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Context

g,v >
> L ) “ ¥ * Reduce net greenhouse gas emissions in the EU by at least 55% by 2030
%g" (compared to 1990 levels)
7_;‘"
¢ S « Carbon neutrality by 2050
.
A\ ‘\ -

* Petroleum-based products = packaging / textiles / insulation materials / additives for biopolymers

* Environmentalimpact

Finding alternatives with abundant biomass using green
chemistry processes



Short history of the cup

It all began in the 21st century ..... $

Coating / plastic film

o

é_l Same challenge in food packaging ...
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And textile ?

 Who doesn't have at least one piece of clothing made

@ with synthetic/oil-based fibers?
* Mixed fibres

fast consumption and increasingly urgent environmental,
economical and social challenges

m « Technical textiles...



Big history of composite

Worldwide application

@ Composites offer excellent performance (lightweight, high strength), but they
pose a major challenge in terms of:

Recyclability
environmental impact
waste management

--> mixed composites made from petroleum-based materials [ petroleum-based
resins [ biomass



' s Green Deal: towards 100% recyclable packaging in the EU
‘ by 2030. However, cellulose packaging presents certain
s ' limits, in particular insufficient protective properties, which
‘V prevent it from fully competing with plastic packaging.

=

The increasing  complexity  of
composite formulations leads
inevitably to new recycling problems;
and the products often contain non-
degradable additives to fully preserve
their intrinsic properties.

The EU's strategy for sustainable textiles by 2030 provides that all
textiles commercialized in the EU should be sustainable, repairable,
and recyclable, made primarily from natural and/or recycled fibers,
and free from hazardous substances.
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Budget total: 2 752 108,45 €
Budget FEDER: 1 651 265,06 €

10/2024 - 09/2028 | 48 month
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Most abundant biopolymer on earth,
recyclable/biodegradable
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Packaging products,
food packaging, textiles,
materials, additives,
“bioplastics”

Modification/New features
using sustainable chemical .
processes

Circular and Sustainable Economy

4-year objective: to offer viable products and processes, at prototype/pilot scale, that can be
transferred to manufacturers for all targeted areas.



Socialissues

VALCELMAT

Safety
Use
Recycling

Bio-based products
and sustainable chemistry

High- Bio-based
performance Environmental
processes compatibility
Efficiency and economic Lo et Degradability
ransferable

challenges Environmental issues

Green chemistry
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Hydrophobisation / Esterification

lgnifugation / fireproofing

Conclusion & Perspectives
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20 g/L cellulose solution 6.7%
LIC/DMACc (v/w) system

Functionalization of cellulose 2/
Hydrophobisation / Esterification

UNIVERSITE D’ARTOIS
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Fatty acyl chloride (2-10eq)

C8-C18: caprylate — caproate - laurate — myristate — palmitate - stearate
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Functionalization of cellulose
Hydrophobisation / Esterification

T l Casting Analyses
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Hydrophobicity
Resistance to acids and alkalis
Mechanical behavior (uniaxial tests)
Thermal properties (DSC)
Structural analyses (WAXS)
Solubility
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Functionalization of cellulose
Hydrophobisation / Esterification

Microcrystalline cellulose : 6 = 30°

FACEs : 92°< 0 <107° mm)> 0 > 90° = hydrophobic materials.

__
| DSL7  DS3 DSL7  DS3 DSL7 DS

Resistance confirmed by FT-IR
and '"H NMR spectroscopies

Mineral deposit at the
surface, confirmed by EDX

L. Duchatel-Crépy, N. Joly, P. Martin, A. Marin, J.-F. Tahon, J.-M. Lefebvre, V. Gaucher. Carbohydr. Polym., 2020, 234, 115912.
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Nominal stress (MPA)

evidenced

0 20 40 60 80 100 120
Nominal strain (%)

Comparison with petrosourced commodity plastics

mm)> E (MPa) lower: internal plasticizing effect of fatty
chains. Flexible
mm)> o, (MPa): equivalent to LDPE.

mmp £, (%) : atthe beginning of LD- and HDPE range.

L. Crépy, L. Chaveriat, J. Banoub, P. Martin, N. Joly. ChemSusChem, 2009, 2(2), 165-170.
L. Crépy, V. Miri, N. Joly, P. Martin, J.-M. Lefebvre. Carbohydr. Polym., 2011, 83, 1812-1820.

Functionalization of cellulose
Hydrophobisation / Esterification

C16

When fatty chain length increases:

» Tensile strength tends to decrease with A n
» No clear evolution of the yield stress is

E : Young Modulus (MPa)

I
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g,: tensile stress (MPa

mm= FACEs
mmm | DPE
mmm HDPE
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Functionalization of cellulose
Hydrophobisation / Esterification

* Structural characterization of FACEs

* Hydrophobic plastics (g >92°)

* Can be processed using conventional plastic processing methodg\
* Mechanical properties comparable to those of LDPE |

* Applications?

- UPJV / HOGENT / UGent
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Functionalization of cellulose
Hydrophobisation / Esterification

Additional properties?
Addition of a biomolecule (bio-based additive): 0.1% (w/v) during casting

ATG
Antioxidant activity
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Currently — Scientific activities - |
Functionalization |
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Hydrophobisation / Esterification

lgnifugation / fireproofing

Conclusion & Perspectives
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Phosphorylation of Microcrystalline
Cellulose (MCC) via Ball Milling i

A more environmentally friendly alternative to traditional chemical processes
(low energy consumption)

Solvent-free process

Good reactivity: mechanical activation enhances cellulose reactivity, enabling
faster reactions and effective phosphate group grafting. =

Phosphorylation of MCC via ball milling ! |
Evaluation of structural properties of phosphorylated celluloses (MCC-P)

Preparation of Polypropylene/MCC-P composites (PP/MCC-P) using internal
mixer

Evaluation of fire and mechanical properties of PP/MCC-P composites

7 ’ ’ 18




Phosphorylation of MCC via Ball Milling

Formulations
* MCC-P1 : ratio cellulose/P,0, 90/10 w/w (0,25 eq P par AGU)
* MCC-P2: ratio cellulose/P,0O. 70/30 w/w (1 eq P par AGU)
* MCC-P3: ratio cellulose/P,0O. 43/57 w/w (3 eq P par AGU)

~ 30s-pauseevery 10

7

min.

o
B OH on B I'D"’ \.
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Ho ? © Ball mill | we © °
| oH o 1h ; 200 rpm OH -
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MCC-P1:

MCC/P,0, 90/10 w/iw [
MCC/P,0g 70/30 w/w

; api .

MCC-P3 : mcerr,0,43/57 wiw "’3,‘4"}2';

The excess of P,O. caused side reactions:

Expansion et porous structure formation
Color change
Heat release

Vapor emission

Phosphorylation of MCC via Ball Milling

ICP MCC-P
Reference MCC/P,Og (W/w) P (w%) DS
MCC-P1 90/10 1,1 0,06
MCC-P2 70/30 3,6 0,21
MCC-P3 43/57 17,3 1,97
Mcellulose x P% Mostuioss = molecular weight of D-glucose unit (162 g/mol), P% =

~ 100 x M(P) —

AM x P% phosphorus weight %, M(P) = molar mass of phosphorus (31 g/mol), AM =
molar mass of substituent - leaving group (H;PO, - H=97 g/mol)

FT-IR analyses

McCC-P3

Absordance

~— Y

l. T T T T T T T T T T T T T T T 1
4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600 400
Wavenumber (cm-1)

MCC-P1 et MCC-P2 : no significant difference
from the MCC spectrum

MCC-P3 : very different spectrum, similar to
that of a graphitic structure.




Evaluation of properties of

composites :

- Preparation of composites (PP/MCC-P) using internal mixer

- Samples preparation by thermocompression (100 x 100 x 3 mm®
plates)

- Fire testing: Mass Loss Cone (MLC)
- Mechanical testing: uniaxial tensile test

Formulations
PP+30 MCC : ratio PP/MCC-P 70/30 w/w
PP+30 MCC-P1 : ratio PP/MCC-P1 70/30 w/w
PP+30 MCC-P2 : ratio PP/MCC-P2 70/30 w/w
PP+12,5 MCC-P3 : ratio PP/MCC-P3 87,5/12,5 w/w

7 7

Polypropylene/Phosphorylated cellulose
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Evaluation of the flame-retardant effect of
MCC-Pin PP

Reference P content (w%) TTI(s) PHRR (kW.m™2) pPHRR change (%)
PP - 62 922
PP + 30 MCC 0 41 757 -18
900 | PP + 30 MCC-P1 1,1 28 715 -23
PP + 30 MCC-P2 3,6 28 675 -27
2 (PP +12,5 MCC-P3 17,3 30 336 -64 |

700 A

- PP: burns easily and exhibits rapid and intense
combustion.

600 PP + 30-MCC-P1

:_é\ 500 A
i PP + 30-MCC-P2 - PP + 30% MCC: the addition of MCC reduces the
: . peak HRR of PP by 18%.

. PP + 12.5-MCC-P3 - PP +30% MCC-P1 and MCC-P2: no additional effect

200 A

compared to the addition of unmodified MCC.
Flame-retardant effect is not significant (low
phosphorus content).

- PP + 13% MCC-P3: significant reduction in the
pHRR of PP (-64%) with less MCC-P but more
phosphorus.

100 A

0 100 200 300 400 500 600 700 800 900
Time (s)
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Evaluation of the mechanical properties of
phosphorylated PP/MCC composites (tensile

o
te St I n g) Reference E (MPa) Cax (MPa) €rupt (%0)
PP 1139 +/- 56 17,1 +/-0,9 55,2 +/-17,0
PP + 30 MCC 1254 +/- 78 9,8+/-0,8 2,8+/-0,3
- e _PP PP +13MCC 1217 +/-64  15,9+/-0,9 11,0 +/- 3,3
PP +12.5-MCC-P3 \ PP + 30 MCC-P1 1003 +/-178 10,8 +/- 2,1 4,7 +/- 0,7
- PP + 30 MCC-P2 1250 +/- 105 14,2 +/- 0,7 4,6 +/-1,2
E PP +12,5 MCC-P3 918 +/-10 15,2 +/-0,2 35,6 +/-3,2
=
g T Ppasemee - PP: ductile behavior
® — PP + 30-MCC-P1

- PP+ 30-MCC-P2 - A decrease in mechanical properties is observed for
the PP + 30% MCC and PP + 30% MCC-P1 and -P2
composites > numerous and heterogeneous particles
lead to embrittlement of the material.

P s (%) ® * ® - The mechanical properties of PP are preserved in
the PP +12.5% MCC-P3 composite > lower amount of
dispersed phase and more homogeneous distribution
of particles within the PP matrix > less

matrix/dispersed phase decohesion.

https://doi.org/10.1016/j.polymdegradstab.2025.111632
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https://doi.org/10.1016/j.polymdegradstab.2025.111632

Application of phosphorylated PP/MCC
composites

Main potential applications:

* Aeronautics/aerospace: panels, internal
structures - strict fire safety requirements

* Automotive: dashboards, insulation, electric
vehicle batteries

* Construction: sandwich panels, facades,
building cladding

* Textiles

* Packaging

24
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Conclusions & Perspectives

Project Targets

v Development of cellulose functionalization processes that
are eco-efficient
v' Industrially viable processes, targeting TRL 5-6.

\ 4

\ 4

batch - hydrophobisation of cellulose Ball-milling - - fireproofing of cellulose via
(grafting of chains) 2 greener process phosphorylation
o)
HO o .
oh ?To be continued....

O
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To discover the latest developments in the project,

©

follow us on LinkedIn.

Internship next year
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