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Welcome, dear Reader, to this year's Review of theK Polymer IRC. | hope very
much that you will do more than skim it (although w have tried hard to maximise
both information transfer and entertainment valuedr those who have time for no
more). For inside you will find 1001 ways of helpig the industrial-academic
community in Polymers and Soft Matter to get the ght science to the right team if
they already exist, and to create the science andhe team if they don't.

Anyone who has been involved with the UK governméntmechanisms that are set
up to enhance connectivity of industry to the sciece-base will know about the
developments that have dominated the Department ofrade and Industry, and
continue to do so as | write in the summer of 2007.1 have heard many hand-
wringing speeches urging greater collaboration, buthen | look at the creative
activities of the IRC and its key partner organisiins in our own sector, | see already
taking place the real business of 2Knowledge TraresP that constitutes the vision
behind all the talking. Come, for example, to the anual 2UK Polymer Showcase®,
now run in collaboration with the DTI's 2Material&Knowledge Transfer Network® and
Yorkshire Forward, and experience the vibrancy dfet new science and the
immediacy of its potential for all sorts of industy. The 2006 Showcase contained
many highlights for me: certainly the afternoon exaining 8managing innovation®
from different viewpoints was one. This year's meigig will be our first in London as
guests of the London College of Fashion + naturaltile subject of art, design and
polymer science will appear, but as always the higpoints will be the chance to meet
new people. | am delighted to report that the IRC &s also been invited to have
permanent membership of the board of the DTI's ne@Polymer Innovation Network®,
and that the IRC board has appointed Dr Barry Maueds, formerly of BP Chemicals,
to act for the IRC in developing our profile withhie DTI and EU (see page 60).

The way in which IRC activities constitute a creag 2chain® of realisation is illustrated
by a new partnership with Faraday Packaging that ban at last year's Showcase
meeting. It proved very easy to match the interestsf a consortium of companies
each of whom wanted to understand more about the miecular aspects of processing
the materials they require with existing academicand industrialists within the
Polymer IRC Club. The first result was an oversubied focus workshop held this
spring in York, followed by a mutually-crafted pra@sal from a subset of Faraday
Packaging, the IRC Club and academic teams in Bramtl and Leeds.

Another example, now at the next stage and runningt full speed, is the DTI
Technology project on soft nanotechnology for encaplation, run by Unilever and ICI
with Sheffield as the major academic partner togetér with modelling from Leeds.
Read later on about this exciting project, whichliistrates perfectly how collaboration

Footnote: As many of you may be aware, the DTI hascently been restructured as the Department for Bsiness, Enterprise and
Regulatory Reform (BERR). However, as many of thetities in this Review cover the period prior tthe change, we
have retained the use of 2DTI°. Future editions athe Review will reflect the change of name.



of this kind replaces the old 2either/or® approacho fundamental science and its
application with a refreshing 2both/and®!

The Durham team have been active in organising whate hope will be the first of
many IRC contributions to the various programmes ¢iie EU Seventh Framework for
research and technology. Several IRC Club memberadiresearch groups are
participating in a large project on polymeric nanammposites co-ordinated by the
University of Lyons that has already succeeded itsioutline stage. Our first Marie
Curie Initial Training Network, on molecular rhealy and co-ordinated from Leeds,
has also succeeded at the outline stage; we will kew by the end of the year if they
are to receive full funding. Either way, the IRC an ideal route to EU funding. We are
additionally exploring ways of using our academimatacts within Europe to find
research fellows interested in spending time on ingstrial fellowships with IRC Club
partners.

The international collaborations available withirhe IRC are growing all the time (see
special report on page 50). This is just one aspecbf a core principle within the IRC;
if anyone approaches us with a scientific or techoal need, we will find the best
answer to it, wherever in the world that might be!

So much for @what the IRC can do for you®! There ief course the converse * but
that's easy really. The IRC works well when peopkamow about it, use it, suggest
workshops, and update their research information ahe IRC office. Without
communication it just ceases to exist. So @what yowcan do for the IRC® is ho more
than an extension of 2what you can do for yourselfth the end + but please take
some time to make sure that anyone in your organig&éon who might find IRC
activities and networking helpful knows about it. #d changing the things we do is
easy = just contact the member of the IRC Board yoknow best (see information on
page 62) or me directly.

Enjoy the review!

Tom McLeish
t.c.b.mcleish@leeds.ac.uk




|IRC Interactions
Networking in action

In this section of the report we give you a flavouof the types of activities taking
place around the network that involve more than onenember of the Polymer IRC ,
either industrial or academic. Confidentiality isses limit the number of projects that
can be featured and we are especially grateful wherindustrial colleagues have
allowed their projects to be profiled.

Amongst our 2007 examples of collaborative working/e include details of two of our
DTI sponsored projects, an update on Microscale Boher Processing 2 ("PP2), the
White Rose Health Innovation Partnership and our scessful EPSRC People
Collaboration bid that aims to strengthen links beteen the IRC and Chinese
institutions.




The Polymer IRC
Integrated Knowledge Transfer from a global player

At the last Polymer IRC Board meeting it was proped that a plan should be drawn
up for greater integration and coordination of Knoledge Transfer (KT) activities
across the Polymer IRC. There is significant expamice already within the member
Universities that can be drawn upon to assist thiprocess.

There are already several areas of strength in KTrass the four Universities. The
plan for the future is to further enhance this by fgning the KT activities across all
four Universities involved in the Polymer IRC. Thisll build on and improve activities
for current IRC Club members and further open theageway for those who are not yet
fully engaged. There is a long track record of mealin and large collaborative research
projects between academics at the four Universitiesor example "MuPP', a multi-
million pound project.

In addition to the track record on research, therare established relationships in key
areas of KT:
Extensive KT “infrastructures' at Sheffield and Bdford.
Polymer Centre of Industrial Collaboration (also @t of the RDA KT Strategy).
Training: Comprehensive training (for industry)ncluding the “flagship' 9 day
modular course.
The fee paying Industrial Club comprises all fouacademic sites together with a
growing number of companies.
The 2 day UK Polymer Showcase conference.
Individual examples of joint working on specific onsultancy jobs.
Joint projects realised through FaraPack Polymerktd.
Commercialisation activities (licensing, spin-outJV, etc) at all Universities.
Individual industrial member R&D clinics with acadmic teams.

Working from this strong base the aim now is to ad@ss the gaps in this combined
KT offering and market the full range of KT actiiégs on a Polymer IRC wide basis, i.e.
to include Brainstorming, Troubleshooting, Testing Analysis, Consultancy, Expert
Advice, Expert Witness, Collaborative R&D, TechmpfoaCommercialisation and
links/support to PIN (Polymer Innovation Network).

The new plan will focus on building on the activis that already exist (listed above),
extending these to all four Universities, and putig in place a clear route into a
flexible range of KT activities for existing and gential IRC members.

There would be a central team responsible for markieag, training, events, publicity,
etc. (and that would serve as the single point of antact).




There would be a technically trained coordinator aach of the four Universities,
whose role it would be to understand the expertisand facilities at that site, and lead
on business development, technical sales, networkg marketing, writing project
proposals, resourcing projects, securing projectsnd managing project delivery.

This should lead to greater (and easier) industri@ccess, forge new links, stimulate
innovative ideas, lead to more collaborative projés, and move more technology from
the academic to the industrial environment. A win-im situation for both academics
and industrialists involved in the Polymer IRC!

Contact: Malcolm Butler
m.a.butler@sheffield.ac.uk



Track and Trace Profiling for Packaging Applications

This project aims to develop a generic profiling lack' based on thin film, printable
technologies, at the item or carton level, which wili profile a range of properties
indicative of shelf-life, stability and safety of dood product throughout the supply
chain. The tag will provide historical informatioon, for example, temperature, volatile
gasses and/or pH of the product over a given timeggiod. The tag will enable track
and trace visibility in the food chain to monitor poilage, reduce wastage, improve
recall efficiency, identify and resolve weak points the supply chain and inform retail
storage conditions. This will lead to improved quiy of product thus improving
customer perception. The project is led by a colladration of packaging and food
industries representing the supply chain with scigific and regulatory input from
leading UK research centres.

The project objective is to develop cheap, printabltime sensitive devices, using
responsive smart thin film coatings to give a timdnistory recording of the quality of
the food product. Such spoilage indicators includstorage temperature, emission of
volatile gases, pressure (internal to the packaginghumidity, pH, incident light etc. In
order to be of use to the food and beverage packagg industry such technology
would need a cost-effective, integratable depositio process such as inkjet printing at
the item level, and to be compatible with the mateials and packaging methods
currently in use. Progress on the design and operian of the device, focusing initially
on time/temperature profiling, is proceeding wella produce a printable device that
will record temperature over a specific time inteal and how long any given
temperature was maintained within any given interva

Contact: Laurence Hogg
Laurence.hogg@faradaypackaging.com




Next-Generation Inkjet Technology

Universities of Leeds, Durham, with Cambridge, Mahester and Wales
Oliver Harlen, Tom McLeish, University of Leeds

Funding: EPSRC and Industrial Consortium

The Polymer IRC at the University of Leeds is a méer of a research consortium
together with the universities of Cambridge, DurhapnManchester and Wales at
Aberystwyth funded by the EPSRC and industry, whishstudying generic issues in
industrial inkjet printing. Although the principleof inkjet printing dates back to Lord
Kelvin in 1867, the higher accuracy and higher spegs required in the new
applications of inkjet make demands beyond the cuent state of the art. In many
printing applications the fluids contain significanhamounts of polymer and/or
particulates and can show strongly non-Newtonian pperties at the extremely high
shear and extension rates found in inkjet printers.

Figure 1:
Simulation of the break-up in a continuous inkjet pinter.

The project's objectives are to improve understanalj, characterisation and modelling
of inkjet fluid flow and the effects of nozzle degih and substrate properties. At the
Leeds IRC we have developed a numerical simulatiai jetting and jet break-up from
both drop-on-demand and continuous inkjet. From thge simulations we have been
able to predict the range of molecular weights an@oncentrations for which polymeric
additives prevent or delay jet-break-up. We are atsdeveloping new constitutive
models for dilute polymer solutions that take accont of intermediate conformation
states between coiled and stretched polymers.

Postdocs: Dr Michael Knott, Dr Srinivas Yarlanki

Contact: Oliver Harlen
0.g.harlen@leeds.ac.uk

Figure 2:
Simulation of drop ejected from a drop on demand ikjet
printer.




Towards a Soft Nanotechnology of Encapsulation
Unilever, ICI, Sheffield. Leeds and Hull
Funding: DTI Technology Project

IRC partners Unilever, ICI, Sheffield, Leeds and Hhave teamed together and won
an £800k Technology project grant from the DTI toring advanced polymer
experiment and modelling to bear on the design ofew encapsulation technologies.
The idea is to trigger both assembly and disassembbf vesicles built from semi-
crystalline block co-polymers. These polymers retathe amphiphilic character of
surfactants or lipids, familiar as building blocksf cell walls or foams, but exploit a
greater range of chemistry and their higher molecat weight to create barriers for the
small active molecules that will be delivered in th smart #nano-parcels#. Additionally
the functionality of the polymers, some parts of wich are bio-mimetic, allow the
formation of vesicles to be switched on and off.

The IRC teams work in a complementary way, so thaynthesis, characterisation and
modelling can be brought together to reduce the tira it takes to affect a step change
in the technology. Polymers have been made that uredgo a series of self-
assemblies, from micelles, to #wormlike phases# w@sicles (Figure 1). Surprisingly,
the team has discovered that the mechanism of vesle formation is quite different in
the case of the block co-polymers to that of phospablipids: the #lamellae#, or layers of
ordered polymers, do not #wrap up# when allowedgelf-assemble, but transform

into the large bubble-like structures in ways thafilter the solvent through the growing
membrane.

The different, and molecularly controllable, behawiir of the polymeric surfactants
may be turned to commercial benefit: Martin Greenabf the modelling team at Leeds
and Hull has developed a programme that calculatethe structure of spherically or
cylindrically symmetric objects formed from the sehssembly of the polymers (Figure
2). The search is on, using this tool, for the naww route in the parameter space of
the polymers themselves that will lead to encapsutéon. Meanwhile the Sheffield
team are turning the high power of synchrotron X-yascattering to observe the
structures as they form.

Contact: Michael Butler, Tom McLeish or Tony Ryan
michael.butler@unilever.com
t.c.b.mcleish@leeds.ac.uk
tony.ryan@sheffield.ac.uk

Figure 1:

Sequence of structures in a block copolymer system
assembling in water, leading from spherical micelte through
wormlike structures, to large vesicular assemblies.

Figure 2:

AB diblocks (A red; B black) in S continuum solventvith
XeN = X, N =30 ; X 5N = -30 (better than athermal solvent
for the B polymers). A hollow cylinder is formed siject to
the constraint that the maximum copolymer density ecurs at
r=R=54aN 2




Virtual Institute - Polymer Process Structuring (VIPps)

A Polymer IRC Polymer Engineering proposal, Univiées of Bradford & Leeds
Phil Coates, University of Bradford; Tom McLeishnlersity of Leeds
Funding: EPSRC

The Polymer IRC has been successful in obtainingniding under EPSRC's People
collaboration programme to develop a platform forew collaborations, under the
programme name of Virtual Institute - Polymer Proas Structuring, VIPps, particularly
with Pacific Rim countries. The funding is worth £20k for an 18 month programme
starting 1 Oct 07. VIPps will emphasise the polymegngineering aspect of our
research portfolio, and the interaction between proessing and structuring of
polymers (linking polymer engineering and polymeihgsics, mainly, with appropriate
polymer chemistry links, for example in reactive pcessing). A range of routes is
proposed to develop awareness of skills, facilitieand research strengths, with a view
to promoting sustained research collaborations inteucturing of polymers by
processing between the Polymer IRC groups and resehers in China and Japan.

In addition to the main thrust of the proposed co-perations, we will use the
programme to draw in others, by including associategroups in the UK polymer
community, together with relevant overseas group&his will bring researchers
together from a selection of groups and research aas in the polymer engineering-
polymer physics arena, to mutual benefit, whilst fdher promoting the Polymer IRC as
an international focal point for polymer-related reearch. The project will use a two
tier approach. The core of the proposal (Tier 1) awists of Pacific rim co-operations.
Tier 2 consists of a wider range of groups worldwed some of whom are already
involved with us, and aims to help the two tiers iteract.

Phil Coates has used a recent visit to evaluate gups for potential collaboration in
advance of the start of the programme. There was @mmous warmth for this
programme and ideas have been discussed with manyaups.

Contact: Phil Coates
p.d.coates@bradford.ac.uk



The White Rose Health Innovation Partnership (WHIP)
Universities of Leeds, Sheffield, York, Bradford
Funding: Higher Education Innovation Fund

This £4.7M HEIF bid was co-ordinated by the Whited®e University Consortium,
comprising the Universities of Leeds, Sheffield andork, together with the University
of Bradford to create an innovative partnership thawill provide a framework for the
delivery of new technologies, methodologies and pecéices into the medical and
healthcare sector, initially focusing on supportingyorkshire's healthcare sector. It will
also use new approaches, including the developmenrdf an “innovation supply chain'
to improve the introduction of innovation throughouthe NHS.

Three global healthcare companies, including IRCUB member Smith & Nephew,
have confirmed their participation in the initiatie, providing a further pool of expertise
and experience on which the partnership can draw.hE involvement of large numbers
of smaller medical technology companies in the regnh will be assisted by Medilink
Yorkshire & Humberside, the medical industry netwloiorganisation. Two US
collaborators + the New Jersey Biotechnology Lifeei@nces Coalition and the
International Accelerated Radical Innovation Instite in the University of Toledo, Ohio
- will provide an even wider base of expertise toontribute to the project.

The Polymer Centre for Industrial Collaboration @l at Bradford is closely involved
with this project, with Phil Coates (in his role a¥VC Research for Bradford), sitting
on the steering group. Work is now well under wayith the first two workshops on
orthopaedics and dental themes having taken placetahe Royal Armouries in Leeds
on 28 June 2007.

Contact: Phil Coates
p.d.coates@bradford.ac.uk




The picture (above) shows an instantaneous snapshéitom a
simulation of a model diesel system (atomic sitest®own in
grey) containing a partially melted wax crystal (shvn in blue)
and a polymer additive (shown in red and green).

Modelling of Diesel and Diesel Additives
Dr. Robert Tack, Infineum UK Ltd. (Abingdon)
and Dr. Mark Wilson (Durham University)
Funding: Infineum

Diesel fuel is a highly complex mixture of short @in alkanes, with several other
components that enter in the fractionation processplus a small amount of water
(<0.1%). Commercial diesel also contains a selectio of additives with specific
purposes, such as reducing the sizes of wax cryssaforming at lower temperatures or
allowing effective pump lubrication. This projectteempts to understand the complex
interactions between many of these components withidiesel, using state-of-the-art
molecular simulation techniques. The simulation méids used are molecular
dynamics and Monte Carlo studies, taking advantagef modern parallel computing
techniques to simulate large-scale systems. The stlies use a combination of atom-
level modelling (each heavy atom represented withithe simulation) and coarse-
grained modelling. The latter allows for the studgf phenomena that occur beyond
the time scales normally accessible to atomistic snulation studies.

Contact: Mark Wilson
mark.wilson@durham.ac.uk



Microscale Polymer Processing (IPP)

Universities of Leeds, Bradford, Durham, Cambridg8heffield, Reading, Oxford,
UCL and TUE Eindhoven

BASF, Dow, DSM, IClI, Ineos, Lucite International,aBell and Mitsubishi
Funding: EPSRC

This 2Flagship® IRC project passed the hurdle oSiIEPSRC mid-term review this year.  Frigure 1
An international panel of experts read a full 10-pge report and interviewed
investigators, industrial scientists and researchtaff for a day before declaring

the project to be on-schedule and performing at arninternationally-leading level.
The project's overall aim is:

To deliver a set of molecular design tools that wienable a predictiveapproach to
polymer processing, linking molecular engineering ¢éhe level of polymer architecture
to engineering at the level of process flow conditins to optimise the performance of
products.

The project team consists of more than 25 post-dodairal fellows and students
together with the collaborating team of scientistdrom a growing collaboration of
universities. Originally encompassing the four IR&ntres plus Oxford and Cambridge,
Helen Wilson's move to UCL, Alexei Likhtman©s appuoent to a chair and Jorge

Ramirez to a lectureship in Reading and Richard Gram's lectureship in Nottingham
broaden the project even beyond the welcome additioof Eindhoven planned for this
new phase!

Figure 2

It starts with detailed molecular theories of polyrar dynamics, including now both
tube and asliplink® models (see the diagram of theconcept behind the latest
theoretical model for bimodal blends by Kamakshi gmnnathan and Daniel Read in
which interactions with fast and slow neighbouringiolecules are represented by fast
and slow constraints (see figure 1).

The next stage is detailed rheological experimentah using highly monodisperse and
well-characterised melts synthesised within the clalboration, including industrial
materials such as the branched 2metallocene® cataed melt from Dow shown in
figure 2 in extensional rheology together with itsnulti-mode #pom-pom® model fit.
These models can then be computed using the in-hoessoftware of the project, the
viscoelastic flow finite element predictoFlowSolve An example of a stress-field
prediction from this programme for this special brached polymer melt flowing
through a constriction, from Harley Klein (Leeds)s shown in figure 3.




Figure 3

Figure 4

Figure 5

A vital &first® for the project this year was theifst release of 2flowSolve3D®, a version
of the flow-predictor capable of using the project$ molecular models to predict fully
three-dimensional flows. Results will initially beompared with the rich 3D data sets
from Tim Gough and Phil Coates' experiments in Bramd. Figure 4 shows a cut-away
view of such a computation with stress-contours athe two mid-planes of a
constriction flow.

Perhaps the most important step in the project ovethe year has been the
appointment of the first two knowledge transfer fédws, Suneel Kunamaneni and
Michael Kapnistos. Funded from the subscriptions dahe industrial project members
entirely, they manage jointly a portfolio of applations-driven projects that take MuPP
science into industrial project teams. They call othe research personnel across the
MuPP collaboration as necessary, carefully managiriige IP as they do so. But these
aKT Projects® also drive conceptual developments thin the project. Recent

examples have been the addition of squeeze flows tBlowSolve(together with ICI),
and the first non-linear extension of the linear reology predictor reported last year for
arbitrary mixtures of branched architectures (togher with Dow and Ineos).

The CRYSTAL stream of the project, employs the metiology of using theoretically-
based experiments on model polymers to develop modeof flow-induced
crystallisation. Figure 5 shows an isotactic polyppylene fraction processed visually in
the Cambridge Multipass Rheometer, using the sameegpmetry as the predictions

and birefringence experiments above. In figure 5 Il threadlike and globular
crystalline regions can be seen optically, formingn the flow-field. Experiments in
Sheffield and Eindhoven using other geometries amow being compared to
rheological molecular models of crystal growth ratm oriented melts.

The 2-PHASE stream of the project is directed atlied and blended polymer flows.
Fibre and particulate filled polymers have been copared with calculations of the
rheology; one key goal is to derive predictive traformations of the polymer rheology
models for a melt once it is filled. At the same tine, a version of the FlowSolvecode
able to resolve the flow-fields at the particle sck itself is under development by
Oliver Harlen and Ahamadi Malidi at Leeds. Compais of the effect of particle
chaining with experiments from Peter Hine and MawliTassieri is shown in figure 6.

Figure 6



The project publication list is growing + here are some important
recent results

Nathanael J. Inkson, Chinmay Das and Daniel J. Read@Monte Carlo simulation for
the structure of polyolefins made with two metalloene catalysts in a batch reactor®,
Macromolecules39 4920-4931 2006 .

Hine PJ, Duckett A, Read DJ, @Influence of molecul@rientation and melt relaxation
processes on glassy stress-strain behavior in polysene®, Macromolecules40 2782-
2790 2007 .

J. Embery, R.S. Graham, R.A. Duckett, D.J. Grovéad, Collis, M.R. Mackley, T.C.B.
McLeish, 3A tearing energy study of 2oriented ancefaxed® polystyrene in the glassy
state®, Journal of Polymer Sciencd3 45(4), 377-394 2007 .

Hine PJ, Duckett A, Read DJ, 2Influence of molecul@rientation and melt relaxation
processes on glassy stress-strain behavior in potysene®, Macromolecules2782-
2790 2007.

Graham RS, Bent J, Hutchings LR, Richards RW, Grs\2J, Embery J, Nicholson TM,
McLeish TCB, Likhtman AE, Harlen OG, Read DJ, GoUglspares R, Coates PD,
Grillo 1, @Measuring and predicting the dynamics dinear monodisperse entangled
polymers in rapid flow through an abrupt contractim A small angle neutron
scattering study®, Macromolecules39, 2700-2709 2006 .

Nigel Clarke, Edoardo De Luca, Julian Bent, Gaviuon, Tim Gough, Isabelle Grillo,
and Lian R. Hutchings @Polymer Blends in a Contraoh-Expansion Flow®,
Macromolecules39, 7607-7616; 2006 .

More information is available from the regular pregt newsletters and other
information available directly from the project wetite at
http://www.irc.leeds.ac.uk/mupp2/

Contact: Tom McLeish
t.c.b.mcleish@leeds.ac.uk
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Molecular engineering with self-assembled peptides'with
"Mimicking nano-structured natural materials following a modular
approach’

University of Leeds PCF group and SOMS Centre, Waiggen Research Centre, TU
Eindhoven

Funding: Dutch Polymer Institute

The IRC at Leeds is a member of a joint Dutch-UK &en funded by the Dutch Polymer
Institute (DPI), a sister institution to the IRC,d understand and exploit the self-
assembly properties of peptide polymers. At Leed$e¢ project is focused on the
molecular engineering of peptide nanotapes that fon a hierarchy of fibrillar
structures (shown in figure 1) that can be tailoredo assemble and disassemble in
different environments and conditions. We will usenolecular simulation (Sarah
Harris), coarse-grained modelling (Tom McLeish) arstattering, microscopy and
spectroscopy (Amalia Aggeli) to map out the compdsin space for these novel self-
assembled polymers. Some of the modelling work witle done in Eindhoven (Paul
van der Schoot), and novel chemistry will be devebed there as well (Cor Koning).
The Dutch groups will be using similar materials iblock co-polymer form to develop
bio-mimetic encapsulation assemblies that benefitrbm the same modelling and
theory teams (see figure 2).

Contact: Sarah Harris
S.A.Harris@leeds.ac.uk



Centres and Spin Outs

The academic members of the IRC use a variety of raas to link their scientific
capabilities to innovation, coupling science to indstrial and consumer needs.
Academics at the four universities have excellenecords of working together and with

industry to exploit the research excellence and lefing facilities that can be found
across the network.

Many of these projects are channelled through thepecialist centres that have grown
to provide ease of access to academic knowledge tha&an be used to improve
products and process structure.

19



The Polymer Centre at The University of Sheffield 2006/07

An essential consequence of the Polymer IRC for itsember universities is that all
polymer related research should be represented bynaintegrated local structure. This
is how it is done at Sheffield.

The Polymer Centre represents approximately 40 acachic members and their
research groups active in seven Departments acrogke University of Sheffield, about
180 polymer science and engineering researchers iall. Managed by Dr Malcolm
Butler, the Polymer Centre staff co-ordinate a rargof training and technology
opportunities for industry and other external parers, with a particular focus on the
shorter term interactions key to building the strog relationships necessary for
successful, longer term collaboration.

In the last financial year, Polymer Centre memberaere engaged in long term (6
months) research contracts worth a total of £24m. @this, £4m came from industry,
either unassisted or with government support suchsathe DTI Collaborative R&D
programme and Knowledge Transfer Partnerships.

In addition, the Polymer Centre itself achieved imme of £160k for events, training
courses, consultancy and short term testing and arlgsis work; FaraPack Polymers
Ltd, Sheffield's contract R&D spin-out Company, aéved sales of ca. £200k for
short and medium term projects with industrial parters. Efforts in promoting new
intellectual property arising from our members' acdemic work also met with
significant but commercially sensitive success.

The Polymer Centre's success is underpinned by a mber of distinctive features:
An extensive contacts database: 1,700 alive® contacts and 500 archived,
representing some 800 companies, alongside univertses and other
organisations.
Customer First accreditation of customer relationananagement systems. In
06/07, 173 @dwarmP enquiries were logged, from a total of ca. 300.
Two highly knowledgeable technical staff membersManager and Business
Research Fellow, both ex-industry) with the generst's approach to spotting
connections between problems and possible solutionwithin the range of
expertise at Sheffield, complementing the expert'§ocused, in-depth approach,
typical of the academic staff.
Talented staff dedicated to marketing, event managment and training course
organisation. 71 delegates attended the 2006 Polyme IRC modular course on
Polymer Science & Technology.



Project management experience in R&D, testing andnalysis and event
organisation. The Polymer Centre manages the £3m, uiti-university SNOMIPEDE
project, for example.

Familiarity with the array of external funding sotces that support KT.

Integration with the Polymer IRC.

An increasingly symbiotic relationship with FaraR& Polymers Ltd, a contract R&D
company with the ability to carry out short resealr, testing and analysis jobs
drawing on the academic expertise and facilities dhe University of Sheffield on a
sub-contracted basis.

In summary¥

The Polymer Centre continues to provide single-pdinf-contact access to all aspects
of polymer science and technology at the Universiyf Sheffield, managing
relationships and projects with a focus on clientand, hence, commercial
expectations.

Contact: Malcolm Butler
m.a.butler@sheffield.ac.uk
www.polymercentre.org.uk




FaraPack Polymers * target growth achieved and planning for
expansion

FaraPack Polymers Ltd undertakes short to mediumna proof-of-concept and
trouble-shooting work in the area of polymeric matgals supported by the expertise
and facilities of the world-class Polymer IRC. Itag set up as a joint venture between
Polymer Centre and Faraday Packaging Partnershipafw.faradaypackaging.com).
Its services include:

feasibility studies.

polymer testing and analysis.

literature searches.

technical problem-solving.

speciality polymer synthesis.

design of new materials.

evaluation and development of new materials.

formulation.

process optimisation.

expert witness work.

It started by focusing on the packaging industry, it has since expanded to cover
numerous other market sectors, such as polymers, geeral chemicals, specialty
chemicals, and home & personal care. Examples of wi and case studies can be
found on the website at: www.farapackpolymers.com

The company is going from strength to strength, noyust starting its fourth year
trading, building on the last year's success whiclincluded doubling turnover to
£200k. With an ever expanding international clientist, a large range of industrial
contacts and increasing experience, FaraPack Polymseltd is even better equipped
to tackle any job related to the polymer industryNow looking at expanding the range
of work covered, the company is looking forward texciting developments over the
next year. Target areas for the next couple of yemathat will enable engagement with
a wider range of the Polymer IRC are: coatings, stanability expertise, composites,
additives, processing, and expert witness work.



The model for FaraPack Polymers was to be able titl the gap that often exists for
Universities where they can do very short jobs (tigally a few days) and longer
projects (greater than a year) but struggle to resace projects spanning a few weeks
to a few months. Having firmly established that thee is a market for what we are
doing, we are looking to publicise our capabilitieto a wider audience and further
grow the company over the next twelve months.

Therefore, the future looks bright for FaraPack Bahers, especially as their previous
customers often return with repeat business and arso happy with the work carried
out - @FaraPack Polymers is a very capable and pexsionally run organisation.®

lan Appleyard, Advansa (previously DuPont SA).

Contact: Dr Malcolm Butler
malcolm.butler@farapackpolymers.com
0114 222 9499




Centre for Self-Organising Molecular Systems (SOMS)

The SOMS Centre, part of the IRC network at Leedis, the UK's only academic
organisation which is specifically devoted to thetady of molecular self-assembly and
self-organisation processes. During its 14 year hisry, SOMS has helped stimulate
the huge growth in interest which is now apparentithis field. Some of the recent
developments in research at SOMS are listed below.

DISCOTIC LIQUID CRYSTALS

SOMS is one of the worldwide pioneers in the fieldf conducting discotic liquid
crystals. Liquid crystals of the type first devel@a in SOMS are now used globally to
improve the viewing angle of flat panel displays.d®ent work has focused on
obtaining increased charge carrier mobilities, andmbipolar conduction, in
phthalocyanine liquid crystal layers. Very large Bancements in conductivity have
also been obtained by doping with metallic nanopaidles. Discotic liquid crystal field
effect transistors are under development in collabation with Merck.

SELF-ASSEMBLING PEPTIDES

There is now extensive interest in self-assemblimeptides, for applications ranging
from tissue engineering and dentistry to surface aiings and catalysis. SOMS has
led the way in characterising and modelling the hrarchical self-assembly processes
exhibited by peptides, to form tapes, fibres, fibls and gel matrices. Recent work has
been focused on peptide self-assembly on smooth sial (mica) surfaces, where it has
been demonstrated that the surface crystallographiaxes serve as templates for tape
formation, offering the potential for a high degreef directional order. The work
involves collaboration with a large number of UK @ahEuropean academic partners,
and with Dow Chemical. (For more details see the port on the Dutch Polymer
Institute Project on page 18 of this review).

SUPPORTED AND SUSPENDED LIPID MEMBRANES

There are currently two main aspects to this worHKirstly, the development of the
underpinning technologies for membrane sensor systes based on bilayers supported
or tethered to solid surfaces, bilayers suspendedtmve lithographically defined
apertures, or phospholipid monolayers on mercury,ral secondly, the creation of
biologically functionalised surfaces by local memane modification. The latter work
involves collaboration with Seiko-Epson, and is onef the main themes within a
RCUK Basic Technology grant: achievements have imbéd the formation of well-
defined hydrophobic/hydrophilic surface patterns ugg lithographic photochemistry.



DIRECTED ASSEMBLY

We regard the development of techniques by which otrol over self-assembly/self-
organisation processes can be exercised as beingumial for transfer of this science
into commercial applications. This requirement isammon to all the research topics
within SOMS. For example, control of the moleculaalignment of discotic molecules
on silicon surfaces has been achieved for the firdime in SOMS using soft
lithography methods, and spatial re-organisation dipid molecules in membrane
arrays has been demonstrated using electric fields.

NANOPARTICLE TOXICITY

We are establishing a major new activity in nanopticle toxicity assessment based on
the SOMS lipid membrane systems. In proof-of-concepvork, phospholipid
monolayers supported on mercury have been succesdfpused to screen for
membrane disruption caused by both organic nanopacdles (peptides) and metal
oxides.

In addition to our research activities, the SOMS Gere is also the UK's leading
provider of nanotechnology education, hosting theNanofolio' portfolio of
nanotechnology Masters programmes (in partnershipitt Sheffield University), as
well as the UK's longest established NanotechnolodySc degree.

Contact: Rob Kelsall, Direct, SOMS Centre
r.w.kelsall@leeds.ac.uk
www.soms.leeds.ac.uk




Leeds Lithium Power
Flexible Rechargeable Lithium Batteries with Polym&el Electrolytes
Dr. Alison Voice and Prof. lan Ward, University b&eds

This year has seen many advances towards the comnuégilisation of flexible
rechargeable lithium batteries using a polymer gallectrolyte. As a result of several
successful conference presentations by Prof. lan W and Dr. Alison Voice, many
new potential partners have been identified, and dcussions and tests are in
progress. Techtran continues to support the work tbugh the spin out company
Leeds Lithium Power and a successful EPSRC grantpdipation allowed the
appointment of a post-doctoral researcher from Indi to work with us at Leeds,
developing both the commercial and scientific angkeof this project.

Interested parties can view further information andontact details through the web
site www.LeedsLithiumPower.com

Contact: Alison Voice
a.m.voice@leeds.ac.uk



Wildfire Snowsports Ltd

Wildfire Snowsports Ltd, a company spun out of th&niversity of Sheffield to
commercialise an invention by Prof Peter Styring dfie Department of Chemical &
Process Engineering, has seen significant developmis over the last year.

The company markets microfluidic, self-waxing systes for skis and snowboards
based on two patent filings by the University of Stffield covering the technology.

In tests on indoor snow at Xscape, Castleford, Wfice skis substantially outperformed
the best race waxed skis currently available. Thesults have attracted considerable
interest from the chemical engineering community ash articles have appeared in New
Scientist and Professional Engineering Magazine, agll as the front page of the
Daily Telegraph.

The company is now in advanced discussions with grational ski manufacturers
with a view to introducing the product as a componet of new skis and it is looking to
license the technology into the retrofit ski marketTools have already been cut for the
production of retrofit kits for snowboards.

Contact: Peter Styring
p.styring@sheffield.ac.uk




Black DyeCat" PLA

DyeCat" PLA fibre

The Dyecat" Process

Sustainable Production of Coloured Polymers

Richard Blackburn, Patrick McGowan, Chris Pask aizhris Rayner,
University of Leeds

With the depletion of petrochemical feedstocks, its necessary to produce new,

useful and environmentally friendly polymers for sustainable future. Poly(lactic acid)
(PLA) is a linear aliphatic thermoplastic polyestaterived from 100% renewable
sources such as corn and sugar beet, and the polynmés biodegradable. NatureWorks
LLC (USA) has developed large-scale operations fiiee economic production of PLA
polymer used for packaging and fibre applicationst is important that such fibres are
used in fabric for apparel applications. This is foseveral reasons: polyesters currently
used for apparel applications, mainly poly(ethyleterephthalate) (PET), account for
over 40% of world textile consumption (second onl{o cotton) and their use is
constantly increasing; production of such polyesterconsumes fossil fuel resources
and disposal of the polymer adds to landfill sitess they are non-biodegradable and
are not easily recycled. PLA fibre, in contrast, iderived from annually renewable
crops, it is 100% biodegradable and its life cyclgotentially reduces the earth's
carbon dioxide level.

PLA is formed by ring opening polymerisation of theyclic dimer of lactic acid
(lactide). As the range of potential applications @ntinues to grow, coloration
becomes a significant problem as it is required fomost large-scale (tonnage)
applications. The dyeing of PLA is an obvious aprch to this, however there are
very significant problems with this, not least hyatysis of the PLA under the aqueous
conditions typically required for dyeing, and sustaability issues associated with the
dyeing process.

We have developed proprietary polymerisation techlogy referred to as the DyeCat$
Process, which allows coloration of PLA to be caed out at the polymerisation stage
by incorporating appropriate chromophores into theatalyst structure, which remain
in the polymer at the end of the process.



This totally eliminates any subsequent dyeing steywhich also avoids potential
hydrolytic degradation; it produces a superior patyer with homogeneous coloration
throughout; and because the dye is covalently bountb the polymer, gives unrivalled
colour fastness compared with polymers coloured usj conventional dyeing
techniques. Importantly it also allows us to accessolours which are otherwise
difficult to achieve on PLA (e.g. black, see previs page) due to the high dye
loadings usually required.

In order to exploit this technology, we have estaished DyeCat Ltd. as a spin out
from the University of Leeds, with funding from Ykshire Forward and Techtran (Dr
Rob Rule). The DyeCat approach is patented, and cde applied to a range of
different polymers in addition to PLA. The focus @he company is on giving superior
polymer properties while reducing the environmentainpact of textiles and plastics,
as well as giving significant cost reduction compead to conventional technology.

Contact: Chris Rayner
c.m.rayner@leeds.ac.uk




Baroness Lockwood opening the centre

World Class New Facilities for Micro & Nano Moulding at Bradford

A new multimillion pound atrium-style engineeringesearch laboratory was officially
unveiled at the University of Bradford on 3rd Julg007 by Baroness Lockwood and
Yorkshire Forward's Dr Ceri Williams. The Centre fdicro & Nano Moulding is a £2.2
million development funded by the Higher EducatioRunding Council for England and
regional development agency Yorkshire Forward, tiepartment for Trade and
Industry, the Engineering and Physical Sciences Resrch Council and industry,
including Battenfeld, Motan and Fanuc.

The new centre, managed by Ben Whiteside, currenthas six staff covering ultra
small-scale precision moulding and compounding ofglymers, nanocomposites and
biomedical materials, complementing the larger scalprocessing facilities in the IRC
laboratory. Typical products include medical compemts, telecommunications and
optical products.

The wider Polymer IRC Engineering Laboratory, whisfcurrently working with over 70
companies, has over 50 researchers associated, anthcludes 16 injection moulding
facilities and 15 extrusion lines, a Solid Phase @antation Processing laboratory, a
Rheo-Optical laboratory and reactive Processing aftocess Spectroscopy laboratory,
an advanced materials characterisation suite, a Caimg laboratory and a Computer
Modelling laboratory.

For more information visit: www.polyeng.com and wwukmig.com

Contact: Phil Coates
p.d.coates@bradford.ac.uk
Or

Ben Whiteside
b.r.whiteside@bradford.ac.uk



The Polymer Centre of Industrial Collaboration

The Polymer Centre of Industrial Collaboration iskaghly successful member of the
Regional Development Agency (Yorkshire Forward) tefor its key Knowledge
Transfer centres, related to the industry clusterfor this region. It maps directly onto
the Polymer IRC activities in Bradford, and providea clear contact point for industry.
The University of Bradford is Customer First accriéetl and the Polymer CIC is a
leading example of this, with extensive links to gopanies (over 70 live collaborations
at present), providing a quality connection for inastry to our academic skills and
world-class facilities. The Director, Prof Phil Cées and Commercial Manager, Dr John
McGrath (ex industry) are assisted by industry assiates in specialist areas (injection
moulding, extrusion and micro & nano technology),rad over 50 researchers.

The Polymer CIC was in the first group to be accri¢eld by Yorkshire Forward, and has
been successful in developing its funding model, i direct contracts with industry
and government, and in winning a range of awards fondustrial collaboration. The
latest of these was the YF Innovation Award, 2007for work on energy saving
process technology with Taylor Products Ltd. The lpmer CIC currently has won 3
SPARK awards from the Materials KTN, and runs 3 Kntedge Transfer Partnerships,
two DTI programmes and two RDA programmes, in addit to direct industry
contracts.

YF Innovation award, 2007 to Polymer CIC & Taylor
Products Ltd

From left to right: John McGrath, Sue Nelson, PhiCoates,
David Scheeres and Terry Hodgkinson




The Polylab concept offers companies open access tur technology for exploratory
studies, including 16 injection moulding facilities 15 extrusion lines, a solid phase
orientation laboratory, a rheo-optical laboratory rad reactive processing and process
spectroscopy laboratory, an advanced materials chacterization suite, a coating
laboratory and a computer modelling laboratory + lalvith strong industrial in-kind
support in technology (process technology, sensorsharacterization technology) and
software (Moldflow, Polyflow, Compuplast, Abaqusn8ys, Mattlab, Labview, etc). It is
involved in a range of workshops and open days, arjdint meetings with sponsoring
companies. The latest large event was the very suessful Polymer Process
Engineering international conference (July 2007, aBradford * the 11th in this
biennial series) which was accompanied by a strongommercial exhibition and
extensive laboratory demonstrations.

For more information visit: www.polyeng.com; www.fyanercic.com

Contact: John McGrath
j.c.mcgrath@bradford.ac.uk
Or

Phil Coates
p.d.coates@bradford.ac.uk



Research Highlights
The Latest from Around the Network

Throughout the year we ask academic staff across é¢hPolymer IRC to let us know
what has been happening in their area so that we aadistribute the news through
newsletters, reports and our web site. We also askemembers of the club if they
would like to update us on what has happened in thie organisations and this year
include our first industrial report which we hope il set a trend for the future.
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Figure

Schematic of glycopolymer-functionalised gold nanapticle
(top), TEM image of glycopolymer-functionalised gl
nanoparticles (middle) and optical micrograph of
agglomerated protein-coated polymer beads (bottom).

Surface Functionalisation with Sugar-containing Polymers
Neil Cameron and Sebastian Spain, University of Cham

Sugars play a vital role in diverse biological presses, including fertilization, the
inflammatory response, virus particle docking to #hcell surface and the spreading of
cancer cells (metastasis). These sugars are foundnocell surfaces, where they form a
dense coating known as the glycocalyx. It is the faraction between these sugars
and receptor proteins on other surfaces (viruses,atls, bacteria, etc.) that produces
the observed biological responses. Thus, polymergaring sugar groups on the
backbone (glycopolymers) can interfere with theserpcesses, leading to applications
in therapeutics and diagnosticst In the Durham IRC, glycopolymers have been
preparec® and their interactions with carbohydrate-binding jpteins have been
studied3 Recent work attempts to mimic the natural occurrene of sugars at surfaces
by attaching these glycopolymers to nanoparticlegjuantum dots and flat substrates.
In a simple one-pot procedure, gold nanoparticlesra prepared and surface-
functionalised in situ with glycopolymers that hava “sticky' thiol end-group4 These
particles have been shown to be able to interact wh proteins adsorbed onto polymer
beads, using a simple agglomeration assay (the naparticles each have many
sugars on their surfaces, so can “crosslink' the ggmer beads). Future work will
explore the use of these particles as carriers forancer-associated sugars, with the
aim of producing synthetic anti-cancer vaccines.

Contact: Neil Cameron
n.r.cameron@durham.ac.uk
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Modifying Surfaces and Interfaces with Functional Polymers
Lian Hutchings, University of Durham

The concept of using multifunctional polymer addites to modify surfaces and
interfaces is extremely versatile and patent pendintechnology developed in Durham
by Dr Lian Hutchings, Dr Richard Thompson and Drgei Clarke and reported in last
year's Annual Review, has attracted ongoing commeat interest in the past year
whilst the Durham team continue to widen the scopef the technology through
academic research.

Multiple functionalities at one chain end of the pédymer additive provide a strong
driving force causing the additive to surface seggate. Once at the surface the
presence of multiple functionalities are far more #ective at imparting specific
properties at the surface than additives with a sigle functionality. The pendant
polymer chain serves to compatibilise the additivevith the bulk sub phase, with the
intention of providing a durable surface layer. Aufther key advantage of this
technology is that the additive may be added to a bk polymer during the processing
step, eliminating the need for further potentiallyexpensive post processing
modification procedures.

The original two UK patent filings were combined dlhe PCT stage when the
International Application was filed (PCT/GB2006/0@66). Now that the patent has
been published (WO2006/125965) the Durham team havebeen busy writing up their
work for publication in the open literature and tading to industrial partners about
possible collaborations to take the technology forard towards commercial
applications. Discussions have been held with ICTechnical Fibre Products Limited,
DuPont Teijin Films and Akzo Nobel resulting in fdimg for a PhD student in

Dr Hutchings' group (by TFP) and ongoing industriaials with DuPont Teijin Films.

Dr Hutchings will also be having discussions withsAhi Glass during an upcoming trip
to Japan in October.

The concept of using multifunctional polymer addites to modify surfaces and
interfaces is extremely versatile and the Durham &mn continue to apply for research
funding and to seek out industrial partners to takehis work forward.

Contact: Lian Hutchings
l.r.hutchings@durham.ac.uk
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Multi-scale modelling of polyphilic macromolecules
Mark R. Wilson and Juho S. Lintuvuori
Department of Chemistry, Durham University

Polyphilic polymers and dendrimers provide a fas@ting route towards building new
classes of functional materials. In a polyphilic mecule, the chemist has the
possibility of designing well-defined regions conit@ing different types of interaction
(e.g. aromatic, aliphatic, siloxane, fluorinated, fidrogen bonding), or alternatively, of
using different combinations of rigid or flexiblergups. By careful molecular design,
microphase separation in the bulk can be used as #ool to encourage self-assembly
of well-ordered nanoscale structures.

However, polyphilic systems pose a real challenge imodellers. Large numbers of
atoms often make atomistic modelling impractical, prticularly when the molecules
themselves form mesophases, which order over lardength-scales. In addition, the
relatively long times associated with molecular main and the (even) longer times
associated with changes in molecular order cause & difficulties for the simulator.

This project is developing new techniques for coasgraining complex
macromolecular systems, and providing new ways opseding up simulation methods
to allow researchers to predict mesophase formatiarThe overall aim of the work is
to make molecular simulation a more useful tool tchelp chemists design new
polyphilic macromolecules with the desired self-oemisation.

Contact: Mark Wilson
mark.wilson@durham.ac.uk

The pictures show (top) a snapshot of the structuref a
single dendrimer molecule, which has been modelledsing a
new coarse-grained simulation model; (bottom) the tsucture
of the dendrimer in a lamellar mesophase.




Plastic Blood
Lance Twyman, University of Sheffield

Lance Twyman at Sheffield is working on a form ofsable plastic blood that would be
completely sterile and easily transportable. The meblood is made up of plastic
molecules that have an iron atom at their core, lik haemoglobin, that can carry
oxygen through the body. The artificial blood coulde cheap to produce and they are
looking for extra funding to develop a final protgpe that would be suitable for
biological testing.

Over the last five years the team has concentratedn producing something capable
of carrying oxygen around the bloodstream. They heeombined a porphyrin with
monomers that build together in a hyper-branchingrotree-like structure. The
molecule is remarkably similar to haemoglobin in 3& and shape, while providing the
right environment around the porphyrin core for iroto bind and release oxygen. And
the polyethylene glycol (PEG), a water-soluble paher used to assemble the
branched structure, is already used for medical apjgations.

The plastic blood is a dark red water-soluble pasteith the consistency of honey. As
with real blood, the colour comes from the porphyni. Experiments are currently
confined to the test tube, but there are exciting pssibilities for applications in war
and disaster zones where supplies of readily availke uncontaminated blood could
save many lives.

The plastic blood is currently on display in #Plasty - 100 years of making plastics#
at London®©s Science Museum.

Contact: Lance Twyman
l.j.twyman@sheffield.ac.uk
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Chemistry Highlights from Sheffield

Professor Steve Armes, University of Sheffield

Colloidal nanocomposite particles. Final-year PhD student Andreas Schmid has
shown that colloidal polystyrene/silica and poly(gtene-n-butyl acrylate)/silica particles
can be prepared by conducting irsitu (co)polymerisations in the presence of an
ultrafine silica sol. Unlike previous protocols, # new nanocomposite formulation
involves very high silica aggregation efficienci€ap to 99 %). This is an important
advance, since excess, non-aggregated silica is fidult to remove and can
compromise various properties, e.g. mechanical prapties of films and interfacial
activity. A patent application has been recentlyléd and several chemical companies
have been approached with regard to possible commeialisation.

. . . . Polystyrene-silica colloidal nanocomposite parti repared
pH-responsive microgels. PhD student Damien Dupin has shown that poly (2- thy \,Zry high silica aggregation emgencies’) bwﬁj P

vinylpyridine)-based particles can act as particule emulsifiers for oil droplets and polymerisator. of styrene It the presence of a comencially
also stabilise foams (air bubbles). The key to suess involves careful design of the

surface composition of the particles to achieve stimg interfacial adsorption. These
particles are pH-responsive and swell to many timetheir original volume at low pH.
This allows the stable emulsion or foam to be brokeby addition of acid, since this
causes spontaneous particle desorption from the ietrface.

D. Dupin et al., @Direct Vizualization of a Self-@anised Multilayer Film of Low Tg
Diblock Copolymer Micellestangmuir, 2007, 23, 5563, ; D. Dupin et al., submitted
to PCCPR 2007 .

Block copolymer micelle templates for nanostructured silica particles . Cationic
block copolymer micelles have been used as colloititemplates for the controlled
deposition of silica under biomimetic conditions. 8XS and TEM studies confirm the
“core-shell' nature of the resulting 35 nm diametersilica particles, which could be
useful for delivery applications. A patent applicain has been filed and an advanced  Nano-structured core-shell particles of 35 nm diamter
prepared using cationic block copolymer micelles aa

stage has been reached in selling this technologyota global speciality chemical colloidal template for in situ silica deposition.
company.

J.-J. Yuan, S. P Armes, O. Mykhaylyk and A. J. Ry&Cross-Linking of Cationic Block
Copolymer Micelles by Silica Deposition?]. Am. Chem. Soc 2007, 129, 1717.




Clear evidence for latex bilayer formation withinqueous
foams produced using a 380 nm diameter poly
(2-vinylpyridine) latex as a foam stabiliser.

Biocompatible block copolymers. New thermo-responsive ABA triblock copolymers
have been synthesised by second-year PhD studentplge Madsen based on a
biomimetic 'B' monomer, 2-(methacryloyloxy)ethyl pisphorylcholine (MPC) and a
hydroxyl-functional '’A' monomer, 2-hydroxypropyl rirecrylate (HPMA). These
triblocks dissolve in cold water, but form free-stading micellar gels in warm water
that have been shown to have good biocompatibiliticollaboration with Prof. Sheila
MacNeil at Sheffield). The thermo-responsive naturef the outer HPMA blocks was
completely unexpected and offers a promising alteative to polymers based on N-
isopropylacrylamide, which is an expensive and hilyhtoxic monomer that requires
purification prior to use. OurMacromoleculespaper on this topic was one of the most
downloaded articles for this journal in 2006.

J. Madsen, S. P Armes and A. L. Lewis, 2Preparaticand Aqueous Solution
properties of New Thermoresponsive Biocompatible ABriblock Copolymer Gelators®,
Macromolecules 2006, 39, 7455.

Controlled-structure primary amine-based block copolymers . A very successful
collaboration between second-year PhD student LizRd and former post-doc Dr.
Lihong He has resulted in the synthesis of a seriesf well-defined homopolymers,
statistical copolymers and block copolymers basedno2-aminoethyl methacrylate.
This monomer is unstable in its free base form, butan be polymerised using either
ATRP or RAFT chemistry with reasonably good contiidiere are relatively few
literature examples of controlled-structure primargmine-based vinyl polymers, so
this Unilever-funded work is expected to have sigigant impact.

L. He, E. S. Read, S. P Armes and D. J. Adams, 2iigct Synthesis of controlled-
Structure Primary Amine-Based Methacrylic Polymey thiving Radical Polymerization®,
Macromolecules 2007, 40, 4429.

Contact: Steve Armes
s.p.armes@sheffield.ac.uk



Computational Biophysics
Sarah Harris, University of Leeds

The recently established Computational Biophysicsaup within Polymers and
Complex Fluids in the School of Physics and Astromy at Leeds has grown rapidly
since its inception in 2005 and the group now consits of three postdoctoral
research assistants and three PhD students workinglongside Dr Sarah Harris. The
central theme of the research group is the use of mite of the art computational
methods to study biological macromolecules from alpysical point of view. The
physical as well as chemical properties of these eoplex macromolecules play an
important role in biological function because biomlecules are flexible and dynamic
structures rather than rigid objects with a uniqugl defined chemical structure.

Current research projects within the group include study of charge hopping through
double stranded DNA; RNA and DNA folding and topglg a study of the mechanical
properties of DNA and atomistic modelling of peptel self-assembly and aggregation.
The group is also developing new theoretical methsdor extracting physical
quantities from atomistic simulations, and interpréng these in terms of their
importance in biological function. For example, onaim is to calculate the dielectric
constant of a protein, as this determines how a gien biomolecule will respond to
changes in the pH of the environment. Another is tguantify the thermodynamic
changes which take place during molecular recogmitn. As these research projects
span a significant proportion of the length and tirascales relevant to molecular
biology, they require a variety of computational thniques and collaborations with
scientists from disciplines as diverse as theoretid polymer physics and experimental
guantum chemistry.

Contact: Sarah Harris
s.a.harris@leeds.ac.uk




2006 saw continued growth for Huntsman, with the aquisition of the Textile Effects
Division of Ciba Speciality Chemicals. This resuttén the formation of a new Division
aMaterials & Effects®, supplying world class engireging plastics (adhesives, pastes,

sealants) and textiles.

To promote internal alertness of the technologiesauired via acquisition of the
Textiles Effects Group and to share technologiefn the Advanced Materials Group,
an internal conference and poster exhibition was He early in 2007.

Some 50 scientists represented their knowledge anéndeavours, attracting
technical, marketing and technical service personidrom the newly centralised
facilities in Basel, Switzerland. Of particular net: Professor Tom McLeish was the
Plenary Speaker delivering an inspiring lecture che outlook for the IRC and
Emerging Science and Technologies.

Huntsman is a global manufacturer and marketer ofiferentiated chemicals. Its
operating companies manufacture products for a vaaiy of global industries, including
chemicals, plastics, automotive, aviation, textilesfootwear, paints and coatings,
construction, technology, agriculture, health caredetergent, personal care, furniture,
appliances and packaging. Originally known for piearing innovations in packaging
and, later, for rapid and integrated growth in petichemicals, Huntsman today has
14,000 employees and over 75 operations in 24 counties. The Company had 2006
revenues from all operations of over *13 billion.

Contact: Ranjana Patel
ranjana_patel@huntsman.com



Micro and Nano-Technology

Members of the IRC are working on national and remgial strategies for new MNT
technologies. Professor Richard Jones FRS from Sfield has been appointed Senior
Strategic Advisor for Nanotechnology by the Engingeg and Physical Sciences
Research Council (EPSRC) from 1st June 2007. Riclwill spend 3 days per week
advising EPSRC on the development and implementati@f its nanotechnology
strategy and act as an advocate for nanotechnologyherever necessary.

Professor Richard Jones said: #Nanotechnology, resgibly developed, could help
meet a number of society©s pressing needs in areliiee sustainable energy and
medicine. | am looking forward to working with EPSRand the research community
to ensure the UK is at the forefront of the globatompetition to develop exciting
science and valuable applications in nanotechnology

Richard is Professor of Physics at the University 8heffield. He leads the Polymer
Physics group, and conducts research into the proptes of polymers and
biopolymers at surfaces and interfaces. In his resegch, he aims to learn from some
of the principles used by nature - self-assembly ahmolecular responsiveness - to
create synthetic nanodevices such as molecular mots. He is also involved in public
engagement activities in the area of nanotechnologyoth in explaining the
technology itself and in debating the social and étical issues. He is the author of a
book for the general reader, #Soft Machines: nanoténology and life#, and he has
spoken on the subject to a variety of audiences anéh various media. Richard is
Chair of the Nanotechnology Engagement Group, a bpdet up by government to co-
ordinate public engagement activities in this area.

Richard's thoughts on Nanotechnology can be foundrohis blog at:
http://www.softmachines.org/wordpress/index.php
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The philosophy behind much of the soft nanotechnolly research taking place at
Sheffield, along with some examples of their workis explained here by Mark
Geoghegan from the Department of Physics and Astromy.

Soft nanotechnology gets moving

The turn of the millennium certainly was a new dawfor soft nanotechnology in Sheffield.
In April 2000, the Emerging Themes in Polymer Scier meeting held in Stephenson Hall
discussed many aspects of what was thought to be iportant in the coming years. During
the meeting, Tony Ryan made numerous references tomolecular toolbox for soft
nanotechnology. As scientists, we could provide theols to enable applications for a new
age of nanoscience, and leave it to the engineersotfigure out how these tools would be
used. This theme was fleshed out by Richard Jonegho debunked the approach of the
miniaturization of macroscopic machines, and tooknspiration from systems in biology.
Three recent papers show how our approach to sofanotechnology is thriving.

Machines have to do things, and they may have to beent to a target location to achieve
this, especially if we have medicinal applicationd/Ve can envisage two means to this end.
Shrinking Raquel Welch to a size that would allonehto work in a micro-submarine is one
such means, but the physics of this method was notonsidered in the 1966 film
Fantastic VoyageA recent paper [1] has shown how we might obtairmotility in liquid
environments. The reaction 2k, 6 2H,0 + O, is catalysed by platinum. Half-coating
polystyrene colloidal micro-spheres with platinumazises an asymmetry; the reaction can
only occur on one side of the sphere. This generatean osmotic pressure gradient which
drives motion of the microspheres. Thermal rotatioof the microsphere inhibits the
directionality and so eventually Brownian motion ainates, mimicking the umbling®
motion with which some bacteria move. Soft nanoteaiology gets moving indeed.

Using the lessons from biology to generate movemeig impressive enough, but can we
use biology to do mechanical work? Recent work hashown that it is possible to show
chemical energy can be used to drive mechanical mioin in repeated cycles [2]. The act
of turning chemical energy into mechanical energyiges us a simple synthetic muscle.
Cyclic motion requires a cyclic environment, and th can be provided by the Belousov-
Zhabotinsky (BZ) reaction, a cyclic oxidation-redtion where the production of protons in
the forward reaction feeds the reverse reaction. BnBZ reaction is therefore a pH
oscillator. Triblock copolymers with poly(methyl ntigacrylate) (PMMA) end blocks and a
poly(methacrylic acid) middle block will self assehte in water to form a gel of hydrophobic
body-centred spheres of PMMA in a water-swollen PMAnatrix. At high pH the PMAA will
swell and at low pH collapse. Conveniently, the B2action of choice oscillates pH in just
this range, swelling and collapsing PMAA. Gels amessy things at the best of times, and



swelling is usually poor because equilibration ofeds is a long process. Because of their
inherent heterogeneity gels have rotten mechanicgroperties. The triblock self-assembled
gels haveaffine swelling behaviour; the swelling of each unit cetloes not occur at the
expense of the neighbouring cell, and swelling ispid. The uniformity yields rigidity, which
means that the gels are quite robust. Unfortunatejythe estimated specific power output
from these gels is still very small, about 20 mW/kgompared to a car engine of 300 W/kg
or myosin at 20 kW/kg. Improvements will be made,rad this is the starting point: a
prototype molecular motor. Soft nanotechnology gelsioving, so to speak.

Can we scale nanoscale behaviour to mediate a usdfmacroscopic property? Although
not stealing ideas from biology, a recent paper [3has shown how we can scale up
nanoscale behaviour to mediate a useful macroscopisroperty, in this case adhesion.
Poly[2-(dimethyl amino)ethyl methacrylate] (PDMAENIAvas grafted from silicon to form a
20 nm (brush) surface. PDMAEMA is a polybase, anass positively charged at low pH.
On placing this brush in contact with a PMAA gel iwater, adhesion nearly as strong as an
epoxy-based system was measured. This adhesion isrtainly as strong as soft
polysiloxane adhesives. However, by decreasing thel to between 1 and 2, the adhesion
fails and the brush and gel come apart, making a stem that is truly environmentally
switchable and reversible. The de-bonded system cdie adhered again in water. The
exact causes of adhesion are the subject of furthestudy, but hydrogen bonding and
electrostatic attraction are expected to be importat. Confirmation of whether or not
interdigitation of the brush into the gel (a true nolecular Velcro$) would be particularly
interesting.

Contact: Mark Geoghegan
mark.geoghegan@sheffield.ac.uk
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A triblock copolymer gel with a polyelectrolyte métle block
and hydrophobic end blocks can swell and collapsefiinely
[2]. The figure shows how this works from the nanasale to
the macroscale.

Polyelectrolyte brushes can swell quite dramaticgll These
scanning force microscopy images show (left) a calbsed
PMAA brush at low pH and (right) a swollen brush &igh pH.
These 10 "m scans were takenin situ in aqueous solution,
and the arrows show that the same region of the saple is
being imaged. The brush swells by a factor of sitiom 38 to
250 nm. The scratch through the sample allows the kight to
be determined. Image taken from A. J. Ryan et dfaraday
Discuss 128 55-74 (2005). For the adhesion work [3], a
polybase brush was used.




Micro-and Nano-technology in Yorkshire & Humberside

The IRC has continued to work with Yorkshire Forwlasn developing a regional
strategy for micro and nano-technology in Yorkshii® Humberside. As part of this
programme Malcolm Butler and Shelagh Cowley from ¢hPolymer Centre at Sheffield
attended the NSTI Conference in Santa Clara, represting Yorkshire Forward at the
Showcase event on the 23rd May 2007.

Prior to their departure they produced a "big cougt small science®, brochure
containing up to the minute information on currentechnologies and successes
across the region. The feedback was excellent 2Greto see Yorkshire Forward
represented so well at such an event® + doing a geg Joh®°.

Malcolm and Shelagh were joined on the stand by Pfessor Tony Ryan, who had
been invited as a plenary speaker at the conferencand who gave two excellent
presentations on 2Soft Machines: Nanotechnology andife® and 2Synthetic Muscles
from Block Copolymers®.

The Showcase event attracted many Research Agencigem around the world, much
useful information was gained on how they work with their respective technologies,
and new industrial contacts were made.

Selection of 2Unique Clusters® within the Region

Working through the technologies and expertise withthe Yorkshire and Humberside
region, eight have been identified as 2unique® andire to be promoted under the
MNT marketing strategy.

These are as follows:

MERI

Materials and Engineering Research Institute + SHefld Hallam University

CPT

Centre for Precision Technologies + University obittersfield

Polymers

Polymer IRC + 2Universities of Leeds, Bradford, Dam, Sheffield with the IRC
Industrial Club®

Micro - and Nano-Moulding

The Centre for micro- and nano-moulding + Univergibf Bradford

Particles

Particles CIC + The NanoManufacturing Institute inlersity of Leeds



CTT

Centre for Technical Textiles + University of Leeds

IlI-V Centre

EPSRC National Centre for IlI-V Technologies + lnsity of Sheffield

Training

Polymer Centre + University of Sheffield

IRC Polymer Science and Technology modular course

Nanofolio + Universities of Sheffield and Leeds

Plus, many other MSc and Industrial courses from aund the unique clusters

For more information on the project and the regionlacentres of excellence contact:

Malcolm Butler
m.a.butler@sheffield.ac.uk
Or

Shelagh Cowley
s.h.cowley@sheffield.ac.uk




Public Awareness and
Engagement with Science

Members across the IRC recognise the importance dfling the wider community, and
particularly young people, with an enthusiasm forcsence and an understanding of
how developments relate to them. Polymers are an fagral part of everyday modern
life and through creating more opportunities for opn exchanges and discussion we
hope to add to the numbers of people with a lifelog interest in science and
technology.

In addition to Richard Jones' (Sheffield) recent gmintment by EPSRC as Senior
Strategic Advisor for Nanotechnology, he is conceed with public engagement
activities in the area of nanotechnology, explaingthe technology itself and in
debating social and ethical issues, and running aegular 2blog® on nanoscience and
technology.

As part of National Science and Engineering Weekrdtessor Tony Ryan (Sheffield)
presented an enlightening and entertaining lecturéFrom Edison to the Ipod°. He
took the audience, ranging from children to acadengs, on a journey from the
beginnings of sound and its early recordings to theery latest technology we have
today.

Tom McLeish ( Leeds), led a discussion with schoplupils on 2God and Science: The
Almighty Row?, both during Science Week and laten ithe year at the Milton Keynes
Science Festival. Tom also explained @The Subtle iBace of Soft Slimy Stuff°, to
teachers of post 16 students at the National Sciene Learning Centre during May
2007.

EPSRC Advanced Media Fellow Peter Styring (Sheff)dtas presented his new ski
technologies to make us go faster and further anda allow skiing all year round to
the Caf= Scientifique in Sheffield. He also evaluat the environmental impact of
these advances in a talk that used video imagery texplain this fun area.

Members of the Polymers and Complex Fluids group keeds, led by Mike Ries,
continue to participate in the summer school progname offered at the University
each year by the National Academy for Gifted and [Bated Youth. These interactive
workshops aim to give 13-16 year-olds identified agifted, the opportunity to turn
talent into achievement.

Following his successful trip to China last year, 8k Geoghegan (Sheffield) held a
series of caf=s scientifiques in India this year, ith presentations to the general public
on nanotechnology in Bangalore, Chennai, and Mumbhai




The Microscale Polymer Processing show was on thead again, this time at the
prestigious Showcase Science 2007 in mid-March. Th&howcase took place in
Oundle and this event has become the premier scieific conference for pre-university
schoolchildren in the UK. This was a wonderful oppoinity to interact with young
students who have a passion for science in all itsliverse forms.

Over 1,000 students and a webcast to 50,000 meant that our particular #branch#
could be waved. The new team of John Embery (Leed3d)im Lord (Cambridge) and
Jonathan Dodds (Durham), maintained the professiofiam and inter-university aspect
of the MuPP outreach programme; showcasing the Roly&ociety model * the
extruder simulator, #invisible stresses# lightbomdaa range of objects with strange
polymer properties + was an excellent method of cating an eager two-way rapport
with the students and, at the same time, passing orour enthusiasm and
experiences.

The Oundle visit is online at:
http://www.irc.leeds.ac.uk/mupp2/pubgal.html

Awards

Tom McLeish was presented with the European Society Rheology's Weissenberg
Award at the opening ceremony of AERC 2007. The awis presented biennially to
a Europe-based rheologist for outstanding, long tar achievement in the field.

The award for best poster in the industrial collabations category was won by
members of the Bradford Polymer IRC for 283 D Simui@an of Water assisted Injection
Moulding®, at the Materials KTN Annual Meeting ingil 2007. The award was
presented to the winning team at the PPE 07 meetingn Bradford in July.

Dr. Alison Voice has recently been awarded firstige in the Faculty Teaching
Development Competition for 2006/07 held within theMAPS Faculty at the University
of Leeds.




International Collaborations
The Global Picture

The IRC has long recognised that to build the besesearch teams it must sometimes
look outside its constituent universities to the ret of the world. Members of the IRC
frequently travel to international conferences togeak on their leading edge research
and to network with other academics across the fiel, but the IRC is also acting as
the nucleus of international collaborations that enompass multidisciplinary science
inaccessible to individual discipline groups.

One of the strongest links that the IRC has is witthe Dutch Polymer Institute (DPI)
where there is reciprocal membership at board leveAt present the IRC is working
with the DPI as it steers to a new phase in fundingo assist in evolving their new
structure and in particular the creation of their ¥alue centre®, aimed at exploiting
intellectual property. Members of the DPI are conrneed to MuPP2 and a new DPI
sponsored grant has recently commenced at Leeds.

European grants under the new EU Framework 7 havér@ady been submitted, with
others in preparation. Two have passed the high hdle of the outline bid stage
already. The IRC academics and industrial memberseaactively looking for further
projects and project partners for future calls.

The IRC has continued to work hard in creating stng links with the Far East. Both
Tom McLeish and Phil Coates have been busy visiti@hina, meeting leading

academics such as Charles Han, XuXi and the VicedBident of Sichuan University.
The Bradford IRC has made web pages more accessiliig translating into Chinese.

A joint Bradford-Leeds IRC bid, led by Phil Coatésms won funding under EPSRC's
People collaboration programme to develop a platfor for new collaborations, under
the programme name of Virtual Institute - Polymer ®cess Structuring, VIPBs,
particularly with Pacific Rim countries. The fundinis worth £230k for an 18 month
programme starting 1 Oct 07. VIPs will emphasise the polymer engineering aspect
of our research portfolio, and the interaction bet@en processing and structuring of
polymers (linking polymer engineering and polymehpsics, mainly, with appropriate
polymer chemistry links, for example in reactive pcessing). A range of routes is
proposed to develop awareness of skills, facilitieand research strengths, with a view
to promoting sustained research collaborations inteucturing of polymers by
processing between the Polymer IRC groups and resehers in China and Japan.




Microscale Polymer Processing will capitalise orsitinks with the USA in Autumn
2007, and its joint EPSRC-NSF add-on grant, with aisit to Prof. Don Baird at
Virginia Tech. by Dietmar Auhl and John Embery (ld=g in order to study and model
film-casting tests (though not quite the glamoroudHollywood kind), and by Lian
Hutchings and Jonathan Dodds (Durham) to Prof. JimyrMays at University of
Tennessee. The physicists will study extension phamena of model polyethylenes
and filled polystyrenes under @industrial® conditios expanding on preliminary work at
Leeds IRC, with a view to exploring the process vem-pom constitutive modelling
for the different materials. Don Baird, the senioprofessor in the Virginia Tech.
Department of Chemical Engineering, will be oversigy the project stateside and has
a wide ranging experience of applying rheology ambn-Newtonian fluid mechanics to
the processing of polymers and polymer compositedMeanwhile the chemists will be
able to scale up synthesis of branched polymers.

Professor Lynn Walker from the Department of ChenaicEngineering at Carnegie
Mellon University, Pittsburgh, is spending 2007 bad in the Polymers and Complex
Fluids Group at Leeds, contributing her knowledge systematically controlling
molecular-level behaviour, characterising nanoscand microscale structure in fluid
systems and quantifying rheology and flow behavioof complex fluids to the
network.

A proposed joint workshop between the UK-Indian Edation and Research Initiative
(UKIERI) and the Polymer IRC on Polymer Surfacesganised by Colin Bain and Neil
Cameron at Durham, will include representatives fro companies in India and Indian
students. Indian and UK Scientists will have the @nce to work together for two days
to share knowledge and ideas for the future. The wkshop will be organised with
help from CENAMPS, part of the Regional DevelopmeAgency for the North East.

A regular stream of postdoctoral research fellowsna students pass through the
research groups to exchange ideas. Recent visitoimsclude representatives from the
Indian Institute of Technology and Universities &ennes, Maine, |.S.I.T.V and Fukui.




The Polymer IRC Club

Linking excellence in science to industrial innovan

Club members at the UK Polymer Showcase

A major aim of the Polymer IRC is to foster linksitt industry, research foundations
and government agencies that have an interest in #thnadvancement of polymer
science and technology and soft nanotechnology toatiple science with innovation.
The IRC network links extensively with industry,hetr UK and international research
groups, trade associations, Knowledge Transfer Nedvks, the Department of Trade
and Industry and science and knowledge transfer bags. Core expertise can be
provided in a wide range of polymer related areascluding: novel architectures,
polymers in electronic devices, polymer synthesisnolecular modelling,
nanotechnology, materials characterisation and theontrol of polymer process and
production.

Our industrial club is one of the key mechanisms s to inform and train the
industrial scientists. It consists of both large iternational companies involved in the
development of polymers and an increasing number amaller companies with more
focused interests. This is made possible by gradeslibscriptions that allow
companies to join at a level that reflects their sie and needs.

Members achieve immediate access to one of the larst networks of polymer
scientists and technologists in Europe, developing close relationship with the
academic researchers and getting to know colleagugsom other companies within
the sector. Club members meet regularly with the metings providing an informal
setting to meet and discuss developments in sciencand industry with
contemporaries, enhancing academics engagement witteal world issues and
exposing the latest in scientific developments totte industrial base. These personal
knowledge exchanges between the two communities caorovide the inspiration for
new projects and connecting scientific advancemertb industrial innovation. In
addition to the scheduled meetings the IRC also affs workshops on current hot
topics and discounts on training amongst membershipenefits.

Recently members gave their principle reasons fooijing the club as:
Gaining access to key academics working in areasfdnterest to them.
Identification of new ways of approaching existingechnical issues.
Awareness of new applications for materials.

Enabling contact with members of the polymer commauity.
Promoting interaction with universities active inpolymer research.
Networking and identification of potential collabaators.




Currently Arizona Chemical, Artenius, Bayer Mategarechnology, Cytec Engineered
Materials, Dow Benelux BV, DSM, DuPont Teijin Filmduntsman Core Technology
Group, Huntsman Polyurethanes, ICI, Infineum, IntésPerformance Technologies,
Mitsubishi, Mitsui Chemical, Procter and Gamble, St Bader, Smith and Nephew,
Unilever Corporate Research, Unilever Port Sunlightertellus Specialties (UK) Ltd.
and Victrex, all enjoy the benefits of being a Clumember.

If you think your organisation would benefit fromloser links with the Polymer IRC,
contact Helen Clancy (h.e.clancy@leeds.ac.uk) for are information about the
different levels of membership available.




Training Courses for Industry

Polymer IRC Science and Technology Modular Course
30th October + 9th November 2006

Part of the Polymer IRC's remit is to inform and &in industrial scientists. Following
the successes of the 2005 programme, the modular carse was held once again
with the addition of three additional core subjectsMulti-Phase Polymer Materials and
Composites; Polymeric Bio Materials and Polymer Natechnology - making in total a
9 day course. The courses were very well attended 20 registrations were received,
37 delegates from Industry and 33 students/post dos from academic institutions
including the four Polymer IRC Universities.

To deliver this course, we were able to draw from fantastic pool of polymer
expertise from across the Polymer IRC and the delatgs were most impressed with
the depth and content of the lectures. We were forinate to attract two delegates
from Saudi Arabia who attended the full 9 days, andvho thoroughly enjoyed the
course and their stay in Yorkshire!

Comments from last year's students include:

- Clear short topics kept my interest throughout tte day
- Good overview of composite science

- Enthusiastic delivery of lectures

- Comparison between different analytical technique

The dates for this year's course are from the 29 October 2007 + 8" November
2007 - the majority of modules once again to be hetl at the Novotel Sheffield.
For more information on each of these modules pleasgo to the following links:-
http://www.polymerirc.org/pages/CourseDescriptions

Nanofolio + A Portfolio of Nano-training

As part of our ongoing marketing strategy throughhé Yorkshire Forward Micro-and
Nano-technology programme, the provision of traininto industry has been identified
as a regional strength. We are already benefitingdm the success of the Polymer IRC
Science and Technology Modular course and we are vking to broaden that
spectrum to include training courses for industryni the field of Nanotechnology.
Some provision already exists led by Dr Mark Geoglen (University of Sheffield) and
Dr Rob Kelsall (University of Leeds) who have unitéo deliver the 2Nanofolio®
portfolio of Masters Degree courses and industriaghort courses on topics in
nanotechnology. The next industrial short course ithis series, on
aNanocharacterisation®, will take place from 1 to 5" October 2007 in Leeds.
http://www.nanofolio.org/ or telephone 0113 343 2087.




The University of Sheffield successfully ran a tteeday course
aNanotechnology4Chemists® on behalf of the Royal Stety of Chemistry with
sponsorship from Yorkshire Forward (www.yorkshimfard.com). 15 delegates
registered for the course, their industrial backgunds ranging from a Slovenian rubber
manufacturer to multinational research companies. fie invited speakers presented a
wide range of expertise from the UK and abroad aneceived excellent feedback on the
content of their lectures. It is anticipated that his course will be repeated in 2008.

All the courses remain available as short course®f industry and can be offered
during the year according to demand. Tailor made cwses can be created for
companies in any area of IRC expertise.

MSc Courses

Formal courses leading to a Master's level qualifition are available in:

Polymers for Advanced Technologies.

Mechanical Engineering for Aerospace Materials.

Polymers and Polymer Composite Science and Enginéag.

MSc Route through the Doctoral training centre forBio-Molecules and Cells.
Nanofolio

Nanoscale Science and Technology.

Nanomaterials for Nanoengineering.

Nanoelectronics and Nanomechanics.

Bionanotechnology.

More information on the courses available throughhe IRC network can be requested
from Shelagh Cowley (s.h.cowley@sheffield.ac.uk).

Sheffield MSc Project Takes Off

The prototype of the unmanned aerial vehicle (UAWat Prof. Costas Soutis presented
with a group of our MSc students at the 46th Interational Paris airshow, was displayed
again in June 2007. The Aelius UAV is entirely buibut of polymer composite materials
and more specifically, carbon fibre/epoxy system3he students have set up a company,
www.aeroart.eu and managed to raise 500K euros todild and fly Aelius, a
metamorphic UAV that can fly, become a boat and opate as a submarine.

To see a video of the gliding flights of Aelius oypoutube, just follow the link below:
http://www.youtube.com/watch?v>9iXmxH5EAyw

c.soutis@sheffield.ac.uk




IRC Workshops and Conferences
Exchanging Knowledge

The IRC continues with its series of workshops ornét-topics® that aim to bring
together industry and academics to generate idea®f innovative new research
partnerships.

Focus workshops build on the IRC's ability to respd quickly to new challenges,
drawing upon the extensive range of expertise acreshe four universities and in the
industrial club. This year workshops went one stefurther with members of the IRC
teamed up with Faraday Packaging Partnership memizeto hold a one day workshop
on Polymers and Packaging that aimed to identify sttegic areas and specific
opportunities where the academic expertise of theRC could benefit the packaging
industry.

The output of the day was a list of potential new mjects to address issues raised
during the meeting by the wide range of industrigbartners from across the supply
chain. These will be worked up by smaller interegfroups in the near future.

A joint workshop between the Polymer IRC and UKIE®RI Polymer Surfaces is being
organised by Neil Cameron and Colin Bain at Durhaand is provisionally scheduled
for December 2007. A workshop on Polymer Informaticis proposed for Autumn
2007.

During January 2007 the IRC ran its first Skills ehtification and Development
Workshop, organised by Lian Hutchings at Durham. &lworkshop was aimed at
postgraduate students and postdoctoral researchefsom across the IRC to extend
their skills in areas such as the creation of persoal development plans, CV writing
and Myers and Briggs personality profiles. The wathop was facilitated by three
industrial friends of the IRC, Dr Robin Harrison (i&ona Chemical), Dr lan Robinson
(Lucite International) and Dr Mike Jeschke (TechratFibre Products Ltd). and proved
to be thought provoking, fun and informative.



January also saw the IRC say goodbye to founder méers Dr Mike Brereton,
Professor Geoff Davies and Dr Alan Duckett at a orday symposium @A Feast of
Polymer Physics®. All of the international line upf speakers at the meeting had been
connected with the retirees over the years, includg Greg McKenna (Texas Tech.),
Greg Rutledge (M.1.T.) and George Fytas (FORTH, dk&on).

The biennial Polymer Process Engineering meeting svaosted at the Polymer IRC
Laboratories at the University of Bradford on ther8 and 4th July 2007. The meeting
presented a wide range of polymer processing techiagies, displaying the strength of
research and industrial creativity in polymer engéering.

Keynote lectures were given by representatives fro8Bmith and Nephew, Dupont
Teijin Films, Leigh University/CAEFF and Dow BeneBY, demonstrating the
meeting's balanced presentation of industrial and eademic perspectives and UK and
international speakers.

During the conference Dr Brian Turtle from the Patyers Innovation Network
presented the members of the Polymer IRC at Bradfdwith the award for best

poster, 23 D Simulation of Water assisted InjectioMoulding®, in the industrial
collaboration category at the 2007 Materials KTN amual meeting. The event
effectively reflected the current vibrant researcbase in PPE, staunchly promoting the
link between the academic and industrial sectors.

From left to right: Prof. Geoff Davies, Dr. Alan Dkett,
Dr. Mike Brereton

Prof. Phil Coates




The UK Polymer Showcase

The latest in Polymer Science and Innovation on $ho

The UK Polymer Showcase was introduced by the PolgmRC in 2004 to provide a
forum where industrial and academic scientists codlcome together to discuss the
state of the industry and the latest science. Initlly developed with the support of the
IRC's Industrial Club through their subscriptionghe 2007 Showcase has received
sponsorship from Yorkshire Forward and the MatersaKTN to assist in the
development of the event as a free meeting for thavhole of the polymers and soft
matter community.

Since 2004 the Showcase has attracted 600 delegatesincluding more than 250
industrial attendees from 118 companies. The Showcse with its no-fee policy has
proved an ideal entry point for smaller companiesrad industry that require new
technology in polymers and soft materials.

In September 2007 the UK Polymer Showcase will brintogether polymer scientists
and designers at the London College of Fashion todk at technological
developments across a wide range of materials anddw these are being used by the
arts and design community, encouraging dialogue beten the communities on what
stakeholders need to move forward.

Polymer chemist Professor Tony Ryan and fashion digser Professor Helen Storey
will talk about their 2Wonderland Project®, describg how smart polymer science and
clever design can help address global environmentabncerns, whilst illustrating how
advanced science is often squandered by a throwawaypciety.

The Showcase will continue its focus on developmenin government strategy for
materials in the UK with presentations from the DTdnd Materials KTN nodes.

www.polymerirc.org/pages/PolymerShowcase

2006 UK Polymer Showcase at Wakefield
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New Faces

Professor Colin Bain

Professor Colin Bain has joined the Polymer IRC teain the Department of Chemistry
at the University of Durham, taking up a Chair int®/sical Chemistry.

Colin's research interests lie in the area of dwet&urface chemistry. His group is
motivated by two general questions: what is the rationship between the microscopic
structure of thin film and the molecular structureof its constituent molecules? How
do the microscopic properties of an interface detenine the macroscopic behaviour of
a system? The focus is on fundamental physical cheistry, but the systems studied
have potential applications in areas such as lubration, food processing, printing and
coating technology, process engineering and pathajy.

Systems are chosen to be sufficiently complex to grure the essential behaviour of
the real applications, yet simple enough to permitn determination of structure of the
interface. He uses a wide range of techniques, inating linear and nonlinear
vibrational spectroscopy, ellipometry, neutron redttion, light scattering, tensiometry
and optical tweezers.

The development of new methodology plays an importaipart in his research.
Specific polymer related interests include the streture of adsorbed polymer and
polymer-surfactant mixtures, and the use of opticarapping to produce micron-sized
polymer objects of controlled shape.

www.colinbain.net

Dr. Giuseppe Battaglia

Guiseppe Battaglia has been appointed as lecturen iBio-nanotechnology in the
Department of Chemistry at the University of Sheéid.

His research interests include ways that polymer nhecules can self-organise to give
a range of useful structures and how amphiphilic dgmers can aggregate to mimic
biological membranes. The understanding of phase baviour of these materials is
allowing the investigation of a range of new prodts, including drug delivery systems
and tissue engineering scaffolds.

g.battaglia@sheffield.ac.uk




Dr Barry Maunders

Dr Barry Maunders, formerly of BP Chemicals, is jong the Polymer IRC in the
capacity of Polymer IRC Networks Development DirectThe Polymer IRC has been
successful in its activities and further advancemerand growth of the IRC could be
achieved by taking full advantage of the opportuniés that other UK and EU bodies
offer. The role involves:

Networking with UK organisations, in particular te relevant DTI groups.

Helping to identify new collaborative opportunitis for the Polymer IRC.
Networking with EU organisations and appropriate itopean Technology Platforms.
Strengthening contact with the appropriate Knowlede Transfer Networks

Seeking strategic opportunities for the Polymer IR to run joint workshops with

the groups and networks

b.maunders@Ileeds.ac.uk
Dr. Easan Sivaniah

Dr Easan Sivaniah was recruited in 2006 as a lecter to the Polymers and Complex
Fluids research group in the School of Physics antistronomy at the University of
Leeds and has recently been awarded a prestigiousidanced Research Fellowship by
EPSRC. Easan has studied block copolymers, polymtéin films, low surface energy
coatings and polymer/nano particle composites. Thols for his projects include x-
ray and neutron scattering, electron and scanningrpbe microscopy and ion beam
analysis.

His current research interests include block copatyer behaviour in thin films,
compatibilizer effects on BCP microphase separatiphiopolymer functionalization of
synthetic block co-polymers and the modification ophysical properties in polymers
produced through genetically optimized natural presses.

Easan's collaborations include Leeds School of Bichemistry and Molecular Biology,
Chemical Engineering departments at U. Wisconsin drivlanchester University as well

as the Innovative Materials department of Tokyo Ititute of Technology.

e.sivaniah@leeds.ac.uk



Dr Xiaosong Wang

Dr Xiaosong Wang has joined the Department of Coloand Polymer Chemistry at the
University of Leeds.

Xiaosong®©s research focuses on the supramoleculaemistry of macromolecules for
controlled access to organic or organic-inorganiaihctional nano-materials. The
correlations between nano-objects and their functios will be studied and used for
new technologies, such as nanobiomedicine. Curremesearch projects sponsored by
RCUK, EPSRC and industrial partners lie in follogithree related areas.

1) Synthesis of block copolymers with designed attutes using living/controlled
polymerization techniques including anionic and livg free radical polymerization.

2) Investigation into supramolecular chemistry in@attempt to develop
living/controlled aggregation processes for functial nano-material engineering.

3) Industrial applications of functional nano-mateals.

x.s.wang@leeds.ac.uk

Dr Junjie Wu

Junjie Wu is a lecturer in the School of Engineerinat the University of Durham.

Junjie's research interests are in the numerical maelling of synthetic polymers,

biomaterials for prosthesis bearing surfaces, thredimensional constitutive modelling

of tendons and ligaments and functional tissue engeering.

junjie.wu@durham.ac.uk




IRC Board B 2007

The IRC Board meets twice each year to oversee devdopment and
strategy of the IRC for the benefit of its members and the wider
community.

External Academics

Professor Dame Julia Higgins (Imperial College)

Professor Sir Richard Friend (University of Cambrijg

Professor David Haddleton (University of Warwick)

Professor Han Meijer (Dutch Polymer Institute/Eindiaen University
of Technology)

Industrial Representatives
Polymer IRC Club

Dr Rudy Koopmans (Dow Benelux BV)

Dr Jim Darwent (Unilever Central Research)
Dr Bill MacDonald (DuPont Teijin Films)
Related Organisations

Richard Simpson (RAPRA)

Dr David Bott (Materials UK)

Dr John Wand (EPSRC)

Universities

Pro-Vice Chancellors for Research or nominee

Polymer IRC

Professor Tom McLeish (Director, Chair)

Professor Phil Coates (Associate Director, Bradford)

Dr Neil Cameron (Associate Director, Durham)

Professor Tony Ryan (Associate Director, Sheffield)

Dr Barry Maunders (Polymer IRC Networks Developmdditector)
Dr Malcolm Butler (Polymer Centre)

Mrs Helen Clancy (Polymer IRC)




Key Contacts
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Dr David Adolf

School of Physics &
Astronomy

UNIVERSITY OF LEEDS

Experimental: Time resolved optical spectroscopy tonitor
local polymer dynamics (solution to blended and uriended
melt) at pressures up to 3000 atmospheres.

Computational: Molecular and brownian dynamics sintations
of linear and dendritic polymers from the solutiorio the melt
state.

Applications include rheology, gas diffusion in mesl, chain
folding/unfolding & controlled delivery.

+44 (0)113 343 3812
d.b.adolf@leeds.ac.uk

Dr Amalia Aggeli

School of Chemistry
UNIVERSITY OF LEEDS

Molecular self-assembly.
Biopolymers.
Biomaterials.

Peptides.

Fibrils.

+44 (0)113 343 6407
a.aggeli@chem.leeds.ac.uk

Prof Steve Armes

Department of
Chemistry

UNIVERSITY OF
SHEFFIELD

Synthesis of vinyl polymer-silica colloidal nanocoposites,
microgels, stimulus-responsive gelators and conduog
polymer particles.

Synthesis of controlled-structure water-soluble pginers,
biocompatible block copolymers, block copolymer métles,
shell cross-linked micelles and latex-based partidate
emulsifiers.

Synthetic polymer chemistry, with a strong emphasisn
colloidal forms of polymers.

Development of synthetic methodology in the area diving
radical polymerisation.

+44 (0)114 222 9342
s.p.armes@sheffield.ac.uk

Prof Colin Bain

Department of
Chemistry

UNIVERSITY OF DURHA

Surfaces and Interfaces.
Wet surface chemistry.
Thin films.

Lubrication, Food Processing, Printing, Coating, dtress
Engineering, Pathology.

+44 (0)191 334 2138
c.d.bain@durham.ac.uk

Dr William Department of Electronic Properties of Conjugated Polymers. +44 (0)114 222 4350
Barford Physics & Astronomy | computational methods to elucidate the nature of evited w.barford@sheffield.ac.uk
UNIVERSITY OF states & the opto-electronic properties of conjugatd
SHEFFIELD polymers.
Use of density matrix renormalisation group technig to
calculate the electronic states.
Comparisons between spectroscopic measurements &
theoretical calculations to elucidate the nature othe
important electronic states.
Prof David School of Mechanical | High strain properties and applications of polymerand +44 (0)113 343 2137
Barton Engineering composites.

UNIVERSITY OF LEEDS

Biomedical applications of polymers.
Finite element analysis of solid state deformation.
Processing and properties of solid phase polymers.

d.c.barton@leeds.ac.uk




Dr Giuseppe Engineering Materials | Self assembled membranes and structures for drug digery +44 (0)114 222 5962
Battaglia (Kroto Research systems and tissue engineering scaffolds. g.battaglia@sheffield.ac.uk
Institute) Self organisation of polymer molecules to give usef micro
UNIVERSITY OF and nano scale structures.
SHEFFIELD Phase behaviour of amphiphilic polymers in self assibled
membranes. These membranes are more robust than tise
formed by biological phospholipids.
Prof Hadj Department of Rheology of polymers, films and coating flows, patyer +44 (0)1274 233721
Benkreira Chemical Engineering | processing, especially extrusion processing; biakiaoriented h.benkreira@bradford.ac.uk
UNIVERSITY OF films; novel processes.
BRADFORD
Dr Jess Boot School of Finite element analysis of cold forming of polymergolymer | +44 (0)1274 233845
Engineering, Design & pipelines, particularly the design of structural ath semi- j.c.boot@bradford.ac.uk
Technology structural pipe linings.
UNIVERSITY OF Mechanical properties of polymers for civil enginemg
BRADFORD applications.
Dr Elaine Brown School of Ultrasound melt flows. +44 (0)1274 234531
Engineering, Design & Ephanced Polymer Processing. e.brown@bradford.ac.uk
Technology
UNIVERSITY OF
BRADFORD

Dr Ashley Cadby

Physics & Astronomy

UNIVERSITY OF
SHEFFIELD

Scanning near field optical microscopy for explomnthe
optical properties of materials at 50nm length scags.

Optical spectroscopy of optically active materialsuch as
conjugated polymers.

Study of radiative relaxation in optically activeystems.

+44 (0)114 222 3509
a.cadby@sheffield.ac.uk

Dr Neil Cameron

Department of
Chemistry

UNIVERSITY OF DURHA

Biologically active polymers.
Living radical polymerisations.
Porous polymers.
Glycopolymers.

+44 (0)191 334 3108

n.r.cameron@durham.ac.uk

Dr Phil Caton-
Rose

School of
Engineering, Design &
Technology
UNIVERSITY OF
BRADFORD

FEA of solid polymer deformation.

+44 (0)1274 234551

p.caton-rose@bradford.ac.uk

Prof Tom Childs

School of Mechanical
Engineering
UNIVERSITY OF LEEDS

Mechanism of densification (sintering).

Heat flow in densifying materials.

Selective laser sintering (polymer, metal, ceramicpowders).
Mechanical and thermal properties of processed matels.
Mechanical and thermal modelling and simulation.

Experimental and theoretical research into manufaating
processes.

+44 (0)113 343 2165
t.h.c.childs@leeds.ac.uk

Dr Nigel Clarke

Department of
Chemistry

UNIVERSITY OF DURHA

Theory.
Modelling.
Scattering.
Rheology.
Thin films.
Blends.

+44 (0)191 334 2069

nigel.clarke@durham.ac.uk

Prof Phil Coates

School of
Engineering, Design &
Technology
UNIVERSITY OF
BRADFORD

Polymer Engineering: Combination of real time
measurements on polymers in the melt and solid phas
during processing operations and computer modellingf
processing.

Research & application of process monitoring
technigues:investigate molecular features, assistrpcess
design & material formulations, data for rheologidaCAD.

Techniques used: process rheometry, in-line & oAk
measurements, visualisation, ultrasound, image angsis,
UV spectroscopy.

Process modelling using finite element analysis in
conjunction with process measurement techniques.

+44 (0)1274 234540

p.d.coates@bradford.ac.uk




Dr Sharon
Cooper

Department of
Chemistry

UNIVERSITY OF DURHA

Semi-crystalline polymers, crystallisation mechamiss.

Interfacial effects and crystallisation control andheir implication
for adhesion between semi-crystalline and amorphous
polymers.

The research uses the combined techniques of x-rajiffraction,
FTIR, optical microscopy and computational modeltin

+44 (0)191 334 4638
sharon.cooper@durham.ac.uk

Prof Andrew Day

School of Engineering
Design & Technology

UNIVERSITY OF
BRADFORD

Finite element analysis of elastomers and frictiomaterials,
especially in automotive applications.

Quality engineering and Automotive engineering.
Electrofusion welding of polymers.

+44 (0)1274 234522
a.j.day@bradford.ac.uk

Dr Rob Dwyer- Department of Tribology - Wear, Friction & Lubrication. +44 (0)114 222 7736
Joyce Mechanical Monitoring and evaluating tribology (wear, frictioand r.dwyerjoyce@sheffield.ac.uk
Engineering lubrication) between novel and traditional materialused in
UNIVERSITY OF manufacturing today.
SHEFFIELD
Prof Howell Department of Infra red and raman spectrosopy of polymers and aide +44 (0)1274 233787
Edwards Chemical Technology | variety of materials. h.g.m.edwards@bradford.ac.uk
UNIVERSITY OF At-process spectroscopy of polymers.
BRADFORD
Dr Rammile Department of Study of steric and electrostatic interactions indod colloids +44 (0)113 343 2981
Ettelaie Food Science and emulsions.

UNIVERSITY OF LEEDS

Simulation and modelling of competitive adsorptioprocess
in food systems.

Mechanical properties and rheology of complex flusdin food.
Modelling of disproportionation and stability of bobles.
Transport properties in heterogeneous food systems.

r.ettelaie@food.leeds.ac.uk

Dr Mike Evans

School of Physics &
Astronomy

UNIVERSITY OF LEEDS

Theory of Complex Fluids:polymer/liquid crystal rires,
colloids, amphiphiles.

Statistical mechanics of driven steady states inchling
continuous shear flow.

Effects of molecular polydispersity on phase equbliia,
structure & dynamics.

Kinetics of phase ordering: nucleation, spinodal
decomposition, metastable phases, mesoscopic morphogy.

+44 (0)113 343 3807
r.m.l.evans@leeds.ac.uk

Dr Patrick
Fairclough

Department of
Chemistry

UNIVERSITY OF
SHEFFIELD

Physical Chemistry of Macromolecular Systems.

Wide range of techniques and methodologies for the
characterisation of macromolecular systems rangingcross
the entire structure-property scale.

Wide range of IR and Raman facilities, often useahi
conjunction with structural methods. This use of
simultaneous techniques is a strong thread runninghrough
much of the research.

High throughput screening (HTS) based around acoustvave
sensors. HTS systems developed to study gas permetiy via
mass uptake for gas mixtures, including humiditynipolymers.

+44 (0)114 222 9411
p.fairclough@sheffield.ac.uk

Dr Christine M.

Department of

Anionic polymerisation of polymers with controlled

+44 (0)114 222 9415

Fernyhough Chemistry architectures including combs, stars, and diblock@polymers. c.m.fernyhough@sheffield.ac.uk
UNIVERSITY OF Synthesis of near-monodisperse polymers with speitf
SHEFFIELD molecular mass and composition for determining steture-
property relationships in a range of applicationgdm
packaging to biomaterials.
Dr Mark Department of Smart (responsive) materials. +44 (0)114 222 3544
Geoghegan Physics & Astronomy | giryctural properties of all-polymer electronic déwes. mark.geoghegan@sheffield.ac.uk

UNIVERSITY OF
SHEFFIELD

Polymer adhesion.

Soft nanotechnology: diffusion of single molecules.
Polymers at Surfaces and Interfaces.

Diffusion of polymers in heterogeneous media.
Polymer gels and networks.

Neutron reflectometry, scanning probe microscopiegonfocal
microscopy, fluorescence correlation spectroscopion beam
analysis.




Dr Ramin Department of Soft condensed matter. +44 (0)114 222 4273
Golestanian Physics Casimir effect and dispersion forces. r.golestanian@sheffield.ac.uk
UNIVERSITY OF Elasticity of biopolymers.
SHEFFIELD Polyelectrolytes.
Wetting.
Molecular machines.
Dr Tim Gough School of Flow visualisation. +44 (0)1274 234536
Engineering, Design & t.gough@bradford.ac.uk
Technology
UNIVERSITY OF
BRADFORD

Dr Martin Grell

Department of
Physics & Astronomy

UNIVERSITY OF SHEFFIE|

Light Emitting Organic Materials.

+44 (0)114 222 3589
m.grell@sheffield.ac.uk

Prof Jim Guthrie

Department of Colour
& Polymer Chemistry

UNIVERSITY OF LEEDS

Anti-corrosion coatings for metal surfaces-coil cdamgs, an
interactions standpoint.

Bi-liquid foam systems as delivery vehicles.

Polymers in personal cosmetic systems.

Studies of interactions in composite polymer systes)
copolymers and blends via solution properties andverse gas
chromatography.

Immobilised cells in effluent treatments (colourecffluents-
chromophore destruction), transition metal ions-regdkction etc).
Optimisation of image creation processes in printqpackaging
and graphics (the role of the polymer).

Physical chemistry of formulation, application, wéhg, film
formation, adhesion and drying/curing in surface @iings
systems.

Optimisation of the performance of medical diagnogt
biosensors systems - the polymeric systems contrition.

+44 (0)113 343 2934
j.t.guthrie@leeds.ac.uk

Dr Oliver Harlen

School of Applied
Mathematics

UNIVERSITY OF LEEDS

Dynamics of polymer melts and solutions. Developméiof
constitutive equations for polymeric fluids.

Numerical simulation of processing of viscoelastimaterials
using finite element methods.

Dynamics of short fibres in viscoelastic and Newtdan fluids,
including the effect of fibre-fibre contacts.

Nematic-isotropic transitions in liquid crystals.

+44 (0)113 343 5189
0.g.harlen@leeds.ac.uk

Dr Sarah Harris

School of Physics &
Astronomy

UNIVERSITY OF LEEDS

Pka prediction.

Peptide self-assembly.

DNA structure and dynamics.
Biophysics.

Molecular dynamics.

+44 (0)113 343 3816
s.a.harris@leed.ac.uk

Prof Paul Hatton

Centre for
Biomaterials & Tissue
Engineering
UNIVERSITY OF SHEFFIE|

Tissue Engineering and Polymer Biocompatibility.

Tissue engineering, the ability to grow new cartte & bone
on polymer supports offers the potential for recortsuctive
surgery at the time of injury & avoidance of latesurgery to
replace joints.

Facilities for assessing biocompatibility of polynne & other
materials used in the healthcare industry.

+44 (0)114 222 7983
p.hatton@sheffield.ac.uk

Dr John Haycock

Department of
Engineering Materials

UNIVERSITY OF SHEFFIE

Bioactive surfaces for tissue engineering.

+44 (0)114 222 5972

j-.w.haycock@sheffield.ac.uk

Dr Simon Hayes

Department of
Engineering Materials

UNIVERSITY OF SHEFFIE

Self-sensing and self-healing smart materials.

Damage detection systems, cure monitoring systemsnal
through-life monitoring of environmental and mechanal
degradation.

Nanomechanical testing, including nanoindentationof
testing bulk polymers, thin polymer coatings on aariety of
substrates and biological materials that are intraable to
conventional testing techniques.

Viscoelastic properties of very low modulus polyne(<100
MPa) at a range of temperatures and frequencies.

+44 (0)114 222 5516
s.a.hayes@sheffield.ac.uk




Dr Peter Hine

School of Physics &
Astronomy

UNIVERSITY OF LEEDS

The Production & Properties of Novel Polymer/Polyn@omposites
from Oriented Fibres & Tapes using the Hot Compamti Technique.

The use of Filters to Enhance the Properties of ©nted Fibres and
Tapes, with particular regard to their use in the ét Compaction
Technique.

Design-performance interactions in Short Fibre reforced
Polymers, including understanding of links betweeribre
orientation & Mechanical properties using Micromeanical Models
& the links between processing & properties (MOLDBWY) or other
structure/property relationships in novel polymeiiacluding
functionalised novel norbornenes synthesised at Dham University.

+44 (0)113 343 3827
p.j.hine@leeds.ac.uk

Dr Jamie Hobbs

Department of
Chemistry

UNIVERSITY OF
SHEFFIELD

Non-destructive observations of processes in polymzin real
time under a wide variety of environmental conditits.

Development and application of scanning probe micszopy
(SPM) techniques for the study of polymers.

Studies on polymer crystallization.

+44 (0)114 222 9316
jamie.hobbs@sheffield.ac.uk

Dr Alma Hodzic

Department of
Mechanical
Engineering
(Aerospace)
UNIVERSITY OF
SHEFFIELD

Development of link between fracture toughness and
nano/micro properties of multiphase materials, compsites.

Development of novel nano-hardness techniques so as be
suitable for measurement of thin coatings and
interface/interphase regions in composite and mufthase
materials on a nano-level.

Development of environmentally friendly material§green
composites) to replace standard fossil fuel based|pstics
used in the packaging industry.

Design and development of new generation of aerospe
composites to resist high shear, compressive and leling
stresses in large civil aircraft. Hybrid compositeand
nanocomposites.

+44 (0)114 222 7720
A.Hodzic@sheffield.ac.uk

Dr Robert Howell

Department of
Mechanical
Engineering
UNIVERSITY OF
SHEFFIELD

New instrumentation for measuring particle flows ahhigh
temperature gas flows feeds into the design of UMAYmicro
rocket engines and micro wind turbines.

Aerodynamics of turbines for use in aircraft propsion and
electricity generation.

+44 (0)114 222 7725
r.howell@sheffield.ac.uk

Dr John Howse

Department of
Chemical &
Processing
Engineering
UNIVERSITY OF
SHEFFIELD

Polymer Vesicles (formation, processing and encaplstion).
Molecular motors and machines.

Methods include: scattering techniques (X-ray, lighX-ray &
neutron reflectivity, Ellipsometry, Optical microspy (inc.
Confocal Fluorescence Microscopy), Atomic Force Mascopy
(AFM), Particle tracking, UV-VIS-NIR spectroscopy.

Soft Condensed Matter.
Smart Materials.
Soft matter at interfaces.

+44 (0)114 222 7596
j-r.-howse@sheffield.ac.uk

Dr Barry Hunt

Department of
Chemistry

UNIVERSITY OF
SHEFFIELD

Polymer analysis, including MALDI-TOF-MS. TGA, D&C
DMTA.

Coulter particle size analysis on emulsions and spensions
of polymeric and other materials.

Pyrolysis-GC-MS for the identification of fragmertian
products and volatiles.

Size exclusion chromatography.

+44 (0)114 222 9563
b.hunt@sheffield.ac.uk

Dr Lian
Hutchings

Department of
Chemistry

UNIVERSITY OF DURHA

Living polymerisation techniques principally aniani
polymerisation and ring opening metathesis polymeation
(ROMP).

Synthesis and application of novel well defined, f@-chain,
branched polymer architectures.

Change of mechanism polymerisation (CHOMP) to symeisise
block copolymers by combining anionic polymerisaticand
ROMP.

Synthesis and application of (multi)block copolymere.g.

amphiphillic block copolymers and fluorine containg block
copolymers.

+44 (0)191 334 2024
|.r.hutchings@durham.ac.uk




Dr Ahmed Iraqi

Department of
Chemistry

UNIVERSITY OF SHEFFIE|

Electro- and Photo- Active Polymers including
Polythiophenes, conjugated main-chain carbazole pohers
and poly-acenes.

+44 (0)114 222 9521
a.iragi@sheffield.ac.uk

Dr Lars Jeuken

School of Physics and
Astronomy

UNIVERSITY OF LEEDS

Redox-active membrane enzymes.
Novel electrode surfaces.
Protein-Film Voltammetry.

+44 (0)113 343 3829
l.j.c.jeuken@leeds.ac.uk

Dr Zhongmin Jin

School of
Engineering, Design &
Technology
UNIVERSITY OF
BRADFORD

Biomedical engineering - finite element analysis afontact
stresses in artificial joints; elastic and viscoektic modelling;
lubrication & wear.

+44 (0)1274 235457
z.m.jin@bradford.ac.uk

Leigh Johnson

School of
Engineering, Design &
Technology
UNIVERSITY OF
BRADFORD

Gas assisted injection moulding.

+44 (0)1274 236176
|.johnson@bradford.ac.uk

Prof Richard
Jones

Department of
Physics & Astronomy

UNIVERSITY OF SHEFFIE|

Polymers at Surfaces & Interfaces.

Monitoring of nano-metre scale structure of interfees
between amorphous polymers by neutron reflectivity.
Monitoring of phase separation kinetics in mixed ggmers,
polymer blends and bio-polymer mixtures.

Kinetics of crystallisation and degree of crystafiity when
compared to the bulk phase - control of ahesion, iterfacial
electronic properties of semi-conducting polymers.

Nanotechnology.

+44 (0)114 222 4530
r.a.l.jones@sheffield.ac.uk

Prof Frank Jones

Department of
Engineering Materials

UNIVERSITY OF SHEFFIE

Fibre Composites, Mechanics, Chemistry & Performagc

Fibre-reinforced polymer matrix composites - fibrereakage
and new ways of improving fibre-reinforced composg.

+44 (0)114 222 5477
f.rjones@sheffield.ac.uk

Dr. Adrian Kelly

School of
Engineering, Design &
Technology
UNIVERSITY OF
BRADFORD

Online rheometry/ MMP13.
Enhanced Polymer Processing.

+44 (0)1274 234532
a.l.kelly@bradford.ac.uk

Dr Robert Kelsall

School of Electronic &
Electrical Engineering

UNIVERSITY OF LEEDS

Monte Carlo simulations of electronic transport in
semiconductor materials and devices for high-frequey/
ULSI applications.

Transport in quantum well structures and ultra-shbgate
FETs.

IlI-V quantum cascade lasers.

Silicon germanium quantum cascade lasers.
Electrothermal device simulation.
Nanoscale thermal transport.

Strained layer structures including pseudomorphicEMTSs,
InGaAs/GaAs and Si/SiGe systems.

Electronic properties of nanoscale organic structes.

+44 (0)113 343 2068
r.w.kelsall@leeds.ac.uk

Dr Ezat Khosravi

Department of
Chemistry

UNIVERSITY OF DURHA|

Polymerisation chemistry, particularly ring opening
metathesis chemistry, coupled ROMP-anionic method®r
graft copolymenrs and network formation and scalepiwork.

+44 (0)191 334 2014
ezat.khosravi@durham.ac.uk

Prof Graham
Leggett

Department of
Chemistry

UNIVERSITY OF SHEFFIE

Scanning Probe Microscopy.

Scanning probe microscopy & atomic force microscopp
gain direct access to surface morphology and propges with
nm spatial resolution.

AFM for imaging polymer surfaces - tapping mode, pise
imaging.

Friction force microscopy, chemical force microscgpto
probe surface properties.

+44 (0)114 222 9556
graham.leggett@sheffield.ac.uk




Dr Roger Lewis

Mechanical
Engineering
UNIVERSITY OF SHEFFIEL

Sustainability and management of waste.

Skin/finger friction in relation to grip of packagig (for
opening)© sports equipment etc.

Friction, wear and contact mechanics of ferrous andon-
ferrous materials for a range of applications incrailway,
automotive and aerospace.

+44 (0)114 222 7838
roger.lewis@sheffield.ac.uk

Prof David Lidzey

Department of Physics
& Astronomy

UNIVERSITY OF
SHEFFIELD

Conjugated Polymer LED®s (light -emitting diodes).

Preparation of thin-films in and devices in dust-é&e
conditions to create high quality structures and déces.
Fabrication of high efficiency polymer LEDs in anert
atmosphere to prevent oxidation of their low workuhction
metallic cathode.

Spectroscopy suite allows measurements of the optit &
electronic properties of conjugated polymers and ganic
thin films to be made.

Near field scanning microscope allows material swaées to
be studied at length-scales of <100nm.

+44 (0)114 222 3501
d.g.lidzey@sheffield.ac.uk

Dr Long Lin

Department of Colour
& Polymer Chemistry

UNIVERSITY OF LEEDS

Non-impact printing (inc. injet printing &
electrophotography); Conventional printing (inc. seen
printing, flexographic printing, lithographic priitig, gravure
printing); Security printing/labelling; Surface cdag (paints
& printing inks).

Thermochromic & photochromic colorants ( inc. novel
positive thermochromic dyes, i.e. true thermochrongidye
molecules & negative photochromic dyes i.e. revetde UV
bleaching).

Biosensor ( mainly medical diagnostic sensors), mebnane
separation.

Computer-aided process modelling and formulation
optimisation.

+44 (0)113 343 6735
Llin@leeds.ac.uk

Dr Tanniemola

Department of Applied

Theoretical descriptions of complex fluids (membras,

+44 (0)113 343 5151

Liverpool Mathematics polymers, gels). t.b.liverpool@leeds.ac.uk
UNIVERSITY OF LEEDS | Biological Soft Matter (DNA, proteins, the cytosketon,
gene regulation).
Condensed Matter.
Statistical Physics.
Prof Sheila Department of Tissue Engineering. +44 (0)114 222 5995
MacNeil Engineering Materials

UNIVERSITY OF
SHEFFIELD

How polymers can serve as matrices for generating
replacement human tissue. Current work is focusedro
generating a totally synthetic matrix for skin ced| to

replace matrices derived from skin banks & animalairces.

s.macneil@sheffield.ac.uk

Dr Sally McArthur

Department of
Engineering Materials
UNIVERSITY OF
SHEFFIELD

Polymeric surface modification.
Surface Analysis - XPS, Tof-SIMS and MALDI-MS.
Biological interations at interfaces.

Surface Modification for microfluidic, array and sgsor
systems.

+44 (0)114 222 5513
s.l.mcarthur@sheffield.ac.uk

Dr Mike Martyn

Schoolof Engineering,
Design & Technology

UNIVERSITY OF
BRADFORD

In-process rheology.
Polyketone Processing.

+44 (0)1274 235929
m.t.martyn@bradford.ac.uk

Prof Tom McLeish

School of Physics &
Astronomy

UNIVERSITY OF LEEDS

Molecular Polymer Rheology.
Dynamics of Phase Separation in Polymeric Fields.
Self-Assembled Complex Fluids and Biopolymers.

+44 (0)113 343 3845
t.c.b.mcleish@leeds.ac.uk

Dr Brent Murray

Department of
Food Sciences

UNIVERSITY OF LEEDS

Gelation of proteins and polysaccharides.

Interfacial and bulk rheology of adsorbed biopolyms.
Colloidal interaction forces.

Emulsions, foams, dispersions.

+44 (0)113 343 2962
b.s.murray@food.leeds.ac.uk

Dr Peter Olley

Schoolof Engineering,
Design & Technology
UNIVERSITY OF
BRADFORD

Computer modelling of polymer melt processing;
constitutive equations for viscoelastic fluids; utasound
studies of polymer melts;large scale computationadtudies.

+44 (0)1274 234437
p.olley@bradford.ac.uk




Prof Peter
Olmsted

School of Physics and
Astronomy

UNIVERSITY OF LEEDS

Biologically motivated physics: Membrane dynamics ghase
behaviour; protein dynamics.

Flow induced structure and phase transitions in copiex
fluids; including lamellar phases, wormlike micelk liquid
crystals, polymer solutions.

Polymer crystallisation; phase behaviour in polymesplutions,
melts & blends.

Theory (phase behaviour & dynamics) of complex fiisi,
polymers, colloidal suspensions, liquid crystals,usfactants &
biomaterials.

+44 (0)113 343 3830
p.d.olmsted@leeds.ac.uk

Dr Emanuele

School of Physics and

Computational studies of protein folding.

+44 (0)113 343 3806

Paci Astronomy Simulation of the mechanisms of forced unfolding ash e.paci@leeds.ac.uk
UNIVERSITY OF LEEDS | unbinding .

Dr Sophoclis Department of Polymer enhanced ceramic damping coatings. +44 (0)114 222 7845

Patsias Mechanical Development and testing of new damping materials eated | s.patsias@sheffield.ac.uk
Engineering by the combined use of polymeric materials and ceraic

UNIVERSITY OF SHEFFIE|

coatings.

Dr Andy Pryke

Fara Pack Polymers
UNIVERSITY OF SHEFFIE

Polymer Synthesis.

New materials.

Packaging.

Feasibility studies.

Polymer testing and analysis.
Short-term research and development.

+44 (0)114 222 09499
andy.pryke@farapackpolymers.con

Prof Chris Rayner

School of Chemistry
UNIVERSITY OF LEEDS

Natural product synthesis.

Photochemistry.

Continuous reactions.

Reactivity of CO2.

Supercritical CO2.

Stereocontrol (enantioselectivity and diastereosetéivity).
Polyamines and their interactions with biomolecules
Reactive intermediates.

+44 (0)113 343 6579
c.m.rayner@leeds.ac.uk

Dr Daniel Read

School of Applied
Mathematics

UNIVERSITY OF LEEDS

Development of constitutive equations for linear ah
branched polymers.

Relating mechanical properties to microstructure of
semicrystalline and phase-separated polymers.
Statistics of polymer architectures obtained in indstrial
reactions.

Theoretical polymer physics: calculation of scattirg
patterns from stretched polymer melts & blends.

+44 (0)113 343 5124
d.j.read@leeds.ac.uk

Dr Tim
Richardson

Department of
Physics & Astronomy

University of Sheffield

Applied Molecular Engineering.

Building organised molecular multilayered architegtes using
a wide range of materials including monomeric & @bmeric
porphyrins, calixarenes, rare earth containing conhgxes,
polyethers & other polymers.

Applications include toxic inorganic gas sensing rganic
vapour detection, heat sensing, production of thietoated
gold nanoparticles, ultra-thin film deposition of amodified
polymers.

+44 (0)114 222 4280
t.richardson@sheffield.ac.uk

Dr Mike Ries

School of Physics &
Astronomy

UNIVERSITY OF LEEDS

Rouse & reptation parameters of linear monodisperse
polymer melts; Kuhn length, Rouse times & ideal gs
transition temperature.

Polymer electrolytes; the effect of salt on dynamg&
structure of polymer matrix.

Structure & dynamics of miscible polymer melt blers] local
friction coefficient & entanglement length as a funtion of
composition.

NMR experimental & theoretical studies of: Orientain &
dynamics in polymer networks, network blends &
interpenetrating polymer networks; crosslink dens#s,
screening lengths & correlation times.

+44 (0)113 343 3859
m.e.ries@leeds.ac.uk




Dr Steve Rimmer

Department of
Chemistry

UNIVERSITY OF
SHEFFIELD

Synthesis of telechelic oligomers using techniquemcluding
living radical/ cationic polymerizations and by cliacleavage.
Synthesis of new functional block and graft copolyaers and
highly branched polymers.

Smart materials that act as drug delivery agents §rotein
purification phases, artificial antibodies that reagnise
analytes in aqueous solution & synthesis of functimal
polymers for tissue engineering.

Much work is aimed at producing improved drug debvy and
tissue engineering systems.Current work involvesrghesis of
polymers that can support catalysts & reagents.

Synthesis and properties of functional and reactivpolymers.

Development of polymers with both chemical & biolacgl
functionality. The retention or addition of functinality within
polymers forms the basis for many high value added
materials; including those proposed in the fields fonano &
biotechnology.

Polymer mass spectrometry - MALDI-TOF and electroap
mass spectrometry of polymer and oligomer systems.

+44 (0)114 222 9565
s.rimmer@sheffield.ac.uk

Dr Jem Rongong

Department of

The work is heavily applied; materials passing testiteria

+44 (0)114 222 7845

Mechanical are subsequently incorporated into engine and otheest j.a.rongong@sheffield.ac.uk
Engineering beds in industry, prior to production.
UNIVERSITY OF Vibration damping using Polymers.
SHEFFIELD Characterisation of materials in terms of their damping
characteristics. Parameters derived are then appliein finite
element models to estimate the characteristics of ie
material in service.
Dr George Rosala | School of Finite element analysis of polymer solids and engaering +44 (0)1274 234521
Engineering, Design & materials. g.rosala@bradford.ac.uk
Technology
UNIVERSITY OF
BRADFORD
Dr Michael Rose | School of Instrumentation systems; in-process monitoring of gdymer +44 (0)1274 234537
Engineering, Design & melts; extrusion processing of polymers. r.m.rose@bradford.ac.uk
Technology
UNIVERSITY OF
BRADFORD

Prof Tony Ryan

Department of
Chemistry

UNIVERSITY OF
SHEFFIELD

Methods include scattering (x-rays,light,neutronsk-ray
&amp; neutron diffraction, rheology, calorimetry, mroscopy
&amp; spectroscopy.

Following structural changes in real time, as polyers are
processed, synthesised , or react to changes in the
environment.

Polymer, Structures, Properties and Processing.

Work involves building processes into analyticaldgniques or
building new techniques to follow development of sticture.

+44 (0)114 222 9409

Tony.Ryan@sheffield.ac.uk

Dr lan Scowen

Department of
Chemical Technology
UNIVERSITY OF
BRADFORD

Organo-metallic catalysis.

+44 (0)1274 233764
|.scowen@bradford.ac.uk

Prof Robert Short

Department of
Engineering Materials

UNIVERSITY OF

CellTran is a cell therapy business specialising the
treatment of difficult to heal wounds utilising thepatients
own cells.

+44 (0)114 222 5475
r.short@sheffield.ac.uk

SHEFFIELD Plasso Technology uses a proprietary surface modétion
technique to impart chemical functionality onto suiaces in a
controlled fashion.
Dr Easan Physics and Self assembly of polymeric systems. +44 (0)113 343 3815
Sivaniah Astronomy Biomimetic Membranes. e.sivaniah@leeds.ac.uk

UNIVERSITY OF LEEDS

Polymers made from Sustainable resources.




Prof Costas
Soutis

Department of
Mechanical
Engineering
(Aerospace)
UNIVERSITY OF
SHEFFIELD

Intelligent materials & structures, non-destructiveéesting &
evaluation, modelling & finite element analysis.
Advanced Composites Structures.

Mechanical properties & characterisation (static &atigue);
Failure analysis & fracture mechanics from micro tmacro

scale (inc. hydro-thermal effects); structural apjpt¢ations;
low velocity impact, jointing & repair.

+44 (0)114 222 7811
c.soutis@sheffield.ac.uk

Dr Peter Styring

Department of
Chemical & Process
Engineering
UNIVERSITY OF
SHEFFIELD

Polymers & Soft Actuators in Chemical Engineering -
Chemical Micro Reactors (CMRS).

Design & synthesis of soft acuators for use as miorpumps
& valves.

Immobilisation of catalysts onto polymers to facttte
heterogeneous catalysts in Chemical Micro Reactors.

Fabrication of Chemical Micro Reactors from polymier
materials.

+44 (0)114 222 7571
p.styring@sheffield.ac.uk

Dr Liam Sutton

The Polymer Centre

UNIVERSITY OF
SHEFFIELD

Polymer technology transfer.

+44 (0)114 222 9383
|.r.sutton@sheffield.ac.uk

Dr Linda
Swanson

Department of
Chemistry

UNIVERSITY OF
SHEFFIELD

Motion of Polymers in Solid and Solution Phases.

Use of labelled polymers to establish links between
molecular properties & mechanical & electrical behaour.
Use of phosphorescent labels attached to polymer
backbones to monitor the dynamics of individual pgmer
chains in polymer solids & blends.

+44 (0)114 222 9564
l.swanson@sheffield.ac.uk

Dr John Sweeney

School of Engineering,
Design & Technology

UNIVERSITY OF
BRADFORD

Solid phase deformation processing of polymers; cafitutive
relationships for solid polymers; finite element aalysis of
deformation processing.

+44 (0)1274 235456
j-sweeney@bradford.ac.uk

Dr Annette Taylor

School of Chemistry
UNIVERSITY OF LEEDS

Complex systems.

Excitable media.

Biomimetics.

Chemical and biological kinetics.
Nonlinear dynamics.
Oscillations, waves and patterns.

+44 (0)113 343 6529
a.f.taylor@leeds.ac.uk

Dr Richard Department of lon beam accelerator laboratory. lon beam analysignd +44 (0)191 334 2051
Thompson Chemistry comp!ementary AFM, ellipsometry, x-ray and neutron r..thompson@durham.ac.uk
UNIVERSITY OF DURHA| techniques applied to study polymer surfaces and farfaces.
Development of ion beam analysis methodology, andée
use of ion beam analysis to measure diffusion, adgption,
self-organisation and chemical reactions at polymesurfaces
and interfaces.
Experimental investigations into the influences gfolymer
thermodynamics, crystallisation and structure on
interdiffusion and surface segregation in blendedlfns and
coatings.
Industrial and academic collaborations have been
established to study multi-layer films and polymektEDs, as
well as solid state chemistry, archaeometry and erigeering
materials.
Dr Harvey School of Mechanical | Experimental flow visualisation. +44 (0)113 343 2136
Thompson Engineering Process flow simulation and optimisation. h.m.thompson@efm.leeds.ac.uk
UNIVERSITY OF LEEDS
Prof Geof Department of Vibration Damping using Polymers. +44 (0)114 222 7705
Tomlinson Mechanical Characterisation of materials in terms of their daping g.tomlinson@sheffield.ac.uk
Engineering characteristics. Parameters derived are then appliein finite
UNIVERSITY OF element models to estimate the characteristics ofie
SHEFFIELD material in service.

The work is heavily applied; materials passing testiteria
are subsequently incorporated into engine and otheest
beds in industry, prior to production.




Dr Lance Twyman

Department of
Chemistry

UNIVERSITY OF
SHEFFIELD

Dendrimers and Hyperbranched Polymers.

Dendrimers with hydrophillic surfaces & hydrophobic
interiors, allowing water insoluable materials toé carried in
aqueous solution for application such drug delivery

+44 (0)114 222 9560
l.j.twyman@sheffield.ac.uk

Prof Goran Ungar

Department of
Engineering Materials

UNIVERSITY OF
SHEFFIELD

Supramolecular Structures & Polymer Crystallization
Research concerns the way that large molecules & poners
self order into supramolecular structures.

By selecting molecular architectures & functionaiit(e.g.
dendrimers) a range of shapes can be formed, includg
cylinders, spheres, wedges & ribbons.

+44 (0)114 222 5457
g.ungar@sheffield.ac.uk

Prof Ric van
Noort

School of Dentistry

UNIVERSITY OF
SHEFFIELD

Structural Integrity of the Restored Tooth.

There is a wide range of material used in restorat
dentistry, an extermely active area for new polymier
materials. Work relates to the performance of theseew
materials, how they fail, and how to produce better
materials for dentistry.

+44 (0)114 271 7932
r.vannoort@sheffield.ac.uk

Dr Alison Voice

School of Physics &
Astronomy

UNIVERSITY OF LEEDS

Polyelectrolyte Gels: swelling, contraction, bendinin an
electric field.

IR and Raman spectroscopy/microscopy.

+44 (0)113 343 6647
a.m.voice@leeds.ac.uk

Dr Xiasong Wang

Colour and Polymer
Chemistry

UNIVERSITY OF LEEDS

Functional nanomaterials: to create nanomaterialshrough
supramolecular chemistry and explore nano-size inded
properties for application in modern technologies.

Synthesis of well designed polymers that have cormtited
designed attributes.

Supramolecular Chemistry: to understand macromoletar
self-assembly behaviour.

Synthesis, macromolecules, Supramolecular chemistry
Functional Nanomaterials, Biomedical applications.

+44 (0)113 343 2809
X.s.wang@leeds.ac.uk

Prof lan Ward

School of Physics &
Astronomy

UNIVERSITY OF LEEDS

Highly-oriented polymers & studies of their propees &
structure.

Structural studies of polymer deformation processeNMR;
molecular modelling of orientation; modelling the
mechanics of engineering processes; hot compaction.

lonically conducting polymers for rechargeable litm
batteries.

+44 (0)113 343 3808
I.m.ward@leeds.ac.uk

Mr. Ben
Whiteside

School of Engineering,
Design & Technology

UNIVERSITY OF
BRADFORD

Modelling.
Glass filled polymer injection.

+44 (0)1274 236266
b.r.whiteside@bradford.ac.uk

Dr Mark Wilson

School of Mechanical
Engineering
UNIVERSITY OF LEEDS

Industrial coating flows.

Thin film flow over topographies.

Ink jet printing.

Droplet dynamics.

Mixing/chaotic advection.

Lattice Boltzmann methods.
Dynamic wetting.

Vehicle ventilation for animal welfare.

+44 (0)113 343 2177
m.wilson@leeds.ac.uk

Dr Mark Wilson

Department of
Chemistry

UNIVERSITY OF DURHA|

Simulation of dendrimers.
Development of new parallel simulation methods for
polymers.

Molecular dynamics and Monte Carlo simulation techques
- simulation of functional polymers including amplpihilic
polymers at interfaces and liquid crystal polymers.

+44 (0)191 334 4634
mark.wilson@durham.ac.uk

Dr Andrew Wilson

School of Chemistry
UNIVERSITY OF LEEDS

Organic synthesis.
Supramolecular chemistry.
Molecular recognition.
Self-assembly.

+44 (0)113 343 1409
a.j.wilson@leeds.ac.uk




Prof Peter Wright | Department of Synthesis and Application of Electro-active Polynser +44 (0)114 222 5499
Engineering Materials | Radar active materials & smart microwave materiand p.v.wright@sheffield.ac.uk

UNIVERSITY OF structures. Working towards applications includingneable
SHEFFIELD antennae - without the need to physically changestshape.

New battery technologies - next generation mobilequer sources.

Dr Ron Young Department of Controlled Architecture Polymers. +44 (0)114 222 9418
Chemistry Obtaining desirable polymer properties through co- r.young@sheffield.ac.uk
UNIVERSITY OF polymerisation of two or more polymer types to giva
SHEFFIELD product with characteristics of both components.

lonic polymerisation techniques give best controlver co-
polymerisation process & allows mixing & matchingf o
components with very different properties into pragtts.

Synthesis of both linear & star or branched copolyers
which gives considerable control over molecular drnitecture.




