&2 CUSTOMISIZE LEITAT

managing technologies

PLASMA TREATMENT OF BIO-BASED AND RECYCLED
FIBRES TO IMPROVE FIBRE-MATRIX INTERFACIAL

ADHESION IN COMPOSITES

Terrassa, 8t October 2019

Ruth Garcia Campa
rearcia@leitat.org

Surface Technologies Unit

R&D Advanced Materials Division

This project has received funding from the Clean Sky 2 Joint Undertaking under the European Union’s Horizon 2020 research and innovation programme under grant agreement No

831858. This publication reflects only the author’s views and the European Union is not liable for any use that may be made of the information contained therein.” Clean Sky?2



mailto:rgarcia@leitat.org

LEITAT Introduction 2

managing technologies CUSTOM|§|ZE

Plasma is a partially ionized gas composed of electrons, ions, photons, atoms and molecules, with negative
global electric charge

| | Atmospheric pressure plasma

Low pressure plasma

This project has received funding from the Clean Sky 2 Joint Undertaking under the European Union’s Horizon 2020
research and innovation programme under grant agreement No 831858. This publication reflects only the author’s
views and the European Union is not liable for any use that may be made of the information contained therein.”

Clean Sky»



LEITAT Introduction 2

managing technologies CUSTONHMZE

Plasma technology is used for surface functionalization of different materials. The reactive species interact
with the first nanometers of the material surface, without affecting the bulk properties.

Functionalization by Plasma Treatment
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Adhesion mechanisms Advantages of plasma technology
 Removal of surface contaminants No water No wastewater
= Enhanced fibre-resin contact consumption effluents

O Increased fibre surface roughness
= Higher surface area

O Increased surface energy
" Promote wetting of fibres by resin

Well-controlled
O Deposition of functional groups onto and reproducible

the fibre surface: technique
= Promote covalent bonding
between fibre and resin

O Deposition of functional nano-coatings
as sizing

Very low or null No drying and
chemicals consumption curing processes
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Leitat expertise in plasma technology m

ECO-COMPASS: Plasma treatments applied to eco-composites
H2020-MG, 2016-2019.

REPAIR3D: Plasma onto chopped and continuous rCF for smart recycling in AM applications
H2020-NMBP, 2019-2022.

BIOCON-CO2: Plasma treatments for promoting adhesion and growth of catalytic biofilms,
H2020-Biotech, 2018-2021.

GREEN-INSTRUCT: Surface modification of recycled fibers for composites,
H2020-EeB, 2016-20109.

ELSAH: Plasma treatments for improving adhesion and homogeneity of printed inks
H2020-ICT, 2019-2022.

PRESTIGE: Plasma treatments for printed functional materials into consumer goods
H2020-NMBP, 2017-2019.

APOLO: Plasma treatments for smart and printed Perovskite Solar Cells
H2020-LCE, 2018-2020.
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The main objective of ECO-COMPASS is to develop and assess multifunctional and ecologically improved
composites from bio-sourced and recycled materials for application in aircraft secondary structures and interior.

Composites used in aviation today are mainly:
= Carbon-fibre Reinforced Plastics (CFRP) for fuselage, wings, etc. Man-made

= Glass-fibre Reinforced Plastics (GFRP) for interior. Energy-intensive in production

Materials used in an airframe of a modern aircraft, the Airbus A350:

CFRP Composites Aluminium Titanium  Steel Miscellaneous

This project has received funding from the Clean Sky 2 Joint Undertaking under the European Union’s Horizon 2020
research and innovation programme under grant agreement No 831858. This publication reflects only the author’s
views and the European Union is not liable for any use that may be made of the information contained therein.”

Clean Sky»




LEITET ECO-COMPASS project =

managing technologies

The consortium

MANCHESTER \
AIRBUS .,/4#
GROUP — o DLR
INNOVATIONS

drving science /.

@ meaqi:ii .\

University of Patras

LeTar |l

managing technologies

Laboratory of Technology
& Strengih of Meterials

This project has received funding from the Clean Sky 2 Joint Undertaking under the European Union’s Horizon 2020
research and innovation programme under grant agreement No 831858. This publication reflects only the author’s
views and the European Union is not liable for any use that may be made of the information contained therein.”

Clean Sky»

K

iﬁﬁ!ﬁngnsmsu

(| PRIEER NI L RDARAELT

{A\ o/ AVC 0'AN ARCRAET DOSTRY|GPOLPCONPANY LT,

e R TR
DS & AVIC HAIG

& nuenmmmraan

</ aviccomposare corroration 110

@ ruamynEREELD

CNITECH
TN
@@ N7 L eNsliEEmas
?g‘lﬁl‘} Shanghai Aircraft Manufacturing Co. Ltd.




LEITAT ECO-COMPASS project ol

Recycled and bio-fibres have been studied for the development of ecological improved composites. However,
the adhesion between fibres and matrix is lower.

CARBON FIBRES
= Highest specific modulus and strength;

= High temperature resistance, chemical inertness and high damping.

The production process is complex and energy intensive. Recycled carbon fibres (rCF) become more and
more available, but during the pyrolysis route the sizing is lost.

FLAX FIBRES
= High tensile strength;
= Good specific stiffness, comparable to glass-fibres;

= Acoustic and thermal damping.
The low interfacial adhesion with the resin leads to low mechanical performance.
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The process
@ 2 3 O 5

Loose fibres Nonwoven manufacturing Plasma treatment Composite manufacturing Mechanical testing

RO

VvCF with sizing

rCF without
sizing

=  Low pressure plasma.

= Air or oxygen. =  Vacuum bag technique

=  300-900W. =  Bio-based epoxy resin

=  5-10 min. =  Number of layers: 6 — 8

= Maximum sample size: =  Composite thickness: 3 =4 mm
205x300 mm

Flax fibres
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The results

rCF without sizing Flax fibres

Untreated fibres
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Plasma treated fibres

SEl 10kV WD11mm SS30 S5um —— SEl 10kV WD8Bmm SS10 x2.000 10pm  —
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The results
Kriiss K100 MK2 tensiometer UNE EN ISO 9073-6
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The result
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Conclusion

* New eco-composites have been developed by combining bio-fibres and recycled fibres with bio-based resins;

* The effect of plasma treatments to fibre-matrix adhesion has been studied:

Carbon Fibres Flax Fibres

* The original sizing improves the compatibility with the * The untreated flax fibres already presented good
epoxy resin; compatibility with the resin;

* The recycled fibres without sizing were meant to improve * Plasma treatments have increased the water absorption
their mechanical performance by being plasma-treated; capacity;

* Plasma treatments have increased significantly the water * Plasma treatments have improved the flexural properties
absorption capacity; of FF-reinforced composites;

* Plasma treatments have improved the flexural properties * The moisture content of the fibres negatively affects the
of rCF-reinforced composites; effectiveness of plasma treatments, and therefore is

»  The conductive nature of CF makes it necessary to avoid necessary to dry the fibres before the treatment.

any contact point between fibres and electrodes.

This project has received funding from the Clean Sky 2 Joint Undertaking under the European Union’s Horizon 2020
research and innovation programme under grant agreement No 831858. This publication reflects only the author’s
views and the European Union is not liable for any use that may be made of the information contained therein.”

Clean Sky»



|l|“””””“““"
""|||||||||||||1I|“’

CUSTOMISIZE

LEITET

rearcia@leitat.org



mailto:rgarcia@leitat.org

