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Q These limitations are associated with the chemical process of resin crosslinking:
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Solutions that are being investigated:

1. Reduction of crosslinking times
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VITRIMER (Leibler, 2011)
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Approach addressed in CIDETEC in 2013:

Dynamic epoxy system based on the exchange of aromatic disulfides:
e Simple synthesis

e Commercial raw materials

Hypothesis:

on When T < Tqg: properties of thermoset resin

4 Resina epoxi
tradicional

When T > Tg+80°C: Flexible, processability similar
to thermoplastic resins.
Therefore, it would provide the composite material
with new functionalities:
* Reprocesable
- Recyclable 3R Concept
cpo ” « Repairable

dinamica
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Thermoforming
of cured flat laminate

« Reprocesability

Rear seat support

Gonvarri

2 B a0 S OMPO |saf|t@c|

(2015-2017)

Recyclability 9 SEGULA Repairability
g cidetec> (D|AIMPLAS ]
Two possible ways: Repair of delaminations and
« Chemical dissolution of resin resin microcracks applying P
« Grinding and reprocessing and T over damaged area
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Objective:
and to manufacture the

demonstrator by

through grinding and reprocessing

Definition of
grinding
3R I process
hermoforming
3R
Recycling
Laminate . -
manufacture and (mechanical) Definition of
characterization compression

|

|

|
\4

Experimental part and results

Thermoforming

|

|

|

|

|

|

|

I moulding
I v process
|

|

|

|

|

|

- simulation
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Simulation
Calculus by
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@-\ Main aspects: viscosity, dynamic properties o

= ok —wc | DMA test: Evolution of the
relaxation module when

applying 1% of deformation
on a cured specimen
Epoxy resin: DGEBA for RTM

Dynamic hardener: 2-Aminophenyl disulfide " 5 i -
Curing cycle: 3h @ 150°C (105 < Tg < 115°C) Time (5

Final mould and \ A /
' -Thermoformln-
cale mould and \ FEM simulation B S

demonstrators supported by Laminate manufacture (RTM
1. IR heating the laminate @ 210°C thermoforming simulation
2. Compression @ 20-45bar&1min}] § ;

G(1)/G

Thermoforming cycle:

Experimental part and results

h : 3R
3. Cooling & demoulding below Tg Mechanical properties ~ Standard _
- composite
™M
Tensile Strength (MPa) 915424
ISO 527-4
Young's Modulus (GPa) 74,735
Flexural Strength (MPa) 832157
ISO 14125
Flexural Modulus (GPa) 50,0+2,6
Carbon fabric: HS, 3K, twill 2x2, 200g/m? 7
CUNTTDCINTTAT FVC: 50%
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Gonvarri

sie  Steel Services
3

manactured with different

moulding
. . . process
grinding size v

) .

e Grinding

- machine

)

()

- 5-10 mm <2 mm
g Defipit;pn of

5 process

H -

E 3R Study of compression parametres
Qo Recycling

= o , - (mechanical)

S Characterization of laminates RIS o Definition of

C characterization compression
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Optimum compression parametres:
200 bar @ 200°C & 10 min

™

5-10 mm 2-5 mm <2 mm

3R composite

Properties Standard E10mm 25mm  <2mm

Flexural trength (Mpa) ISO 108+13 95+8 12648
Flexural Modulus (GPa) 14125 22,0+15 15,2+2,3 16,8+0,9 8
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Objective:

to manufacture the demonstrator by autoclave

through chemical dissolution of the resin

3R
Prepreg

3R
Recycling
(chemical)

Experimental part and results

3.
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3.

i fsrtudy of different formulations.

Main aspects:
viscosity, flow, tackiness

Epoxy resin: DGEBA for prepregging
Dynamic hardener: 4-Aminophenyl disulfide & 2-Aminophenyl disulfide
Curing cycle: 2,5h @ 180°C (130 < Tg < 140°C)

2 h @125°C (90 < Tg < 100°C
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5. NDT inspection

\—i-r

Prepreg

resma
cuchllla

prepreg
@ N

tejido

Knife system

‘-’ \

FVC: 45%,

3. Curing in autoclave 4. Demoulding Properties

Tensile Strength (MPa)
Compression Strength (MPa)
Compression Modulus (GPa)
Interlaminar Shear Strength (MPa)
Fracture Toughness GIIC (KJ/m2)

Standard
UNE-EN 2561

DIN-EN- 2850

UNE-EN 2563
ASTM D-7905

3R composite
583,4+46,4
140,0+6,7
26,5+1,3
47,3124
0,97+0,11
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|53flt9C| éirst fracture toughness test on 3R specimen

_____________ 5 " ST First test
i L roperties andar
; e e P (After curing)
______ Fracture Toughness
ASTM D-7905 0,97+0,11
GIIC (KJ/m2)
Carbon fabric: HT 3k 200 tex, plain 200g/m?
FVC: 45%,

2000x

Fracture analysis by SEM

Second fracture toughness test
on 3R specimen

Second test

Properties Standard (After repairing)

Fracture Toughness
GIIC (KJ/m2)

Experimental part and results

ASTM D-7905 0,97+0,15

™

Fracture analysis by SEM ONEIDENTIAL

Repair cycle: 10 min @ 200°C & 200 bar

11

US inspection
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Study of the best chemical solution for resin

disolution: .i

Chemical solution: Scal
. Solvent cale-up

. Thiol (reductor agent)

. Catalyst
Definition of
4 chemical
process
| @l € Virgin fibre l
Recycllng k.
Anal f . .
recovgraegsfli%gr and (Chem|cal) Laminate in the

resin

Fibre and resin | chemical solution

- = ‘ extraction fs) L
After 4 h in the | > _ \V @ 80°C and stirring

Dissolved
resin

chemical ->
dissolution

Extraction of the resin by ‘

. . . coagulation
chemical dissolution

(clean)

|DSC analysis === R analysis |

Recovered resin L
Tg=109,3° \ CIE
044 o f W ul | [ | L

| § oz} L LY Y]
|-~ W I N

b Resin film Hot compression moulding ~ Recovered resin
02 - Virgin resin 1 . o . .
_ Tg= 115,1°C o , MU MLAL (1 min @ 200°C & 5 bar) (solid after drying)

Heat Flow (Normalized) @ (W/g)

00
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Temperature T (°C)
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4. Conclusions =

The use of dynamic covalent chemistry allows to manufacture a new
generation of thermoset composites that preserve their high performance,
while showing new unprecedented features once the composite is completely
cured, such as Reprocessability, Repairability and Recyclability.

Throughout the project, several 3R based materials & processes have been
developed with the support of simulation tools to validate the 3R functionalities

by manufacturing two demonstrators at pre-industrial scale for automotive and
aeronautics. In parallel, the processes to repair the 3R composites as for
delaminations and resin microcracks, and the processes to recycle the 3R
composites by chemical or mechanical methods have been developed.

The important progress made during the project also establishes the bases to
continue advancing in the optimization of the 3R concept, in order to adapt it
for each specific case and introduce it to the market.
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