton conducting ceramic 

fuel cell [1]. In this study, we investigate co-doping strategies with a view to further improving 

the performance, in particular lowering the sintering temperature. Boron, Zinc and Zirconium 

have been considered as dopants in the synthesis of silicon co-doped Ba2In2O5, the former two 

dopants to improve the sintering, while the latter dopant has been examined with regard to 

further improving the stability. In this poster, we will report the initial results from these studies.  

 

[1] Silicon doping in Ba2In2O5: an example of a beneficial effect of silicon incorporation on oxide 
ion/proton conductivity; J.F. Shin, D.C. Apperley, P.R. Slater; Chem. Mater. 22, 5945-5948, 2010. 
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Effect of B-doping in Fe-containing perovskites systems 
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Novel mixed ion-electron conductors are heavily researched for their potential application as 

cathode materials for proton conducting ceramic fuel cells. Transition metal containing 

perovskites show high catalytic activity towards the oxygen reduction reaction and have a high 

electronic conductivity but typically have poor proton conductivity. Previous studies have 

shown that incorporation of low volumes of borate into perovskite structures have led to a 

change in crystal systems (tetragonal to cubic) allowing for oxygen vacancy disorder within 

the material. Herein, we report the successful doping of borate in BaxSr1-xFeO3 systems. We 

detail preliminary results from the characterisation of these materials using X-ray diffraction, 

to include investigations into their ability to incorporate water, and hence potentially show 

proton conduction.  
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Perovskites as Electrocatalysts for Water-Splitting 
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Perovskites based on the (Ba0.5Sr0.5)1-x(Co0.8Fe0.2)O3-δ (BSCF) structure have demonstrated 

good activity towards the oxygen evolution reaction (OER). Doping BSCF with praseodymium 

leads to lattice shrinkage, with high levels of Pr resulting in a structure change from cubic to 

orthorhombic. However, this change in lattice structure leads to a loss in the performance of 

the catalyst towards both OER and ORR. For this family of perovskite the more cubic structures 

(less Pr) show significantly better activity towards the OER than the orthorhombic structures. 

To this end, a different family of perovskites were synthesised which were predicted to have a 

Tolerance Factor near unity. The perovskite La(FexNi1-x)O3 has a Tolerance Factor of ~1 when 

x=0.5. As such this perovskite is predicted to be cubic and should have high activity towards 

the oxygen and hydrogen evolution reactions. For x=0 (i.e. no Fe), the typical solid-state 

synthesis route failed and yielded a multi-phase product primarily consisting of La2NiO4. This 

had a worse OER performance than both BSCF and La(Fe0.5Ni0.5)O3. 

 

 

 

Figure 1: General cubic structure of a perovskite. A-site, blue; B-site, 

green; Oxygen, red 
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A PEM fuel cell operated at an intermediate temperature of 120°C has many benefits over the 

conventional operating temperature of 80°C. These include quicker reaction kinetics, easier 

water management and simpler cooling. 

However, the increased operating temperature results in the Nafion® membrane drying and 

degrading, resulting in a drop in ionic conductivity. Therefore it is important that a way to 

increase the water retention of Nafion® at higher temperatures is developed. 

One method is to use a different sulfonated polymer, such as SPEEK. Another involves 

employing hydrophilic and hygroscopic filler materials that retain water. Organic, inorganic 

fillers and carbon nanomaterials are popular fillers. Graphene oxide has recently emerged as a 

promising hydrophilic material due to its abundant oxygen groups. 

Here, we fabricate blended composites: A single graphene oxide, Nafion® matrix. Their 

performance will be compared to that of the control membranes: Nafion® 212 and single layer 

casted Nafion®.  

The investigated membranes are tested in-situ at 80°C, 100°C and 120°C and at variable 

relative humidity’s to compare their fuel cell performance and impedance properties. Ex-situ 

characterisation including: SEM, FT-IR, water uptake, ion exchange capacity, proton 

conductivity and mechanical tensile testing are also conducted to assist understanding the 

performance improvement observed in the in-situ testing. 
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Proton Exchange Membrane fuel cells (PEMFCs) are becoming an increasingly promising 

piece of power generator technology that can fit into the changing economy as we strive 

towards a sustainable energy based future. However, PEMFCs struggle to meet the energy 

demands of the world, falling short of the capability of other energy sources such as fossil fuels, 

mainly due to price and energy efficiency. Looking internally into the PEMFC itself, one of 

the main issues is the poor electrode-membrane interface leading to the local water 

management problems and the low ion transfer performance from the catalyst layer to polymer 

electrolyte membrane [1,2]. If we can increase the efficiency of the oxygen reduction reaction 

at the cathode-membrane interface, the rate limiting step, we can improve the overall 

performance of the fuel cell. 

In this work, with a LiveLink connection between Matlab and multiphysics software 

COMSOL, we model the electrode-membrane interface to investigate the influence of the 

operating conditions and the morphology of the membrane surface on the ion-transfer 

performance of PEMFCs. By varying the number and size of prism peaks applied to the 

interface, it is expected that we can influence the fuel cell performance whilst maintaining a 

constant membrane and cathode volume as well as the amount of platinum used in the catalyst 

layer. It’s expected that the results obtained here could help determine the appropriate 

parameters required to validify the planned experimental work, and provide reference for the 

future work carried out in this research field. 

[1]Chung D.Y., Chung Y.H., Kim S.M., et al. Understanding Interface between Electrode and Electrolyte: 

Organic/ Inorganic Hybrid Design for Fast Ion Conductivity. J. Phys. Chem. C 2015, 119, 9169−9176. 

[2] Stephens I.E.L., Rossmeisl J. and Chorkendorff I. Toward sustainable fuel cells. Science 2016, 354, 1378-

1379. 
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Energy is a fundamental requirement in the modern society and greatly influences the quality 

of life experienced. Currently, the majority of energy consumed globally is obtained from non-

renewable sources primarily fossil fuels. This is not only a limited resource but has also been 

associated with numerous environmental issues such as increasing greenhouse gas emission. 

For this reason, amongst others, more sustainable energy vectors are being explored such as 

hydrogen fuel cells and their fuels. However, before the implementation of hydrogen 

technology is possible, certain barriers must be addressed for instance, the high manufacturing 

cost. High initial costs are naturally expected when introducing new technology into the 

market, however these high costs can also be attributed to the use of precious metals in the 

catalyst. 

Overall, this research aims to minimise the use of Platinum or find an effective alternative that 

can be incorporated into the fuel cell design. This research explores the fabrication of new 

multi-metallic catalysts from low concentrations of waste solution obtained from the recycling 

of used catalysts. Using electrodeposition the low concentration of critical metals 

(e.g.Ir,Pt,Ru,Re) within the waste solution will be deposited onto the inexpensive material- 

cenospheres. Cenospheres are a component of coal fly ash (CFA) which is generated during 

the combustion of pulverised coal. 

A particle impact method will be used to achieve the electrodeposition required, capable of 

operation in both diffusional and convective modes. Additionally providing information on the 

deposition kinetics and enabling control of the thickness of the over-layers deposited. The 

impact method involves the collision of core particles (the cenosphere) with a suitably 

electrically-biased inert substrate electrode. This will occur in a manner that causes the metal 

ions within the solution to reduce onto the surface of the core particle.  

The same methodology can be applied to increase the efficiency of the metal recycling process 

by minimising the amount of critical metals lost. This in turn minimises the natural resource 

and energy consumption, thus reducing both environmental impacts and economic costs. For 

such application, potential for scale up is necessary and reactor designs will be considered. For 

initial studies, an impinging jet reactor will be used to control the collision parameters, and 

hence the thickness of the electrodeposition over layers. Further development will consider the 

use of (stirred) batch reactors and turbulent tubular reactors, where the separation of coated 

cenospheres can be achieved more readily by centrifugation or parallel processing. 

The research will begin by thorough characterisation of the cenospheres, due to their complex 

composition. Their principle components vary, but can include: SiO2, Al2O3, FeO, Fe2O3, CaO, 

MgO, K2O, Na2O, TiO2, etc. The concentration and distribution of the metals present vary 

throughout the cenosphere and from sample to sample. Factors such as the coal type, 

combustion and cooling temperatures influence the chemistry of the CFA as well as the 
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morphology respectively. However, treatment at > 400 oC under H2 can encourage surface 

segregation, this is significant as the metal impurities present will provide the cenospheres with 

the conductivity required for the particle deposition method. ICP-MS will be utilised out to 

determine the elemental composition of the cenospheres, along with an SEM and XPS. The 

direction of the research will be dependent on the results obtained during the characterisation. 
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Significant reductions in total cost of ownership can be realised by engineering PEM fuel cells 

to run on low-purity hydrogen 1. One of the main problems with low-purity hydrogen fuels is 

the carbon monoxide fraction, which poisons platinum electro catalysts and reduces the power 

output below useful levels. Platinum-tungsten oxide catalyst systems have demonstrated very 

high levels of CO tolerance, in both ex-situ 2 and in-situ 3 investigations. In this work we 

elucidate the mechanism of enhanced tolerance using in-situ electrochemical FTIR and Raman 

spectroscopic methods and investigate the postulated active roles of W-OH groups (formed 

during WO3 reduction), and W6+ species in the oxidation of CO on bonded Pt/WO3 catalysts. 

 

Hydrogen-purged CO stripping LSVs showing improved CO tolerance in the presence of WO3. 

Keywords: Fuel cells, electrochemistry, hydrogen, carbon monoxide, catalysis. 

 

1 B. D. James, D. A. Desantis and G. Saur, Final Report: Hydrogen Production Pathways Cost Analysis 

(2013-2016), 2016. 

2 F. Micoud, F. Maillard, A. Gourgaud and M. Chatenet, Electrochem. commun., 2009, 11, 651–654. 

3 L. G. S. Pereira, F. R. dos Santos, M. E. Pereira, V. A. Paganin and E. A. Ticianelli, Electrochim. Acta, 

2006, 51, 4061–4066. 
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Biosynthesis of nanoparticles is emerging as a new, eco-friendly and high yield alternative to 

chemical synthesis of nanoparticles.  Currently various biological agents such as microbes have 

been used to synthesize bio-nanoparticles (BioNPs) from a variety of different elements 

including precious group metals such as Platinum, Palladium and Gold (1).  

Previously BioNP’s synthesized from bacteria have been shown to effectively work as electro-

catalysts for low temperature FC systems (2) (3). However both these groups worked with S. 

oneidensis making a Pd BioNP. Previous work done by the Macaskie group showed that a more 

commonly used industrial bacterium, E. coli can also reduce PGM nanoparticles like Pt and Pd 

and BioPd prepared in such a manner can be used as FC catalyst (4). E. coli-Pt nanoparticles 

were previously shown to be excellent electro-catalysts with activities comparable to 

commercial TKK (unpublished data). However as the bacterial scaffold was non-conductive 

and the nanoparticles formed had to be extracted using NaOH in a month long process that 

destroyed the entire scaffold and increased particle sizes. E.coli-Pd nanoparticles however were 

shown to make the scaffold conductive but showed low power outputs. This work shows that 

a sequential synthesis of Platinum and Palladium on E.coli to make a bimetallic E. coli-Pt/Pd 

catalyst resulted in a catalyst with better mass activities than its single metal counterparts.  

  

[1] Hulkoti NI, Taranath TC. Biosynthesis of nanoparticles using microbes—A review. Colloids Surfaces B 

Biointerfaces. 2014;121:474–83. 

[2] Liu J, Zheng Y, Hong Z, Cai K, Zhao F, Han H. Microbial synthesis of highly dispersed PdAu alloy for 

enhanced electrocatalysis. Sci Adv. 2016;2(September). 

[3] Xiong L, Chen J-J, Huang Y-X, Li W-W, Xie J-F, Yu H-Q. An oxygen reduction catalyst derived from a 

robust Pd-reducing bacterium. Nano Energy [Internet]. Elsevier; 2015 Mar 1 [cited 2018 Jan 12];12:33–42 

[4] Yong P, Mikheenko IP, Deplanche K, Redwood MD, Macaskie LE. Biorefining of precious metals from 

wastes: An answer to manufacturing of cheap nanocatalysts for fuel cells and power generation via an integrated 

biorefinery? Biotechnol Lett [Internet]. 2010;32(12):1821–8. 

[5] Courtney, J., K. Deplanche, N. V. Rees, and L. E. Macaskie. 2016. “Biomanufacture of Nano-Pd(0) by 

Escherichia Coli and Electrochemical Activity of Bio-Pd(0) Made at the Expense of H2 and Formate as Electron 

Donors.” Biotechnology Letters 38 (11): 1903–10.  

 

 

  



 36 

Evaluation of the effect of proton exchange membrane fuel cell 

nanocatalysts on platelets  

 
Pushpa Patel1,2, Marcos Fernandez-Villamarin2, Steve Watson3 & Paula Mendes1,22 

1Centre for Hydrogen and Fuel Cell Research Group, School of Chemical Engineering, University of 

Birmingham 

2Nanoengineering and Surface Chemistry Research Group, School of Chemical Engineering, University of 

Birmingham 

3Centre of Membrane Proteins and Receptors (COMPARE), Universities of Birmingham and Nottingham, The 

Midlands, UK 

 

Proton exchange membrane fuel cells (PEMFC) have a variety of applications from transport, 

to stationary and to portable energy supplies. The degradation of the platinum nanoparticle 

catalyst by carbon corrosion, platinum dissolution or platinum migration may pose risks to 

human health. These platinum nanoparticles could enter the bloodstream via inhalation and 

encounter the complex environment of plasma proteins and bloods cells including platelets. 

Platelets are anucleate bloods cells which play a critical role in haemostasis. However, 

excessive activation and aggregation can lead to thrombotic diseases which in turn could result 

in a stroke or heart attack. Previous studies have demonstrated that nanoparticles can activate 

and aggregate platelets in vitro and induce vascular thrombosis in vivo. Activation is governed 

by the physiochemical properties of the nanoparticle, including particle size, surface chemistry 

and morphology, and is mediated by crosslinking of distinct classes of surface receptors.  

However, little is known on how the PEMFC platinum catalyst interacts with platelets (Zia et 

al 2018). With this proviso in mind, the aim of this study is to evaluate the effect and underlying 

mechanism of the PEMFC platinum nanoparticle on platelet activation and aggregation. 

Following the method by Bigall et al 2008, different size platinum nanoparticles were 

synthesised by the reduction of chloroplatinic acid hexahydrate to platinum. Transmission 

electron microscopy (TEM) characterization demonstrated the formation of nanoparticles with 

sizes of 5.1 ± 0.8 nm, 20.1 ± 1.7 nm and 45.4 ± 2.5 nm. Studies are now underway to 

functionalise these platinum nanoparticles with negatively and positively charged groups as 

well as hydrophilic and hydrophobic moieties. This research will provide a greater 

understanding of the physiochemical properties of platinum nanoparticles and their role in 

inducing platelet activation and aggregation in vitro.  

 

[1] Zia, F., Kendall, M., Watson, S. P., Mendes, P. M. (2018) ‘Platelet aggregation induced by polystyrene and 

platinum nanoparticles is dependent on surface area’. RSC Advances, DOI: 10.1039/c8ra07315e. 

[2] Bigall, N. C., Härtling, T, Klose, M., Simon, P., Eng, L. M., Eychmüller, A. (2008) `Monodisperse Platinum 

Nanospheres with Adjustable Diameters from 10 to 100 nm: Synthesis and Distinct Optical Properties’. Nano 

Letters, vol. 8, No. 12, 4588-4592. 

 




