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Foreword
Dear Colleagues,
I cordially welcome you to the 2013 "Ever Vibrant Particle Science & Technology"
conference, jointly organised by the Chinese Society of Chemical Science & Technology in
the UK (CSCST-UK) and the Society of Chemical Industry (SCI). It will be the 20th of our
annual technical event series, which has been taken around the UK universities since 1994.
This event series is our principal endeavour to provide a forum for sharing and exchange of
research experience and networking for our members and partners.
Nowadays, scientific research is about collaboration. Most, if not all, R&D projects to tackle
complex problems require multi-disciplinary approaches and efforts from multiple research
organisations. To turn research into practice, collaboration could only become more
necessary and imperative. CSCST-UK hopes that by holding its events the UK-based Chinese
research community could be brought together more closely and more opportunities for
collaboration and mutual support would emerge.
This year's conference features Particle Technology, which has wide-ranging applications in
a variety of industries. The UK research community in particle science and technology is
deemed among the strongest in the world, in which the Chinese scholars and professionals
have a decent presence. I hope this conference can showcase the excellent contribution they
are making to advancement of this exciting scientific discipline.
Finally, I would like to thank our local host at Imperial College and our sponsor, AkzoNobel,
for their time and efforts to help put together this conference. My special thanks to Mr Dale A.
Laidler of AkzoNobel for his long-standing support to CSCST-UK. I am also grateful to our
partners, the Chinese Embassy in the UK, and our senior scientific committee members for
their constant support to our Society.
I hope all the participants will enjoy this conference and the excellent facilities of my old
Department at Imperial College.
Yours sincerely,

Nigel S Dong
Chair of CSCST-UK
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Conference Programme

8:00 – 8:30

Registration / Poster Setup (ACE Extension, Imperial College London, SW7 2AZ)
Opening (LT1) Chair: Dr Nigel Dong

8:30 – 8:35

CSCST/Imperial College London Welcome Speech

8:35 – 8:40

Chinese Embassy Speech

8:40 – 8:50

SCI Speech

8:50 – 9:00

RSC Speech

9:00 – 9:40

Plenary Talk (LT1) Chair: Dr Nigel Dong
PL1: Advanced Particle Design – The Key to Greener Coating Technology?
Dr Neal Williams (AkzoNobel)
Photography

9:40 – 9:45

9:45 – 10:10

10:10 – 10:30

11:30 – 10:50

10:50 – 11:10

11:10 – 11:40

11:40 – 12:05

Session 1A (LT1)

Session 1B (LT2)

Chair: Prof Guosheng Shao

Chair: Dr Shiping Zhu

Keynote Talk K1: Micromanipulation of
Biological and Non-Biological Particles
Prof Zhibing Zhang (University of
Birmingham)
O1: Molecular Dynamics Simulation of
Interfacial Thermal Conductance at SolidLiquid Interfaces
Xiaoling Chen (Queen Mary, University
of London)
O2: Adhesion of Perfume-Filled
Microcapsules to Model Fabric Surfaces
Yanping He (University of Birmingham)
O3: A Novel Ultrasonic Co-Feeding and
On-Line Mixing System for Making
Homogeneous Bioactive Porous PEEK
Compounds
Mohammad Vaezi (University of
Southampton)
Coffee Break / Poster

Keynote Talk K2: Applications of
Particle Characterization Techniques in
Pharmaceutical R&D
Dr Jianping Wu (Pharmaterials Ltd)
O4: Three-Dimensional Structure
Investigation and Analysis of Barrier
Anticorrosive Marine Coatings by
Ptychographic X-ray Tomography
Bo Chen (University College London)
O5: Ball-Milled Graphite Powders for
Carbon Dioxide Capture
Bingjun Zhu (University College London)
O6: Amorphicity of Bulk Micronised
Lactose
George Wang (Imperial College London)

Session 2A (LT1)

Session 2B (LT2 – Level 2)

Chair: Dr Rongjun Chen

Chair: Dr Marcos Millan-Agorio

Keynote Talk K3: Computational
Modelling of Pharmaceutical Powder
Compaction Processes: Feasibility and
Challenges
Prof Charley Wu (University of Surrey)

Keynote Talk K4: Morphology Control
of Silica and Composite Microspheres for
Separation
Dr Haifei Zhang (University of Liverpool)
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12:05 – 12:25

12:25 – 12:45

12:45 – 13:05

13:05 – 15:00
15:00 – 15:40

15:45 – 16:10

16:10 – 16:30

O7: Study of Granular Flows using
Particle-based Simulation
Jin Sun (University of Edinburgh)

O10: Functional Layered Double
Hydroxide Particle Materials with
Supramolecular Structure: Basic
Research, Structural Innovation and
Engineering Development
Xiaodong Lei (Beijing University of
Chemical Technology/UCL School of
Pharmacy)
O8: Bottleneck Detection and
O11: Hierarchically Porous Graphene
Debottlenecking of Biomanufacturing
Sheets and Graphitic Carbon Nitride
Facilities
Intercalated Composites for Enhanced
Oxygen Reductin Recation
Yang Yang (Imperial College London)
Kaipei Qiu (University College London)
O9: Optimal Scheduling of Refinery
O12: Synthesis and Morphology Control
Operations based on Piecewise Linear
of Lu2Ti2O7 Nano-Wires using Molten
Models
Salt Method
Xiaoyong Gao (Tsinghua University/
Hui Gao (Queen Mary, University of
University of Surrey)
London)
Lunch / Poster (Design Room) / Tour (Pilot Plant)
Plenary Talk (LT1) Chair: Dr Jerry Heng
PL2: Manipulating Forces between Surfaces: and its Applications in Particle
Technology
Prof Paul Luckham (Imperial College London)
Session 3A (LT1)
Session 3B (LT2)

Chair: Dr Waleed Al-Nasser

Chair: Prof Charley Wu

Keynote Talk K5: A Dry Powder Printer
for 3D Printing and Pharmaceutical
Powders Dispensing
Dr Shoufeng Yang (University of
Southampton/VaryDose Ltd)
O13: Nano Materials and Inks for Printed
Electronics
Weiping Wu (University of Cambridge)

Keynote Talk K6: Fabrican: Spray-on
Fabric
Dr Manel Torres (Fabrican Ltd)

16:30 – 16:50

O14: Innovative Industrial Inkjet
Printheads
Katie Liu (Xaar Jet)

16:50 – 17:10

O15: Effect of Ferroelectricity on Solar
Light Driven Photocatalytic Activity of
BaTiO3 – Influence on the Carrier
Separation and Stern Layer Formation
Yongfei Cui (Queen Mary, University of
London)

17:15 – 17:30
17:30 – 18:30

Awards / Closing (LT1)
Drink Reception (Design Room)
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O16: Hydrodynamic Characteristics of
Ionic-Aqueous Flow in Small Scale
Channels Relavant to Nuclear Fuel
Reprocessing
Qi Li (University College London)
O17: Numerical Investigation of the
Charge Behavior of Encapsulated
Spherical Storage Unit for High
Temperature Energy Storage
Chuan Li (University of Leeds)
O18: Three Pillars of Product Evaluation:
Examples in Renewable Energy and
Materials Research
Lei Wang (Imperial College London)
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Abstracts of Plenary Talks
PL1: Advanced Particle Design – The Key to Greener Coating Technology?
Neal Williams
Material Science Expert Capability Group, AkzoNobel, Slough, UK
The world that we live in faces many challenges particularly in terms of sustainability,
protecting the environment and enhancing the quality of life. AkzoNobel as the leading
coatings manufacturer in the world is committed to sustainability and to reducing its carbon
footprint and maintaining its place at or near the top of the Dow Jones Sustainability Index as
a result. A key part of this commitment is the drive to provide coatings containing lower
solvent levels and in particular waterborne alternatives to solventborne coatings. For
waterborne coatings, the polymeric binders as well as the pigments and are all in the form of
colloidal particles and control of the stability, morphology and rheology of these mixed
particulate systems is critical to achieving the required levels of performance.
This talk will describe some of the technology developed to deliver higher performance,
lower carbon footprint coatings for the 21st century.
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PL2: Manipulating Forces between Surfaces: and its Applications in Particle
Technology
Paul F. Luckham
Dept Chem. Eng. and Chem. Tech., Imperial College of Science, Technology and Medicine.
Prince Consort Road London SW7 2BY, United Kingdom (p.luckham01@imperial.ac.uk)
It is the forces between the microscopic constituents of materials, which to a large extent
determine the macroscopic properties. For example it is the differences in bonding between
the carbon atoms which determines the different physical properties of carbon and graphite.
The same is true in colloidal systems. In colloidal systems there are three common types of
long range interactions between particles, van der Waals forces, electrical double layer forces
and steric forces. In this presentation, examples as to how these forces can be modified and
even manipulated will be given. To convincingly demonstrate these effects it is necessary to
measure these interaction forces. We have achieved this by using the principles of atomic
force microscopy. The principle is simple, a small particle, 5-30

m, is attached onto a small

weak cantilever spring. The interaction between this particle and another particle or a surface
is measured by monitoring the deflection of the spring as the two particles are moved
together. In this talk I shall give examples of direct measurements of van der Waals, electrical
double layer and steric forces, show how they can be modified and how these modifications
affect the properties of bulk suspensions such as rheology.
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Abstracts of Keynote Talks
K1: Micromanipulation of Biological and Non-Biological Particles
Zhibing Zhang
School of Chemical Engineering, University of Birmingham, Edgbaston, Birmingham B15
2TT
Many biological and non-biological materials in microscopic particles (or microparticles)
are used to produce functional products for a wide range of industrial sectors including
pharmaceutical and medical, chemical, agrochemical, food and feed, personal and household
care. Understanding the mechanical properties of microparticles is essential for predicting
their behaviour in manufacturing and processing, and for maximising their performance in
end-use applications. However, it had not been possible to determine the mechanical
properties of single microparticles until a novel micromanipulation technique was developed
at the University of Birmingham. The technique is capable of determining the mechanical
properties of both biological and non-biological particles as small as 400 nm in diameter, and
can be used for obtaining force-displacement data of single microparticles at high
deformations, including those corresponding to rupture. The technique was enhanced by
mathematical modelling in order to allow intrinsic material properties to be determined, for
example, the particle (or particle wall) elastic modulus, viscoelastic and plastic parameters,
and stress/strain at rupture. For biological materials, applications of this technique include
understanding mechanical damage to animal cells in suspension cultures, yeast and bacterial
disruption in downstream processing equipment, changes to the morphology of filamentous
micro-organisms in submerged fermentations, plant cell behaviour in food processing,
flocculation processes, cell mechanics, biomaterials and tissue engineering. For nonbiological materials, applications include understanding and controlling particle breakage in
processing equipment, and the formulation of microcapsules with optimum mechanical
strength to achieve controlled release and targeted delivery of functional active ingredients.
The fundamentals and applications of this technique will be presented.

8

The 20th Joint Annual Conference of CSCST-SCI, Imperial College London, 14 Sep 2013
K2: Applications of Particle Characterization Techniques in Pharmaceutical R&D
Jianping Wu
Pharmaterials Ltd, A PII Company, Reading, UK
Particle characterizations are essential in pharmaceutical R&D. For instance, the particle
size of both API (active pharmaceutical ingredient) and carrier are critical to the performance
of a dry powder inhalation formulation. Not only particle size but its morphology is critical in
developing a novel amorphous nano/micron sphere particles formulation. Particle
characterizations can also be used in support fighting against counterfeit and patent
infringement. Hence, it is obligate to have some techniques feasible and fit for the purposes
in developing pharmaceutical medicines. In this presentation, practical applications of SEM,
PSD, XRPD and Raman mapping are demonstrated in some case studies of particle
characterizations.
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K3: Computational Modelling of Pharmaceutical Powder Compaction Processes:
Feasibility and Challenges
Chuan-Yu (Charley) Wu
Department of Chemical and Process Engineering, University of Surrey, Guildford, GU2
7XH
Tablets are the most popular pharmaceutical dosage form that occupies two third of the
global pharmaceutical market. They are generally manufactured through dry powder
compaction processes that involve a series of unit operations including mixing, die filling,
compaction, ejection, coating and packaging. Effective pharmaceutical process development
is crucial to deliver safe, effective and cheap drugs to patients in a timely manner, for which
the conventional trial-and-error process development practice is struggling to meet the
demand and there is an urgent need to develop innovative science-based process development
strategies. It would be ideal that one can access the process-ability and properties of final
products at the very early stage of the drug development, with a limited materials required
and a minimum number of experimental tests. In this talk, a multi-scale computational
modelling approach for pharmaceutical tabletting processes will be presented. The multiscale
model was developed with a combination of advanced discrete element method, which was
coupled with computational fluid dynamics for modelling realistic process conditions (i.e. the
presence of air), and finite element methods. The multiscale model was used to predict the
flow, consolidation and compaction behaviour of pharmaceutical formulations based on the
properties of individual particles and can be potentially used to develop optimum formulation
and manufacture processes at the very early stage of drug development. The applications of
this multiscale model in pharmaceutical tablet manufacture will be discussed in detail to
illustrate its feasibility, and the associated challenges will also be highlighted.
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K4: Morphology Control of Silica and Composite Microspheres for Separation
Adham Ahmed, Mark Forster, Richard Hayes, Aled Roberts, Haifei Zhang
Department of Chemistry, University of Liverpool, Oxford Road, Liverpool, L69 7ZD
A modified Stöber method was employed to produce monodisperpsed mesoporous silica
microspheres. The presence of hydrophilic polymer poly(vinyl alcohol) in the synthesis was
critical for the formation of uniform microspheres while the cationic surfactant CTAB was
responsible for the mesopores (around 2.7 nm). The mesopores could be further enlarged to
6.5 nm to be suitable for chromatographic separation. We further develop a one-pot synthesis
procedure to produce the unique silica spheres-on-spheres (SOS). Typically these SOS
particles exhibit the morphology of nanospheres (200nm) located on microspheres (5 µm)
while both the size and density of the nanospheres are tuneable. The column packed with
SOS spheres showed the fast separation of proteins and small molecules with low back
pressure. In further effort, metal-organic framework (MOF) nanoparticles were formed on
silica SOS microsphere. This composite particle combines the advantage of packing silica
microspheres and molecular selectivity of MOFs as demonstrated in the fast separation of
xylene isomers. We have also produced silica microspheres in highly interconnected porous
polymer and microspheres on fibers, both of which have great potential for separations.
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K5: A Dry Powder Printer for 3D Printing and Pharmaceutical Powders Dispensing
Shoufeng Yanga,b
a
Faculty of Engineering and the Environment, University of Southampton, Southampton,
SO17 1BJ
b
VaryDose Ltd, F3, Brookfield Centre, Cottenham, Cambridge CB24 8PS, United Kingdom
In many laboratory situations powders must be weighed out or dispensed for routine
analyses such as those often found in industrial settings, where a chemist is required to
prepare dozens of samples daily either from a single stock powder or from various powder
samples. In the next generation of 3D printing, multiple materials need to be printed into 3D
spatial location before further consolidation. In a pharmaceutical research and development
setup, the process of synthesizing new chemical entities and identifying them as potential
drug candidates leads to a limited availability of few grams of synthesized powders. This
warrants the need to develop techniques to dispense precisely microgram or even nanogram
quantities of these powders for its application in high-throughput screening enabling faster
drug development. Dry powder micro-dispensing can be used in many fields, such as 3D
printing, production line filling, solid freeform fabrication, drug delivery and pharmaceutical
screening. Micro-dispensing of powders also provide a large landscape in terms of
formulation designs for high throughput experimentation in the pharmaceutical industry.
Micro to milligrams of powders are metered and dispensed for application in combinatorial
chemistry of drug development. Conventional dispensing methods involving use of skilled
operators have limitations such as high capital cost, time consumption, operational
complexity, constant use of weighing balances and lower fill yield due to fine powders loss at
the filter. The process is more challenging when dispensing cohesive and adhesive micronsized inhalation powders. The mass content uniformity of each dose in such formulations is
especially crucial as it assures consistent therapeutic benefits in patient.
The aim of the present work was to demonstrate the feasibility of a novel dry powder microdosing system, developed based on a dry powder printer technology, for dispensing
pharmaceutical powders (30 µg -5000mg doses) at high precision and speed. The computercontrolled micro-dosing system employs acoustic vibration to initiate and control the powder
dispensing from small nozzles. The powder flow arrest was brought about by the formation
of domes in the capillary. It has been well established that the dispensing mechanism of
powder is strongly related to the powder properties (i.e. particle size, cohesion force),
diameter of the capillary tube and intensity of the ultrasonic vibration.
12
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K6: Fabrican: Spray-on Fabric
Manel Torres
Fabrican Limited
Fabrican Ltd has exploited the expertise in colloid and polymer science and engineering to
develop a new spray-on coating with exciting new applications, including personalised
clothing. The Fabrican Spray-on fabric enables designers to spray liquid material directly
onto the body, using aerosol technology. The spray, which dries instantly to create a fabric
layer, makes innovative clothes that can be washed, re-worn and even integrated with
diagnostic devices that can monitor the health of the wearer. The technology consists of short
fibres bound together with polymers, and a solvent that delivers the fabric in liquid form, that
evaporates when the spray reaches a surface. The texture of the fabric can be changed
according to the fibres (synthetic and natural, such as cotton, linen, polyester or nylon) and
binder used, and how the spray is applied. Many other applications exist, including in the
medical field: Spray-on sterile bandages can be applied to burnt skin without applying any
pressure; drug-delivery patches can release medicines directly to the body an optimal rate;
and lightweight, waterproof plaster casts can also be manufactured.
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Abstracts of Oral Presentations
O1: Molecular dynamic study of interfacial thermal conductance at solidliquid interfaces
Xiaoling Chen,a Dongsheng Wenb
a
School of Engineering and Materials Science, Queen Mary University of London, UK.
(Email: xiaoling_chen05@163.com)
b
School of Process Environment and Materials Engineering, University of Leeds, Leeds, UK.
It is known that when heat flows through an interface,
there is a temperature jump at the interface indicating
a thermal reistance caused by the interface. The
interfacial thermal resistance is aslo called Kapitza
resistance or thermal boundary resistance, which
origins in the mismatch of thermal properties between
the materials in contact. the interfacial thermal
conductance is the inverse the interfacial thermal
Fig.1 Temperature distibution

resistance. At the nanoscale, the interfacial resistance
may dominate the heat transfer process since the
Kapitza length (the ratio of thermal conductivity of
one phase to the interfacial thermal conductance) is
comparable

to

the

characteristic

length.

So

understanding the thermal resistance at the interface
is very important especially for the applications
Fig.2 the interfacial thermal conductance

containing high density of interfaces.

In this sudy, equilibrium molecular dynamics simulations (NEMD) are conducted to explore
the heat transport throgh spherical and planar surfaces: a 3nm gold naoparticle (GNP) is
immersed in water and a solid gold slab sandwitched beween two water slabs. Periodic
boundary condition is applied in each dimension for both cases. The whole system is first
euilibrated in a NPT ensemble (300K, 1atm) for a period of time, and then the heat is added
to the atoms of the whole GNP or the middle region of the solid slab while the temperature of
the liquid which is away from the soli-liquid interface is kept at the prescibed temperature.
14
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During the whole simulation, the pressure is kept at 1atm. The temperature distribution (Fig.1)
is calculated to obtain the temperature drop at the interface to calculate the interfacial thermal
conductance. Both the rigid and flexible water models are used to explore the temperature
dependence mechanism of the interfacial thermal conductance. In the study of GNP in water,
it is found that the interfacial thermal conductance obtained for the case with the rigid water
model is larger than that for the case with flexible water model (Fig.2). And it is almost
constant for the case using rigid water model [1], while it increases with the solid temperature
for the case using flexible water model [2]. The temperature distibution is in good agreement
of he theretical model in [4]. The water thermal conductivity estimated from the temperature
distibution is close to the results in [5] using the same water model. In addition, the effect of
the interaction between the solid and liquid atoms and the barostat implementation is also
investigated.
References
[1] J.V. Goicochea, M. Hu, B. Miechel, and D. Poulikakos, J. Heat Transfer. 133, 2011,
082401.
[2] S. Ge and M.Chen, Molecular Physics, 2012.
[3] G. Baffou, H. Rigneault, Physical Review B 84,2011, 035415.
[4] T. W. Sirk, S. Moore, and E. F. Brown, J. Chem. Phys. 138, 2013, 064505.
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O2: Adhesion of Perfume-Filled Microcapsules to Model Fabric Surfaces
Yanping He,a James Bowen,b Min Liua, Johan Smets,b Zhibing Zhanga
a
School of Chemical Engineering, University of Birmingham, Edgbaston, Birmingham, B15
2TT, UK
b
Proctor & Gamble Brussels Innovation Center, Temselaan 100, 1853 Strombeek Bever,
Belgium
Perfume microcapsules have attracted a great deal of attention from industries over the last
decade, which need to be incorporated in household products [1-2] (e.g. detergent), and then
provide a pleasant scent to the consumers after laundry process. To realise this, it is essential
for the microcapsules to deposit on fabric surface. Therefore it is important to understand
their adhesion at the interface and then develop a strategy to enhance the deposition of
microcapsules on fabric surface.
In this study, a parallel-plate flow chamber [3] with a video camera was built to investigate
the deposition of perfume microcapsules on a cellulose film in aqueous solution and the
adhesion was quantified by measuring the surface area occupied by the microcapsules before
and after a fluid flow. Moreover, individual microcapsules were attached to an end of a
tipless rectangular cantilever of an atomic force microscope (AFM) and their adhesion to the
cellulose film was measured. The cellulose film was then modified with a polyelectrolyte (PE)
bearing positive charges and amine groups in order to increase the adhesion of microcapsules
on the cellulose [4, 5]. The extent of deposition and adhesion of perfume microcapsules on
the cellulose film determined by the flow chamber technique and AFM were compared, and
the mechanisms involved in the microcapsule-cellulose interactions have been proposed.
It has been found that the surface area of a cellulose film occupied by microcapsules was
approximately 10% after a fluid flow of 3 min with a wall shear stress of 3.95 ×10-2 Pa in the
flow chamber. After the PE with a concentration of 0.1% (wt. %) was applied to the cellulose
for 30 min, the corresponding deposition ratio of the microcapsules was increased to 90%
(see Figure 1).
The average pull-off force between single microcapsules and a cellulose thin film was
2.3±1.0 nN for a contact time of 0.01s, and increased to 58±31 nN after the PE with a
concentration of 0.1% (wt. %) was applied to the cellulose for 30 min. The adhesion was also
found to be greater when the contact time between the AFM probe and the cellulose surface
was increased to 10s (Figure 1).
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Microcapsules are supposed to be displaced from the fabric surface by rolling motion in the
flow chamber and the torque balance on a particle demonstrated that the particle
displacement from a flat surface is directly correlated with the adhesion between the two
surfaces [6], which agrees with the correlation observed between the two techniques used in
this study. Moreover, the adhesion was further investigated as a function of surface charges
of microcapsules and PE, ionic strength and pH of the suspending liquid by AFM; it is
proposed that bridging forces resulting from the extension of cellulose chains dominate the
adhesion between the microcapsule and un-modified cellulose film; electrostatic attraction
helps to capture the microcapsule to the modified cellulose film with PE and then hydrogen
bonding as well as bridging forces play important roles to contribute to the adhesion when
they were separated.

It is believed that the flow chamber technique can also be used to provide a quick evaluation
of adhesion between other microparticles and a flat surface and AFM to generate in-depth
understanding of the mechanisms.

(a)
(b)
Figure 1. Microcapsules remaining in normalized area ratio after removal with a water flow
(80ml/h for 3 min) (a); the mean value of pull-off forces between 7 microcapsules and a
cellulose film with a contact time of 0.01s and 10s respectively (b) under different PE
concentrations. The error bars represent the standard error of the mean.

Acknowledgements: The financial support from Procter & Gamble, Belgium, School of
Chemical Engineering, the University of Birmingham, UK, China Scholarship Council, and
technical support from Birmingham Science City are gratefully acknowledged.
References
[1] Rodrigues, S.N., Martins, I.M. and Fernandes, I.P., Chemical Engineering Journal, 2009,
149, 463-472.
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[2] Liu, M., Understanding the mechanical strength of microcapsules and their adhesion on
fabric surfaces, PhD thesis, University of Birmingham, UK, 2010.
[3] Reshow, K. M., Orr, D. E. and Burg, K. J. L., Biotechnology. Prog. 2005, 21, 538-545.
[4] Claessona, P. M., Dedinaite, A. and Rojas, J., Advances in Colloid and Interface Science,
2003, 104, 53–74.
[5] Sczech, R. and Riegler, H., Journal of Colloid and Interface Science, 2006, 301, 376-385.
[6] Zoeteweij, M.L., Van der Donck, J. C. J. and Versluis R, Journal of Adhesion Science
and Technology, 2009, 23, 899-911.
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O3: A novel ultrasonic co-feeding and on-line mixing system for making
homogeneous bioactive porous PEEK compounds
M. Vaezi, S. Yang
Faculty of Engineering and the Environment, University of Southampton, SO17 1BJ, UK.
(Emails: mv1y11@soton.ac.uk, s.yang@soton.ac.uk)
Introduction
Polyetheretherketone (PEEK) is a thermoplastic alternative for metal implant materials as it
combines good strength and stiffness with excellent thermal stability and good
biocompatibility with fibroblasts and osteoblasts in vitro with no cytotoxic effects in vivo.
However, a potential clinical concern is that PEEK alone is not bioactive and has limited
fixation with bone. Bioactive porous PEEK composites are being used to improve the boneimplant interface and better ossteointegration. Different methods such as particulate leaching
(commonly termed as porogen/fugitive leaching) are used to make these compounds. In these
manufacturing techniques, uniform mixing of PEEK with bioactive particles or porogen
particles are required. The granular segregation, known as the Brazil nut effect, is the main
challenge in mixing PEEK granules with other bioactive or porogen particles. It is a common
phenomenon in granular materials mixing in which particles of different sizes are used. The
larger and/or low density particles end up to the top when these particulate mixtures are
stirred, shaken or jostled [1, 2]. This effect is fatal in many industrial processes where an
ordered mixture is strictly required.
In this work, the feasibility of an ultrasonic co-feeding system was demonstrated by
preparing homogeneous mixtures from two different materials with different physical
properties. Meanwhile, a homogenous mixing of commercially used implant grade PEEK and
bioactive material which are prone to segregate during traditional stir mixing was proved for
further bioactive compound fabrication.

Experiments and results
A novel automatic micro-feeder [3, 4] was designed and set up to complete the online
uniform mixing of PEEK and filler particles (Fig. 1). The device was based on dry powder
printing (DPP) technology invented recently by Dr. Shoufeng Yang and his colleagues
(patents GB2472817A, EP2467681 A1, WO 2011/020862). The technique uses ultrasonic
vibration to control powder flow by sending signal to a piezoelectric transducer that attached
to a tube containing powders. To verify the real time flow rate of the two different material
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powders, the nozzles with different size were designed for micro-feeders. Before mixture
preparation, a programmed processing control platform has been built in which a seven
places micro-balance is used to verify the flow rate of individual powder. Different mixing
proportions of two materials are achieved by adjusting the ratio of flow rates. Sub-millimetre
rod-shaped PEEK-OPTIMA® granule (Invibio Biomaterial Solutions Ltd., UK) and glass
filler (porogen) were fed simultaneously into a mould with co-feeding system in a ratio of
50/50 (wt/wt) for further heat treatment to prepare a homogeneous compound. The blend
could then be heated at 400 ºC for 45 minutes to melt the PEEK and bond to the filler to
create a PEEK compound suitable for machining into test samples. X-Ray Computed
Tomography (X-ray CT) imaging was used to evaluate the mixing uniformity through 3D
image of the mixtures. Images derived from X-ray CT data (Fig. 2) was assessed for
homogeneous and inhomogeneous distributions of mixed samples with different size, shape
and/or density of particles at different layers exhibiting a reasonable homogenous distribution.
The results proved that the proposed online material mixing can open a wide range of
opportunities and can be used efficiently to make highly uniform compounds.

XY moving table

Fig. 1. Schematic diagram of ultrasonic co-feeding System
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Fig. 2. CT imaging from bioactive PEEK/glass filler composite
Acknowledgments: The authors would like to thanks to Invibio Ltd. for financial support of
this work.
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O4: Three-Dimensional Structure Investigation and Analysis of Barrier
Anticorrosive Marine Coatings by Ptychographic X-ray Tomography
Bo Chen, Manuel Guizar-Sicairos, Laura Shemilt, Ana Diaz, Nicolas Burdet, Frank Vergeer,
Andrew Burgess, Ian Robinson
London Centre for Nanotechnology, University College London, London, WC1H 0AH, UK
We present three-dimensional (3D) spatial structures of aluminium epoxy anti-corrosive
marine coatings obtained by ptychographic X-ray tomography [1], and quantitative analysis
on orientation, volume, length, width and pair distribution function of the main components
of the coatings.
These marine coatings provide outstanding corrosion protection to substrates. The crucially
functional component is made from aluminium flakes, whose lamellar shape and alignment
parallel to the surface improve the barrier properties of coatings by decreasing the
transportation rate of corrosive substances such as ions, water (vapour) and oxygen through
the coating layers [2]. In these samples, the aluminium flakes could not be effectively
visualized by transmission X-ray microscopy because of their weak X-ray absorption
capability. However, ptychographic X-ray tomography, which is a unique technique
combining advantages of ptychographic imaging and 3D X-ray tomography, generates 3D
images with sufficient phase contrast (see figure 1). This method offers high resolution with
an extended and customised field of view that cannot be achieved by conventional coherent
X-ray diffraction imaging because of its requirement of isolated samples. Compared with
serial-sectioning (tomographic electron microscopy) method, it avoids mechanical sample
destruction which, in certain cases, is extremely important for nano and micro-scale sciences.

Figure 1. Results of the aluminium epoxy marine coating obtained by 3D ptychographic Xray tomography: a, One of the tomogram slices perpendicular to the rotation axis through
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the reconstructed 3D volume. Some of identified aluminium flakes are circled by red ellipses,
some of the talc fragments are pointed by green arrows; b, Rendering of 3D spatial
structure image of the sample after segmentation. In figures 1b, purple parts are aluminium
flakes, red objects are talc fragments and yellow particles are iron oxide.
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O5: Ball-milled graphite powders for carbon dioxide capture
Bingjun Zhu, Zheng-Xiao Guo
Department of Chemistry, University College London, 20 Gordon Street, London, United
Kingdom (Emails: bing.zhu.10@ucl.ac.uk)
The reduction of carbon dioxide emission has been considered to be one of the significant
environmental challenges to be overcome in the 21st century. Various materials, including
liquid amines, zeolites, metal-organic frameworks and porous carbon, have been developed
as the sorbents to capture CO2 from large anthropogenic sources such as power plants.[1]
Porous carbon materials possesses advantages of low costs and mild regeneration conditions,
which can be developed and modified to replace the conventional liquid amines sorbents that
suffer from the requirement of high temperature regeneration and corrosion issues.[2] Here,
we report the adoption of a mechanochemical method for the production of porous carbon.[3]
It involves the ball-milling of graphite powders in different gas environments and follows by
the chemical activation with KOH. The ball-milling process transforms crystalline graphite
powders into a mixture of amorphous carbon and localised graphitic platelets. The ball-milled
graphite samples exhibit certain degrees of initial specific surface area and porosity. The
chemical activation process improves the porous structure of ball-milled graphite by further
raising its specific surface area and porosity. Preliminary research shows samples prepared by
this method exhibit an encouraging capacity for CO2 capture and a large room for future
development to further improve its performance. This ball-milling method is a brand new
way to prepare effective carbon sorbents from graphitic materials
Acknowledgments: EPSRC for the support and discussions with members of our research
group.
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O6: Amorphicity of Bulk Micronised Lactose
G.D.Wang, J.Y.Y. Heng, D.R. Williams
Department of Chemical Engineering, Imperial College London, South Kensington Campus,
London, U.K.
(Email: g.wang08@imperial.ac.uk)
Processed pharmaceutical powders with low levels of amorphous content (<10%) have been
shown to display anomalous physical behaviour [1-3]. Sub-micron particles (‘ultra-fines’)
generated during micronisation have a significant contribution to specific surface area (SSA),
flowability and agglomeration tendency. Determining the physicochemical properties of
ultra-fines could explain the particle size and SSA changes observed post-milling and upon
storage. The work presented here utilises a modified cascade impactor (micro-orifice uniform
deposit impactor), originally designed for the passive collection of environmental aerosol
particles from 10nm to 10m [4]. Bulk micronised -lactose monohydrate was fractionated
with three well-defined fractions, bulk (S2 – S4, ~10m), fine (S5 – S6, ~2m) and ultrafine
(S7 – S9, sub-micron). These amorphous content of these fractions were then quantified by
dynamic vapour sorption, which showed that amorphicity was inversely proportional to
particle size taking into consideration the contribution of SSA to vapour sorption [5]. This
study has shown that ultra-fines are highly amorphous compared to the bulk and may be the
principal driving force for changes in physical properties of powdered solids post-milling.
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O7: Study of granular flows using particle-based simulation
Jin Sun
School of Engineering, University of Edinburgh, King’s Buildings, Edinburgh EH9 3JL, UK
(Email: j.sun@ed.ac.uk)
Particle systems and processes encountered in chemical engineering and industries often
involve complicated particle interactions and multiple phases in complex geometries.
Predicting the macroscopic behaviour of such systems and connecting to the microscopic
properties remains a challenge. In this presentation, I would like to discuss our research using
particle-based simulation to address the challenge, particularly in bridging discrete and
continuum descriptions [1] and coupling distinct scales for particle and interstitial fluid
dynamics [2]. The applications to cohesive powder [3], paste flow and fluidisation will be
presented, collectively demonstrating the effects of particle-scale interactions on the
macroscopic flows.
Acknowledgments: Funding from EPSRC CASE, EU FP7 Marie Curie Initial training
network, PARDEM, and Johnson Matthey is gratefully acknowledged. The presenter would
also like to thank PhD students, S.C. Thakur, J.P. Morrissey, P. Gupta and C.J. Ness; and
collaborators, S. Sundaresan, H. Xiao and J.F. Chen and J.Y. Ooi.
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O8: Bottleneck detection and debottlenecking of biomanufacturing
facilities
Yang Yang,a Suzanne S. Farid,b Nina F. Thornhilla
a

Centre for Process Systems Engineering, Department of Chemical Engineering, Imperial
College London, South Kensington Campus, London SW7 2AZ, UK (Email:
yang.yang@imperial.ac.uk)
b
The Advanced Centre for Biochemical Engineering, Department of Biochemical Engineering,
University College London, Torrington Place, London WC1E 7JE, UK
Transfer of pilot scale processes into large-scale facilities can often lead to facility fit issues.
Mismatches in equipment sizes, combined with process fluctuations upon scale-up, can result
in discarding expensive product. This research used advanced multivariate analysis
techniques to interrogate Monte Carlo stochastic simulation datasets that mimic batch
fluctuations. A decision tree classification method, CART (classification and regression tree)
has been introduced to explore the impact of process fluctuations on product mass loss and
extract rules on the critical combinations of factors that lead to mass loss. The binary decision
tree result is a pictorial representation of a series of if-then rules to understand the reasons
leading to mass loss. This allowed the degree of facility fit and the root causes of product loss
to be predicted and the improvement of performance to be achieved without changing the
existing facilities.
Acknowledgments: Funding from the UK Engineering & Physical Sciences Research
Council (EPSRC) for the EPSRC Centre for Innovative Manufacturing in Emergent
Macromolecular Therapies is gratefully acknowledged. Financial support from the
consortium of industrial and governmental users is also acknowledged.
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O9: Optimal Scheduling of Refinery Operations based on Piecewise Linear
Models
Xiaoyong Gao,a, b Tao Chen,b Yongheng Jiang,a Dexian Huang,a
a

Department of Automation and National Laboratory for Information Science and
Technology, Tsinghua University, Beijing, China.
b
Department of Chemical and Process Engineering, University of Surrey, Guildford, UK
As an effective way to increase profit margins, refinery scheduling optimization has
attracted more and more research attentions in recent years. Due to the high complexity and
nonlinearity of refining processes, effective scheduling often requires an accurate model to
describe the process, where data-driven nonlinear process models are a popular choice.
However, the nonlinear model will result in serious difficulties for solution. Piecewise linear
representations are well suited to describe global nonlinearity with locally linear functions.
Nevertheless, this method suffers from the “curse of partitions” in the parameters training
process, making the model structure complex and difficult to solve. And also, lots of
secondary subregions emerge when approximating multi-functions with the same
independent variables separately, if these functions are taken into consideration in one
optimization. To deal with these difficulties, we propose a novel multiple canonical piecewise
linear (multi-CPWL) model with a unified simplicial partitioning strategy in this paper, based
on the previously proposed canonical piecewise linear model (CPWL) [1]. Based on the
carefully designed partitions strategy, the original mixed integer nonlinear programming
(MINLP) can be replaced by mixed integer linear programming (MILP), which can then be
readily solved using standard optimization algorithms. The proposed strategy is tested by a
case study originated from a refinery in China, which is realized based on the Petro-SIM
platform, shown in Fig. 1. Given a specific command, shown in Fig. 2, the solution result are
summerized in Fig 3. For the purpuse of comparisons, the CPWL is also done here. Taking
relative sum of squared errors (RSSE) as index, the comparison results about approximation
are shown in Table 1. For CPWL mdel, point search based optimization [2] is utilized here.
Combing the comparison results listed in Table 1 and 2, it is clear that the proposed multiCPWL has a little disadvantage in modelling accuracy compared with CPWL, but it has a
overwhelming advantage in both optimization efficiency and optimization results. The
CPWL based method often inevitablly falls into local optima, but multi-CPWL based mothod
well avoid it.
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Fig. 2 Future demands of product
oils

Fig. 1 Flow chart of the refining units
subject to scheduling (The dash lines
denote the fixed inflows that are solely
determined by the upstream units and the
solid lines denote flows that can be adjusted
through scheduling)

Acknowledgments: This research was
supported by the National Natural Science
Foundation of China (No.21276137,
No.61273039)
and
863
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(No.2013AA040702).

Fig. 3 Gantt chart for gasoline
blender’s operations

Table 1 Comparisons of two modeling
methods
Units
Catalytic reformer
Diesel hydrotreater
Gasoline
hydrodesulphurization
FCC gasoline
etherification

CPWL

multi-CPWL

Yield model

Operating cost

Yield model

Operating cost

0.0739
0.0862

0.0843
0.0801

0.0873
0.0903

0.0921
0.0872

0.0735

0.0869

0.0798

0.0903

0.0720
0.0797
0.0731
0.0815
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O10: Functional Layered Double Hydroxide Particle Materials with
Supramolecular Structure:Basic Research, Structural Innovation and
Engineering Development
Xiaodong Lei,a,b Yanjun Lina
a

State Key Laboratory of Chemical Resource Engineering, Beijing University of Chemical
Technology, PO Box 98, Beijing 100029, China. (Email: leixd@mail.buct.edu.cn)
b
UCL School of Pharmacy, 29-39 Brunswick Square, London WC1N 1AX, UK.
Layered intercalated functional particle materials of the layered double hydroxide (LDH)
type are a significant class of inorganic compounds. Based on long-term studies of these
materials in the State Key Laboratory of Chemical Resource Engineering (SKLCRE) in
Beijing University of Chemical Technology (BUCT), two principles of “using the intended
application of a material as a guide to its structure design and synthesis process” and “the
design of controlled intercalation processes in the light of future production processing
requirements” have been developed. To achieve these objectives, the composition of the host
layers and guest interlayer anions was tailored at the microlevel, while the mesostructure and
macrostructure were controlled to fabricate different kinds of layered intercalated functional
particle materials. These materials have diverse applications in key areas such as catalysis,
the environment, and construction, and as polymer additives. Therefore, LDHs may be
utilized more efficiently for the benefit of society.
Acknowledgments: This work was financially supported by the NSFC, the 863 Program (no.
2012AA03A609), the 973 Program (no. 2011CBA00503) and the Program for Changjiang
Scholars and Innovative Research Team in University (no. IRT1205) of P. R. China.
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O11: Hierarchically Porous Graphene Sheets and Graphitic Carbon
Nitride Intercalated Composites for Enhanced Oxygen Reductin Recation
Kaipei Qiu, Zheng Xiao Guo
Chemistry Department,University College London, 20 Goldon Street, London, UK.(Email:
k.qiu.12@ucl.ac.uk)
The mass marketing of fuel cells technique is largely hindered by the sluggish oxygen
reduction reaction (ORR) at the air cathode[1]. Conventional platinum-based electrocatalysts
suffer from the prohibitive cost/limited reserve of platinum, time-dependent drift in working
current and weak durability against methanol fuel crossover effect or poisons from spent fuel
such as carbon monoxide [2, 3]. Recently, metal-free nitrogen-doped carbon materials have
been regarded as the promising alternatives due to their ultra-low cost, significantly improved
fuel tolerance and comparable catalysis performance [4]. It has been shown, in both
experiments and calculations, that incorporation of electro-negative nitrogen can induce a
positive charge on the adjacent carbon, which facilitates the oxygen adsorption and
subsequently weakens the O=O bond in oxygen molecules [5].
Graphitic carbon nitride (GCN), a two-dimensional heptazine-based polymer, is a potential
ORR catalyst but its performance is restricted by the low conductivity (< 10-2 S/cm) [6].
Intercalation of electrical conductive graphene sheets (GS) into GCN layers thus should be
able to enhance its ORR activity. Here we presented a facile synthesis of hierarchically
porous GS/GCN intercalated composites. It was demosntrated that the ORR could occured
via a direct four-electron parthway rather than the two-step two-electron route for pristine
GCN. The electrochemical properties of GS/GCN composites were optimised by balancing
the amount of active sites and electrical conductivity and further by morphology design. The
obtained materials showed comparable catalytic performance, better long-term stability and
methanol tolerance, compared with commercial platinum loaded carbon catalysts.
Acknowledgments: This work was financially supported by EPSRC programme ‘Energy
Storage for Low Carbon Grid’ (EP/K002252/1).
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O12: Synthesis and morphology control of Lu2Ti2O7 nano-wires using
molten salt method
Bao-rang Li,a Hui Gao,b Dongsheng Wenc
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b
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c
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Lu2Ti2O7 nano-wires were successfully prepared by the molten salt synthesis method using
TiO2, Lu2O3 oxides as the raw materials while KCl was chosen as solvent. XRD results
showed that the as-prepared nano-wires mainly consisted of cubic Lu2Ti2O7 phase though
only minor amounts of impurities existed. SEM and TEM
results indicated that the wire-like nano-structured Lu2Ti2O7
was about 50–300nm in diameter and several tens of
micrometers in length. The Lu2Ti2O7 nano-wires were single
crystalline, which was proved by the selected area electron
diffraction results.
The inﬂuence of possible factors like the reaction temperature,

Fig.1 SEM image of Lu2Ti2O7 nano-wires

holding time, salt species and amount on the crystallization habit and morphology of
Lu2Ti2O7 nano-wires was also studied in detail. The results suggested that crystallization
habit of salt is a key factor defining the growth characteristic of Lu2Ti2O7 products. Under the
same processing conditions, compared with NaCl, KCl was verified to be more favorable for
synthesis of wire-like Lu2Ti2O7. Furthermore, the calcinations temperature also showed a
strong impact on the formation of Lu2Ti2O7 nano-wires. Both the increased content of KCl
and prolonged annealing time could improve the quality of product morphology greatly. All
of these results proved that the morphology control of Lu2Ti2O7 nano-wires could be
achieved by a reasonable control and adjustment of the process conditions. Finally, the
formation mechanism of Lu2Ti2O7 nano-wires was proposed.
Acknowledgments: The authors thank Huan Gao for data collection of this work.
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O13: Nano Materials and Inks for Printed Electronics
Weiping Wu
Electrical Engineering Division, Engineering Department, University of Cambridge, 9 JJ
Thomson Avenue, Cambridge, CB3 0FA, United Kingdom. (Email: ww282@cam.ac.uk)
Printing techniques are competitive alternatives to conventional photolithography for the
production of electronic devices with advantages including low cost, ease of mass production
and flexibility. Nano materials such as metal nano particles, organic semiconductors [1],
conducting polymers, oxides, carbon nanotubes, grapheme [2] as well as two-dimensional
(2D) layered atomic crystal materials are key materials for printed electronics, since they
could be processed by solution processes for larger area applications. Ink-jet printing is a
particularly attractive direct-write technique, for surface patterning and the delivery of precise
quantities of materials. Applied to printed electronics, inkjet printing enables patterning
various functional materials for applications such as thin film transitors (TFTs) [3, 4], organic
light emitting diodes (OLEDs), sensors, solar cells [5], radio-frequency identifications
(RFIDs), batteries and biomaterials.
Graphene’s high mobility, ideal optical and mechanical properties, make it a promissing
material for opticalelectronics and high frequency electronics. Graphene will have various
applications ranging from solar cells, batteries, light emitting devices, photodetectors, high
frequency devices, touch screens and smart windows [6]. There are other graphene-like 2D
layered materials with equally interesting but complementary electronic and optoelectronic
properties of graphene; for example, Molybdenum Disulphide (MoS2) and Tungsten
Disulfide (WS2) with high mobility yet controllable band gaps for high ION/IOFF ratio TFTs.
Graphene inks formulated by liquid-phase exfoliation of graphite in water and organic
solvents, are composed of chemically pristine graphene. High mobility graphene TFTs are
fabricated by printing the inks with a commercial inkjet printer head. A mobility up to ~95
cm2V-1s-1 with an ION/IOFF ratio about 10 has been achieved for the printed devices [2].
By printing graphene with poly(3,3'''-didodecyl-quaterthiophene) (PQT-12), an air stable
semiconducting polymer, we have improved the device’s ION/IOFF ratio up to 104. The inks
can also be used to print other thin film devices or patterns with sufficient mobility and low
resistance to pave the way for all-printed, flexible and transparent graphene devices on lowcost substrates such as plastic film and paper.
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Graphene also offers an attractive proposition for roll to roll (R2R) manufacturing of
electronic devices requiring flexible transparent conductors (TCs). We demonstrate an upscalable graphene based TCs by two methods, transferring large-area graphene grown on
copper (Cu) foils by chemical vapor deposition and R2R coating of graphene liquid
dispersions. Low cost, large-area, flexible TC films (up to 13 inch) are prepared on
polyethylene terephthalat (PET) with sheet resistance of ~100 Ω/sq and >90% transmittance
in the visible spectrum. Using these TCs as transparent electrodes, flexible touch screens and
electrically switchable smart windows have been produced as large size demostrators.
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O14: Innovative industrial inkjet printheads
Katie Liu
Xaar Jet, 316 Cambridge Science Park, Cambridge, CB4 0XR (Email: Katie.liu@xaar.com)
Xaar is a world leader in the development of inkjet technology and manufacture of
piezoelectric drop-on-demand industrial printheads. Xaar’s technology is used all over the
world in a wide range of print applications including wide-format graphics, labels, packaging,
ceramic tile decoration (Figure 1) and outer case coding, as well as printing with specialist
fluids for advanced manufacturing applications. This talk covers the benefits and drawbacks
of analogue and digital printing, as well as the Xaar 1001 printhead technology including
Xaar’s patented TF Technology™ ink recirculation.

Figure 1 Ceramic tiles printed with Xaar 1001 printheads
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O15: Effect of ferroelectricity on solar light driven photocatalytic activity
of BaTiO3 –influence on the carrier separation and Stern layer formation
Yongfei Cui, Joe Briscoe, Steve Dunn
School of Engineering and Materials Science, Queen Mary University of London, London,
UK
There has been a growing interest in the field of photochemistry in ferroelectric materials,
like lead-zirconate-titanate (PZT) [1], BaTiO3[2], and photocatalytic properties of these
ferroelectrics [3]. It has been well demonstrated that the internal dipole of ferroelectrics can
drive electron-hole and then REDOX reactions on the surface spatial separation. These
researches make ferroelectrics a new promising candidate for photocatalyst in water
treatment and artificial photosynthesis.

Figure 1.Schematic of a ferroelectric material showing (a) internal polarisation and screening mechanisms and
(b) effect of free carrier reorganisation on band structure and photoexcited carriers

In this paper, BaTiO3(BTO), which can exist in both non-ferroelectric cubic phase and
ferroelectric tetragonal phase at room temperature, was selected as catalysts in
photodecolourisation of RhB under solar simulator. A simple thermal treatment (1200℃ for
10hours) was employed to convert the phase composition of the powder catalysts from 92%
cubic in BTO to 67% cubic in BTO-anneal according to the XRD fitting results. Then
nanostructured metallic silver was successfully deposited on the catalysts surface through
photodeposition to improve the photocatalytic activity further as evidenced from TEM/EDS
and XPS analysis.
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Figure 2. TEM micrographs of Ag-BTO-anneal, with the
corresponding EDS spectrum inset. Dark dots on the edge
of particles in combination with EDS analysis show the
success in photodeposition of Ag

Figure 3. XRD pattern of (a) BTO, (b) Ag-BTO, (c) BTO-anneal, (d)
Ag-BTO-anneal. After annealing, the peak around 45° shows splitting
more distinctly, illustrating more tetragonal phases produced

After comparing the performance of these catalysts in adsorption and decolourisation of
RhB, it was found that the dye adsorption in dark for 30mins was 0.97% for BTO per unit
areawhile 4.81% for BTO-anneal.The dramatic increase in adsorption supported the
conclusion in other publications that the spontaneous polarisation of ferroelectrics can adsorb
more dye molecule to form a Stern layer on the surface through external screening. The
priority of ferroelectrics was also demonstrated in theenhancement of decolourisation rate,
which should stem from the stronger adsorption and effective charge carrier separation due to
the internal electric field. In addition, the photocatalytic activity was improved further by Ag
deposition, where Ag act as electron traps and prohibit the recombination of electrons-holes.

Figure 4. The adsorption of RhB by BaTiO3 and Ag-modified
BaTiO3 under dark conditions for 30 minutes. Dye removal
is scaled for surface area. The adsorption increase
dramatically after annealing

Figure 5.Photodecolourisation profiles of RhB with different
catalysts under solar simulator. The catalysts consisting of
higher t-BaTiO3 after annealing show higher activity,
especially when modified by Ag nanoparticles

The results shown here give adirect evidence of the priority of ferroelectrics acting as
photocatalysts by comparing the same material in ferroelectric and non-ferroelectric phases.
The discrepancy was ascribed to the influence offerroelectric nature on charge carriers
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motion and external interactions with dye molecule. These findings provide a further
understanding inferroelectric materials acting as catalysts and demonstrate its promising
future.
Acknowledgments: The authors would like to acknowledge Chinese Scholarship Council
and the Leverhulme Trust for supporting this work.
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O16: Hydrodynamic characteristics of ionic-aqueous flow in small scale
channels relavant to nuclear fuel reprocessing
Qi Li, Dimitrios Tsaoulidis, Panagiota Angeli
Department of Chemical Engineering, University College London, Torrington Place, WC1E
7JE, UK. (Email: qi.li.12@ucl.ac.uk)
Nuclear fuel reprocessing technology, which can be used both to recover fissionable
actinides and to stabilize radioactive fission products into durable waste forms [1], is
beneficial to reduce the volume of high-level waste and toxicity for safer storage or disposal.
Various chemical separation methods has been proposed for this purpose. PUREX process,
one of the most well-known process, has been adopted worldwidely for the recovery of
uranium and plutonium from spent nuclear fuel [2]. It basically consists of a solvent
extraction process using tri-n-butylphosphate (TBP) as extractant present in n-dodecane (nDD) as diluent. For recent decades, room temperature ionic liquids (RTILs) has been actively
investigated as replacement for organic solvent due to its low vapor pressure, nonflammablity and high solubilities [3]. However, the industrial use of ionic liquid is limited by
their high costs bringing both real and psychological economic barriers [4]. One possible way
to solve this barriers is to conduct in small scale plants, which can reach significantly higher
extraction efficiency compared to the conventional chips.
Liquid-liquid extraction is a very important process for the separation and purification of
lanthanide ions [3], and it depends largely on the mass transfer of the component to be
extracted from a first liquid phase to a second one. The common mode of liquid-liquid twophase flow is ‘slug flow’, in which the mass transfer occurs via two distinct mechanisms: (a)
convection due to the internal circulation in each slug; (b) molecular diffusion due to
concentration gradient between two adjacent slugs [5]. In order to visualize the flow
characteristic in this pattern, a way that the fluid motion stays unchanged while the fluid
transport is detectable should be developed [6]. The most established method of this kind is
micro-scale Particle Image Velocimetry (µPIV) where the velocity field is calculated by
cross-correlating the acquired images.
In this study, hydrodynamic characteristic like plug length, film thickness and circulation
pattern in 0.5mm internal diameter channel were investigated with µPIV in a nonconventional way: using bright field illumination where tracking particles with a lower light
transmission appear as dark spots. The ionic liquid, 1-butyl-3-methylimidazolium
bis{(trifluoromethyl)sulfonyl} amide ([C4min][NTf2]), and tri-n-butylphosphate (TBP) were
39

The 20th Joint Annual Conference of CSCST-SCI, Imperial College London, 14 Sep 2013
employed as organic phase, extracting uranium U(VI) from nitric acid in small channel. An
online separation splitter was connected to the main channel for separation of extracted two
phase liquids. Preliminary result shows that the extraction efficieny of ionic-aqueous flow in
small scale channel can be greatly enhanced compared to conventional organic diluent.
Acknowledgments: Q. Li grateful acknowledges the finical support from UCL engineering
faculty and China Scholarship Council.
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O17: Numerical investigation of the charge behavior of encapsulated
spherical storage unit for high temperature energy storage
Chuan Li,a Ze Sun,a, b, Yulong Dinga
a
School of Process, Environmental and Materials Engineering, University of Leeds, Leeds,
UK
b
School of Resources and Environmental Engineering, East China University of Science and
Technology, Shanghai, China
Solar energy technologies are getting a great deal of attention since solar energy is one of
the most reliable and sustainable energy sources in the world [1-3]. However, there is
limitation to use solar energy for a large scale power generation due to the influence of cycle
of night and day, seasons and the inclement weather [7]. Thus, high efficient solar energy
storage technologies are required in order to meet the current solar power plant and other
industrial demands. Latent heat storage technology based on phase change materials (PCMs)
is gaining more attention in use of solar power and nuclear power systems as it not only can
provides much higher storage capacity but also can minimizes the size of thermal energy
storage (TES) system. At present, numerous low temperature thermal storage systems (the
melting point of PCMs is under 120 ℃) have been widely studied [4-5,7], few researches are
on the high temperature PCMs area [6,7], there is a significant need to explore high
temperature PCMs systems (the melting point of PCMs is above 300 ℃), which are suitable
for the storage of thermal energy for solar power applications.
In the current work, an encapsulated spherical storage unit for high temperature thermal
energy storage in packed beds that can be used for solar energy utilization is investigated
numerically. The energy storage times into the spherical storage unit is simulated for both
laminar and turbulent flow conditions of the heat transfer fluid (HTF) by employing the
enthalpy-porosity approach. The PCM considered in the work is the Sodium nitrate NaNO3.
The influences of spherical storage unit size, HTF temperature, Reynolds number and heat
transfer modes (conduction only, combined conduction and natural convection and thermal
radiation) on the charge behavior are examined. The results show that the melting time
increases with an increase in the spherical storage unit size or a decrease in the HTF
temperature. The melting process is significantly faster when the flow condition of HFT is
turbulent compared to that when the flow is laminar. Inclusion of the natural convection
effect in the PCM region leads to a reduction in the melting time by about 16%. Thermal
radiation at the boundary intensifies the natural convection and accelerates the melting
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process of the PCM. It is illustrated by the present result that the effect of thermal radiation
cannot be ignored when designing high temperature thermal storage system.
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Research Council (EPSRC: EP/F060955/1), Ministry of Science & Technology of China
(2012BAA03B03) and China Scholarship Council (CSC).
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O18: Three pillars of product evaluation: examples in renewable energy
and materials research
Lei Wang
Centre for Environmental Policy, Imperial College London, SW7 1NA. (Email:
lei.wang06@imperial.ac.uk)
To evaluate new technology or product, three pillars of evaluation system are proposed here
and recommaned to apply jointly: technology demonstration, economic feasibility analysis
and environmental sustainabiltiy assessment (or life cycle assessment) (Fig.1). In general,
technology development is the main focus in scientic research whilst the role of the other two
pillars could be forgotten. In this paper, several projects in the renewable energy and
materials research are presented as examples to indicate the important role of economic
feasiblity and environmental sustainability assessment can play in technology innovation.
Technology
demonstration
Experiment data

Process
simulation
(AspenPlus)

Mass & energy
balance

Supply
chain
model

Economic
feasibility

Discounted cash
flow method

LCA
Environmental
impact assessment

Environmental
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Fig. 1 Three pillars of technology/product evaluation system
Economic feasbility assessment can (1) identify the main contributor to the overall product
cost (e.g. raw material and enzyme cost in biochemical conversion of lignocellulosic biomass
to bioethanol), (2) screen technologies (e.g. different pretreatment methods in bioethanol
produciton) and (3) propose the potential technical improvement or desired policy (e.g.
logistics in supply chain) [1,2,3]. Through life cycle assessment (LCA) which is a ‘cradle-tograve’ environmental managment tool, the carbon footprint of product/technology can be
quantified and compared with the conventional product/technology. This approach has been
used widely to identify whether the new product/technology can deliver the ‘real’
environmental benefits [4]. By expanding the system boundary of LCA study, the
conseuqntial impacts can be also assessed [5,6]. For example, one of the concerns regarding
biofuels expansion is the greenhouse gas (GHG) emissions associated with indirect land use
change may overcome the GHG emissions savings against the conventional fuel.
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P1: AkzoNobel in China
Dale A Laidler
AkzoNobel Research, Development & Innovation, The Heath Technical & Business Park,
Runcorn WA7 4QX
(Email: dale.laidler@akzonobel.com)

AkzoNobel is a leading global paints and coatings company and a major producer of
specialty chemicals. We supply industries and consumers worldwide with innovative
products and are passionate about developing sustainable answers for our customers. Our
portfolio includes well-known brands such as Dulux, Sikkens, International and Eka.
Headquartered in Amsterdam, the Netherlands, we are consistently ranked as one of the
leaders in the area of sustainability. With operations in more than 80 countries, our 50,000
people around the world are committed to delivering leading products and technologies to
meet the growing demands of our fast-changing world.
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P2: Reducing the Environmental Impact of Decorative Paints
Hao Yan,a Dale A Laidlerb
a
AkzoNobel Decorative Paints Research & Development, Wexham Road, Slough,SL2 5DS
b
AkzoNobel Research, Development & Innovation, The Heath Technical & Business Park,
Runcorn WA7 4QX (Email: dale.laidler@akzonobel.com)
As the world’s largest paint and coatings company and
consistently ranked in the top 3 of Dow Jones
Sustainability Index, AkzoNobel is committed to
sustainable development and reducing the environmental
impact of its products throughout life cycle of their
manufacture and use.
In our poster, the environmental profiles of two paint
products, Dulux Ecosense & Dulux Trade Ecosure, are presented to demonstrate how the
environmental impact can be reduced from extraction of raw materials through manufacture
and right up to the point they leave the factory. Some novel technologies for reducing VOC
and carbon footprint from the paint manufacturing process will also be briefly discussed.
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P3: New Generation of Functional Paints
Juan Zhou,a Dale A Laidlerb
a
AkzoNobel Research, Development & Innovation, Wexham Road, Slough, SL2 5DS
b
AkzoNobel Research, Development & Innovation, The Heath Technical & Business Park,
Runcorn WA7 4QX (Email: dale.laidler@akzonobel.com)

Coatings are an important factor in how we
perceive our environment. They are ubiquitous in
society and can be seen around us every day—
beautifying and protecting surfaces of every sort. As
the largest global paints and coatings company,
research-driven innovation has enabled AkzoNobel
to develop a new generation of paints that not only
provide color and protection, but also possess special
properties to meet specific needs. In this poster,
three representative products, Dulux Sterishield, Light & Space and All-Round Guard will be
presented.

49

The 20th Joint Annual Conference of CSCST-SCI, Imperial College London, 14 Sep 2013

P4:Development of Electroanalytical Technique from Bismuth Powder
U. Sani,a U. Adamu,a Muhammad S. Sallau,a A. Hamza,a Benjamin R. Horrocks,b Okunola
O. Joshuac
a
Department of Chemistry, Ahmadu Bello University, PMB1044, Zaria- Nigeria (Email:
s.uba@ncl.ac.uk)
b
School of Chemistry, Chemical Nanoscience Research Laboratory, Bedson Building,
Newcastle University, NE1 7RU, Newcastle Upon Tyne, United Kingdom.
c
Petrochemical Section, National Research Institute of Chemical Technology (NARICT),
Zaria- Nigeria
The environmentally friendly bismuth electrode was designed from Bi nanopowder
(99.99%pure), a glass capillary of 1.5mm bore diameter and a copper wire of diameter
1.13mm for electrical contact. The square wave anodic stripping voltammograms of Cd, Cu,
Hg, Pb, and Zn metal ions were measured from their nitrate salt solutions. Each of Bi, Au
and Pt electrodes was used as working electrodes for comparative studies of their
performances on the basis of the limits of detection, linearity and reproducibility. The highest
limit of detection was recorded for zinc metal ion when bismuth was used as working
electrode and this was attributed to uncompensated resistance and the double layer effects.
However, reverse was the case for the other metals which followed the trend Pt > Bi > Au.
The technique was further used to determine concentrations of the above metal ions in
polluted water samples of the abandoned mine sites from the North Eastern England, UK by
the same technique using Bi, Ag/AgCl and Pt as working electrode, reference and counter
(auxiliary) electrodes respectively.
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P5: The Flow Properties of Dense Pastes
Christopher Ness, Jin Sun
School of Engineering, University of Edinburgh, West Mains Road, Edinburgh, United
Kingdom
Flows of densely packed suspensions of solid particles in interstitial liquid (pastes) are
ubiquitous in industry, featuring prominently in the production and processing of, for
example, speciality chemicals and metals. Processing steps such as extrusion involve highly
complex loading and shearing conditions in elaborate geometries, and therefore a thorough
understanding of the rheology of pastes is essential [1].
The stress response of dilute suspensions has typically been considered to be analogous to
that of Newtonian fluids, with the viscosity being a strong function of the volume fraction [7].
As the volume fraction increases, however, and particles can no longer be considered isolated
in a fluid domain, prolonged particle-particle contacts result in a paste microstructure and
nonergodicity that leads to a plethora of nonlinear, non-Newtonian behaviour such as yieldstresses, shear thinning/thickening, and elastoplasticity [8]. As such, constitutive modelling of
pastes is a complex, exciting and active area of research.
In this work, we begin by hypothesizing that much of the rheology of dense (solid volume
fraction around 0.6) pastes is dominated by the particle-particle interaction, and carry out
Discrete Element Method [3,9] simulations of simple shear, homogeneous flow in assemblies
of mono- and poly-disperse spherical non-Brownian particles. Here we demonstrate yield
stress, rate dependent behaviour above a critical volume fraction, and an inertial, power-law
type stress response below [2], shown in Figure 1.
Next, we apply our model to channel flow, and find plug-flow behaviour where the shear
zone width is constant with increasing pressure drop, shown in Figure 2. While this is
contrary to the velocity profiles predicted by the long-used Herschel-Bulkley [4] constitutive
model, it is in good agreement with experimental work [6] in paste channel flow. Our
simulation technique allows us to probe stresses and strains at particle level, and assess the
extent to which the rheology in this geometry is dominated by non-local effects, rather than
by the homogeneous, simple shear flow curve.
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We will extend our model to capture the viscous flow regime [5], when the lubrication
forces between near neighbours exceed the frictional particle-particle contact forces in their
contribution to the bulk stress. Such insights will contribute to the development of

Figure 2 Velocity profile for paste in channel flow

Figure 1 Flow curve for dense particle assembly

constitutive modelling of pastes, particularly in the high volume fraction, low Reynolds
number regime associated with, for example, extrusion processes.
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P6: Numerical Analysis of Contact Electrification of Irregular Particles
Chunlei Pei,a,b Chuan-Yu Wu,b David England,c Stephen Byard,d Harald Berchtold,e Michael
Adamsa
a
School of Chemical Engineering, University of Birmingham, Birmingham, B15 2TT, UK
(marvinpei@googlemail.com)
b
Deprtment of Chemical & Process Engineering, University of Surrey, Guildford, GU2 7XH,
UK
c
Consultant, Previously with sanofi-aventis, UK.
d
Covance Laboratories, Northumberland, UK.
e
Sanofi-Aventis Deutschland GmbH, Germany
Contact electrification can occur during powder handling processes. Generally, the particles
handled in the processes have complex shapes. In this study, a discrete element model is
developed to analyse the charge distribution and accumulation on elongated particles in a
vibrating container. The particle shape is modelled as a row of primary spheres using the
symmetric multi-sphere approach [1] and the charging process is computed using the contact
electrification model [2-3]. The particles are classified into 5 groups using a shape factor, δ,
which is defined as the radius difference between the distal and central spheres divided by the
average radius.

Fig. 1 Charge distribution on particles (δ = 0.65) at 0.54 s. Fig. 2 Surface charge difference
for various particles.

It is found that, although the charge accumulation processes for various cases show a similar
exponential relationship during the vibration and eventually achieve an equilibrium state, the
particle shape influences the charge distribution and the charge accumulation. In terms of
charge distribution, the net charge is greater on the larger primary sphere for each case (Fig.
1). Although the surface charge density is always larger on the distal primary sphere, at the
early stage of the vibration, the surface charge difference between the distal primary sphere
and the central sphere increases with the shape factor. The surface charge densities on distal
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and central spheres eventually become equal except for the case with δ = 0.65 (Fig. 2). The
central sphere of the particle with δ = 0.65 cannot achieve an equilibrium surface charge
density due to the small number of contacts, which leads to a large surface charge difference
between the distal and central sphere even at the end of the vibration. This study indicates
that particle shape plays an important role in contact electrification.
Acknowledgments: This project is fully funded by Sanofi (previously sanofi-aventis).
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P7: Effects of film thickness and thermal treatment on the properties of 1
at.% Ga-doped ZnO films deposited by sol-gel method
Shuqun Chen,a Michael E. A. Warwick,b Russell Binionsa
a
School of Engineering and Materials Science, Queen Mary University of London, Mile End
Road, London, UK. (Email: shuqun.chen.qm@gmail.com)
b
Department of Chemistry, University College London, 20 Gordon Street, London, UK.
Heating and cooling in modern buildings accounts for around 40% of global energy usage
[1]. Low emissivity windows, which have spectrally selective coatings to transmit solar heat
and reflect thermal radiation, could effectively decrease energy consumption in buildings in
cold climates [2]. In this work, Ga-doped ZnO (GZO) films for use as low emissivity
coatings were prepared using the sol-gel method and the effects of film thickness, annealing
and post-annealing temperature on the microstructural, electrical and optical properties of the
films were investigated. The results show that highly c-axis oriented films could be easily
formed in GZO films, which is attributed to the preferential nucleation in the early growth
stage. The increase of film thickness prolongs the sol-gel preheating process and promotes
nucleation, resulting in a more crystalline film. Higher temperature annealing deteriorates the
Ga doping efficiency in ZnO and decreases the free carrier concentration, but the enlarged
grain size helps enhance the free carrier mobility and improve the film conductivity. Higher
temperature post-annealing could further increase carrier mobility, resulting a minimum film
resistivity of 2.78×10-2 Ω cm. The studied GZO films show high transmittance in the visible
and solar radiation range, while the infrared reflectivity need to be improved in order to meet
the optical requirement for energy efficient coating.
Acknowledgments: Shuqun Chen would like to thank the China Scholarship Council/Queen
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help in XPS analysis. Pilkington-NSG is thanked for providing glass substrates.
References
[1] I.P.Parkin, T.D. Manning, J. Chem. Educ., 2006, 83, 393-400.
[2] C.G. Granqvist, Sol. Energ. Mat. Sol. C., 2007, 91, 1529-1598.

55

The 20th Joint Annual Conference of CSCST-SCI, Imperial College London, 14 Sep 2013

P8: Electrochemical Reduction of Carbon Dioxide at Copper Oxide
Catalysts in Aqueous Solution
Liying Wang, Katherine B. Holt
Department of Chemistry, University College London, 20 Gordon Street, London, WC1H 0AJ,
United Kingdom (Email: liying.wang.11@ucl.ac.uk)
The emission of carbon dioxide into the atmosphere, released mainly by the burning of
fossil fuels, is a serious problem with regard to the greenhouse effect. One of the most
practical proposed electrocatalytic methods to maintain the concentration of carbon dioxide
in the atmosphere is the electrochemical reduction of carbon dioxide to hydrocarbons and
alcohols. These products can be further reacted to synthesize a variety of useful industrial
supplies [1, 2].
Several studies about CO2 reduction on metal electrodes have been conducted. The products
of CO2 reduction vary with the electrode material and the electrolyte solution used in the
reactions [3]. Among these electrode materials, only copper and its oxides in particular have
been investigated to reduce CO2 to hydrocarbon production [3, 4].
The focus of our investigation is to study the possible use of copper oxides as catalyst for
electrochemical CO2 reduction and identify the optimum reduction conditions. Moreover, we
aim to determine the selectivity for reduction products, to reach some conclusions about the
catalytic mechanism and the importance of oxidation state of the Cu species.
In order to investigate the effect of CuO materials on CO2 reduction, a series of
electrochemical methods are involved, such as cyclic voltammetry, electrocatalytic method
and chrono amperometry. Nanoparticle catalysts were immobilized onto the working
electrode under argon and CO2-saturated atmosphere to understanding the catalytic
mechanism. The after reaction electrodes will be taken out for XPS testing, to analyze the
reduction process on the catalyst materials. Moreover, we use the nuclear magnetic resonance
spectroscopy to test after reaction electrolyte, to determine the hydrocarbon products. And
eventually identify the proper reaction conditions.
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P9: Optimal Design of Biopharmaceutical Facilities using Mathematical
Programming Techniques
Songsong Liu,a Ana S. Simaria,b Suzanne S. Farid,b Lazaros G. Papageorgioua
a
Centre for Process Systems Engineering, Department of Chemical Engineering, University
College London, Torrington Place, London WC1E 7JE, UK (Email: s.liu@ucl.ac.uk)
b
The Advanced Centre for Biochemical Engineering, Department of Biochemical Engineering,
University College London, Torrington Place, London WC1E 7JE, UK
Chromatography operations are identified as critical steps in a monoclonal antibody (mAb)
purification process and can represent a significant proportion of the purification material
costs, particularly due to the use of expensive affinity matrices as well as the large amount of
buffer reagents required. A key decision is the chromatography sizing strategies and this is
complicated by the dependencies between steps. There are a large number of possible
permutations and trade-offs related to the packed-bed chromatography operations, such as
opting for a smaller column run for several cycles to reduce resin costs versus a large column
run for fewer cycles to save time.
The aim of this work is to develop a mathematical programming framework for the optimal
design of columns at chromatographic purification steps in mAb manufacture. In this work, a
typical mAb purification process with a sequence of three packed-bed chromatography steps
was considered. Firstly, a mixed integer nonlinear programming (MINLP) model was
developed to determine the optimal chromatography column sizing decisions (number of
columns, column diameter, column bed height, number of cycles at each chromatography
step), so as to minimise the cost of goods per gram (COG/g) of the whole mAb
manufacturing process. Later, the proposed MINLP model was reformulated as a mixed
integer linear fractional programming (MILFP) model, which was solved by an adopted
literature solution approach, Dinkelbach algorithm. An industrially-relevant example with
different configurations of upstream and downstream processing trains was investigated, and
the computational results proved the applicability of the proposed models and approaches.
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P10: Mathematical Modeling of Two-Phase Flow Imbibition through a
Pore Neck
Xingxun Li, Xianfeng Fan
Institute for Materials and Processes, School of Engineering, The University of Edinburgh,
King’s Buildings, Mayfield Road, Edinburgh, EH9 3JL, United Kingdom. (Email:
X.Li@ed.ac.uk)
Multiphase flow transport in porous medium is relevant to many problems of great scientific
and industrial importance, such as membrane science, CO2 Storage and Enhanced Oil
Recovery processes. The multiphase flow transport or two immicisble fluids movements in a
confined space is actually a displacement process, which can be an imbibition (wetting fluid
displacing non-wetting fluid) or a drainage (non-wetting fluid displacing wetting fluid).
These displacements can be controlled by pore size, chemical and physical properties of pore
surfaces and fluid, pore wettability and pore structure. The pore medium is assumed to be
made up of pore bodies and pore necks of many different sizes. We have experimentally
studied static and dynamic pore wettabilities in terms of the effects of pore size, surface
tension and viscosity of liquid, by measuring the contact angle of liquid in a small pore
instead of the contact angle on a flat substrate.[1] In this paper, we developed a onedimentional mathematical model to descibe the surface-tension-driven capillary displacement
with respect to liquid-gas imbibition through a pore neck .
The mathematical model
was built based on the
Newtonian

equation

of

motion which is expressed
on the basis of the force
balance.

The

forces

considered in this study
are

surface-tension

driving force and viscous

Fig.1 Imbibtion distance (L(t)) against imbibition time (t) of DI water spontaneous
imbibtion through a pore neck with various pore sizes(micron meter).

drag force, which are
obtained by surface energy method and Poiseuille velocity profile, respectively. A dynamic
contact angle simplification has been assumed on most of two-phase flow studies. In this
model, we applied the dynamic pore contact angle [1] into the modeling, in order to describe
the dynamic imbibition better. Since the established model equation is nonlinear and
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nonhomogeneous, no analytical solution is available. Thus an algorithm in MATLAB
programme is used to numerically solve the second order differential equation. Fig. 1
presents the water spontaneous imbibtion distances as a function of time, by considering the
effect of pore diameters of pore body and neck. The results indicate that the pore size of pore
body and neck have a significant effect on the dynamic imbibition behavior of liquid in a
pore, which can improve the understanding of dynamic imbibition of two-phase flow in
porous medium for enhanced oil recovery and carbon storage purposes.
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P11: A DEM-CFD Analysis of the Dispersion Performance of Dry Powder
Inhalers with Carrier-based Formulations
Jiecheng Yang,a,b Chuan-Yu Wu,b Mike Adamsa
a
School of Chemical Engineering, University of Birmingham, B25 2TT, UK.(E-mail:
jxy147@bham.ac.uk)
b
Department of Chemical and Processing Engineering, University of Surrey, GU2 7XH, UK
Air flow and particle-particle/wall impacts are considered as two primary dispersion
mechanisms for dry powder inhalers (DPIs). A thorough understanding of these mechanisms
is critical for the development of DPIs. In this study, a coupled DEM-CFD (Discrete Element
Method-Computational Fluid Dynamics) approach is hence employed to investigate the
influence of air flow on the dispersion behaviour of carrier-based DPI formulations. In the
DEM-CFD model, a carrier-based agglomerate is initially formed and a uniformed air flow is
then introduced. The agglomerate is dispersed in the flowing air stream and the dispersion
process is examined. It is found that air flow can drag API particles away from the carrier and
those in the downstream air flow regions are prone to be dispersed. Furthermore, the
influence of the air velocity and work of adhesion are also investigated. It is shown that the
detachment number (i.e. the number of API particles detached from the carrier) increases
with the increasing air velocity, and decreases with the increasing work of adhesion,
indicating that the DPI performance is controlled by the balance of the removal and adhesive
forces. It is also shown that the cumulative Weibull distribution function can be used to
describe the DPI dispersion performance, which is governed by the ratio of the fluid drag
force to the pull-off force.
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P12: Fair Cost Distribution within Microgrid under Game Theory
Di Zhang,a Nouri J. Samsatli,b Dan J.L. Brett,a Nilay Shah,b Lazaros G. Papageorgioua
a
Centre for Process Systems Engineering, Department of Chemical Engineering,University
College London, London, WC1E 7JE, U.K. (Email: di.zhang.09@ucl.ac.uk)
b
Centre for Process Systems Engineering, Imperial College London, London, SW7 2BY, U.K.
Microgrids are defined as an area of electricity distribution network that can operate
autonomously from the rest of the network. In order to achieve the best economic outcomes,
the participants in a microgrid can benefit from cooperation in microgrid design and
operation. There is a desire to design and operate a microgrid with a fair settlement which can
minimize the equivalent annual cost (EAC) as a whole while ensuring adequate rewards for
each participant. In this work, a mathematical programming formulation is presented for fair,
optimised profit distribution among participants in a general microgrid. The proposed
formulation is based on an approach applying the Game theory Nash bargaining solution for
finding optimal multi-partner profit levels subject to the given upper bounds on the EAC. The
microgrid planning problem concerning the fair electricity transfer price and unit capacity
selection is first formulated as a mixed integer non-linear programming (MINLP) model.
Then a separable programming approach is applied to reform later mixed integer non-linear
programming model as a mixed integer linear programming (MILP) model.
EAC of each participant includs annualised capital cost (ACC), operation cost (OP),
electricity cost from grid and electricity transfer cost bought from participants, then minus the
electricity transfer cost sold to other participants. The objective is to maximise the product of
the deviations of the given EAC upper bound of each participant by the status quo cost level,
and the objective function is given below which is non linear.

   s ( EAC sU  EAC s )
Then the objective is reformed to be linear as:
m

max ˆ    k p , s ln( EACsU  EACk p , s )

Macrogrid EAC

s k p 1
m



k p 1

k p ,s

EACk p , s  ACC  OP  Electricity cos t

  e s ', s , k Y s ', s ,t , j , k   e s , s ', k Y s , s ',t , j , k
s'
m



k p 1

k p ,s

k

s'

EAC (*1000£)

EACs 

Microgrid EAC upper bound

Optimal Microgrid EAC

16

s

k

 1 s

12
8
4
0
School

Hotel
Office
Fig.1 EAC values
ofRestaurant
each participant

k

p

,s

 0 k p , s

62

Residential
building

The 20th Joint Annual Conference of CSCST-SCI, Imperial College London, 14 Sep 2013
The model is applied to a microgrid case study involving five participants: a school, a shop,
a restaurant, an office building and a residential building. EAC values of each participant are
presented in Fig.1, which indicates the proposed model maximize the profit of respective
microgrid participant by determining inter-microgrid electricity transfer price, flow of
electricity transferred, unit capacities and resource utilized.
Acknowledgments: D.Z. gratefully acknowledges the financial support from Schlumberger
Foundation and Centre for Process Systems Engineering at Imperial College and UCL.
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P13: Effects of AFL on the performance of micro-tubular SOFC fabricated
via a co-extrusion/co-sintering technique
Tao Li, Zhentao Wu, Kang Li
Department of Chemical Engineering, Imperial College London, SW7 2AZ,UK (Email:
tao.li10@imperial.ac.uk)
Micro-tubular SOFC has received an increasing level of interest due to the advantages such
as high power density, rapid start-up/shut-down and adequate cycling capability[1]. However,
conventional extrusion process is limited to single-layer micro-tubes, while the rest of cell
components have to be incorporated using other techniques. The whole process is thus both
time and cost consuming. In addition, the problematic adhesion between different
components caused from the multi-step fabrication process could dramatically increase ohmic
resistance.

(a)
(b)
Fig.1. Photographic pictures of (a) quadruple-orifice spinneret; (b) an example of
anode/AFL/electrolyte triple-layer precursor fibers.

In this study, a novel phase-inversion assisted co-extrusion technique has been developed to
fabricate anode/anode functional layer (AFL)/electrolyte triple-layer ceramic micro-tubes in a
single-step process. AFL is widely accepted to improve cell performance by increasing triplephase boundary (TPB) length. In addition, the insertion of AFL could introduce a gradient in
both sintering behaviors and conductivity. All three spinning suspensions, which were
composed of ceramic powders (CGO and NiO), solvent and organic binder, were co-extruded
through a quadruple-orifice spinneret (Figure 1 (a)). The triple-layer precursor fibers (Figure
1 (b)) were subsequently co-sintered, prior to the coating of a composite cathode
(LSCF/LSCF-CGO) to obtain a full cell. Effects of AFL thickness on cell performance were
investigated. Compared with a dual-layer counterpart (no AFL), there was a considerable
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increase in power density, i.e. from 0.46W/cm2 to 0.66W/cm2 at 600 °C using pure H2 when
AFL thickness was ~17 µm. EIS showed that introducing an AFL slightly increased ohmic
resistance, while significantly reduced polarization resistance, which is in good agreement
with previous studies[2].
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P14: Structural and electrical properties of CuO nanowires fabricated by
thermal oxidation
Yonglong Shen, Xiaohong Xia, Guosheng Shao
IREET, University of Bolton, Bolton BL3 5AB
In this work, CuO nanowires (CuO NWs) grown on different substrates were fabricated in a
furnace in ambient air at 400°C by the thermal oxidation method. Main processing
parameters were heating time and the thickness of pre-deposited Cu film. The structural and
electrical properties of CuO NWs were characterised by SEM, XRD and probe-station and in
situ I-V measurement within a nano-probe system. It has been found that: (1) CuO NWs thin
films suffered spallation problem due to prolonged heating during; (2) high quality CuO NWs
films can be grown on the following substrates: FTO, AZO, Si and Glass, but they were easy
to peel off when grown on Quartz and Ti film; (3) in addition to the processing temperature,
the thickness of pre-deposited Cu film is important to the NW product. (4) I-V characteristics
of CuO NW films grown on FTO substrates and Cu sheets were measured and both of them
demonstrated the Schottky barrier with the electrodes, suggesting that CuO NW films had the
potential to be applied to Schottky solar cells. (5) I-V characteristics of various single NW
from the same NW film were found to vary with I-V properties.
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P15: Multi-component Molecular Solid-state Luminescent Materials with
Tunable Micro/Nanostructures and Their Sensor Applications
Dongpeng Yan,a,b Dejan-Krešimir Bučar,c Amit Delori,c Gareth O. Lloyd,c and William
Jonesc
a
School of Pharmacy, University College London,WC1N 1AX .
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Technology, Beijing, 100029, P. R. China.
c
Department of Chemistry, University of Cambridge, Lensfield Road, Cambridge CB2 1EW,
U. K.
The ability to modulate and control the fluorescence properties of molecular solid-state
materials is important to develop high-performance optoelectronic devices and sensors.
Recently, the fabrication of multi-component molecular solids based on the supramolecular
design (making use of hydrogen bonding and halogen bonding interactions) has been a key
stretegy to modify their bulk luminescent/optical properties. For example, the formation of
cocrystals

of

stilbene-[1]/coumarin-[2]/triphenylimidazole-[3]/diphenyloxazole-based

componds[4] shows changeable luminescence properties (such as emissive wavelength, color
(Figure 1), fluorescence lifetime, and photoluminescence quantum yield,). Moreover, with
the aid of a combined ultrasound and coprecipitation method, stilbene-based chromophores
exhibit tunable mophologies (such as one-dimensional (1D) nanobelts and 0D nanoparticles)
at the micro/nanoscale,[5,6,7] which present both polarized emission and second harmonic
generation. Such multi-component materials can also be used in sensor fields (such as heat-,
pressure- and explosive-responses), which pave a effective way to construct new types of
luminescence detectors.[8]

Figure 1. stilbene-based componds with multi-color emission.
Acknowledgments: DY is grateful to the China Scholarship Council (CSC). Support of
University College London and University of Cambridge are appreciated.
67

The 20th Joint Annual Conference of CSCST-SCI, Imperial College London, 14 Sep 2013
References
[1] D. P. Yan, A. Delori, G. O. Lloyd, T. Friščić, G. M. Day, W. Jones, J. Lu, M. Wei, D. G.
Evans, X. Duan, Angew. Chem. Int. Ed., 2011, 50, 12483.
[2] D. P. Yan, A. Delori, G. O. Lloyd, B. Patel, T. Friščić, G. M. Day, D. K. Bučar, W. Jones,
J. Lu, M. Wei, D. G. Evans, X. Duan, CrystEngComm, 2012, 14, 5121.
[3] D. P. Yan, B. Patel, A. Delori, W. Jones, X. Duan, Cryst. Growth Des., 2013, 13, 333.
[4] D. P. Yan, H. Yang, Q. Meng, H. Lin, M. Wei, Adv. Funct. Mater., 2013, DOI:
10.1002/adfm.201302072
[5] D. P. Yan, D. K. Bučar, A. Delori, B. Patel, G. O. Lloyd, W. Jones, X. Duan, Chem. Eur.
J., 2013, 19, 8213.
[6] D. P. Yan, Y. Lin , Q. Meng ,M. Zhao, M. Wei, Cryst. Growth Des., 2013, DOI:
10.1021/cg400979d
[7] D. P. Yan, W. Jones, G. Fan, M. Wei, D. G. Evans, J. Mater. Chem. C, 2013, 1, 4138.
[8] D. P. Yan, D. G. Evans, Mater. Horiz., 2013, DOI: 10.1039/C3MH00023K.

68

The 20th Joint Annual Conference of CSCST-SCI, Imperial College London, 14 Sep 2013

P16: Suparmolecular Assembly of Organic-Inorganic Hybrid Ultrathin
Film Materials with Tunable-color Light-emitting and Their Sensor
Applications
Dongpeng Yana,b
a
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Light is one of the most important energy in the world. The effective utilization of the light
is crucial to solve current energy issues. Transparent multicolor light-emitting films have
great potential for use in optoelectronics, solid-state luminescent materials and optical
devices. Here, we describe a systematic investigation of the ordered suparmolecular assembly
of single- (blue[1], yellow[2], red[3], and green[4]), two- (blue/green, blue/orange, red/blue,
red/green) and three-color (blue/red/green) light-emitting ultrathin films (UTFs) by using
different photofunctional anions [bis(N-methylacridinium)@polyvinylsulfonate ion pairs and
anionic derivatives of poly(p-phenylene), poly(phenylenevinylene) and poly(thiophene)] and
Mg-Al-layered double hydroxide nanosheets as building blocks[5]. Rational combination of
luminescent components affords precise control of the emission wavelengths and intensity,
and multicolored luminescent UTFs can be precisely tailored covering most visible spectral
region. These UTFs also exhibit well defined multicolor polarized fluorescence with high
polarization anisotropy, and the emissive color changes with polarization direction, which
can act as a color conversion layer of flat panel display in lighting devices. Therefore, this
work provides a way of fabricating heterogeneous UTFs with tunable-color luminescence as
well as polarized multicolor emission, which have potential applications in the areas of light
display and optoelectronic devices. Moreover, the sensor applications (such as heat-[6],
pressure-[7], pH-[8], and ion-sensitive materials[9]) of several thin film systems[10] are also
described.
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Figure 1. Luminescent thin films with different color emission.
Acknowledgments: DY is grateful to the China Scholarship Council (CSC). Support of
University College London is appreciated.
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P17: SYNTHESISED CAO SORBENTS FOR CO2 CAPTURE
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Imperial College London, South Kensington Campus, London SW7 2AZ, U.K.( Email:
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In the last a few decades, the growth in global energy consumptions has led to a significant
increase in greenhouse gas emissions, in particular carbon dioxide (CO2). This is thought to
have a huge impact on climate change, thus emphasis should be made on carbon capture and
storage technology (CCS) as a way to reduce the emissions and mitigate climate change.
Owing to cost, technology readiness, and energy consumption, calcium carbonate looping
(CCL) is an economically attractive pathway to reduce carbon footprint. CCL is a process
whereby CO2 is captured by the calcium oxide (CaO) sorbent to form calcium carbonate
(CaCO3), and the spent sorbent can be regenerated by heating [1]. The process is relatively
simple, however, most spent sorbents show considerable decay in reactivity over the capture
and regeneration cycles [2]. As a result, focus is not only on improving sorbent performance
but also stabilizing its reversibility over cyclic operations. This study aims to develop a
fundamental understanding of CaO particle characteristics on the capture ability and stability
of CaO sorbents for CO2 capture.
Instead of simply using natural limestone or calcium based precursors as the sorbents, we
synthesized and tested CaO sorbents prepared from precipitated CaCO3, formed by reacting
calcium chloride with sodium carbonate [3]. To design sorbents with high porosity and
surface area, sacrificial particles were added during the precipitation process [4]. By
manipulating the ratio of additives in the solution, the morphology of the precipitated
particles were well controlled (figure 1).

(a)
(b)
Figure 1. Morphology of controlled hollow spherical sorbents: (a), hollow spherical sorbent;
(b) solid spherical particles composed by nano-particles
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Using these new sorbents, with higher porosity and surface area for gas (CO2) adsorption,
we demonstrated its potential to improve existing calcium looping based carbon capture
processes (figure 2). To test the cyclic performance of the synthesised CaO sorbents, the
carbonation/regeneration experiments were performed in a TA Q-500 thermogravimetric
analyser (TGA). Small amount of sorbent (<20mg) was placed in a platinum pan, and heated
up to 650°C in nitrogen (N2) flow of 60cm³/min. Once the temperature stabilised, switched
the gas to 15% CO2 (9cm³/min) and 85% N2, which was for simulating the flue gas from
power station. Maintained this condition for 1 hour, then switched the gas back to N2 and
ramped the temperature up to 900°C, kept this condition for 5 minutes to regenerate the CaO
sorbents. All the ramping rates used were 100°C/min.

Figure 2. CO2 uptake performance of synthesised sorbent and Purbeck limestone

Combining standard characterization methods (XRD, BET, BJH, SEM, etc.), and the CO2
capture cyclic test by TGA, we are able to reveal the relationship between the sorbent capture
ability and reversibility of CO2 and the particle properties. Here, we report a correlation
between particle surface area, pore volume and surface energy on CO2 capture-ability and
stability of CaO particles. This study provides an insight into the design of optimum CaO
particles for CO2 capture.
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P18: Dry Reforming of Methane over ZrO2-Supported Mo/Co-Mo Carbide
Catalyst
X. Du, L. J. France, V. L. Kuznetsov, T. Xiao,a P. P. Edwards
KACST Oxford Petrochemical Research Centre (KOPRC), Inorganic Chemistry Laboratary,
Department of Chemistry, University of Oxford, Oxford, U.K.
Dry Reforming of Methane (DRM) is a promising reaction of industrial and environemental
relevance. Although the energy requirements for DRM are higher than those for steam
reforming, DRM offers two advantages. The first and most important is the utilisation of two
green house gases (CO2 and CH4), the second is the ratio of the syngas (1:1, H2:CO), which
is more useful for technologies looking to generate higher hydrocarbons, such as FischerTropsch (F-T).[1] It has been demonstrated that Mo2C exhibits high activity with high
stability when loaded on Al2O3, SiO2 and ZrO2 support as catalyst in DRM reaction at both
high temperature (1220K) and pressure (8 bar). [2] Although Mo2C on both Al2O3 and ZrO2
has been shown to offer good activitiy and stability, both of these acheive this effect via
different catalytic routes. The alumina is found to be primarily acidic in nature and as such
both methane and CO2 catalysis proceeds via acidic routes, with additional promotional
effects observed for the Mo2C provided by alumnia. In the case of ZrO2 the support is midly
basic and can offer an enhanced route through the utilisation of basic sites, and subsequent
beneficial effects in the reduction of oxidation of the
carbides, through catalysis at the support/carbide

Table 1: Conversion of CH4 and CO2, Yield of H2 and CO, and the
product ratio over different samples during DMR(400 is the
support pre-heating temperature)

interface.[3]
In this work, samples were prepared through the
temperature programmed reduction (TPR) [4] of
oxide precursors at a number of different loading
levels (wt%) under a 20vol% methane in hydrogen
gasflow. For the catalytic test of the samples, microreactor was used at 850℃ under atmospheric pressure
with a mixed gas flow of CH4, CO2 and N2 (1:1:1).
The results (Table 1) indicated that the bulk Mo2C
catalyst has a very poor catalytic performance in
DRM, while relatively enhanced conversions and
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Figure 1: X-ray Diffraction patterns of the ZrO 2 supported Mo2C
catalysts before and after DMR (P: post-reaction)
Table 2: Surface area and pore volume of samples (ZrO 2
supported Mo2C catalysts) pre- and post- reactions
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yields can be observed over the ZrO2 supported Mo2C due to the support effect. The main
side reaciton during the DRM process is reverse water gas shift (RWGS), which leads to the
reduciton of both H2 and CO yields. The main deactivation mechanisms of catalysts are the
oxidation of Mo2C (Figure 1, MoO2 was observed on post-reaction XRD patterns) and the
minimized sintering effect of the whole materials (Table 2, loss of surface area and decreases
of the pore volumes were observed via BET analysis).
Further work has examined the use of Co-Mo
bimetallic carbide [5] on ZrO2 to examine their

Table 3: Conversions of CH4 and CO2, yields of H2 and CO, and
the product ratio over bimetallic carbide samples during
DMR(400 is the support pre-heating temperature)

effects. Bimetallic carbides were prepared and tested
with the same methods as the ZrO2-supported Mo2C.
The catalytic test results obtained over ZrO2supported

Co-Mo

carbide

catalysts

(Table

3)

exhibited that the addtion of Co significantly
enhanced both conversions and yields during the
DRM process. Besides, the reverse water gas shift,
which was happened over the ZrO2-supported Mo2C,

Figure 2: X-ray Diffraction patterns of ZrO2 supported 10%/15%
Co-Mo bimetallic carbides before and after dry methane
reforming. (P-: post-reaction)

was minimized over the bimetallic catalysts. The post-reaction XRD patterns (Figure 2) also
displayed high resistance of the bimetallic catalysts to the oxidation effect, which apparently
improved the stability of the catalysts.
Acknowledgments: Mr. Christopher Greenwood, Mr. Michael Johnson and Mr. Naif
Almuqati for assistance. X. Du would like to thank the China Scholarship Council for
financial support.
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P19: Dispensing of Cohesive Fine Pharmacetutical Powder by using the
Ultrasonic Vibration Dosing System
L. Pan, S. F. Yang
Materials Group, Faculty of Engineering and the Environment, University of Southampton,
SO17 1BJ, UK (Email: L.pan@soton.ac.uk)
Introduction
Dry powder dispensing is an enabling technology that has been applied in many different
areas, for example the pharmaceutical industry, advanced manufacturing, military industry
and food industry etc. [1] However, the uniformity of cohesive powder dispensing is the
bottleneck of the most powder dispensing techniques. [2] Previous studies were focused on
free flowing fine powder, therefore cohesive powder was not frequently tested because it was
difficult to get uniform and continuous powder flow, even failed in getting dosing. [2, 3]
Following the previous research on
the ultrasonic vibratory device, the
uniform

cohesive

powder

dispensing can be reached under the
modified
environmental

parameters
conditions,

and
which

extended the application area of our

Fig.1 Experimental Arrangement

ultrasonic vibration dosing system.
Experimetal Medthod
The experimental facility, shown in Figure 1, comprises computer (1), D/A card (2), power
amplifier (3), dispesning unit (4), glove box (5a) with humidity/temperature controller (5b),
7-digital microbalance (6) and three main observation facilities: Polytec 3D virbometer (7a),
high speed camera (7b) and eletrical oscillosocpe (7c)
Results and Discussion
By using the ultrasonic vibration dosing system, the stable low dosage has been obtained for
the dispensing of cohesive (angle of repose >>50°) fine (particle size <50µm) pharmaceutical
powder through the optimized circular nozzle (0.8mm, <10°), and the relative standard
deviation (RSD) can reach 5% under adjusted parameters and conditions. The experiment
results show that the starch powder (wheat starch, particle size: 20-45µm, Merck) dispensing
can reach 2.329mg mean dosage with 3.8% RSD (69 dosages) and the SorbLac400 (milled
lactose powder, particle size: <32µm, Meggle) dispensing can reach 0.6108mg mean dosage
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with 8.2% RSD (66 dosages). The variables of importance influencing the powder flow
stability are the nozzle size/angle and the absolute humidity of the dispensing environment.
Acknowledgments: We would like to acknowledge the technical help of EPSRC. We thank
also our referee who has given us some useful comments.
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P20: Multisite protein modification: a chemical mechanism with a complex
information processor
Thapanar Suwanmajo,a J Krishnana,b
a
Department of Chemical Engineering, Centre for Process Systems Engineering (Email:
t.suwanmajo10@imperial.ac.uk)
b
Institute for Systems and Synthetic Biology, Imperial College London, South Kensington
Campus, London SW7 2AZ, UK.
Cells sense and respond to external information (stimuli) continuously for their functioning
and survival, which is done via highly intricate biochemical networks of proteins and genes.
The complex nature of these networks stems from their non-linear interactions and multiple
interconnections. Understanding the information processing characteristics in a building
block of these networks is a major challenge from both basic and applied perspectives. One
of the ubiquitous building blocks of such networks is multisite phosphorylation, a process
whereby two opposing enzymes modify their substrates at multiple locations.
Multisite phosphorylation systems are repeatedly encountered in cellular biology and
multisite modiﬁcation is a basic building block of post-translational modiﬁcation. Such
chemical mechanisms play important regulatory roles in many contexts (such as protein
activation, degradation and translocation) and in many cell types, ranging from bacteria,
plants, animals to humans. In this study we demonstrate how distributive multisite
modiﬁcation mechanisms can lead to biphasic (bell-shaped) dose-response characteristics for
the maximally phosphorylated substrate at steady state [1]. We use simulations and analysis
to reveal a hidden competing effect which is responsible for this and analyze how it may be
accentuated. We build on this to analyze different variants of multisite phosphorylation
mechanisms showing that some mechanisms are intrinsically not capable of displaying this
behavior. This provides both a consolidated understanding of how and under what conditions
biphasic responses are obtained in multisite phosphorylation and a basis for discriminating
between different mechanisms based on this. We also demonstrate how this behavior may be
combined with other behaviour such as threshold and bistable responses, demonstrating the
capacity of multisite phosphorylation systems to act as complex biochemical information
processors. Although our model is based on phosphorylation systems, the same results could
be applied to any type of multisite covalent modifications of proteins.
Reference
[1] Suwanmajo,T & Krishnan, J. Biphasic responses in multisite phosphorylation systems,
Journal of the Royal Society Interface. 2013 (in press)
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P21: Mathematical programming inferring pathway activity for disease
classification
Lingjian Yang,a Chrysanthi Ainali,b Sophia Tsoka,b Lazaros G. Papageorgioua
a
Centre for process Systems Engineering (CPSE), Department of Chemical Engineering,
University College London (UCL), Torrington Place, London WC1F 7JE, United Kingdom
b
Department of Informatics, School of Natural and Mathematical Sciences, King’s College
London, Strand, London WC2R 2LS, United Kingdom
Analysis of microarray gene expression profile has become a research routine for disease
classification problems. Microarray gene expression profile measures the expression levels of
thousands of genes simultaneously, yielding rich mount of data for analysis. Data mining
techniques are frequently used on expression profile to predict the disease status, treatment
outcome, etc. However, the massive number of genes against small number of patients has
for a long time prevented researches from interpreting the expression profiles properly.
Conventionally, a feature selection technique producing a small subset of differentially
expressed genes and a classifier are hybridised to perform classification using expression
profile. However, the cellular heterogeneity within a biopsy tissue coupled with genetic
heterogeneity across sample population makes the results yielded from the genes-based
approach unreliable. A promising alternative is to incorporate pathways information into an
expression profile, where each pathway defines a number of member genes functioning
collaboratively. Pathway-based approach summarises expression pattern of all member genes
in the same pathway into one composite feature, called pathway activity, and classification is
performed on the constructed pathway activity profile using any standard classifier, SVM,
KNN, etc.
A novel mathematical programming-based formulation has been developed to infer pathway
activity as a linear summation of member genes multiplying their weights (variables). The
objective function of the optimisation problem is to build the pathway activity feature as
discriminative as possible. The proposed formulation is a mixed integer linear programming
model. A number of published microarray gene expression profiles, characterising breast
cancer, psoriasis, etc, have been used to compare the proposed pathway activity inference
model and other pathway activity inference schemes. It is demonstrated with those examples
that, for every tested classifier including SVM and KNN, the proposed mathematical
programming model achieves significantly higher classification rates than existing pathway
activity inference schemes. The advantages of the novel method include more accurate
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prediction than state-of-the-art algorithms and its applicability to both two-class and multiclass problems.
Acknowledgments: Funding from the UK Engineering & Physical Sciences Research
Council (EPSRC) for the EPSRC Centre for Innovative Manufacturing in Emergent
Macromolecular Therapies is gratefully acknowledged.
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P22: Novel Approach For Understanding the Effect of Silica Silanisation
through Dynamic Mechanical Analysis for Silica-Filled sSBR/BR
Compound
Roland Y. W. Ngeow,a,b Jerry Y. Y. Hengb, Daryl R. Williamsb
a
Technology and Engineering Division, Rubber Research Institute of Malaysia, Malaysian
Rubber Board, 47000 Sungai Buloh, Selangor, Malaysia.
b
Surfaces and Particle Engineering Group, Department of Chemical Engineering, Imperial
College London, South Kensington Campus, London, SW7 2AZ United Kingdom.
Nanometers precipitated silica particles are gaining popularity as reinforcing fillers over the
conventional carbon black particles for low rolling resistance tyre tread compounds. It was
reported that the dispersion efficiency and surface interaction of silica particles with
elastomers plays an important role in determining the final performance of the silica-filled
elastomer. For silica particles, the polar groups on the silica surface will lead to high reagglomeration of silica aggregates after mixing. Whilst for the elastomer, the silica particles
surface chemistry influences significantly interactions with the elastomer. At present, it
remains a challenge to understand and quantify the extent of silica reinforcement of the
elastomers after surface chemical silanisation modification of silica particles. In this study, 4
types of silica fillers covering different range of specific surface area and a reinforcing grade
carbon black filler were mixed with sSBR/BR elastomers and tested for its dynamic
mechanical performance. This novel use of dynamic mechanical analysis provided a good insights about the silica particle interaction in the elastomer phase.
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Introduction to CSCST-UK
The Chinese Society of Chemical Science & Technology in the UK (CSCST-UK) is a nonfor-profit professional organisation established initially by a group of Chinese scholars and
researchers based in the University of Oxford in 1994. Since then, under the auspice of the
Chinese Embassy in the UK, CSCST-UK has become the largest network of Chinese
researchers and scholars in the chemistry, biochemistry and chemical engineering fields, with
more than 400 registered members from universities and companies across the UK. It has a
two-tier management structure: the scientific committee made up of senior members from the
academia, and the executive committee that is responsible for the operation of the society,
consisting of six local branches in the Greater London, Southern England, Central England,
Manchester, Northern England

and Scotland. There are three Changjiang Scholars, an

Chinese national honour in the name of China's longest Yangtze River awarded to
distinguished scholars, in our scientific committee.

CSCST-UK's mission is to bring together all Chinese scholars, professionals and research
students and represents their voice in the both the academic and industrial circles in the UK.
To fulfil this mission, CSCST-UK organises events where its members and outside
participants can come together to share knowledge and experience and networking. The
prominent event it organises is the annual conference series, which started in 1994 and has
since been taken around the UK universities.

CSCST-UK has lined up with other UK professional organisations, such Royal Society of
Chemistry and Society of Chemical Industry, to increase its capacity of better service. It has
also forged close ties with a number of chemical companies, including Unilever, AkzoNobel,
and Shanghai Pujing Chemical Industry Ltd, and is keen to further expand its tie with the
chemical industry in both China and the UK.

In recent years, CSCST-UK has expanded its influence into China, with China' Chemistry
Society attaching its UK branch to CSCST-UK in 2011. This enables the two parties to work
together more closely in sharing of both networks for information dissemination and
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resources. CSCST-UK has also played a key leverage role in establishing two joint research
facilities in China. In 2005, The Qian-Ying Centre for Energy was established at Guizhou
University in Guizhou Province, China. The Centre was funded by the Chun-Hui Scheme of
China's Ministry of Education. Several UK-based academicians from University of Leeds,
Queen Mary University of London, and University of Oxford have been involved in the
Centre, where they co-supervised PhD students and collaborated on clean energy research
projects. In 2012, CSCST-UK helped established a nano materials research centre at
Zhengzhou University in Henan Province, China. The Centre held the first UK-China
Symposium of New Energy Materials and Nanotechnology in Zhengzhou in 2012. CSCSTUK is proud of its activities in China, which has enables its members to make contribution to
their homeland.

We sincerely welcome more scholars and professional to join our society. More information
can be found on the society website: www.cscst.org.

中文介绍

概述
旅英中国学人化学科学与技术学会（The Chinese Society of Chemical Science and
Technology in UK，缩写为 CSCST – UK）是一个独立、自发的学术性团体， 早先由学习、工作
于牛津大学的华人学者在中国驻英大使馆的帮助下于 1994 年 4 月 1 日创立。 学会吸收中国化
学科学及技术发展相关的留英中国学生、学者以及工作在英国的化学、化工、生物化学、材料
和能源等等领域的中国科学家、工程师及其它有关专业人员。成立伊始，学会就有完整，明确
的章程保证其纪律性，延续性。
学会结构
学会覆盖全英，分为伦敦、南部、中部、曼城、北部及苏格兰六个区，理事长由学会
内部民主选举产生，任期两年，允许连任。学会的具体行事宗旨包括以下四条：
1. 帮助海外学者与国内学者保持紧密联系
2. 提供与学术界、工业界的信息交流平台
3. 促进学术思想的碰撞
4. 加强与国内科研机构的学术交流
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合作关系
目前，学会拥有超过 400 名正式会员（包括三名长江学者），并且与英国皇家化学协
会（Royal Society of Chemistry）和化学工业协会（Society of Chemical Industry）有正式合作关
系。中国化学协会的英国分会也依托 CSCST 于 2012 年设立，之外学会还与一系列化工领域的
领军公司有合作。
通过近些年的不断努力，学会与国内大学的合作也取得了令人瞩目的成就。自 2005 年
起，学会与贵州大学在国家教育部“春晖计划”资助下共同建立了黔英能源中心。在清洁能源
的研究和开发方面，学会拥有从煤炭清洗，脱硫净化，清洁燃烧，催化转化，新能源开发等各
类高级专家，这些专家有自己独到的专利和发明，装备精良的试验室，并且和英国煤炭协会、
国际化学工业组织建立了良好的联系，因此与贵州大学的合作，不仅可以帮助培养人才，传授
最新的知识和技术，还可以帮助地方引进先进的工艺和投资。更重要的是，留英学者有强烈的
报国热情和为国服务的愿望。2012 年，学会也与郑州大学携手建立了郑州大学中英纳米多功能
材料研究中心，此合作以“纳米材料及其在新能源、环境技术、生物技术方面的应用”为主题，
旨在为关注与从事纳米技术与新能源材料领域的科研工作者提供一个就纳米科学前沿问题和相关
应用产业进行讨论的学术交流平台。

学会致力于促进中英学者的交流与合作，为双方搭建直接、宽广的信息平台。在中国驻
英使馆、英国皇家化学学会及英国化学工业协会的大力支持下，自成立伊始，学会已成功举办
19 届大型年会。在历届与会人员名单中，不乏来自中英两国的著名学者、企业家及使馆领
导。而在今年的九月，学会第 20 届年会将会在伦敦帝国理工大学如期召开，更加完善的会程
安排，以及更加深远的国际影响，将会将学会推向一个新的高度。
除此之外，学会每年协助各省、市地方政府举办多场高水准的人才引进及高新技术推广
活动。如今年 7 月由邵国胜教授、彭创博士领队的电化学储能分会专家团访问高邮市和华富储
能公司，今年五月所举办北京市海外高层次人才专项引进计划，今年四月所举办第六届中国留
学人员南京国际交流与合作大会等等。丰富的学术及社会活动，为广大会员提供了积极、广阔
的发展空间，充分体现了学会以人为本的宗旨。
随着时间的推移，第二十届 CSCST-UK 年会即将于今年 9 月 14 日在伦敦帝国理工学院召
开。本届年会的主题是“颗粒科学与工程”，旨在展示在英华人学者在这一领域的研究实力和
成果，为来自各大学以及科研机构的学生学者们提供一个合作交流的机会。学会将邀请
AkzoNobel 的首席科学家 Neal Williams，帝国理工学院教授 Prof Paul Luckham 做特邀报告， 此
外将有 40 个学术口头报告和海报。本届年会得到了驻英使馆科技处和教育处，帝国理工学院
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化工系，英国皇家化学学会，英国化工协会的大力支持，也得到了 AkzoNobel 等企业的赞助。
在此，我们诚挚地邀请各位莅临本届年会。
更多近期学会为会员提供的国内外招聘信息汇总见下：
2013 年 9 月 10-13 日

2013 年中关村海外人才考察活动

北京

2013 年 6 月

Arup’s Global Research Challenge

英国

2013 年 5 月

2013 年度北京市引进海外高层次人

北京

才专项计划
2013 年 4 月 25-26 日

中国留学人员南京国际交流与合作

南京

大会
2013 年 5 月

重庆大学创新药物研究中心招聘

重庆

2013 年 2 月

福建收集创业项目和诚邀人才

福建

2013 年 2 月

苏州工业园区领军人才征集

苏州

2013 年 2 月

Marie Curie Early Stage Researcher

英国

(ESR/PhD) & Experienced Researcher
(ER/Postdoc) positions
2012 年 12 月

中关村人才特区留学生创业大赛

英国

2012 年 12 月

中国科学院苏州纳米技术与纳米仿

苏州

生研究所仿生部 海外招聘
2012 年 11 月

UCL 大学化工系讲师招聘

伦敦，英国

2012 年 9 月 13 日

江苏省无锡宜兴市人才招引推介会

伦敦，英国

2012 年 7 月

Research Fellow in Energy and

宁波

Resource Efficiency & The University
of Nottingham Ningbo China
2012 年 4 月

中国商用飞机有限责任公司 2012 年

伦敦，英国

英国伦敦招聘会
2012 年 4 月

宁波工程院应化所和香港环能院招

宁波、香港

聘
2012 年 2 月

常州市关于“龙城英才计划”第二批领
军人才引进

有关本届年会的详情，请登陆年会网站： conference2013.cscst.org

旅英中国学人化学科技学会网站：www.cscst.org
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Introduction to SCI-Chinese UK Group
SCI
The Society of Chemical Industry (SCI) is a unique international forum where science meets
business on independent, impartial ground. The Society offers a chance to share information
between sectors as diverse as food and agriculture, pharmaceuticals, biotechnology,
environmental science and safety.

Originally established in 1881, SCI is a registered charity with individual Members in over
70 countries. Its international headquarters are in London, UK, and it also has offices in India.
Ever since its foundation, SCI's principal objective has been to further the application of
chemistry and related sciences for the public benefit.

The Society's strategic statements are:


SCI Purpose: Promoting the commercial application of science for the benefit of
society



SCI Vision: To be recognised worldwide as a leader in promoting the beneficial
application of science



SCI Positioning: By bringing together people in science and business, SCI fosters the
exchange of knowledge to develop the application of sustainable science which
upholds the principle of Corporate Social Responsibility.

SCI is a democratic organisation governed by a Board of Trustees. Four Board Advisory
Committees oversee the various aspects of its activities. The Executive, led by the Chief
Executive, run the day-to-day affairs of the Society. The Honorary President of SCI is Dr
Stephanie Burns, the internationally recognised CEO of Dow Corning Corporation.

The Society provides an important interface between industrial, academic and other interests.
Although the majority of SCI's activities still take place in Great Britain, a large percentage
of current Members live in other parts of the world.

Chinese UK Group
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SCI Chinese UK Regional Group is the youngest of all SCI geographical groupings. Unlike
other SCI Regional Groups whose Members are drawn from the region, Members of SCI
Chinese UK Group are spread throughout the country. The Group caters for the applied
science interests of the Chinese diaspora.

The geographical spread of Members restricts the Group's ability to organise a full
programme of events. Instead, the Group concentrates on organising a major conference each
year which brings together all its Members from around the UK. Post-graduate student
Members are encouraged to attend this conference and submit their work for presentation.

The Group regularly collaborates with the Chinese Society of Chemical Science and
Technology, UK (CSCST, UK).

Any queries about the SCI-Chinese UK Group, please contact:
Dr Cigang Xu (Email: Cigang.XU@oxinst.com)
Dr Kenneth Chuang (Email: nakioh@hotmail.com)

Membership
SCI is an invaluable tool at whatever stage you are in your career. Upon becoming a member,
you will be able to network with potential employers, meet like-mided professionals and
influential business contacts across the chemical sector and within academia world-wide,
share and exchange information, ideas, innovation and research with peers, and become
involved in member-led activities. SCI will be there to add to and support your further and
ongoing development.

SCI membership entitles you to:


Receive a vibrant mix of news, reviews, and research updates through our fornightly
magazine, Chemistry and Industry.



Stay informed of the hottest issues and developments through e-alerts and e-bulletins.



Join any of 20 technical interest groups to stay abreast of key developments within
your sector.



Receive up to 50% discount on publications by Wiley, Blackwell, and Oxford
University Press.
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Receive 50% discount on SCI's peer reviewed journals.



Attend free member-led events and networking opportunities.



Enjoy discounted rates on our conferences and events, saving up to 25% of full fees.



Access social networking tools to widen the reach of your personal network and stay
up to date in your field.



Make use of our business centre for free, and hire meeting rooms in our prestigious
central London location with discounted rates.

Contact SCI
Address:

SCI - International Headquarters
14-15 Belgrave Square
London, SW1X 8PS
UK

Website:

http://www.soci.org/
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