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Key Strengths 
Free surface moulding processes for polymers and 
influence of processing on structuring of 
composites/nanocomposite systems.  
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All projects have either direct industrial involvement or are commercially relevant.    

In addition to industrially funded work, sources of income for the research and development 

undertaken include:  

Å EPSRC 

Å EU (Framework Programmes) 

Å Invest NI 

Å Technology Strategy Board 

Å InterTrade Ireland   

Å Knowledge Transfer Partnership 

Å Charities 

Å MoD 

Research & Development Funding Sources  

/ǳǊǊŜƴǘ !at ǊŜǎŜŀǊŎƘ ǇƻǊǘŦƻƭƛƻ ƻǾŜǊ ϻнΦрƳƛƭƭƛƻƴ 



/ƻƭƭŀōƻǊŀǘŜŘ ǿƛǘƘ ƻǾŜǊ ннл ŎƻƳǇŀƴƛŜǎ ŀƴŘ ŦǳƴŘƛƴƎ ŀƎŜƴŎƛŜǎΧΦ 

http://www.dh.gov.uk/en/index.htm
http://www.smith-nephew.com/
http://www.purac.com/
http://www.epsrc.ac.uk/
http://www.huntsman.com/pu/eng/Products/Welcome_to_Huntsman_Polyurethanes/index.cfm?PageID=8719
http://www.coca-cola.co.uk/
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Advanced Materials and Processes 
Overview - Research Activities  



Rotational Moulding 
      Examples of Projects (Multi-company and RTD partners) 

Å óDevelopment Of Advanced Retro-Fit Processing Technologies For Rotational Moulding 

To Reduce Product Cost and Processing Time and Increase Surface Qualityô (FP7 - 

Micromelt: ú2.55m) 

 

Å óInnovative rotomoulding development to improve cycle times and process efficiency 

whilst facilitating greater flexibility in product design and integrity for the SME-

rotomoulding sectorô (FP7 - Rotoflex : ú1.23m) 

 

Å óDevelopment of an automated process to extract natural fibres from the waste food 

production for exploitation as a sustainable reinforcement in injection and rotomoulded 

productsô (FP7 - Badana : ú700k) 

 

Å Development of an efficient heating and cooling technology system for the reduction of 

cycle time, product cost and energy consumption (FP7 - Rotofast : ú2.66m) 



Rotational Moulding 
e.g. MICROMELT 

Generator

Cavity

Mould

Generator

Cavity

Mould

Generator

Cavity

Mould

Microwave heating:  

25% reduction in cycle time 
24% energy cost saving 

Internal water cooling: 
18% reduction in cycle time 

         Kearns, McCourt, Hornsby          



Extrusion 
      Examples of Projects 

Å ñAn integrated system of inferential measurement and control of polymer extrusion for self-

tuning optimization and response to disturbances.ò (EPSRC - Measurement & Control) 

 

Å ñA new control system that will allow recycled polymers to be processed with a higher level of 

product quality and with greater efficiency than previously possible.ò(EU - Ultravisc) 

 

Å ñTo enhance knowledge of high performance polymers and insulation materials to enable 

improvements to manufacturing processes and develop new products for beverage, 

construction and IT industries.ò (KTP - Valpar) 

 

Å ñSupercritical fluid assisted technology for polymer processing.ò (EU - FREEFLOW) 

 

Å ñDevelop novel process monitoring and control products for the production of bioresorbable 

medical devicesò (FP7-SME ï Bio-PolyTec : ú1m) 

 



Polymer Extrusion 
e.g. FREEFLOW 

         Kearns, McCourt, Hornsby          

Polymer CO2 Level 
(wt%) 

Viscosity 
Reduction 

(%) 

Polystyrene 0.4 7.0 

Poly methyl 
methacrylate 

2.9 18.2 

Polycarbonate 3.6 55.4 

Polyethylene 2.4 15.3 

Polypropylene 3.4 17.5 

Advantages 
ω Lower processing temperatures  
 
ω Easier processing of highly   
  viscous polymers 
 
ω Reduced die pressures 
 
ω Increased throughput 
 
ω Reduced energy usage 
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Int. Patent Application PCT/GB2009/050249 



Contact: Dr Peter Martin; p.j.martin@qub.ac.uk 

See: http://www.qub.ac.uk/schools/SchoolofMechanicalandAerospaceEngineering/Research/Polymers/ 

ÅFE Simulation of Thermoforming and 
ÅBlow Moulding Processes1,2 

ÅHigh Temperature, Strain and  
ÅStrain Rate Biaxial Testing3 
ÅViscoelastic/Visco-plastic Material Models4 
ÅHeat Transfer Modelling 
ÅFriction Modelling5 
ÅFE Modelling of Product Design & Performance 
ÅTool Design and Modelling 
ÅControl of Extrusion & Thermoforming6 
 

Applications: Food and medical packaging, Structural automotive and aerospace parts. 

1McCool, R. et al. Plast. Rubber Compos. 35(8), 340-347, 2006. 
2McCool, R. & Martin P.J. P. IMechE E: J. Process Mech. Eng., 2012. 
3Martin P.J. et al. Plast. Rubber Compos., 34(5), 276-282, 2005.  
4hΩ/ƻƴƴƻǊΣ /Φ Ŝǘ ŀƭΦ WΦ aŀǘŜǊΦ tǊƻŎŜǎǎ ¢ŜŎƘƴƻƭΦΣ нлмнΦ 
5Martin, P.J. et al. Polym. Eng. Sci., 2012. 
6Abeykoon, C. et al. Control Eng. Pract., 19(8), 862-874, 2011. 

 

Research Themes 

Thermoforming 
(Modelling of Polymer Materials,  

Processes & Products) 

http://www.qub.ac.uk/schools/SchoolofMechanicalandAerospaceEngineering/Research/Polymers/


Material characterisation and modelling 

High speed DI Correlation for 
Simulation Validation 

 
EB Stretching of TF9 sample at 100°C: Influence of 

strain rates
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Biaxial Stretching Machine PET  stress strain data Mathematical model of PET 
Lab scale heating and 
blowing equipment 

Blow Moulding 
Simulation 

1. Menary, GH; Tan C.W.; Salomeia, Y; Armstrong, CG; Picard M.; Billon N.; Harkin-Jones, EM, "Validating Injection stretch blow moulding simulation via freeblow 
trials" Polymer Engineering and Science, Vol. 50, pp. 1047-1057, May 2010 

2. Menary, GH, C.W.Tan, E.M.A., Harkin-Jones, C.G. Armstrong, P.J. Martin, "Biaxial Deformation and Experimental Study of PET at Conditions Applicable to Stretch 
Blow Molding" Polymer Engineering and Science, in press 

3. Yang Z.J.; Harkin-Jones, EM; Menary, GH; Armstrong, CG, "A non-isothermal finite element model for injection stretch-blow moulding of PET bottles with 
parametric studies" Polymer Engineering and Science, Vol. 44(7), pp. 1379-1390, July 2004 
 

 

(Contact: g.menary@qub.ac.uk) 

Stretch Blow Moulding 
(Develop simulation of SBM process: Optimisation 

of material usage in PET containers) 



 
Polymer Extrusion 

e.g. Polymer Nanocomposite Drug Delivery System 
 

         Kearns, McCourt, Hornsby          

Ibuprofen 

Melts: 77-78 Deg C 

Polycaprolactone PCL 

+ Nanoclay + 

Melts: 59-64 Deg C 

ΨbŀƴƻŎƻƳǇƻǎƛǘŜ 5ǊǳƎ 5ŜƭƛǾŜǊȅ /ƻƳǇƻǎƛǘƛƻƴΩ 
GB0310300.9; PCT/GB04/01931; WO2004/098574A1; JP2006-506219; US2006/0147538A1 

-Enables contolled rate of drug release 
-Improved mechanical properties 



Application areas: 
Protective suit material 
 
ÅGloves 
 
ÅOverboots 
 
ÅFacemasks 
 
ÅAir Hoses 
 
ÅSeals and Gaskets 
 
ÅTents 
 
ÅDecontamination units 

 

Markets: 
Personal Protection Equipment  
e.g. Emergency Services 
 
Military Chemical Gas tight suits. 

Properties: 
ÅResistant against chemical & 

biological agents.  
 
ÅWater vapour permeable 

 
ÅProcessed using conventional 

thermoplastics  
Åequipment. 

Patented Technology 
Tested and certified by MoD 

Presented to NATO 

A Breathable Chemically Resistant Material 
for the Defence and Chemical Industries 

(Compep) 



Effect of secondary stretching  Clay dispersion after compounding  

Clay enables: 
-Enhanced mechanical properties 
-Increased barrier properties 
-Reduced material usage 
-Increased fire retardancy 

Project aims: 
-Primary and secondary process 
optimisation (compounding/film 
blowing/injection moulding 
-Scale-up for industrial use 
 

Polymer Nanocomposites 
e.g. Optimisation of Nanoclay Processing  

Contact: Dr Nicholas Dunne (n.dunne@qub.ac.uk) 

mailto:n.dunne@qub.ac.uk


Contact: Professor Peter Hornsby (peter.hornsby@qub.ac.uk) 

Natural fibre-reinforcement:  
-flax, hemp 
-nanocellulose1 

 
Nanofillers: 
-nanoclays 
-carbon nanotubes2  
-expanded graphite 
 

Short fibre-reinforcement: 
-glass, carbon fibres3 
-interfaces 
-compounding 
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Nanocellulose made by acid hydrolysis 

2. Z Jiang, R McCool, A Murphy and PR Hornsby, Journal of Applied Polymer Science, (2011) 
 3. A Hassan and PR Hornsby Journal of Reinforced Plastics and Composites, (2011) 

1. EH Qua, HSS Sharma, G Lyons and PR Hornsby, Journal of Materials Science, (2011) 

 
Polymer Nanocomposites 

e.g. Naturally derived  nanofibres  
 


