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Matrix of composite materials:

- 70-80% of the matrix in composite materials are thermoset, provide the highest
performance characteristics

But, Limited Recyclability, Difficult to Repair, Complex Manufacturing, and Disposal Issues




SUBHYCO

Vitrimers — The miracle polymer materials

Innovations led to an advanced thermoset polymers with 3R properties.

July 12, 2024

Montarnal et al. (2011) infroduced covalent adaptative networks (CANs), so called vitrimers,

The dynamic covalent bonds of vitrimers when exposed to a certain stimulus, usually heat, making the
network of the vitrimers adaptable, healable, and recyclable.
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Thermoset

composites

Aerostructures

Mechanical testing
and 3-R validations

Commerciallyavailable /

Reparability
Reprocessability
Recyclability
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Vitrimers polymer can be used in replacement of ordinary thermosets
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SUBHYCO - Particular objectives

Ll Definition of a toughness — based approach to assess the self-healing properties of claimed self-
healing vitrimer polymers. We propose a methodology based on fracture tests (DCB, SENB) to assess

quantitatively self-healing.

il Characterization of sustainable composites reinforced with natural fibres.
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SUBHYCO - Particular objectives

Ll Development of a highly damping hybrid composite with glass and natural fibre reinforcements for
wind furbines and the automotive sector.

il Development of hybrid composite with recycled carbon fibres and natural fibres.
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Self Healing of vitrimers

= Up to date, there isn't a standard method to implement or assess self healing property of vitrimers

@ This involves measuring the fraction or percentage of mechanical properties that have been restored
by the self-healing under (Static, Fatigue , and/or Impact Damage).

@ This fraction or percentage called the repair/healing efficiency concept.

Property valuepeaieq
Property value;piai

Healing efficiency = 100 x
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INn our work:

Time, temperature, and pressure dependence of self-healing in vitrimers. Based on the recovery of
mode | fracture toughness using DCB and SENB.

For this purpose, we have designed and manufacturing a steel mold for samples healing.
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(a) with piano hinges (b) with loading blocks
Double Cantilever Beam Specimen

ASTM D 5528 ASTM D 2045
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Preparation of DCB specimens of vVGFRP

Vaccum bag Flo\y aid mesh Peel ply

Rigid mould Fibre preform

The vitrimer is a disulfide-containing epoxy produced by Cidetec (Donostia-San S
Sebastian, Spain), which holds the patent for it. UdG LI !
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Measurement of interlaminar fracture toughness

I The calculations of interlaminar fracture toughness for the pristine and healed samples was performed
According to standard ASTM D 5528.
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Preparation Delamination healing
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Healing Cycle

SUBHYCO

(ed|Al) @4nssaad 10e3UO0)

o~ — o

250

200

150
0

(Ds) @4mesadwsa]

0
50
0

20 30 40 50 60 70 80 90 100 110 120
Time (min.)

10

L |-




SUBHYCO July 12, 2024

The healing conditions were selected with the support of the reprocessing map developed by
Sanchez-Rodriguez et al. 2023.

Temperature was fixed at 200 °C and Pressure was fixed at 3 MPa, while the fimes explored were 300,
2000, and 4500 sec. At least three specimens per batch were tested.
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reprocessability maps for vitrimers considering thermal degradation and thermal gradients. Polymer Degradation and Stability, 217,
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For DCB test

First batch
Healing condition: 200°C, 3 MPa, 300 sec

Second batch
Healing condition: 200°C, 3 MPa, 2000 sec
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Third batch
Healing condifion: 200°C, 3 MPa, 4500 sec
400
T 300 Healing efficiency = 61.22 %
200
=
0 100
© 0
G3 G6 G9
Specimen
m Pristine mHealed
—Pristine —Healed
40
230
o020
—10
0
10 20 30 40
Extension (mm)

—»—(0.1%) tolerable degradation

—o—(1%) tolerable degradation

—o—(5%) tolerable degradation

——The stress relaxation curves

- — -The stess relaxation curves depending on laminate thickness
® Healing time for each batch

250

225 -

200 - =
©
S Q.
S 1754 >
— o
(&}
N
150 - >
125 -
100
1071
o
UudG l‘ ! 20

——




SUBHYCO July 12, 2024

On the other hand, for assessing the self-healing of plain vitrimers, fracture toughness was measured
using single—edge notched bending (SENB) Occording to ASTM D 5045

_J J M |

21




SUBHYCO July 12, 2024

According to ASTM D5045

For SENB test

Force (N)

0 0.5 1 1.5
Displacement (mm)

K. (MPa. mA(1/2)) 3.34

Gye (KJ. MA-2) 6.37

The Plane-strain fracture toughness (K<) and fracture

energy (G.) were determined.
ac | !
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Healing mold for SENB Samples
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Conclusion

July 12, 2024

The healing efficiency for the healed DCB specimens healed for 2000 and 4500 seconds were more
than 60%.

o Increasing the time allows higher chain diffusion and improves healablilty at the delamination surface.

@ This work will deepen the understanding of the self-healing phenomena and will guide the definition of
suitable thermal stories for the repair of plain/pure vitrimers, or vitrimer-reinforced composite.
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Future work

& Try to reach a stable crack propagation with the SENB test, through apply a natural crack and
change specimen dimensions.

& Characterization of sustainable composites reinforced with UD natural fibres.

il Development of a hybrid composite with glass and natural fibre reinforcements for wind turbines and
the automotive sector.

i Development of hybrid composite with recycled carbon fibres and natural fibres.
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