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Advanced Materials & Processing
Research Cluster

Academic Partners PPRC Core Staff

Nicholas Dunne (Director)

Nicholas Dunne (Director)

Fraser Buchanan Moulding Mark Kearns; Manager
Chi Wai Chan Paul Hanna; Process Engineer
Eoin Cunningham Mark McCourtg Process Engineer

Saurav Goel Extrusion Alan Clarke; Manager _
Andrew Hamilton Mark Billhamg Process Engineer

AlexLennon
Savko Malinov Characterisation Bronagh Millar¢ Manager _
Peter Martin Paula Douglag Research Assistant
Gary Menary G L
i raham Garrett; Technician
John Orr (Emeritus)
Dan Sun Administration Denise Price Business Manager

Sharon Mills¢ Accounts
William Courtney Clerical

42 Postdoctoral and PhD Researchers

KeyStrengths
Free surface moulding processesfor polymers and

influence of processing on structuring of
composites/nanocompositesystems




Queen's University
Belfast

Research Themes

Biomaterials Polymer Processing Nanomaterials

Modelling & Control

4 4
Polymer & ceramic Structure_& prqperty Melt bler_1d|ng Thermoforming
based cements relationships of nanofillers
- , U , U , U , J
4 N |7 N |7 N O )
Bioresorbable Free surface Surface functionalisation Stretch blow
polymers & ceramics moulding of nandfillers moulding
\_ I 2N i 2N | 2N I J
T Polymer Modification of textile fibre Fr%:;itlggal
biomaterials blends using nanofillers g
] | | |
Dental Medical Polymer foams reinforced STl SRR USEeEILY
. . . control of
materials polymers With nanofillers

polymer extrusion

X PPRC £ MPRI J——
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Research & Development Funding Sourc

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:

AEPSRC

AEU (Framework Programmes)
Alnvest NI

ATechnology Strategy Board
AlnterTrade Ireland

AKnowledge Transfer Partnership

ACharities

AMoD | dZNNB vy (i

N e



O=""0 2t ¢t 62N} (SR 6AGK 2BSNI HHA

nvest =g
Northern

Department The Leverhulme Trust
( of ﬁeaﬂh CemeF eVIan P &G Ireland

09/ HUNTSMAN RM%}
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« Britain
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GPUF{AC Employment
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and Learning
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The world is our inspiration



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/

Research & Development Funding Sourc
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M Invest NI Proof of Concep m Knowledge Transfer KT
m Knowledge Transfer Fusio mEU
m EPSRC m School of Mechanical & Aero Engineeril
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Rotational Moulding
Examples of Projects (Multompany and RTD partners)

0 De v el o(§ Ausamded Retro-Fit Processing Technologies For Rotational Moulding
To Reduce Product Cost and Processing Time and Increase Surface Qu a | (FR7y-0

Micromelt: (2.55m)

0 | nn o vaomoulirg development to improve cycle times and process efficiency
whilst facilitating greater flexibility in product design and integrity for the SME-
rotomoulding s e ¢ t(F®T -GRotoflex : 11.23m)

0 De v el ogb ameantbmated process to extract natural fibres from the waste food
production for exploitation as a sustainable reinforcement in injection and rotomoulded

pr od yFKPY7 sB@ddana : t700k)

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

— G ——

cycle time, product cost and energy consumption (FP7 - Rotofast : 12.66m)




Rotational Moulding

e.g. MICROMELT

“—————— Generator

Microwave heating:

__ Cay 25% reduction in cycle time
Mould 24% energy cost saving

/Vfrf )f”\ Internal water cooling:

18% reduction in cycle time

:
/

T MICROMELT —”=
g——=& PPRC ¢ MPRI
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Extrusion
Examples of Projects

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

tuning optimization and response to disturbances.0 (EPSRC - Measurement & Control)

M 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.qEU - Ultravisc)

A @ 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.0(KTP - Valpar)

N

Su p er ¢ludiadsisteddethnology for polymer processing.0(EU - FREEFLOW)

N D e v enbvelprocess monitoring and control products for the production of bioresorbable

medicald e v i FB7SSME T Bio-PolyTec : ilm) ' ‘=—
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Polymer Extrusion
e.g. FREEFLOW

Polymer CQ Level | Viscosity
CO, Injection System (Wt%) Reduction
Regulated higher pressure L°""T;(Z’de;5”’e %
O o e o0
@ ﬂ ® % ® I\ Polystyrene 0.4 7.0
g . ® =8 Poly methyl 2.9 18.2
g methacrylate
s ] = ; Polycarbonate 3.6 55.4
Dual Syringe L] = —
Pump Polyethylene 2.4 15.3
0 - [ 0.68Wt% CO2 M 0.65wt% CO2 Polypropylene 34 175
00.6Wt% CO2  O0.58wt% CO2
20 - Advantages
wLower processing temperatures
10
0. wEasier processing of highly
Pressure Motor current Output rate viscous polymers
reduction (%) reduction (%) increase (%)
3 0.68Wt% CO2 27.1 21.4 wReduced die pressures
B 0.65wt% CO2 23.1 18.6 18.9
000.6Wt% CO2 17.9 17.1 17.6 wincreased throughput
0 0.58wt% CO2 15.4 15.2 12.2
wReduced energy usage

Int. Patent Application PCT/GB2009/050249 =
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Thermoforming

(Modelling of Polymer Materials,
Processes & Products)

Research Themes

AE Simulation of Thermoforming and
ABlow Moulding Process&3

Adigh Temperature, Strain and

AStrain Rate Biaxial Testfg
Aviscoelastic/Viscplastic Material Models
Adeat Transfer Modelling

Ariction Modelling |
A E Modelling of Product Design & Performa
Arool Design and Modelling

AControl of Extrusion & Thermoformifig

Applications: Food and medical packaging, Structural automotive and aerospace

IMcCool, R. et al. Plast. Rubber Compos. 35(8) 34, 2006.

2McCool, R. & Martin P.J. P. IMechE E: J. Process Mech. Eng., 2012.

SMartin P.J. et al. Plast. Rubber Compos., 34(5),-28&, 2005.

hQl/2yy2NE [/ & SG ftd WP al GSNIP t NPOSaa ¢SOKy2ft ®X HAMHOD
SMartin, P.J. et al. Polym. Eng. Sci., 2012.

6Abeykoon, C. et al. Control Eng. Pract., 19(8),-862, 2011.

Contact: Dr Peter Martin; p.j.martin@qub.ac.uk
Seehttp://www.qub.ac.uk/schools/SchoolofMechanicalandAerospaceEngineering/Researct ===



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

(Develop simulation of SBM process: Optimisatic
of material usage in PET containers)

Material characterisation and modelling

16 —1s1 —2s-1
—4s-1 —8s-1
(o) . ~ Hyperelastic . .
£, 1651 —32s-1 Lt Linear Elastic
\E_/ Spring Hookean Spring

Adams Viscous Eyring Viscous
Dashpot Dashpot

0 05 15 2

Biaxial Stretching Machine  PET stress strain data Mathematical model of PET
High speed DI Correlation for Lab scale heating and Blow Moulding
Simulation Validation blowing equipment Simulation

AL
1 "WI‘

Iz

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

1. Menary, GH; Tan C.W.; Salomeia, Y; Armstrong, CG; Picard M.; Billon N:JétaekirEM, "Validating Injection stretch blow rubng simulation vidreeblow
trials" Polymer Engineering and Sciendel. 50, pp. 1041057, May 2010

2. Menary, GHC.W.TanE.M.A., Harkidones, C.G. Armstrong, P.J. Martin, "Biaxial Deformation and Experimental Study of PET at Conditions Lspfticabie
BlowMolding' Polymer Engineering and Scienicepress

3. Yang Z.J.; Harkifones, EM; Menary, GH; Armstrong, CG, "Aisotihermal finite element model for injection stretdiiow moulding of PE
parametric studies" Polymer Engineering and Science, Vol. 44(7), pp133@9July 2004 =-—
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Polymer Extrusion
e.g.Polymer Nanocomposite Drug D

SIVEIYASAIE
EXTRUSION LINE . TR -

Hopper

Films (patches)

Gear Pump Laser Gauge
Puller T

¢ Die

© Extruder t@
F.

e e

Cutter |—jw Pellets/Powders (tablets)

T* |

Medical devices

air | Controller
| Tubes [stents)

Polycaprolactone PCL Ibuprofen
I Nanoc] T T 9
+ Nanocla
(—oc:H2 (CH,), CH, —C—)n Y *  CH,CHCH, @CH—C—OH
Melts: 5964 DegC Melts: 77-78 Deg C

-Enables contolled rate of drug release
-Improved mechanical properties

Whl y202YLI2aAGS 5NHzZ 5SEtAQBSNE /2YLRaAaAGA2YQ
GB0310300.9; PCT/GB04/01931; WO2004/098574A1; JR206819; US2006/0147538A1

— GG —



A Breathable Chemically Resistant Materis
for the Defence and Chemical Industries
(Compep

Markets: Applicationareas
PersonaProtectionEquipment s Protectivesuit material

e.g. Emergencybervices
Kloves

Military ChemicalGastight suits
MOverboots

Properties

A Resistant against chemical & & Ty A-acemasks
biologicalagents T %

Anir Hoses

A Watervapourpermeable

ASealsand Gaskets
A Processedusing conventional

thermoplastics Arents

A equipment '

MDecontaminatiorunits

Patented Technology
Tested and certified by MoD
Presented to NATO ==,___='
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Polymer Nanocomposites
e.g.Optimisation of Nanoclay Processing

10 nm thickness
Maleic all]l}’d.mle growp Iniercalation XS layers
Layered silic m/ polypropylene Exfoliation
with organic
funciionality

Clay dispersion after compounding Effect of secondary stretching

90 nm
thickness

Clay enables: Project aims:
-Enhanced mechanical properties -Primary and secondary process
-Increased barrier properties optimisation (compounding/film

-Reduced material usage blowing/injection moulding
-Increased fire retardancy -Scaleup for industrial use

Contact: Dr Nicholas Dunne.qunne@qub.ac.yk :


mailto:n.dunne@qub.ac.uk

Queen's University
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Polymer Nanocomposites

e.g.Naturally derived nanofibres

Natural fibre-reinforcement:
-flax, hemp
-nanocellulosé

Nanofillers:

-nanoclays

‘Carbon Nan Otu be% Nanocellulose made by acid hydrolysis
-expanded graphite

Short fibrereinforcement:
-glass, carbon fibrés
-interfaces

-compounding

5% nanofibre addition

PAG/Flax PA6/MCC

nanofibres nanofibres

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

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



