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Primer Materials 'REACH |
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European

Primer objectives e Cirtfular Economy
Action Plan
The European
* Adhesion to both substrate ‘ Green Deal

and subsequent layers
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Bio-sourced polyme . Lignin Market
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USD 988 Million

2021 2027
Kraft lignin represents
Kraft 80% of the total
Organosolv production

*  Mechanical rigidity Lignosulphonate

*  Woater transport

* Abundance — 2" most abundant
polymer on Earth

* Physico-Chemical properties (e.g.
Hydrophobicity)

Valorization of

.. Low-cost material
local maritime

pine and other tree
species

Brethauer. S.. Shahab. R.. & Studer. M. (2020). Impacts of biofilms on the conversion of cellulose. Applied Microbiology and Biotechnology. 104.



Elaboration / Sol-Gel/Dip-Coating/EISA
LIGNIN of coatings combination
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Mechanical behaviour robustness . .
Corrosion & Ageing
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Coatings
Characterization

Hydrophilic surface -
Hydrophobicity enhancement Hydrophobic surface
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characterization

Kraft lignin characterization XPS Analysis
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characterization ‘

Lignin/Silicon hybrid solution

Mass 1 175

Ratio

Solubilized
Lignin

SEM images of Lignin/Silicon hybrid (1/7.5): general overview x400 magnification and dense smooth matrix /nodules
interface x4000 magnification

Organic/inorganic phases
interaction

Lignin/Silicon

Hybrid




Coatings ‘
b > >
New synthesis route...substrate functionalization

Surface Functionalization

Organo-alkoxide linker coupling

molecule

Rough and Hydroxylated
surface

Al 2024 as received

TESPSA /Toluene 2%
v/v functionalization
(60°C overnight)

Promote a better distribution of the
hybrid solution with the Al 2024

L Homogeneity Improveme
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ou g0 N, drying ’ ASE
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Triethoxysilylpropyl succinic anhydride

Functionalized substrate
before washing

Final functionalization
after washing

(strong bonded molecules

over the surface)




Coatings ‘
b
NDR Lignin/Silicon Hybrid_Chemical Mechanism

Esterification process Formation of carboxylic acid
functions
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Coatings ‘
elaboration A
Water Contact Angle analysis (WCA)
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hybrid coating
0,0
Al 2024 after DR Lignin/Silica NDR Lignin/Silica

surface preparation

Hydrophobic behavior achieved — WCA 95°

Esterification increases the surficial presence of .
oo ) New morphological arrangement -
lignin (and simultaneously reduces the amount of . _—
homogeneous coating & more lignin on the
OH groups) 2

e surface
Hydrophobization improvement




Corrosion Tests

Salt Spray Test — Aggressive corrosion | Direct Route (DR)

Raw Al 2024 alloy

W gt

‘ A; [ e
p j A4 ;

a8 72 9% t (hours)
Salt Spray Test of DR Hybrid coating

t 24

More than 20 pitting corrosion spots from the first 24h

72 9 t (hours)

t 24 a8

Non-Direct Route (NDR)

* 24h 2 New colors appearance...different corrosion states
* 48h - Beginning of a general corrosion

e 96h = General corrosion in both extremities

Commercially non-chromate
AC-131 coating applied on Al
2024 substrate failed before 24h

48 72 96 t (hours)
Salt Spray Test of NDR Hybrid coating

Slightly more than 20 possible pitting points after 48h.

t 24

12

Kakde, V., & Mannari, V. (2009). Advanced chrome-free organic—inorganic hybrid pretreatments for aerospace aluminum alloy 2024-T3—
application of novel bis-ureasil sol-gel precursors. Journal of Coatings Technology and Research, 6(2), 201-211



Conclusion & ‘
Perspectives A

Conclusion
e Hybrid Lignin/Silicon biosourced coatings * 1% attempts of Corrosion tests
EISA/Dip-Coating: RH=10% withdrawal speed = 0.05mm.s"! Both DR & NDR coatings showed a promising
protective effect
Direct Route Mt haid Eort -0.75V (substrate) -0.52V (coatings)

* New Focus: SF, Plasma surface modification

Various fluorine environments: clear difference
between DR & NDR coatings

Raw A|2024 TESPSA

Enhancement of hydrophobicity:
+90% (DR) +15% (NDR)

- Bad covering - Homogeneous covering

- Agglomeration of Lignin - Dilution of Lignin within the coating
- XPS:C/Si=7.5 - XPS: C/Si = 24

- WCA around 50° - WCA of 95°

- Adhesion: Grade 2 - Adhesion: Grade 2
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