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Preparing new cellulose- and 
biopolymer- based materials for 
innovative, high performance 
packaging
CARIO Erin

Grenoble INP Pagora

Context

Materials and methods

Conclusion and perspectives

Find a paper alternative to plastic
film for molded cellulose tray

Plastic waste recycled in France in 2022

Wet molding processThermopressing
process

Gluing process

• Porosity is important for food adhesion.
• Certain coating bring plastic welding, but not

uniform adherence, and can be sticked to the
male mold.

• Used some bio-based polymers as a glue
create mechanical anchoring.

Perspectives 

More repetitive handling.
Try other type of papers.
Spray coating of bio-based polymer
Coating composition investigation.
Analysis of industrial implementation potential.



Development of efficient and 
recyclable packaging : Improving the 
barrier properties of paper in high 
humidity conditions
Eya Chaal

Grenoble INP Pagora

Context

Materials and Methods

Conclusion and Perspectives

SUP Directive 

AGEC Law

Food and its packaging materials 
79% Incinerated

12% Landfilled

9% Recycled

50 % municipal solid waste 

Non-Plastic: 
12%

Mixed-Plastic: 5%

Plastic: 83%

Flexible Food Packaging Materials 
Worldwide In 2019 

Consistent excellent barrier 
properties regardless of 
climatic conditions

Paper-based 
alternative

WP1: Uncoated paper
characteristion

WP2: Surface 
treatment

WP3: Coated paper
characteristion

WVTR

Oil / Water Cobb

OTR

Air Permeability
Bar coating Knife coating

Barrier Propreties

Recyclability

Use of different biobased coating sauces 

Resins Solutions
Suspensions

Best result : Polymer 9

Water vapor transmission at 
50%, 75% and 80% Relative 
Humidity

Air permeability
Water and oil absorption 

Major decrease in: Not 100% biobased
Medium water vapor 
barrier performance 
at 50% RH

Improve coating homogeneity

More tests with drying oils and 
cross-linked solutions with 
varying ratios

Coating on substrates that are 
more  suitable as a coating 
base



Development of an innovative, high-
performance and recyclable cellulosic 
solution for application in packaging

Intissar EL MGHIBCHI OULAD-LAHSAN

Université Grenoble Alpes, Master 1 GDP Formulation

Abstract

Demonstrator

Conclusion

In 2023, global plastic waste reached 460 million tonnes, and if current trends continue, it could triple by 2060. In France, packaging accounts for 
46% of plastic consumption, with cushioning packaging being particularly concerning due to its single-use nature and lack of recyclability. The aim 
of this project was creating a low-density cellulose alternative for cushioning packaging , specially expanded polystyrene (EPS) beads by making 
cellulose beads that could then be assembled.

Beads produced via freeze-drying or microwave drying are low-
density and soft, similar to polystyrene beads. Pre-freezing with 

freezer produces smaller, denser beads than those pre-frozen with 
liquid nitrogen.

Microwave beads are good and soft but resulting in huge size 
variability.

Assemblies of beads by microwave drying results in structures 
suitable for cushioning but with huge shrinkage.

Automated dropping would speed up the beads creation 
process.

A strong enough recipient to withstand the high heat 
would be useful for subsequent testing of assemblies by 

microwave-drying.
Characterisation tests for demonstrators. (Mechanical 

compression, abrasion, humidity resistance)

Successful assembly of beads
Desired shape for perfume achieved
Beads morphology conserved

Shrinkage leading to cracks
The surface is hard rather than soft

WP3: 

CChhaarraacctteerriizzaatt iioonn

● Density
● Bead size and 

morphology
● Mechanical 

compression,
strenght

3D cushioning
packaging for 

perfume

Cellulose beads

WP2:  DDrryyiinngg

Freeze –drying with two
possible prior freezings

Solvent exchange

Microwave drying

Air or  oven drying

N2

Freezer

Liquid 
nitrogen

MFC (microfibrillated cellulose)

+ additives  1, 2 or 3 for gelation

WP1: 

FFoorrmmuullaatt iioonn

Dropping

N2

Assembling

+ additive 4
if drying with microwave

Perspectives



Development of bio-based cushioning
packaging

YYaassaammaann  GGHHAASSEEMMII

Master 2 of Bio Materials and 

Bio refinery engineering

Context

Materials and methods

Conclusion and perspectives

Replacing 
expanded 

polystyrene with 
cellulosic based 

cushioning 
packaging

Multi shock resistance

Humid resistant and anti abrassive packaging

Spray coating 

Using foams as cushioning 
packaging and applying  

bio-based solutions by the 
help of spray coating
 (1 layer and 2 layers)

Doing compression test 
on the treated samples 
to analyze their rigidity 

and strength

Applying 85% of humidity 
to the foams and analyze 
their behaviour in humid 

conditions

Doing experimental test 
to measure the 

abrasion of the surface

Polymer 3 is giving the 
surface very good anti 
abrasive characteristics

Using industrial foams and 
treating them with 3 different 
bio-based polymer solutions 
and making 100% recyclable 
and handmade foams from 
cotton is suggested as well
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WP 3: 
Recommendations

WP 2: Tendency
analysis

WP 1: Case study

End of life 
impact

Life cycle assessment of high-
performant and recyclable 
cellulosic packaging
MMaarriinnee  HHEERRNNAANNDDEEZZ  – 3rd year engineering school

University of Technology of Belfort-Montbéliard 
(UTBM)

Context

Conclusion & Perspectives

Due to increasing awareness about the environmental footprint, Cellulose Valley’s industrial
partners asked for advanced LCA of their products. This projet aims to study the environmental
impacts of cellulose products, proposing alternative solutions to petro-sourced and
recommendations for eco-designed packaging.

CO2

CO2  emissions
Water 

consumption
Soil

eutrophication

Energy 
recovery

?

Raw materials
impact

Optimise

Propose target values and
guidelines to reduce

environmental impact of a 
cellulosic package

Comparison between
softwares on different

products LCA

CO2

1st 2nd
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 Important to study biomass origin, 
processes and end-of-life

 Flexible packaging
→ Eucalyptus or hardwood, paper converted
 Tray and cap applications
→ Hardwood, DMF from pulp
 End-of-life: Incineration or recycling

 Study the link with mechanical
properties and cost

 Compare biomass with finished product

 Compare recycled with virgin fibers

 Study influence of raw materials, 
manufacturing and distribution location



Comparing processes and coating 
techniques on 3-D substrate for 
improved repellency to water

WWaalleeeedd  MMEEHHMMOOOODD  –

MMaasstteerr  MMaatteerriiaallss  SScciieennccee  aanndd  EEnnggiinneeeerriinngg        PPrrooggrraamm  
BBiioorreeffiinneerryy  aanndd  BBiioommaatteerriiaallss,,  UUGGAA--IINNPP  PPaaggoorraa

Context

Materials and Methods

Results

The European Union is considering new legislation to reduce the production and consumption of single-use plastics. This includes items such as 
bottle caps and various other closures made from non-recyclable plastics. To address this issue, research is underway to develop bio-based, 
recyclable, and biodegradable caps using dry molding of fibers and pulp injection molding. The goal is to impart hydrophobic properties to these 
caps through innovative suspension techniques, comparing dip-coating, spray-coating, and atomic layer deposition methods.

Dry Molding Fibers (DMF) Pulp Injection Molding (PIM) Coating Techniques 
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Conclusion & Perspectives
Conclusion: 
• Molding Method 2 exhibited the highest water repellency.
• Coating Technique 2 demonstrated the highest water repellency, 

validated through contact angle measurement and sliding angle.
• Coating Technique 4 also exhibited good water repellency, although 

the sliding angle was relatively low.
• While Technique 2 showed good repellency, it led to a loss of 

coating suspension.

Perspectives:
• Conduct additional trials of the dry molding process.
• Evaluate the viscosity of the suspension.
• Assess recyclability by mixing with other substrates.
• Analyze surface roughness using scanning electron 

microscopy.
• Characterize the thickness of different coating techniques.



Modification of Cellulose by 
Mechanochemistry for increase
hydrophobic properties of Cellulose
Laura SABATHIER
Univ. Grenoble Alpes, CNRS, Grenoble INP, LGP2, F-38000 Grenoble France

Context

Mechanochemistry focus

Conclusion and perspectives

Nowadays

• In 2022, global plastic production exceeded 400 million 
metric tons

• 5 billion of piece of plastic end up in oceans

• 73% of plastic packaging is not recycled in France

• Despite new laws such as SUP and AJEC, which allow the 
reduction of plastics in packaging

Goals

• Creation of high performance packaging 
with cellulose (80%)

• Use the greenest methods possible

• Offer recyclable and recycled packaging

• Propose biodegradable packaging

Raw Materials : CELLULOSE

Nanocrystals of Cellulose
• Tiny Crystals

Microcrystals of Cellulose
• agglomerated microcrystals

Reagents :

Method: 
MECHANOCHEMISTRY

Bibliometrics of mechanochemistry and cellulose through years 
(Web of Science. 2024)

How is it innovative? :

• Recent method 
(1990)

• Not often used with 
cellulose

• Little used in 
"green" conditions

What are the advantages ? :

15, 20 or 30 min at 
30hz ; room 
temperature

The reaction:
requires no solvent
short reaction times

is carried out at room temperature

The reaction:
• requires no solvent
• short reaction times

• is carried out at room 
temperature

• Mechanochemical grafting of molecule 2 onto 
cellulose produces a more hydrophilic 

modified product

• Mechanochemical grafting of molecule 1 onto 
cellulose is an effective method

CONCLUSION PERSPECTIVES
• Optimize reaction so that no washing is 

required

• Determine the impact of the percentage of 
cellulose in the raw material on reagent 

grafting

• Find a method for adding the final product to 
cellulose packaging

Two molecules with a long carbon 
chain

Molecule 1 Molecule 2



Innovation in packaging for biosourced, 
biodegradable and recycled cellulose-
based heaters

Ahmed Khalil SMAILI – Master 2 Internship

University of Toulon

Context

Materials and processes

Conclusions and perspectives

Global plastic pollution, exacerbated by inefficient waste management, particularly affects developing 
nations. Despite initiatives like the EU Single-Use Plastics Directive, recycling rates remain low. The 
bioeconomy and projects like that of Decathlon with Cellulose Valley are exploring sustainable alternatives, 
such as cellulose nanofibrils, to replace plastic packaging. This project aims to eliminate single-use plastics by 
2026, focusing on bio-sourced and recyclable solutions and being a barrier to oxygen and humidity for 
heaters.

1 1

• Coating process : Multilayers
• Heat Sealing and 3D shaping 

• Characterization

2

METALLIZATION ATOMIC LAYER DEPOSITION

PROTOTYPE

13 Recyclability test

Test in real conditions 

A significant improvement in moisture barrier properties was observed 
after the application of the coating. The water vapor transmission rate 
(WVTR) at 50% humidity and 23°C decreased from 168 g/m².day to 
approximately 9 g/m².day, indicating a substantial reduction in water vapor 
permeability. Similarly, at 80% humidity and 25°C, the WVTR for the coated 
paper is 33 g/m².day, demonstrating good performance under high 
humidity conditions.

In terms of intrinsic permeability, the coating reduced this value from 
7.42E-14 m² to 3.63E-14 m², confirming better barriers to air and gases. 
The Bendtsen air permeability is zero (0 mL/min) for both coated and 
uncoated paper, indicating an absence of air passage through the paper 
pores.

It is evident that the multilayer technique applied has improved the barrier properties of the paper, but without significant difference compared to the ALD 
(Atomic Layer Deposition) technique. Moreover, it is crucial to evaluate the oxygen transmission rate (OTR), as the results obtained so far are not satisfactory.

In the future, it would be interesting to explore the innovative ORMOCER (Organically Modified Ceramics) technique, which could offer comparable or even 
superior results. Additionally, metallization, a technique commonly used in packaging and films, also deserves consideration. A systematic comparison of the 
results obtained with these different techniques would help determine the most effective method for improving the barrier properties of UPM Lucent 62g/m² 
paper.
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Innovative technique for sealing Molded 
cellulose, Cardboards & Paper
Abbass Taher Biorefinery Process Engineer 

Ecole Centrale de Lille

Context

Methods & Prototype

Conclusion and perpectives

Packaging sector is working on improving their processes to meet the legislation’s set whether replacing plastics or improving 
the recyclability of the material. This project focuses on an innovative sealing technique arised here as a fast automated 
and efficient technique for assembling biomaterials (Corrugated Cardboards, Molded Cellulose Tray’s, and Paper) with a Glue 
Free adhesion.

Main Results:

 The innovative t e c h n i q u e was capable of assembling all 
of the tested materials.

 Energy, Power, Force can be determintal for accomplishing the 
best sealing.

 Energy was proven to be the limiting parameter for 
accomplishing strong adhesion of corrugated cardboards.

 Coating can be a solution for performing the innovative 
sealing for the bare material that didn’t assemble.

Perspectives:

 Designing new mold shapes for better manipulation.

 Enhancing Corrugated Cardboards manufacturing 
process.

100% Innovative Sealing
100% Glue Free

Testing 
Parameters Validating Parameters

3D Shape

Innovative 
Technique Thermosealing


