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4.1 Final publishable summary report

1. EXECUTIVE SUMMARY

Based on needs to provide an efficient safety aodirty system for aircraft composite structuré® iain
objective of LAYSA project has been focused in blshing the scientific and technological basis tbe
development of a new multifunctional layer with itdire protection and health monitoring capacity kte
integrated into composite structures.

This has been approached by the achievement ébltbeiing objectives:

i) Scientific objectives:
» To design and manufacture novel layer concept withitifunctionality based on nanomaterials,
combining next properties:
o Electrical / thermal conductivity capable of distrie the necessary heat on composite surface to
prevent ice formation on its surface in rough fnditions or remove the already existing one.
With respect to current electrothermal systemiit loa estimated that a weight reduction of 99%
and a power consumption reduction of 50% can beaeti.
o Fire resistance. Reduced flammability (50% of réiducn Heat Release Rate HRR with respect
to base composite material).
0 Sensing of temperature and stress by electricalwatiivity variation measures.
» Integration, modelling and validation of multifurartal system in novel structural composite matsrial

ii) Technological objectives:
= Coupling of the conductivity characteristics of themposite with ice /fire protection and health
monitoring systems.
= Development of modelling tools which will facilimanalysis and design of multifunctional layers.
= Manufacturing and validation of composite comporentth ice/ fire protection, as well as sensing
capabilities for real time temperature and damagessment.

According of the specifications defined in WP1 Ihe tend-users, different nanomaterial formulationd a
combinations have been prepared and charactenz@(P2. Inside WP2 all the needed raw material Heen
prepared and supplied by UPPA-CANBIO (nanoreinforeet dispersions), ACG (nanodoped resin films) and
TECNALIA (buckypapers) in order to produce the stdd prototypes (WP3).

On other hand, regarding modelling, also in WP2, tiain work carried out has consisted on the priediof

the electro-thermal behaviour, the mechanical mspoand the sensing performance of a nano-reimforce
polymer material system taking into account factirat affect the relationship “structure (at naocale)—
properties (at macro-scale)” by enforcing the rasttile modelling principles. Moreover the modellwigthe

fire burnthrough response of a composite panebkas also considered.

When the most promising materials and processedéad identified, the optimization of the multiftional
concept and manufacturing process started (WP®) .widrk consisted of manufacturing trials and a sgbent
assessment of the results. Identified problems welged by making the necessary adjustments t@rbeess
before additional manufacturing trials were perfedn When the optimization work was finished the
manufacturing process was validated by the manufiagt of the demonstrators. A lot of work has bdene on
testing the demonstrators and prototypes accotdiagest plan and to assess the test results.

In WP4, a technical and commercial evaluation aidpcts has been carried out with the aim to obftaim
previous develop to assess the potentialities dosfer to real applications. The diffusion and eiation
aspects are undertaken to address future activities

FINALP REPORT. LAYSA PROJECT NUMBER 213267. FEBRUARY 2012.



2. SUMMARY DESCRIPTION OF PROJECT CONTEXT AND OBJECTIV ES

2a) Project Objectives

Based on needs to provide an efficient safety adirity system for aircraft composite structuré® tain
objective of LAYSA project is to establish the stiéc and technological basis for the developmeina new
multifunctional layer with ice / fire protection drhealth monitoring capacity to be integrated iotonposite
structures. This will be approached by the achierrf next objectives:

i) Scientific objectives:
» To design and manufacture novel layer concept withtifunctionality based on nanomaterials,
combining next properties:
o Electrical / thermal conductivity capable of distrie the necessary heat on composite surface to
prevent ice formation on its surface in rough fbnditions or remove the already existing one.
With respect to current electrothermal systemiit loa estimated that a weight reduction of 99%
and a power consumption reduction of 50% can beaeti.
o Fire resistance. Reduced flammability (50% of réiducn Heat Release Rate HRR with respect
to base composite material).
0 Sensing of temperature and stress by electricalwatiivity variation measures.
» Integration, modelling and validation of multifurartal system in novel structural composite matsrial

ii) Technological objectives:
= Coupling of the conductivity characteristics of themposite with ice /fire protection and health
monitoring systems.
= Development of modelling tools which will facilimanalysis and design of multifunctional layers.
= Manufacturing and validation of composite comporewith ice/ fire protection, as well as sensing
capabilities for real time temperature and damagessment.

Final objective of the LAYSA proposal is to develap multifunctional layer with thermal and electtica
conductivity, improved fire performances and segstapabilities to be incorporated in aircraft cosipm
structures for ice and fire protection, as wellhaalth monitoring. This can be achieved with sysithef a
nanocomposite layer consisting of a polymeric madiopped with fiborous nanomaterials like CNTs (Qarb
Nanotubes) or CNFs (Carbon Nanofibres) that, atiedywwill be incorporated in the manufacturing s of
composite parts.

This can be achieved with synthesis of a nanocoitgtsyer consisting of a polymeric matrix doppedhw

fibrous nanomaterials like CNTs (Carbon NanotubmsCNFs (Carbon Nanofibres), that, afterward wil b
incorporated in the manufacturing process of contpgzarts. The goals of the LAYSA consortium clgarl
contributes to the two Top-Level Objectives for Gugan aeronautics, identified in the Strategic Rede

Agenda and the Vision 2020 Report:

1. To meet society’s needs for a more efficient, safet environmentally friendly air transport.
2. To achieve global leadership for European aeroosutiith a competitive supply chain capable
of exploiting all of the expertise in Europe, turginew technologies into competitive products.

Furthermore, the proposed work clearly addressegdbuirements of Work Programme 2007, Cooperation,
Theme 7 TRANSPORT (including AERONAUTICS), Sub-tleemERONAUTICS and AIR TRANSPORT of
the 7th Framework Programme.

AREA: 7.1.3.3 Aircraft Safety. AAT.2007.3.3.2 Sysieand Equipment

As stated in B1, due to organic nature of polymenatrix component, composite materials are eledtyi@and
thermally bad conductors and they tend to burnlygamsinitting toxic gases and smoke. For that, trexyuire
affordable, effective and certifiable protectiors®ms against atmospheric hazards such as icingelhas fire
and burning not only for accidents prevention,dsb for survivability in case of them.
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AAT.2007.3.3.2 Systems and Equipment

Objective How

-Advanced technologies for This will be achieved by a newnultifunctional layer to be
aircraft protection against| integrated into composite structunegh ice / fire protection and
icing. health monitoring capacity, which can replace the separated
systems used currently for thaksing electro thermal conductivity
-Advanced concepts for and sensing capacity of nanomateriaJsa multifunctional system
fault tolerant systems. could be integrated in the composite structures; th

* It does not have any detrimental effect on the strtture and
-Design  techniques and does not suffer by fatigue related problems.

concept for improved fire,| « No aerodynamic performance penalties

heat and smoke protection. | « Feasible to use for the entire aircraft compositetsface.

» Improved fire protection.

AREA: 7.1.3.4 Operational Safety. AAT.2007.3.4.2 iMt@nance

The aim of this topic is to ensure that aviatioriesa at current high standards through the incréase
enhancement of the safety in air transport operatio reduce accident rate by a80% and to achisubstantial
improvement in the elimination of and recovery frooman error.

The continuous assessment of remaining life of gECe components at every stage of aircraft setifece
remains critical in order to ensure its structurdégrity and service capacity. Moreover, improvadfield
inspection techniques for continuous assessmethteaf structural health are required with the iased use of
composite materials. Current technologies addressetaspects separately.

AAT.2007.3.4.2 Maintenance

Objective How

This will be achieved by replacing the current eddss
sensors, by a uniqueanocomposite layer with inherent
sensing capabilities:

-Continuous  health and usage¢e Current intense inspection and maintenance of mgpti
monitoring;  smart  maintenance elements and fire protection coatings will be aedid
systems including self-inspection. and on the other hand it will be possible a comiral
health and wusage monitoring and self-inspection;
summarizing, a "smart maintenance" will be
achieved.

AREA: 7.1.4.2 Aircraft Operational Cost. AAT.200742 Aerostructures

The aim of this topic is to ensure cost efficiemeyair transport focussing on the reduction of raftcdirect
operation costs. Research work will address a waahge of concepts, innovative solutions and teduies
which will reduce weight, fuel consumption, mairdane and crew operational costs as main contributor
AAT.2007.4.4.2, the development of advanced corscapt technologies for increased and optimizedofise
light-weight composite materials as well, advancedcepts for increased integration of additionaktions, as
sensing, are looking for wider applications atdost and weight.

Gaining this knowledge will enable the EU aeror@ltindustry to respond to the need for econoradaraft

and to be more competitive in the world market.ohawutics industry is important constituent of thetainable
growth of Europe and operates in a highly competiaind dynamic environment. Competition mainly ceme
from the strong position of US industry, and th&ctf gives a continuous challenge to proceed in cost
effectiveness.

Along these lines, the aeronautic industries agadsly increasing the percentage of composite nadgen the
structure of the aircraft in order to reduce weightl number of parts. This target coincides with tise of
multifunctional materials.

To achieve the objective of increasing the competiess in aerospace manufacturing industry, the
developments within the LAYSA project will introdeica multidisciplinary approach for the realizatioh
aerospace materials and structures with multifaetity, in terms of ice / fire protection and sewgapacities,

by the use of nanocomposite technology. Nanométewgan combine excellent electrical and thermal
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conductivity with unique sensing capabilities. Asresults, important weight and maintenance operatio

reductions can be achieved:

AAT.2007.4.4.2 Aerostructures

Objective How

-Aerodynamics. Concepts, technologies and systemEhis will be achieved by replacing the current eddesl
for drag reduction. sensors, heating elements and fire protection mgstby 4
unique nanocomposite layer with inherent sensipgloities:
-Structural weight reduction. Advanced structural
concepts for increased and optimized use of new  Structure manufacturing operations will be reduced
composite materials in  primary structures; considerably.

concepts, technologies and systems for applicatiph No aerodynamic performance penalties

of “smart” materials, nano-technologies, and. The current heavy elements for ice protection gfailires,

realization of “smart structures”. meshes, etc) and fire protection (fillers) that réase
considerably the weight of the structure, by a ue
lightweight hanocomposite layerthat will be integrate
in the composite structur®4% of weight reduction is
estimated.

« Power required for icing protection will be al
considerably reduced5Q% of power reduction is
estimated, and as a consecuence generator we
reduction.

=0

SO

pight

2b) Distribution of Work

Based on needs to provide an efficient safety awdirity system for aircraft composite structuré® tain
objective of LAYSA project is to establish the stiéc and technological basis for the developmein& new
multifunctional layer with ice / fire protection drhealth monitoring capacity to be integrated iobonposite

structures.

This will be achieved in two main steps:

1. LEVEL 1: Synthesis of a nanocomposite layer witlotad properties (electrical / thermal conductiyit
fire resistance and sensing capabilities), comgsiof a polymeric matrix dopped with fibrous

nanomaterials.

2. LEVEL 2: Incorporation of nanocomposite layer inethmanufacturing process of composite

demonstrator.

This project is composed by 12 organisations antta$s been constituted to gather the complem
competencies required to reach its objectives:

entary

* Raw material manufacturers (HUNTSMAN, ADVANCED COMPOSITE GROUP) for the comgite
industry that will work in the procurement of forfated products to synthesize and Incorporate

nanocomposite layer in composite structures, bgcseh and modification of resins for LEVEL 1,
layer concept (to be defined: prepreg or gel-coaesin film,...) for LEVEL 2.

* Research organisations (TECNALIA, SICOMP, CNRS-CRPP, UNIVERSITY OF PATR
UNIVERSITY OF LILLE, UNIVERSITY OF CRANFIELD, UNIVERSITY OF PAU-CANBIO) th

and

AS
at

will lead the project and bring essential theosdticackground about synthesis, characterization and

modelling of nanocomposites and composites, asagdlting technologies.
» Technology supplier to aircraft end-users (INASCO, ARIES COMPLEX) that will work

in

monitoring of multifunctional properties to asstine provision of developed technology to end-user,

» Aeronautical end-user(AERNNOVA) that will validate the technology andseme its exploitation.
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Participant Country Profile Key Expertise Role in the Project
Fundacién Private R&D Institute Coordinator. Synthesis and
INASMET Spain RES focused on materials characterization of nanocomposite with
(TEC-INAS) electrical / thermal conductivity.
Private R&D Institute Incorporation of multifuctionality in
SICOMP AB ) :
Sweden RES | focused on polymeric novel nanocomposite. Process
(SICOMP) . .
composites development and testing.
Centre de Public Research Institute . .
: Nanomaterials previous treatment and
Recherche Pau| focused on materials, P .
France RES characterization for electrical / thermal
Pascal soft condensed matter conductivity and sensing capabilities
(CNRS-CRPP) and nanotechnologies y g cap '
. . Applied Mechanics . .
University of Greece HES | laboratory, focused on Nanocom_posne modelling and
Patras (UP) . characterizaton
materials and structures
Chemistry and chemical
University of engineering laboratory | Synthesis and characterization of
. y France HES | focused on flame nanocomposite with fire protection
Lille (UOLI) .
retardancy of polymeric | performance
materials
Cranfield Examine the dynamic water filming ang
Universit United HE Icing, Droplet impact, icing behaviour of the nanocomposite
C y Kingdom Erosion surfaces and how these is affected by
(CU) erosion
Private SME company
INASCO focused on aeronautics,| Monitoring and characterization of
Greece SME | advanced materials and| nanocomposite with electrical /thermal
(INASCO) . o . o
manufacturing, and conductivity and sensing capabilities
technology design tools
UNIVERSITY Advanced composites Synthesis and characterization of carb
based on nanofilers and o . ) )
OF PAU- o . nanotubes with high dispersion quality
France HES | biofilers. Chemistry on . :
CANBIO . and controlled interface using controlle
and from nanofilers . o
(UPPA) radical polymerization.
surface
ADVANCED Incorporation of technology into matrix
COMPOSITES|  United P hnology .
) IND Prepreg manufacturer | products, characterization and evaluati
GROUP Kingdom of performance
(ACG) P :
. Procurement and characterization of
HUNTSMAN Switzerland IND Epoxy resin appropriate epoxy resin for formulated
(HUN) manufacturer ;
material.
ARIES E]ﬁ%?/g?ig(;]efc?rngew Full services for the design,
COMPLEX Spain IND : manufacturing, assembly and product
demands in aerospace S
(ARICOM) ) support of structures and interiors
services
AERNNOVA Spain IND | Aerospace manufacturerDeﬁnition of structure requirements,
(AES) P P testing and validation of technology

Table 1 summarizes the profile of each partnerAf8A Consortium.
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3. DESCRIPTION OF THE MAIN S&T RESULTS/FOREGROUNDS

WPO (Project Management)

-Creation of the website of the projeetvw.laysa.euwith the update information of the project. Thebgige is
divided in two different areas, one for public @issnation of the project and, the second one, twrlyroject
members.

-Organization of progress project meetings (KONha@nths, 9 months, 12 months and 18 months meetings)
-Organization of several technical meetings (at &M and CNRS-CRPP facilities)

-Creation of the project members contact list. (&&mched Annex A)

-Organization of progress project meetings (24 tme30 months, 36 months and final (40M) meetings)
-Organization of several technical teleconferef@\BIO, ACG, SICOMP)

-Updating of the project members contact list. (St@ched Annex A)

-Preparation of the Amendment to the Contract (201/1)

-Preparation of the official reporting documents.

-Distribution of the funding between partners.

-Coordination of the diffusion actions in differefdrums (Aeronautics Days 2011, Matcomp 2011, JEC
Composites Show 2012)

WP1 (Definition of requirements and materials seleon)

T1.1: Our aim is to investigate and demonstratectipacity of a material system featuring nano-plrtioping,

to provide functional and structural capability thie skin or an aircraft. This draws together &gl which
have traditionally been dealt with separately asemas and as systems contributions. In this taskgather
together concepts and data from these two diseiplim order to establish our terms of referencecamdpecific
technical goals. Specifically, the material projgarisought are considered in terms of the multipdgiirements
pertaining to a service aircraft.

T1.2: Based on materials identified in T1.1, sciegrand identification of the most suitable matsriand
processes for nanomaterial inclusion in epoxy resihEVEL 1 have been carried out. For that, priary
manufacturing trials have been made, where parasnéteevaluate have been on one hand the success in
dispersion of nanomaterials in resin (key factang on the other hand electrical conductivity arellfehaviour
of processed nanocomposite. Testing plan has iedludtructural characterization (SEM, TEM, Optical
Microscopy), thermal characterization (DSC), medtancharacterization (flexural), electrical chasaization
(electrical conductivity) and fire behaviour (TGass — loss calorimeter). Based on specificatiédsld and
testing results, the most suitable material candidhave been selected to be used during the foliptasks.

WP2 (Synthesis of multifunctional nanocomposite lasr, LEVEL 1)

WP 2.1:Development of Electrical/Thermal Condudyivi

Raw carbon nanotubes are under the form of a Bglat disordered powder. For several applicationsemor
compact and ordered forms are needed. In particzégprotection devices that operate through Jeuleating
have ideally to be made of almost pure nanotulsyamr of composites with a large fraction of nabes.
Important work have done on the process paramiethe production of 1.5 and 2 wt.% CNifasterbatches
based on epoxy resins. But direct loading of polymatrices is a difficult approach for achievinggla volume
fractions of nanotubes. Viscosity increase andpiesence of aggregates make a direct processifiguldif
Other approachesare investigated in LAYSA with materials under thems ofbuckypapers or fibres. Such
forms are obtained from aqueous and homogeneopsrdiens of nanotubes. These dispersions are ttrer e
membrane filtered or coagulated to obtain strustwéh a large fraction of nanotubes. Partners {IN&S,
UPPA-CANBIO and CRPP) contributions consisting negaration and characterizations of these matenals
order to selected the best optidtegarding electrical/thermal conductivity, buckypaper approach reaches
the objectives defined for this functionality.

WP2.2: Development of Fire Resistance

T2.2.1: Based on developments in WP1, it was dddidestudy the effect of nanoparticles on the rfegistance
of composites without previous treatment. Innovatooncepts based on gelcoats and alternative resires
proposed. Incorporation of nanoparticles in gekdads alimited effect on the reaction to fire. Use of
alternative resinssuch a®enzoxazineandlEP22 is apromising way.

T2.2.2: Processes for the synthesis of differemhpmmsites were set up. Samples corresponding t@usari
concepts were manufacturedanomodified gelcoats carbon or glass-fiber reinforced compositesresins
containingnanoparticles andmodel resinscontaining micrometric and/or nanometric fillerere investigated.
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The rheological and mechanical behaviour was diegacterized for some of them. Due to difficultieghe
resin manufacturing, a limited number of samplessvpeoduced.

T2.2.3: The fire resistance of nanomodified gelspadsins containing nanoparticles and model resin&ining
micrometric and/or nanometric fillers was testedertif the behaviour of the final composite will Béferent
from the one of the samples tested in WP2, duexpeated interactions between the different layassful
conclusions for the rest of the project can be draw

= For the development of a fire-resistant epoxy,isigffit level of dispersionof carbon nanotubes
and montmorillonite in the resin is difficult tolaeve.
= The use of alternative resinssuch as benzoxazine and IEP22 is valuable: thebioation

between good fire retardant properties and andthmationality (electrical/thermal conductivity
or monitoring) may be reached in the same layer.

= Ammonium polyphosphate and different types opolyhedral oligomeric silsesquioxanes
provide good fire properties to the model redihe 50% pHRR decrease expected by the
Consortium is reached with this system.

WP2.3 Development of Sensing Performance

The main objective of this workpackage is to designd process of adequate nanocomposite with sensing
capacity that has the capacity monitor temperadnck strain concentrations.The task is delayed maioé to

the lack of materials for testing. Different masdssome new materials arrived at INASCO for charaztion
(CNT fibres from CNRS-CRPP and films from ACG)

Several specimens, having different manufacturisgphy and material composition, were tested in 8GO
and the conclusion we reached are stated below:

« Even though, some specimens had very low resistdine& sensing capability under strain 1% was
measurable.

* In almost every test, specimen’s resistance doeeegain its initial value, but returns to a greaiee
after the end of loading. (hysteresis loop)

« Specimens with resistance in the order of kilo Q) exhibit greater maximum resistance values
under the same strain percentage than the onesghavesistance in the order of Mega Ohn?)(10

» Almost linear correlation between resistance arairsts observed in all tests.

« Best data results (high resistivity, high sensiapability and small hysteresis loop) are obseraed f
specimen 31 _A10 MINAS2 01 SP1, manufactured at IME¥ and specimen GC_32 D 01
manufactured at HUNTSMAN. It should be mentionedttthe latter one is the reference sample
(rengel with MY0510) for all gelcoat samples withemboding any nanomaterial.

« Although only three cycles loading test was accashpd and low resistance was measured, specimen
GC 32 CL2 D _01 also presented good results, a® thvas no hysteresis loop amdR had a
respective value.

WP2.4 Modelling Analysis

Taking into account firstly the fact that the mdig analysis has to run in parallel with the otheub-
workpackages as well as the variety of the sugdesisterial systems for development in the initiataf the
project the investigated material system here wéected independently on this parameter. So consglénat
the analytically investigated materials system tmafollow the standards of a typical aeronauticaltenial a
"CNT-doped Polymer Matrix/Carbon Laminated" mateisgstem was determined. As a matrix a typical
aeronautic Epoxy resin was selected while the destpe of CNTs was the multi wall. Finally as fdret
structure and the material properties of the Carearforcement is still under discussion while ttexision for
the integration way of the developed multifunctiommlymer in the laminated structure has not been
accomplished up to now.
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SIGNIFICANT RESULTS:
A) Electrical Model

In the nano-scale modelling level:

 The MFM approaches with high accuracy the expertainobtained values of the electrical
conductivity when the “percolation” parameters lamewn.

* The pass to the FEM modelling methods leads tptadiction of the “percolation” curve after
a concise parametric analysis. The achieved “patiool’ threshold is lower than that was arisen
from the experimental values. The discrepancy eaattributed to the fact the developed model
corresponds to a ideal CNTs dispersion in the petymatrix. Another reason may be the
different admissions that took place in the caliofaprocess between the analytical and
experimental results.

B) Thermal Model

In the nano-scale modelling level:

The orientation of CNTs in the 1D aligned and 2hé&am Dispersed (RD) arrangement can
contribute significant to the material system tharoonductivity only in the plain level.

Higher CNTs aspect ratio can lead to higher themoatuctivity values.

The influence of the CNTs content is moderate @mtents lower than 1% per volume. Nevertheless
the observed increase is in agreement with thetsiditerature’s values. Up to this value an

abrupt increase is observed.

The consideration that an inter-phase formatiorggikace between the polymer matrix and the
CNTs seems to contribute only in high CNTs content.

Generally it can be said that the MFM approachgiae a first accurate sense of the thermal
response of the material system.

C) Fire Resistance

Different experiments were conducted in order topgeameters for fire resistance modelling. High
heating rate thermogravimetric analyses helpednibdelling of thermal degradation of samples
containing nanoparticles and carbon-fiber reinfdrcemposites.

The main conclusion is that the incorporation ohayarticles in the different matrixes did not
affect the thermal decomposition. Heat capacity mmaasured by modulated DSC from -50°C up to
200°C. Methods are under development in order tivgat capacity values at high temperatures.
The decomposition kinetic parameters were usedtir@a@evelopment of a fire degradation material
model that can be used in numerical models. Themahtmodel can be implemented in any FE
code either commercial or custom and using theagpiate fire loading and cooling conditions the
fire response of a composite structure can be atedu

The developed models using the ANSYS 13 were abj@edict the fire burnthrough response of
the specimens tested.

D) Sensing Performance

The developed Electrical and Thermal models in 24 all modelling scales can be used for the
electro/ thermal response of the not deformed “natiorm” while the one task overlaps the other
at this point.

Generally observing the nature of the problems liaae to be solved in both tasks (“Modelling of
Electro-Thermal Conductivity” and “Modelling of S&ng performance”) it is obvious that they are
possible to be faced as one modelling problem Far investigation of the electro-thermal-
mechanical material’'s performance.

The nano-scale modelling level the Electrical/ TingrModel for the not deformed “material form”
is still in progress while significant results habeen achieved for both models. For the
development of the deformed “material form” modet tompletion of the deformed Mechanical
model is demanded.

In the micro- & macro- scale modelling levels therent status can be considered the same with
that in T2.4.1.
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* Mechanical .
Modeling of ~ Problem These can
Sensing * Electrical Model e aced
Perf * Thermal Model
erformance * Electro-Thermal one
fitora] Modeling
Modeling of Problem
Electro- * Electrical Model (Electrical-
Thermal * Thermal Model Thermal-
S * Electro-Thermal Mechanicol
Conductivity  oc. echanica
Performance)

Figure 1. Scheme that declares the overlap betiireetModelling of Sensing Performance” (T2.4.3)
and the “Modelling of Electro-Thermal Conductivit§T2.4.1).

WP2.5. Integration of Functionalities

The three defined functionalities have been affdrslgparately. Their integration in the final partiosed linked
to the processing technology of the part. Due igbbtask will run in parallel with WP3.1, and wan consider
that will be included inside WP3.1.

Different concepts of the multilayer configuratitvave been proposed and, in function of the proegssi
technology (wet or dry processes) requirementdiarithtions, the best one will be selected in ordereach the
objectives of the project.

WP3 (Incorporation of functionality in novel compostes, LEVEL 2)
Based on the general concept described in WP1, @feRthe know-how of the consortium, two possible
processing alternatives have been identified:

Wet process
This process is based on infusion technology aslahenate manufacturing process. The insulatingray

(thermal and fire protection) will be integratedaithe own infusion resin, that is, the fire prafger and thermal
insulation capability will be developed on the isifan resin; the electro-thermal conductive interiaiedlayer
(heating element and sensing capability) will bamialated as a gel-coat to be applied on the moulthse
previously to the infusion process. All the necegsaixiliary elements (thermocouple, connectionglextric
current source, electrodes, etc) will be also ideth into this layer. Finally, the thermally conduetand
electrically insulating outer layer will be applied the finished laminate as a coat (top coat ortpa

Dry process
Dry process is based on prepreg technology asathenfte manufacturing process. In this case thdatisg

layer (thermal and fire protection) will be integga into the own prepreg resin; depending on tlop4grties
achieved, all the prepreg layers or only some efrttwill be based on the developed fire resistasinrelhe
electro-thermal conductive intermediate layer (imgatlement and sensing capability) will be forntethas
another prepreg layer or a doped resin film torimduded on top of the previous prepregs. All theessary
auxiliary elements (thermocouple, connections &xteic current source, electrodes, etc) will be atsluded
into this layer. Finally, the thermally conductiaad electrically insulating outer layer will be &pd on the
finished laminate as a coat (top coat or paint).

The dry process has finally selected to integtfaenultifunctional layer developed in earlier wpckages in a
traditional composite structures manufacturing psses and manufacturing of demonstrator prototypts
multi-functionality incorporated.

A schematic view of the first multifunctional comteoroposed for LAY SA project can be seen in Figre
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The “Laysa-concept” - version 1.0

T conductive + E insulating layer (epoxy/AlN)
Ice protection

E+T conductive laver (epoxy/CNT)
Healing element, sensing capability

E+T insulating layer (epoxy/MMT)
Thermalffire protection

Figure 2: Multifunctional Laysa concept

The work performed by the project partners in tinisk package has resulted in a recommended co(fEgjpire
3) and a recommended manufacturing process.

SW404 gel coat (HUNTSMAN)

— _— Buckypaper with epoxy CNT film (Laysa 03b)

e = Copper electrodes (with Sn protective Layer)

GlassFiber 190 g/m2

— ——  epoxy MMT (Laysa 04 b) sandwich with sensing fibers

72 MTM44-1 FR Substrate

Figure 3: Final concept of LAYSA Project.

Traditional autoclave-cured prepreg manufacturingcess has been selected in previous task as tlse mo
suitable alternative to develop the required dertnates's.

During the work several prototypes and materialeewsanufactured and the protypes also underweferelift
tests. Several processing trials were also perfortneoptimize process and the properties of thalymred
multifunctional composite.

In the project several prototypes were manufactufmime of them were manufactured as a step in the
development of proper manufacturing processes amdae sto pre-test certain properties. To test thalfin
concepts and manufacturing processes a numbenafgdrototypes and demonstrators have been mancéact
(Table 2).

Table 2: Specimens manufactured in LAYSA projedest different functionalities.

Reference number Purpose Manufacturer Comments
Sicomp_NA fire 1 Fire testing SICOMP Prototype has fire
resistance  functionality.
Sent to ENSCL.
Sicomp_NA fire 2 Fire testing SICOMP Prototype has fire
resistance  functionality.
Sent to ENSCL.
Sicomp_NA_fire_3 Fire testing SICOMP Prototype has fire
resistance  functionality.
Sent to ENSCL.
Sicomp_ref_fire_1 Fire testing SICOMP Prototype has no
functionality. Used as$
reference for fire testing.
Sent to ENSCL.
Sicomp_ref_fire_2 Fire testing SICOMP Prototype has no
functionality. Used a$
reference for fire testing.
Sent to ENSCL.
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Sicomp_ref_fire_3

Fire testing

SICOMP

Prototype has
functionality.

reference for fire testing.

Sent to ENSCL.

Sicomp_NA ice 1

Ice-adhesion
testing

SICOMP

Prototype has thre
functionalities (fire,
heating and sensinggent
to CU.

Sicomp_NA ice 2

Ice-adhesion
testing

SICOMP

Prototype has thre
functionalities (fire,
heating and sensinggent
to CU.

Sicomp_NA sensing_1

Sensing testin

g SICOMP

Prototyp has
functionalities (fire,
heating and
Sensing fibers was coverg
with resin during
manufacturing and thu
prototypes could not b
used for sensing testslot
sent to partners.

Used as

three

sensing).

no

D

2

2

2d

D wn

Sicomp_NA _sensing_2

Sensing testin

g SICOMP

Prototyp has
functionalities (fire,
heating and
Sensing fibers was coverg
with resin during
manufacturing and thu
prototypes could not b
used for sensing testhslot
sent to partners.

three

sensing).

ad

D n

Sicomp_NA_sensing_3

Sensing testin

g SICOMP

Progotyp has three
functionalities (fire,
heating and
Sensing fibers was coverg
with resin during
manufacturing and thu
prototypes could not b
used for sensing testslot
sent to partners.

sensing).

ad

D wn

Sicomp_NA heating 1

Heating testin

y  SICOMP

Protetipas only heatin
functionality. Main
purpose to test type ¢
connector. Not sent to
partners.Evaluation don
at SICOMP.

QL

D

Sicomp_NA_heating_2

Heating testin

y  SICOMP

Protetizas only heatin
functionality. Main
purpose was to test type
connector. Not sent to
partners. Evaluation don
at SICOMP.

L)

Sicomp_NA_heating_3

Heating testin

y  SICOMP

Protetyyas heating an
fire functionality. Main

purpose was to tes

geometry of heating laye

t

Not sent to partners.
Evaluation done a
SICOMP
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Sicomp_NA_heating 4

Heating testin

J

SICOMP

Protetyyas heating an
fire functionality. Main

purpose was to test
geometry of heating layer.

partners.
done at

Not sent to
Evaluation
SICOMP

Tecnalia_NA fire 1

Fire testing

TECNALIA

Prototype has ice adhes
and fire resistanc
functionality.
1st batch, sent to ENSC
on 26 May.

Tecnalia_NA fire 2

Fire testing

TECNALIA

Prototype has ice adhes
and fire resistanc
functionality.
1st batch, sent to ENSC
on 26 May.

Tecnalia_NA fire_3

Fire testing

TECNALIA

Prototype has ice adhes
and fire resistanc
functionality.
1st batch, sent to ENSC
on 26 May.

Tecnalia_NA fire 4

Fire testing

TECNALIA

Prototype has three

functionalities (ice

adhesion, fire and heating).

2nd batch, sent to ENSC
on 4 November.

Tecnalia_NA fire 5

Fire testing

TECNALIA

Prototype has three

functionalities (ice

adhesion, fire and heating).

2nd batch, sent to ENSC
on 4 November.

Tecnalia_NA fire 6

Fire testing

TECNALIA

Prototype has three

functionalities (ice

adhesion, fire and heating).

2nd batch, sent to ENSC
on 4 November.

Tecnalia_ref fire 1

Fire testing

TECNALIA

Prototype has only i¢
functionality,

adhesion
Used as reference for fif
testing. 2nd batch, sent t
ENSCL on 4 November.

Tecnalia_ref fire 2

Fire testing

TECNALIA

Prototype has only i¢
functionality,

adhesion
Used as reference for fif
testing. 2nd batch, sent t
ENSCL on 4 November.

Tecnalia_ref _fire_3

Fire testing

TECNALIA

Prototype has only i¢
functionality,

adhesion
Used as reference for fif
testing. 2nd batch, sent t
ENSCL on 4 November.

Tecnalia_NA ice 1

Ice-adhesion

testing

TECNALIA

Prototype has ice adhesig
and fire resistanc
functionality.

1st batch, sent to CU on 2
May.

o

on

D

L

on

D

L

on

D

L

L

L

L

n

D

6

Tecnalia NA ice 2

Ice-adhesion

TECNALIA

-

Prototypastice adhesio
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testing

and fire resistand
functionality.

Sensing testing

1st batch, sent to CU on 2
May.

Tecnalia_NA_ heating ice 1 Heating andECNALIA Prototype has fou
Ice-adhesion functionalities (ice
testing adhesion, fire, sensing and

heating).

2nd batch, sent to CU o

17 November.
Tecnalia_NA_heating _sensing_1 Heating armECNALIA Prototype has fou

functionalities (ice

adhesion, fire, sensing and

heating).
1st batch, sent to INASC
on 22 June.

Tecnalia_NA_heating _sensing_2

Heating :
Sensing testing

ATECNALIA

Prototype has fou
functionalities (ice

adhesion, fire, sensing and

heating).
1st batch, sent to INASC
on 22 June.

Tecnalia_NA _sensing_1

Sensing testir

g

TECNALIA

tepe has fou
functionalities (ice

adhesion, fire, sensing and

heating).
2nd batch, sent to INASC
on 4 November.

e

6

-

il

[

O

[

O

O

Dt

Dt

Dt

Dt

Dt

Tecnalia_NA heating 1 Heating testing TECNALIA ftgpe has only heatin
functionality.
Trials carried out in
Tecnalia, specimens n
sent to partners.
Tecnalia_NA heating 2 Heating testing TECNALIA ftgpe has only heatin
functionality.
Trials carried out in
Tecnalia, specimens n
sent to partners.
Tecnalia_NA_heating _3 Heating testing TECNALIA fetype has only heatin
functionality.
Trials carried out in
Tecnalia, specimens n
sent to partners.
Tecnalia_NA_ heating 4 Heating testing TECNALIA ftgpe has only heatin
functionality.
Trials carried out in
Tecnalia, specimens n
sent to partners.
Tecnalia_NA_heating _5 Heating testing TECNALIA ftgpe has only heatin
functionality.
Trials carried out in
Tecnalia, specimens n
sent to partners.
Tecnalia_NA_heating _6 Heating testing TECNALIA rtgpe has threg

functionalities (fire,
sensing and heating).
2nd batch, manufacture

1%

and tested in Tecnalia.
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ARICOM_Tecnalia_NA_heating _1 Heating testingARICOM- Demostrator, with  twg
Mechanical TECNALIA functionalities (fire ang
testing to be heating).
carried out by
Aernnova?

ARICOM_Tecnalia_NA_heating _2 Heating testingARICOM- Demostrator, with  twg
Mechanical TECNALIA functionalities (fire ang
testing to be heating).
carried out by
Aernnova?

To ensure that all necessary aspects of the ndtifunal capacities in real conditions are propesgluated, a
test plan was developed. The test plan is presemtidus document. Since the partner with the leggertise in
each area was responsible for that particularnigsti was decided that the detailed plans for dash are
delegated to that partner.

The test plan that was decided can be seen in Taldelow. Details on specific tests are delegatethe
responsible partners

Table 3. Test plan used for testing. Details ortijpdests are delegated to responsible partner.

Test Responsible Other contributing
partner partners

Testing of ice protection capacity part 1: Heating TECNALIA CU, SICOMP
functionality
Testing of ice protection capacity part 2: Ice aiihie CcuU
Testing of fire properties ENSCL
Simulation of mechanical properties UP
Testing of sensing capacity INASCO

An extensive pre-project work was performed to pazdthe initial project plan. One result from thvsrk was
that the following functionalities and propertiesre identified as probable to test:

Ice protection capacity

Fire resistance

Sensing capability

Mechanical properties and composite / nanocompaditesion

NS

During the project the consortium decided to omite t mechanical testing and the testing of
composite/nanocomposite adhesion. This has to totiwe fact that the multifunctional layers wereided to

be applied at the top of the bulk composite and they would not have to support the mechanicgbgmnty of
the underlying composite. The project has insteemtyced a very rigorous computational study of the
mechanical properties.

At the end of the work package, two leading edgenafestrators were successfully manufactured at
TECNALIA-facilities by people from ARICOM and TECNAA. A leading edge is that part of the wing (or
airfoil) that first contacts the air. Heating testsre also performed on the demonstrators with wiogn results
(Figures, 4, 5 and 6). Given the limited functioredults obtained for multifunctional specimens whige three
functionalities are included, the consortium dedide develop demonstrators including only one oo tw
functionalities. This should allow obtaining cleamclusions of the selected functional layer bemavivhen it
undergoes real manufacturing cycles and application

Due to the good results obtained in previous taskhis project from the study of the Bucky Papsrdea-icing
layer when individually tested, and the incompletsults regarding sensing and fire protection atioment of
the demonstrator definition, a leading edge spetirmaly with de-icing capabilities was selected as a
representative aeronautical item of high interest.
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The final layer configuration was then easily frozbased on ARIES COMPLEX large experience in $histor
and component, and the design and manufacturittgeahould fulfilled.

Being moulds and all the different materials avd#a demonstrators have been manufactured moditgiyey
configuration and some manufacturing parametereémh new manufacturing cycle in order to imprdve t
demonstrator final integrity and test functionalityder different manufacturing conditions.

At the moment of the final demonstrator definitidthe work performed to develop the multifunctioteaer
stack including sensing fibres, fire protection aledicing capabilities onto a CNT substrate had alestrated
no success in the heating test.

Since sensing fibres were not yet optimised (a bateh was pending of characterization), some ést Wwere
also pending and previous test of each individuakcfionality had provided good results, it was dedi to
define the final demonstrator on the basis of thentvhorillonite substrate and the Bucky Paper hegatin
capabilities previously demonstrated.

Anti-icing and de-icing technologies are intensjvbeing investigated in the aircraft frame in orteoptimize
current solutions to avoid effects of ice accretionan aircraft that may lead to a complete lossootrol and/or
insufficient lift to keep the aircraft airborne diceaccumulation in airfoils and flight control fares.

Given the experience of ARIES COMPLEX in manufactgrcomposite leading edge for different flight toh
surfaces (wings and stabilizers), and the impo#gapic avoiding ice accretion on such part to assligat
performances, a leading edge demonstrator hasdoesidered as an optimal choice for demonstrateiichg
capabilities of the developed Bucky Paper withinIS}.

The proposal is to produce a reduced part of aingaddge (400 mm long) which will include the oukra

curvature. This will allow testing

- the handling and difficulties of adding this faieoal layer during a typical manufacturing processin
aeronautical part (lay-up, moulding and demoulding)

- how this new layer is adapted to curved parts.

- and the demonstrator integrity after curing: def€delaminations, porous, etc) and functionality.

UTILAALDE
BUCKY FAFER+
FILM EFQET

FISA FIFRA
VIDRIC

AAORMORILLONITA

Figure 4 . Overall configuration for the demongirat
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Figure 5: Selected curing cycle.
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Figure 6: Demonstrator and Heating test on onéefiemonstrators.

SIGNIFICANT REULTS
Testing of the functionalities shows that the caiakveloped in the project gives promising results

* The heating performance seems to be adequate fairemaft ice protection system in real service
conditions. There is however some areas that cbaldmportant for future work: For example the
integration of electrical connectors into the cosife

* When it comes to the fire properties the multi-le&gecomposites have a higher pHRR (peak of heat
release rate) than the reference system. The vatedsetween 22-114 % higher depending on the multi
layered configuration. This shows that the additiddrthe multifunctional layer creates degraded fire
behaviour in terms of pHHR. However, on the posithide the time to ignition is enhanced with some
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configurations. To conclude, there is room fortiertstudies in this area. However the importandbef
fire behaviour is somewhat different depending drere the composite is placed in the application (fo
example inside the cabin or on the fuselage).

 FEM modelling analysis can give the "Effective Manltal Material Model" of the nano-reinforced
polymer material systems for both spherical anthdgr filler geometries. This is proved by the fewtt
the analytical values approach the experimentalegl The work performed can hence be useful in the
early stages of future product development.

* The tests on sensing capacity give some promigiaglts. The developed method to integrate thedibre
into the composite seems to be suitable. Also tleetneatment of the fibres has been proved to be
successful. Future work in this area should foguerhancing the sensitivity of the sensing layenels
as develop methods to avoid disturbances on tinalsilyie to for example temperature variations.

The main result of the project is to prove thammdtifunctional concept is possible to manufactwithin the
framework of a traditional autoclave-prepreg prec&eside the fact that the processablity has esfied the
tests performed and the demonstrators and pro®ige verifies the heating functionality and iradés that the
concept has a successful sensing- and fire furaditgn

WP4 Economic evaluation, exploitation and dissemirten

This WP trends to cover the economic aspects ofdthesloped technology, as well as exploitation haf t
innovation produced and dissemination plan. Reduadjustment of conventional manufacturing proce ees
been an important aspect to evaluate economic&tlps required for certification of technology hdween
explored also.

In LAYSA project the evaluation of the results hesen mainly focused in the concept probe of theldeed
multilayer composite. From the beginning of thej@cban initial configuration of the layer has bggpposed

but, during the development of LAYSA project, imf@orit changes have been accomplished, to assure the
feasibility to manufacture a real part with thegaeed multilayer concept.

A technical evaluation has been determined andiliglayer concept has been probed:

Development of Electrical/Thermal Conductivity

Raw carbon nanotubes are under the form of a Bglat disordered powder. For several applicationsemor
compact and ordered forms are needed. In particzdgprotection devices that operate through Jsuieating
have ideally to be made of almost pure nanotulsyamr of composites with a large fraction of nabes.
Important work have done on the process paramiethe production of 1.5 and 2 wt.% CNifasterbatches
based on epoxy resins. But direct loading of polymatrices is a difficult approach for achievingge volume
fractions of nanotubes. Viscosity increase andpiesence of aggregates make a direct processifiguldif
Other approachesare investigated in LAYSA with materials under foems ofbuckypapers or fibres. Such
forms are obtained from aqueous and homogeneopsrdiens of nanotubes. These dispersions are ftienr e
membrane filtered or coagulated to obtain strustwéh a large fraction of nanotubes. Partners NS,
UPPA-CANBIO and CRPP) contributions consisting negaration and characterizations of these matenals
order to selected the best optidtegarding electrical/thermal conductivity, buckypaper approach reaches
the objectives defined for this functionality.

Development of Fire Resistance

Based on developments in WP1, it was decided tdystine effect of nanoparticles on the fire resistaof
composites without previous treatment. Innovatiomaepts based on gelcoats and alternative resims we
proposed. Incorporation of nanoparticles in gekdads alimited effect on the reaction to fire. Use of
alternative resinssuch a®enzoxazineandlEP22 is apromising way.

Processes for the synthesis of different compogites set up. Samples corresponding to variousepisavere
manufactured.Nanomodified gelcoats carbon or glass-fiber reinforced composites resins containing
nanoparticles and model resins containing micrometric and/or nanometric fillereer® investigated. The
rheological and mechanical behaviour was also chetiaed for some of them. Due to difficulties lretresin
manufacturing, a limited number of samples werelpced.

The fire resistance of nanomodified gelcoats, sesiontaining nanoparticles and model resins congin
micrometric and/or nanometric fillers was testederkif the behaviour of the final composite will Q#ferent
from the one of the samples tested in WP2, duexpeated interactions between the different layassful
conclusions for the rest of the project can be draw

FINALP REPORT. LAYSA PROJECT NUMBER 213267. FEBRUARY 2012.

18



= For the development of a fire-resistant epoxy,isidffit level of dispersionof carbon nanotubes
and montmorillonite in the resin is difficult toldeve.

= The use of alternative resinssuch as benzoxazine and IEP22 is valuable: thebioation
between good fire retardant properties and andtimetionality (electrical/thermal conductivity or
monitoring) may be reached in the same layer.

=  Ammonium polyphosphate and different types opolyhedral oligomeric silsesquioxanes
provide good fire properties to the model redihe 50% pHRR decrease expected by the
Consortium is reached with this system.

Development of Sensing Performance
Several specimens, having different manufacturiisgphy and material composition, were tested in GO
and the conclusion we reached are stated below:
* Even though, some specimens had very low resistahes sensing capability under strain 1%
was measurable.
< In almost every test, specimen’s resistance doeeegain its initial value, but returns to a greate
one after the end of loading. (hysteresis loop)
«  Specimens with resistance in the order of kilo Ofi®¥) exhibit greater maximum resistance
values under the same strain percentage than # lmving a resistance in the order of Mega
Ohm (10).
* Almost linear correlation between resistance aralrsts observed in all tests.
e Finally, referring to samples that there were tste both loading cycles, moisture adsorption
might have caused small changes in resistance.

Modelling Analysis

Regarding modelling the main work carried out harssested on the prediction of the electro-thernedidviour,
the mechanical response and the sensing perfornmirec@ano-reinforced polymer material system tgkirio
account factors that affect the relationship “due (at nano-scale)—properties (at macro-scalg)érforcing
the multi-scale modelling principles. Moreover tnedelling of the fire burnthrough response of a posite
panel has been also considered.

Integration of the three functionalities in a protaype
When the most promising materials and processeséead identified, the optimization of the multiftional
concept and manufacturing process started. The wornsisted of manufacturing trials and a subsequent
assessment of the results. Identified problems weheed by making the necessary adjustments t@rbeess
before additional manufacturing trials were perfedn When the optimization work was finished the
manufacturing process was validated by the manurfiact of the demonstrators. A lot of work has bdene on
testing the demonstrators and prototypes accotdiagest plan and to assess the test results.
The main results are the following:
* The project has developed a multifunctional cona@am integrated it into a traditional manufacturing
process. The concept and manufacturing processdeasvalidated.
* At the end, three demonstrators have been manuégictu
« Guidelines for optimal performance
« Guidelines for future research necessary to inertes Technological Readiness Level
* Further investigations in electrode materials aedteodes integration into the composite part havbe
accomplished.
* Further investigations in electrode materials adedteodes integration into the composite part havbee
accomplished.

Economical Evaluation

From and economical point of view and related ®dbst of the material, we can assure that in casgawith
traditional materials used for electrothermal bédav (copper mesh and copper sheets) the buckypaper
solution is similar in cost.

It order to the buckypapers will be used at indaktevel an automatic production way has to beugetOne of
the main objectives of ELECTRICAL project is oriedtto achieve this goal which will allow the use of
buckypapers at industrial scale.
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In order to evaluate the manufacturing cost ofghg, the mould and the curing cycles are the staethe
used in a traditional composite part. For the patidn of parts an automatic buckypapers handlirsjesy has
to be define, design and set-up to assure the auorieasibility of buckypapers.

4b) Exploitation Plan
The consortium of LAYSA project has been formedlBypartners who have played different roles dutiiey
project and with different interests for the extdtipn of LAYSA results.

a) END-USERS

AES

-Internal Difussion of Results
-Results Divulgation
-Synergy with AES Projects
-Further Developments
-Identification of Companies
-Start-up of components

b) RAW MATERIAL SUPPLIERS
CNRS-CRPP

-Supply of CNTs fibres.

-CNTs fibres industrialization

CANBIO:
-Supply of accurate nanoreinforced dispersions.
-Dispersions industrialization

ACG
-Production of nanoreinforced resins in bulk ama foresentation
-Product industrialization

HUNSTSMAN
-Production of nanoreinforced resins and gelcoats.
-Product industrialization

c) TRANSFORMERS

TECNALIA

-Industrialization of Buckypaper Manufacturing Taclogy.
-Study of material combinations

-A Ph. D project

-Prototype manufacturing technology assessment.
-Internal Results Diffusion

-External Divulgation

-ldentification of other Applications/Markets

SICOMP

-Analysis of proposed manufacturing technologielgtrialization
-Internal Results Diffusion

-External Divulgation

-ldentification of other Applications/Markets

INASCO

-Sensing capability measuring development.
-Internal Results Diffusion

-External Divulgation

ARICOM
-Company strategy
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-Industrialization of prototype
-Further R &D-Project start-up of components -Testbgies Industriallisation

d) RTD PERFORMERS

uUpP

-Electro/thermal, Fire resistance and sensing chiydiehaviour model developing.

-Publishing of the main results in internationdéstific journals.

-Presentation of the main results in scientificfeoences.

-An improvement knowledge concerning the charaza¢éion methods for nano-scale modelling.
-A Ph. D project.

ENSCL

-An improvement knowledge concerning the fire rasise behaviour based on nanoreinforcements.
-Publishing of the main results in internationdéstific journals.

-Presentation of the main results in scientificfeoences.

-A Ph. D project.

Cu

-An improvement knowledge concerning the ice prtiid@cmethods based on nanoreinforcements.
-Publishing of the main results in internationaksgfic journals.

-Presentation of the main results in scientificfeoences.

-A Ph. D. project

4c) Dissemination Activities
TECNALIA has been very active in the dissemination of LAYi®8ults. On one hand as Coordinator LAYSA
project has been presented in different forums fiktemch 2010 to December 2012.

-TECNALIA presented LAYSA project at EURONANOFORUMNOO09 in Prague. INASMET-Tecnalia
presented the LAYSA project at the EC organised BNRNOFORUM conference in Prague (2-5 June 2009).
In Prague the LAYSA presentation was given to gdaaudience of researchers and EC officials crgdtot
interest for the applications of nanotechnologthim Aeronautics and generally in the Transportosect

-TECNALIA presented LAYSA project at 6th ECNP, Cerdnce on Nanostructured Polymers and
Nanocomposites, 28-30 April 2010, Madrid. Postent@bution “Multifunctional Layers for Safer Aircraft
Composites Structures.”

-HUNTSMAN will present some results of LAYSA projest ECCM 14 Conference in Budapest, Hungary, 7-10
June 2010. "Refining the thermal and electricaperties of aerospace epoxy resins”

-C. Elizetxea, M. Txaparteqi, A. Iriarte.
Multifunctional layers for safer aircraft compos#teuctures
“AERODAYS 2011”, Sixth European Aeronautics Days,adrid (Spain), 3¢' March-1% April 2011.

-A. Iriarte, M. Chapartegui, C. Elizetxea.
Multifunctional Layers for Safer Aircraft Composi&ructures
“MATCOMP 2011, Girona (Spain), 5-8 July2011.

After the end of LAYSA projects it has been alseganted in a important International forum, JEC Qosite
Show 2012 with the agreement of all the involverdrpas.

-TECNALIA Booth X23.“JEC Composite Show 201227-29" March 2012.
In figure 65 it is showed the brochure of LAYSA jaa distributed among the people who presentgaste
about the project in last JEC show 2012,
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JECeurope

COMPOSITES SHOW & CONFERENCES
PARIS MARCH 27 28 29 2012

Multifunctional Layers for Safer Aircraft
Composite Structures. LAYSA
LAY SA, ACPTGA.2008.213267. 2008.-2011
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Figure 7: LAYSA project brochure for JEC CompoSiteow 2012.

TECNALIA as Technical partner of LAYSA project, hdseen involved in the development of a new
electrothermal heating system based on CNTs buglerpaAs a result of the research carried out iy 8A
project, Maialen Chapartegui has passed her PhBiaation in December 2012 and he has contributdtieén
dissemination of LAYSA project as a result of thefpublications accepted in top ranked Europeamjls:

M. Chapartegui, N. Markaide, S. Florez, C. Elizetxea, M. Fernanda. Santamaria;Specific
rheological and electrical features of carbon narm dispersions in an epoxy matrixComposites
Science and Technology, 70 (2010), p. 879-884.

- M. Chapartegui, N. Markaide, S. Florez, C. Elizetxea, M. Fernand&. Santamaria, Curing of
Epoxy/Carbon Nanotubes Physical Network8bdlymer Engineering & Science 2012.

- M. Chapartegui, S. Florez, C. Elizetxea, M. Fernandez, A. Sant&@and., “Carbon nanotubes
accelerate epoxy resin curing” Society of Plastics Engineers—Plastics Researahling®
10.1002/spepro.003891

- M. Chapartegui, J. Barcena, X. Irastorza, C. Elizetxea, M. Fedean A. Santamaria.Ahalysis of the
conditions to manufacture a MWCNT buckypaper/besiwor nanocomposite’Composites Science
and Technology, 72 (2012), p. 489-497.

- M. Chapartegui, J. Barcena, X. Irastorza, C. Elizetxea, E. FidtnagV. Kostopoulos, A. Santamaria.,
“Manufacturing, characterization and thermal conductivity of epoapd benzoxazine MWOCNT
buckypaper compositesAccepted in May 2012, for Journal of Compositaéials publication.
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ENSCL is involved in WP4 for the dissemination of theules Caroline Gérard was hired by ENSCL to work
for Laysa in the framework of PhD project (her salas paid by Laysa for 3 years). She passed her P
examination in June 2011 and since her dissert&iont confidential, it is now downloadable fronetwebsite
of the library of the University of Lille. It coritrutes then to the dissemination of the Laysa pt@ad it proves
the scientific quality of the results obtained iaysa.

In addition to this, her work has been partialylfaiied in top-ranked journals (other papers angréparation):

-S. Bourbigot, G. Fontaine, A. Gallos, C. Gérard &nBellayer,

FUNCTIONALIZED-CARBON MULTIWALL NANOTUBE AS FLAME RETARDANT FOR POLYLACTIDE,

Fire and Polymers, ACS Symposium Series 1013, EddeWilkie, C.A. et Nelson, G.L, Pub. ACS (2009),
25-34

-C. Gérard, G. Fontaine et S. Bourbigot
NEW TRENDS IN REACTION AND RESISTANCE TO FIRE OF FIRRETARDED EPOXIES
Materials, 3, pp. 4476-4499, 2010

-C. Gérard, G. Fontaine and S. Bourbigot
SYNERGISTIC AND ANTAGONISTIC EFFECTS IN FLAME RETARDANCYOF AN INTUMESCENT EPOXY RESIN
Polymer for Advanced Technologie82(7), pp. 1085-1090 2011

Laysa results have been also presented at intenadtionferences (oral presentations):

-G. Fontaine, C. Gérard, S. Bellayer et S. Bourthigo

FIRE RETARDEDEPOXY RESIN IMPRESSIVE SYNERGISTIC EFFECT ORPP/POSSOMBINATION

«2010' International Symposium on Flame-RetardaMiaterials and Technologies - ISFRMT 2010 »,
Chengdu (China), September 2010

-G. Fontaine, C. Gérard, S. Bellayer et S. Bourbigo

POSSA SYNERGIST FOR EPOXY RESINFIRE RETARDED WITHAPP):MECANISM OF ACTION

«22th BCC Conference - Recent Advances in Flamedrddncy of Polymeric Materials», Vol. 22, 10
pages, Stamford, CT (USA), May 2011

C. Gérard, G. Fontaine et S. Bourbigot
CARBON NANOTUBES FLAME RETARDANTS FOR EPOXY RESINS
«Eurofillers 2011», 6 pages, Dresden (Germany), Asg2011
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4. POTENTIAL IMPACT

The trend in aerospace sector is to use compoiitemore components in civil and military aircrathd
spacecraft. Around 9% of the total composite shipsé Europe (1.540.000 tonnes and 5,2 BEuroysee in
aerospace / defenc€he current trend is to reduce weight, so lightweilgt composite materials have been
increasingly used

However, concentrating solely on structural masisicgon does not lead to further lowering of equémtnmass
because the structure typically represents as &tl10 - 15% of the total mass.

The envisaged solution is to design structural elgs that can integrate multiple functions, knows a
multifunctional structures. The development of ranposites predicts an opportunity to fabricate comemts
with multifunctionality.

Breakthroughs in nanomaterials science, productiorand functionalization are leading to developing new
applications.

In the conventional aircraft, ice protection fupnas, fire protection functions and health monitgriof
composite structures are designed and fabricatedseparate elements; the socio-economic strategact of
nanomaterials technologies that will be investidaite LAYSA project by theintegration of those three
functions (iceffire protection and health monitoring) in an unigue systerrhas one main aspect for aerospace;
nanomaterials technologies open the door to higlopeance, environment-friendly and safer aircogferation

by better exploiting available multifunctionalitptentials derived from their exceptional propertiasterms of
thermal and electrical conductivity and sensingacity.

On one hand, LAYSA outputs are expected to have essial societal impact due to saves in
manufacturing process and fuel consumption as a ceequence of the replacement of three systems by a
unique lighter multifunctional system.

On the other hand, the technologies and toolswhilatesult from this proposal are essential torease the
European market from the current level in the n&@tyears, and they will offer opportunities for the
employment of highly skilled professionals. This uld contribute in solving of heavy societal probfem
interconnected with the high unemployment in Europe

Summarizing, a successful LAYSA project will ensarestrong strategic impact and will have clear &oci
Economic benefits within the next five to ten yelayscontributing to:

= Enhance European aeronautic industry competitigenes

= Enhance European employment

= Meet societal needs for more environmental friensthfer and efficient air transport.

» Meet societal needs for more environmental frienslifer and efficient manufacturing

* Innovation related activities

The limitations of composite structures for thernedectrical and fire performance have been a daawtio
extend its use in many applications. LAYSA projaghs to develop a novel nhanocomposite multifunetion
layer to be integrated into composite structureth veiombined properties in terms of electrical /riha
conductivity, fire protection and sensing capaietit This will be developed by exploiting the captds
offered by Nanomaterials MMs, specially Carbon Nabhes CNTs and Carbon Nanofibres CNFs. Low volume
additions of those materials (1-5%) provide properhhancements with respect to the neat resin ahet
comparable to that achieved by conventional loadwigtraditional fillers (15-40%), even unique valadded
properties not normally possible with traditiondlefs are also observed, such as reduced pernitgatailored
biodegradability, optical clarity, self-passivatiand flammability, oxidation and ablation resistanin addition,
the lower loading facilitate processing and redtm®ponent weight increase.

The expansion of these unique opportunities reguire development of some relevant aspects susthitable
dispersion and orientation of NMs in the matrix aadstrong bonding between them, incorporation and
alignment of such structured NM assemblies into musite materials, and design of those materiaiangaikito
account the integration of different functionalitie

Although several final applications are predictedrfianocomposites and different groups are workimghem,
currently there are no composite products in thekaetavith nanocomposite technology Incorporated.
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The main innovations of LAYSA project reside in:
= A nanocomposite layer with proper electrical anertal conductivity for ice protection, improvedefir
behaviour and intrinsic sensing capabilities faxltfemonitoring.
e Development of modeling tools to analyze and desigivel multifunctional layers based on

Nanomaterials

* Integration of multifunctional layer in compositieuetures.

fillers into the matrix.

properties of the resin itself.
Chemical reformulation of the resjn
only achieves a partial improvement
of fire properties. Combination wit
other method is required.

reduction

Health monitoring

composite structure.

Fiber optic diameter in many casgs

optical signal conversion modules | «

The new integrated system does

It will be possible a continuous heal

Current methods Technical limitations and issues LA'SA improvement

Ice protection » Additional temperature sensors gre Temperature sensors are nof

required. required, because of self-sensing

Electrothermal system, whefe They add laborious operations and capability of the layer.

heat is applied by flexible pads manufacturing complexity durings Important saves due gimplification

adhesively bonded on the the component manufacturing. of manufacturing processes and

surface of composite structure, They require intense inspection ahd maintenance operations

or molding heating element maintenance to make sure that they No  aerodynamic  performance

(foil, film, resistance wire of  will function properly during| penalties

mesh) into the surface of the precarious phases. « Important weight reduction due to

composite  structure  during. |mportant weight increase (12 eliminaton of heavy heating

manufacturing process. kg/m2), electric power consumptign elements. Possibility of heating all
(11-49 kW/m2) and aerodynamjc aircraft composite structures
performance penalty. For that, it i Element bournout is not of concern
not possible to use for all aircrdft because of improvement of fire
composite structures. resistance

» Element burnout is of concern since Reduction in power consumption

no regulation exist and failure {s due to unsurpassable current density
total. of considered nanomaterials

Fire protection » The barrier coatings must be With respect to all methods,

periodically inspected, repaired and improved fire behaviour.

* Use of additional thermgl maintained in very good conditions With respect to barrier coatings,
barrier coatings on the in order to maintain theif important saves due to simplificatign
structures. effectiveness. of manufacturing processes anpd

e Chemical reformulation of ¢ The fillers have in many cases maintenance operations
matrix. negative  influence  on  thee With respect to fillers, easiness pf

« Addition of additves and processability and mechanical manufacturing process and weight

hot

acts as stress concentration sjte, have any detrimental effect on the
Fiber optic or piezoelectric gives low strength at fiber-splicin structure and does not suffer by
sensors embedded into the locations, and they need for electio- fatigue related problems.

th

» Piezoelectric sensors have Ilgw and usage monitoring and self-
induced strain capability, hig inspection; summarizing, dsmart
density, brittleness and limit maintenance" will be achieved.
fatigue life.

* Added value in carrying out the project at Europeanlevel

The proposed technology implies a multi-disciplinapproach, within the collaboration of electriealgineers,
icing and sensing technologies experts, fundameetsgarchers in nanocomposite technologies, as agell
composite structure designers and manufacturerdre&ding the technology needs of future aircrafesy
design approach has been proposed with LAYSA f@ravement composite structures safety and sedurity
terms of ice and fire protection, as well as heaitinitoring. Therefore, the frame of an STREP piojeithin a
multidisciplinary integrated team is perfect to tgat all the skills needed to validate new concédjtat
competent integrated team offers for the LAYSA kg advantage to cover all technical fields invdhie such
a technology with materials experts, engineeringeets, design experts, manufacturing experts, nggsti
capabilities, promoting and diffusion services.
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The effort needed to meet the techno-economic taigfeLAYSA could not be carried out on a natiotelel
because:

» Specific knowledge on electrical-thermal-fire- sagsbehaviour of nanocomposite materials, as well a
icing technologies is dispersed in different Euapeentres involved in R& D activities (TEC-INAS,
SICOMP, CNRS-CRPP, University of Patras, University.ille, University of Cranfield, University of
Pau-CANBIO) located in several European countries.

» Sectors selected reflect also main industrial aciar the various countries as HUNTSMAN and
Advanced Composite Group for raw material manufaecty INASCO as sensors technology supplier,
ARIES COMPLEX as aircraft part manufacturer and ABFOVA as end-user.

The multinational approach has two clear advantages
* Provide the critical mass of researchers —expertd® technological fields needed for LAYSA
* The joint added value of the partners togethergkdr that the added value of each individual partn

* Individual Exploitation and Dissemination Strategy
Each partner has their own specific strategy tdaitxand disseminate the results of the project:

TECNALIA

It is anticipated that the knowledge gained in LAY®Ill strengthen our position as a niche technglpgpvider
in the nano-materials area and especially in tharaced and modern processing techniques. In additie
expertise gained will allow us to widen our offerdther markets and other customers. TEC-INASter@sted
in watching out for possible patents or IPR tottryexploit them through our incubator NAHISA orttansfer
the technology developed under LAYSA on new secsoich as railway or windmill blades. An exploitatio
plan is envisaged along the project.

SICOMP

The focus for SICOMP will be on exploiting the krledge from this project into profitable products tbeir
customers. This project will strengthen scientkitowledge and development capabilities on nanoA@olgy
and functionalized materials and lead to increasad of consultancy services on processing andymlexfi
functionalized composites and nanotechnology iregdn An estimated value of these consultancy sesvis
400 k€ during a two-year period. Based on previexgserience, their consultancy services will incestseir
customers’ sales approximately 10 times their sa&e4 M€.

SICOMP plans to market the acquired competenceittimy customers in the industrial sectors of apaze,
automotive and electrotechnical industry. New cunghis and industrial sectors will be identified dgrithe
duration of the project.

CNRS-CRPP

CNRS-CRPP plans to disseminate the results of tbiegt for the exploitation of carbon nanotube rmiitires

in aerospace applications. This way, it is expedtet CNRS-CRPP will be able to provide a European
industrial turnkey solution based on the use obaarnanotubes in smart composites within 3 yeann fine
project end. Collaboration with LAYSA partners isvisaged to be essential for the success of CNRBFCR
exploitation plan.

UNIVERSITY OF PATRAS
UP’s plans for dissemination and exploitation are ds\is:

1) Presentations and publications at dedicated sesjioanferences and workshops

2) Publications in recognised national and internaigournals.

3) Collaboration with SMEs involved in the monitoritmysiness as well as with larger industries and
public authorities looking at the application oivdped tools in their structures and systems.

UNIVERSITY OF LILLE

It is expected that LAYSA project will reinforce oexpertise in the field of multifunctional nanocposite-
based materials. LAYSA project should also permitdevelop new collaborations between laboratorig$s a
industrial partners to share our knowledge and msmpee. UOLI will disseminate the information conueag
the LAYSA activities via lecturing, seminars anchtaxcts with local media, promote local developmemtsa
broad scale on conferences and workshops, andhgvstiientific notes and design guidance, and patiiics,
and play a visible role in the global developmerthe LAY SA participation in appropriate workingayms.
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UNIVERSITY OF CRANFIELD

We will use this opportunity to train a studentis growing and highly interdisiplinary area. Tj®ject will

bring thgether workers in two schools and reinfagesting links with the Cavendish Laboratories rf@aidge
University) assembling a wide range of capabilitgl &knowledge. We will be able to publish some @&f work

and expect to use the knowledge and momentum gainedrk on further developments in the applicatidn
nanocomposites to a broad range of applications.

INASCO

INASCO’s expertise in monitoring and control systemanges from the material-state based control in
composites processing to the prognostic and didgntschnologies for structural health monitoring.is
anticipated that the technologies of CNT sensanséhars to be developed within LAYSA will complentemd
enhance the commercial sensor technology as weheis monitoring and control systems and applyrttie
more complex parts and in various sectors. Sciergifblications and presentations are also envisagee the
technology is safeguarded through patents and IPR’'sa longer term, the implementation of LAYSA
technology will significant boost the sales of therrently available dielectric monitoring system time
aerospace sector by expanding the application rangethe versatility of the sensing. The direchawer
increase could be in the area of 500 kEuro oveioayear period after the implementation

UNIVERSITY OF PAU-CANBIO

It is expected that LAYSA project will reinforce oexpertise in the field of multifunctional nanocposite-
based materials, especially those based on carlamotubes. LAYSA project should also permit the
development of new collaborations between laboiedoand industrial partners to share our knowledge,
experience and tools. Canbio will disseminate tifermation concerning the LAYSA activities via leahg,
seminars and contacts with local media, promotalloevelopments on a broad scale on conferences and
workshops, and writing scientific notes and degigidance, and publications, and play a visible inl¢he
global development of the LAYSA participation inpappriate working groups.

ADVANCED COMPOSITE GROUP

ACG has built its business on developing unique iandvative resin systems which will be leveragedhis
project to solve processing difficulties and topde a high-performance, cost-effective polymernwragolution
for the aerospace market application. Followingnfrthis development, exploitation of the technoldgy
anticipated from direct sales within the aerospesemunity and from transfer of the technology tbeot
markets including: construction, automotive andrgpénfrastructure.

HUNTSMAN

Since years and with major success, HUNTSMAN presi€@omposite world with building blocks (individual
components —resins, hardeners, toughners...etc -fofoiulators) and/or formulations (adhesives, dtrat
matrices for prepregs, direct process ...etc).

Expertise gained participating to this Aerospacejgut will allow HUNTSMAN to promote “nanomaterials
modified specialty epoxy resins” technology in sevether major markets for which requirementsracee and
more close to Aerospace ones : Windmill, Marinetofnotive ...

As an epoxy resin manufacturer, HUNTSMAN aims tealep the use of epoxy resins and hope to increase
market shares proposing on the market unique dpe@eoducts based on the nanomaterial technology
developed during this Laysa program.

ARIES COMPLEX

The idea with respect to the LAYSA project is togaice the knowledge in the field of multifunctional
nanocomposite-based materials, especially thoseedbam carbon nanotubes in order to know their
characteristics to be able to make structural desigth these new materials and to apply theseskirfidiesigns

to our final products. This project will also petrtiie establishment of new collaborations betweriveisities,
Technological, Centers and our company.

AERNNOVA
The LAYSA project targets contribute to the stragsgof AERNNOVA whose strategy is focused on laagd
complex structures by providing the right tool tdsnit winning proposals.
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LAY SA Project Results

No. Self-descriptive title of the result Category* Partner(s) owning the result(s) (referring in particular to
specific patents, copyrights, etc.) & involved inheir further
use
OWNER USER
1 Production of CNTs fibres B CNRS-CRPP ALL
2 Production of accurate dispersions of nanoredefiments B CANBIO ALL
3 Production of nanoreinforced resin films B ACG AL
4 Production of nanoreinforced gelcoats B HUNTSMAN ALL
5 Production of Buckypapers B TECNALIA ALL
6 Sensing capability measuring protocol B INASCO LAL
7 Models for electrothermal, fire resistance, semsind B UP ALL
multifunctional behaviour.
8 Setting-up of processing technologies:
-Resin Transfer Technology (RTM) B SICOMP ALL
-Autoclave ARICOM, TECNALIA
9 Guidelines for multilayer composite parts mantifang B AES, ARICOM, SICOMP and ALL
TECNALIA

* A: results usable outside the consortium / Buhlssusable within the consortium / C: non usabkrults
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5.

THE ADDRESS OF THE PROJECT PUBLIC WEBSITE

Creation and maintenance of the project website:

www.laysa.eu

which includes the updated information of the prbje

The website is divided in two different areas, doe public dissemination of the project and, the
second one, only for project members.

MULTIFUNCTIONAL LAYERS FO

LAYSA is aresearch project founded by the
European Commission. Itis a small or
medium-scale focused research project
within the 7th Framework Programme,
Theme 7; TRANSPORT (including AERON-
AUTICS)

SAFER AIRCRAFT COMPOSITE STRUCTURES

Based on needs to provide an efficient
safety and security system for aircraft
composite structures, the main objective
of LAYSA projectis to establish the
scientific and techneological basis for the
development of a new multifunctional

"

SEVENTH FRAMEWORK
PROGRAMME

2l INASMET-Tecnalia presented LAYSA
project at EURONANCFORUM 2008 in
Prague

INASMET-Tecnalia presented
the LAYSA project at the EC organised
EURCNANOFORUM conference...

user| |

pasword |

Figure 2: Website of the LAY SA project.
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ANNEX A: Project Member Contact List

ACP7-GA-2008-213267

LAYSA PROJECT CONTACT LIST

LAYSA

(UP)

Department of Mechanical
Engineering and Aeronautics
Panepistimioiupolis-Rion
26500 Patras (Greece)

I_ Company Name Adress Telephone Fax E-mail Web Site
—
European Commission Pablo PEREZ-ILLANA DG Research - Unit H3 AERONAUTICS 3222984928 3222964299 rez- I http://ec.europa.eu
Office: CDMA 04/127
B-1049 Brussels (Belgium)
European Commission Evelyne GRANATA-LUBAC |DG Research and Innovation 3222966751 3222992110 velyne.granata-I I http://ec.europa.eu
Unit Administration and Finances (DG RTD/H4)
Legal Officer - Negotiator CDMA 4/53
Rue Champ de Mars, 21,
|B-1049 Brussels, Belgique
[Tecnalia Cristina ELIZETXEA Paseo Mikeletegi, 2 946 430 850 cristina.elizetxea@tecnalia.com (www.tecnalia.com
(Tec-Inas) 2009 San Sebastian (Spain)
[Tecnalia Maialen TXAPARTEGI Paseo Mikeletegi, 2 946 430 850 ial i (www.tecnalia.com
(Tec-Inas) 2009 San Sebastian (Spain)
INASMET-Tecnalia Aroa IRIARTE Paseo Mikeletegi, 2 946 430 850 aroa.iriarte@tecnalia.com www.tecnalia.com
(Tec-Inas) 2009 San Sebastian (Spain)
[Tecnalia Guadalupe LOBO Paseo Mikeletegi, 2 946 430 850 lguadalupe.lobo@tecnalia.com (www.tecnalia.com
(Tec-Inas) 2009 San Sebastian (Spain)
SWEREA SICOMP AB Patrik FERNBERG P.O Pox 271, SE-941 26 Pited (Sweden) 46 911 744 18 46 911 744 99 i I I www.swereasicomp.se
(SICOMP) Visitors: Fibervigen2, 943 33 Ojebyn
SWEREA SICOMP AB Jonas ENGSTROM P.O Pox 271, SE-941 26 Pited (Sweden) 46 911 744 19 46 911 744 99 jonas.k.engstrom@swerea.se www.swereasicomp.se
(SICOMP) Visitors: Fibervdgen2, 943 33 Ojebyn
Centre de la Recherche Philippe POULIN Avenue du Dr. Schweitzer, 115 3355684 3028 33 55684 5600 i rpp-| rs.fi (www.crpp.u-bordeaux.fr
Paul Pascal-CNRS 33600 Pessac 33 5 5684 5656
Centre de la Recherche Valerie DENIS-LUTARD Avenue du Dr. Schweitzer, 115 3355684 3028 3355684 5600 |[poulin@crpp-bordeaux.cnrs.fr [ www.crpp.u-bordeaux.fr
Paul Pascal-CNRS 33600 Pessac 33 55684 5656
(CNRS-CRPP) (France)
University of Patras Vassilis KOSTOPOULOS University Campus 302610 997 237 30 2610 969 417 |kostopoulos@mech.upatras.gr http://aml.mech.upatras.gr
(UP) Department of Mechanical 302610 997 234
Engineering and Aeronautics
Panepistimioiupolis-Rion
26500 Patras (Greece)
University of Patras Eleni FIAMEGKOU University Campus i I r http://aml.mech.upatras.gr

Ecole Nationale
Superieure de Chimie
de Lille

(ENSCL)

Serge BOURBIGOT

Laboratoire des Procédés d'Elaboration
des Revétements Fonctionnels
(PERF)-LSPES-UMR CNRS 8008

Cité Scientigique, Batiment C7

Avenue Mendeleiev-B.P. 90108

F-59652 Villeneuve d'Ascg cedex (France)

33320434888

33320436584

serge.bourbigot@ensc-lille.fr

www.ensc-lille.fr

Ecole Nationale
Superieure de Chimie
de Lille

(ENSCL)

Gaélle FONTAINE

Laboratoire des Procédés d'Elaboration
des Revétements Fonctionnels
(PERF)-LSPES-UMR CNRS 8008

Cité Scientigique, Batiment C7

Avenue Mendeleiev-B.P. 90108

F-59652 Villeneuve d'Ascq cedex (France)

33320434925

gaelle.fontaine@ensc-lille.fr

www.ensc-lille.fr

Ecole Nationale
Superieure de Chimie
de Lille

(ENSCL)

Caroline GERARD

Laboratoire des Procédés d'Elaboration
des Revétements Fonctionnels
(PERF)-LSPES-UMR CNRS 8008

Cité Scientigique, Batiment C7

Avenue Mendeleiev-B.P. 90108

F-59652 Villeneuve d'Ascq cedex (France)

33320337110

University of Cranfield
(CU)

David HAMMOND

College Road
CRANFIELD-BEDFORDSHIRE
MK43 0AL (United Kingdom)

44 123 475 4651

44 123 475 4566

D.W.Hammond@cranfield.ac.uk

University of Cranfield
(CU)

Omid GOHARDANI

College Road
CRANFIELD-BEDFORDSHIRE
MK43 0AL (United Kingdom)

Integrated Aerospace

(INASCO)

Sciences Corporation O.E.

Christos KOIMTZOGLOU

Napoleontos Zerva Road, 18
16675 Glyfada Athina
(Greece)

30210 99 43 427

3021099 61 019

c.koimtzoglou@inasco.com

www.inasco.com

UPPA-CANBIO

Nour-Eddine EL BOUNIA

Helioparc Pau Pyrennés
Avenue P. Angot, 2
64053 Pau Cedex (France)

3359407710

33 609 326 502

nour-eddine.el-bounia@arkemagroup.cf

www.univ-pau.fr

AERONAUTICA SL
(ARICOM)

Parque Tecnoldgico de Boecillo 8 a17
47151 Boecillo (Spain)

UPPA-CANBIO Sandrine ANDRE Helioparc Pau Pyrennés i I - T
Avenue P. Angot, 2
64053 Pau Cedex (France)
[Advanced Composites Quentin FONTANA Composites House 44 1773 766200 44 1773 530245 |[QFontana@acg.co.uk WWW.acg.co.uk
(Group Heanor Gate Industrial Estate Mobile: 07977
(ACG) Heanor, Derbyshire 466034
DE75 7SP (United Kingdom)
(Advanced Composites Shuaijin CARREYETTE Composites House scarrayette@acg.co.uk www.huntsman.com
(Group Heanor Gate Industrial Estate
(ACG) Heanor, Derbyshire
HUNTSMAN Kenneth SCOBBIE K401.2-37 41 61 966 28 48 4161966 45 66 |kenneth_scobbie@huntsman.com www.huntsman.com
(HUN) Klybeckstrasse, 200
4057 Basel (Switerland)
[ARIES COMPLEX Ester PORRAS Calle Jerémino Mufioz 34 91 806 44 62 34 91 806 44 53 r.port iturri www.ariecomplex.com

[ARIES COMPLEX
[AERONAUTICA SL

Alfonso DE BENITO

Avenida de la Industria
Tres Cantos 19

34 91 806 44 62

3491 806 44 53

Alfonso.deBenito@aciturri.com

www.ariesompOlex.com

01510 Mifiano Menor, Alava Spain)

(ARICOM) 28760 Tres Cantos (Spain)

[AERNNOVA Juana VALER Parque Tecnoldgico de Alava 34 945 185 736 34 945 185 685  [juana.valer@aernnova.com [ www.aerrnnova.com
(AES) ¢/ Leonardo da Vinci, 13

- 01510 Mifiano Menor, Alava (Spain)

[AERNNOVA Igor OTERO Parque Tecnoldgico de Alava 34 945 815 744 34 945 185 685  |igor.otert i Www.aernnova.com
(AES) ¢/ Leonardo da Vinci, 13
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