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A SME in an industrial environment
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Ecole Mines-Télécom
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A 2 tons per day reactor available....

Fibre Composite
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... how and in operation at the end of 2019

Confidential pictures
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2. Technology presentation
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The steam water thermolysis principle

Clean Sky»
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Composites

Steam Water

Steam water thermolysis

Carbone fibers
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Steam water thermolysis advantages

PAG reinforced by carbon fibres*

Activation energy of PA6* degradation (kJ/mole)
Same parameters

Steam water Pyrolysis
thermolysis
Kissinger 175+5,0 232 +11,0
IKP 178 £+ 1,5 186 + 4,0

*A.O. Nunes — PhD thesis — November 2015

Steam water thermolysis Pyrolysis

Steam water thrmolysis vs. pyrolysis
* Safer process

* Higher thermal transfer
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3. Some technical cases
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Waste qualification - Methodology

Optimal
- . * Fibre surface state =MEB
TGA DSC pa rameters in La b' * Resin degradation ration = Chemical attack & mass balance
Scale conditions ¢ Gas and liquid characterisation = GC & GC-MS

Thermal Steam Water Product
characterisation Thermolysis characterisation

Industrialisation

Lab scale characterisation
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Example of wastes

(LT I
ALPHARECYCLAGE
Cloan Sky> CUSTOMISIZE



Up to 92,3 % (w/w) of resin elimination

Example of material

- o’ )|  From an aeronautic ‘
14 * M21 prepreg
& « 2 mm thick —
Fibres \

Steam Water Thermolysis : Gases
400 - 600 °C
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Example of material

A 3"’ = + From an aeronautic company
-y * M21 prepreg
* 2 mm thick

4 Nitrogen \/ Oxygen \

Nitrogen atmosphere
smatmosphere atmosphere o bumn™ " B % pTe (Cgmin)
00 Valeur: 272.7 °C . {g 0 1000 10d4; kasln °c -

\Var. masse: -22.71 % os 98 0

80 800
Va\‘eur 543.5°C o e 1032% -1.0 9 02
o Valdur: 403.3 °C 15 600 94 04
....v"..\.laleur’ 579.4 % 20 92 0.6

40 Var. masse: -65.34 % 400
-25 90 038
20 30 om0 88 1.0
12 86 1.2
0 L Masse résiduelle: 0.44 % (208.0 miny 4.0 0 14

\i 50 / 100 150 200 \'\100 200 300 400 500 600 /
T s /min Principal 2019-00-9M28  lisateur: emac fempcralliclic
TGA of prepreg before the Steam Water Thermolysis TGA of fibres after the Steam Water Thermolysis
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Example of material

96,8 % (w/w) of resin elimination

Rossignol (Look)
Epoxy resin
« 3 mm Thick

FIbres p——

MEB pictures x 2000 et x 500

Steam Water Thermolysis : Gases
400 - 600 °C

» CO, CO, Hy, C1-C4

OH OH

Liquids
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99.7 % (w/w) of resin elimination

Example of material

« Omega Systemes
* Epoxyresin
¢« 8 mm thick
Fibres
HP Gases
Steam Water Thel;moly5|s : >  CO, CO. H, C1-C4
400 — 600 °C
NH2 Aminotoluene
NH2

Aniline

Liquids g
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4. Some applications
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Mechanical properties of non-woven and stitched non-
woven rCF composites compared to glass fibre 4 axes

Epoxy resin
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Results

To be continuved .... "" |CA
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Thanks for your attention Merci pour votre attention Gracias por su atencion




