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Plan de cours

◼ Partie 1 : Matériaux polymères biosourcés / biodégradables
◼ Contexte, définitions, enjeux

◼ Les agropolymères

◼ Les biopolymères de synthèse

◼ Partie 2 : les biocomposites, propriétés et applications
◼ Structure et  propriétés des fibres végétales

◼ Procédés de transformations des fibres et des biocomposites

◼ Propriétés et applications des biocomposites
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   Summary

◼ General introduction on composites materials

◼ From bioplastics to biocomposites

◼ Natural fibre structure, properties and processing

◼ Biocomposites processing & properties

◼ Market & applications
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What is a composite material ?
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ReinforcementMatrix Interface

➢ Shape the material
➢ Protect the particles / fibres 

from chemicals and ageing

➢ Ensure the load transfert 
from the matrix to the 
reinforcement

Combination of a polymer matrix and a reinforcement 
(particles, fibres) 

➢ Provide stiffness and 
strength to the material

Micro- or 
nanoparticles Short fibres Long fibres



Composite industry
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Applications of Glass fiber Reinforced Plastics (GRP) in 2015

Source: Witten, Composite Market report 2015, The European GRP market

Metal bicycle Composite bicycle

Substitution of traditional 
materials

by composite materials

Main share of composite 
materials are reinforced 

by glass fibres

Main share of  
composite materials are 

based on thermosets

EpoxyPolyester

➢ Main driver of growth is the weight gain on structures !!!



Why is weight important ?
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Economical reasons :
The price of materials is usually defined by the kilogram : kg/euros
Producing higher volume of materials at equivalent kg/euros

Performances and ecological reasons
Lighter structures consume less energy, especially in the case of moving objects

Carbon bicycle
(Source: Museeuw bikes)



Why is weight important ?
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higher stiffness 
than polymers and 

lower density          
than metals

Source : Ashby, 2005, Materials design



higher strength 
than polymers 

and lower density 
than metals

➢ A perfect combination between the low density of polymers
and the high stiffness and strength of reinforcing fibres

Why is weight important ?
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Source : Ashby, 2005, Materials design
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❑ High demand for bio-based and biodegradable plastics (bioplastics) in various industrial sectors

❑ Large and growing share of long-life bio-based products requiring (semi-)structural performance

Biodegradable or durable biobased plastics ?

▪ Home
▪ Automotive
▪ Sports and leisure
▪ Electronic devices (shells)
▪ Textiles / apparel

41%

50%

46%



Why are natural fibres reinforced composites interesting ?
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◼ Needs for biobased and biodegradable reinforcements in bioplastics

◼ Natural fibres (i.e. plant fibres) present several advantages to reinforce polymers:

◼ Diversity of fibres and fillers as reinforcements in materials:



Why are natural fibres reinforced composites interesting ?
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FRD ADEME (2011) Study on natural fibre sourcing for material uses in France 

➢ Sustainable development of natural fibres must be based on the local valorisation of
agroresources to limit transportation (cost and energy consuming)
➢ Flax and Hemp are the most available fibres in Europe (85% of worldwide production)

◼ Needs for biobased and biodegradable reinforcements in bioplastics

◼ Natural fibres (i.e. plant fibres) present several advantages to reinforce polymers:

◼ Renewable and available resource all over the world :



Why are natural fibres reinforced composites interesting ?
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FRD-CODEM (2025) Market overview “Plant fibres

for material use (excluding wood)”

➢ Sustainable development of natural fibres must be based on the local valorisation of
agroresources to limit transportation (cost and energy consuming)
➢ Flax and Hemp are the most available fibres in Europe (85% of worldwide production)

◼ Needs for biobased and biodegradable reinforcements in bioplastics

◼ Natural fibres (i.e. plant fibres) present several advantages to reinforce polymers:

◼ Various culture in France:



Why are natural fibres reinforced composites interesting ?
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FRD-CODEM (2025) Market overview “Plant fibres

for material use (excluding wood)”

➢ Sustainable development of natural fibres must be based on the local valorisation of
agroresources to limit transportation (cost and energy consuming)
➢ Flax and Hemp are the most available fibres in Europe (85% of worldwide production)

◼ Needs for biobased and biodegradable reinforcements in bioplastics

◼ Natural fibres (i.e. plant fibres) present several advantages to reinforce polymers:

◼ Various culture in France:



Why are natural fibres reinforced composites interesting ?
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◼ Needs for biobased and biodegradable reinforcements in bioplastics

◼ Natural fibres (i.e. plant fibres) present several advantages to reinforce polymers:

◼ Domestic plant fibres show a stable price level compared to crude oil and standard 
thermoplastics and other petroleum based synthetic products
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17Mission R&D 2014

Some examples: 

Hemp

Flax
Miscanthus

wood

Natural fibres: Botanical origin and structural organisation
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A. Anatomy of a tree trunk

Natural fibres: Botanical origin and structural organisation
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A. Anatomy of a flax stem

Bourmaud, JJC 2019

Natural fibres: Botanical origin and structural organisation



20Mission R&D 2014

Different plant cell structures and morphologies corresponding to different roles in Nature:
- Supporting / structural tissues (e.g. bast fibres as flax, hemp, nettle…)
- or conduction tissues for sap (e.g. fibres from xylem in wood, phloem for kenaf) 

Natural fibres: Botanical origin and structural organisation
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B. Fibre length, thickness and cross sections

Source: Müssig & Hugues, JEC 2012, technical book

➢ Single fibre versus fibre bundle

➢ Variations in dimension (length, width)          

and aspect ratio

➢ Variations in cross sections

Natural fibres: structural organization from mm to nm



Natural fibres: structural organization from mm to nm
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C. Cell structure : porosity / lumen

➢ Various percentage of porosity (lumen / total surface ratio)  

Richely, E., et al. (2021). Progress in Materials Science, 100851.
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➢ Elementary fibers formed by 
several layers and walls

Fiber bundles in flax stem 

Hemicelluloses

Pectins

Proteins

Cellulose microfibrils

Primary wall (P)
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Hemicelluloses

Cellulose microfibrils

Secondary walls (S1, S2)

Lignin

➢ Bundles  of elementary 
fibers glued by a middle 
lamellae rich in pectins, lignin 

Morvan et al. / Plant Phys Biochem (2003) 41

Natural fibres: structural organization from mm to nm

D. Cell wall structure : biochemical composition 



Natural fibres: structural organization from mm to nm

Biochemical composition of selected natural fibres 
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D. Cell wall structure : cellulose microfibrils orientation 

Gassan et al. Journal of Materials Science 36 (2001) 3715–3720

➢Various microfibrillar angle (MFA) depending of 

cell layers and fibre types

➢ Direct impact on mechanical properties

Natural fibres: structural organization from mm to nm
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Natural fibres: properties

A. Outstanding in-vivo mechanical properties (example of flax)

Bourmaud, JJC 2019
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Natural fibres: properties

A. Outstanding in-vivo mechanical properties (example of flax)

Bourmaud, JJC 2019
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Natural fibres: properties

B. Mechanical properties of selected natural fibres 

➢ Flax and hemp fibres show interesting specific properties as compared to glass fibres
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◼ Good specific stiffness and strength compared to glass fibres and metals :

Source: Verpoest, JEC 2012, technical book

(tensile)

(flexure)

Natural fibres: properties

B. Mechanical properties of selected natural fibres 
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B. Mechanical properties of selected natural fibres 

Natural fibres: properties
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C. Origins of variations in mechanical properties

Natural fibres: properties

[1] Le Coroller et al. 2013
[2] Industrial Applications of Natural Fibres. J. Müssig. 2010 

Mechanical behaviour related to

- Cell structure : botanical origins and role in planta

- Growing, harvesting and processing conditions

[2] Experimental factors…

- Measurement methods 

- Hygro/hydrothermal conditions % RH
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Natural fibres: properties

D. Effect of relative humidity

Source: Müssig & Hugues, JEC 2012, technical book

➢ Fibre properties are greatly influence by 

the relative humidity (RH)

➢ Depending of the fibres : variations in 

modulus, strength and dimensions as a 

function of RH
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Natural fibres : extraction and uses

A. Different separation techniques for fibre bundles

Source: Müssig & Hugues, JEC 2012, technical book



FRD ADEME (2011) Study on natural fibre sourcing for material uses in France 

Flax straw
Hemp straw

Natural fibres processing and uses



37FRD ADEME (2011) Study on natural fibre sourcing for material uses in France 

B. Various morphologies : from fibres (mm to dm) to flours/fillers (µm)

Natural fibres processing and uses
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C. Case of flax : Main semi-products used in composite applications

Short fibres
Non-woven 

fabrics
Roving Woven fabrics

Depending of the applications and composite processing the following natural fibre 
semi-products are used :

▪ Undirectional 0°
▪ Cross-ply 0° / 90°
▪ Biaxial -45° / 45°
▪ Multiaxial

Natural fibres processing and uses
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D. Relation reinforcement’s specificities / composite’s architecture

Natural fibres processing and uses
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D. Relation reinforcements / processing / applications

Natural fibres processing and uses

FRD-CODEM (2025) Panorama des marchés FV techniques matériaux (hors bois) en

France
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Biocomposites processing

A. Main processing routes for biocomposites

Composite processing & manufacturing are highly conditionned by the type of matrix used:

▪ Thermoplastics (melting): polyethylene PE, polypropylene PP, biopolyesters (PLA, PBS, PHAs…)
▪ Thermosets (curing): epoxy, vynilesters, polyesters



Thermoplastics biocomposites
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1. Mixing matrix and fibres

Matrix
Short 
Fibres

Compound

2. Shaping of the compound

Source: Ecotechnilin

Source: AFT plasturgie

A. Short fibre compounds



Thermoplastics biocomposites
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Teflon layer

Lower plate of 
mould

Biocomposite

Upper plate of 
mould

Commingled flax – polypropylene fibres

Zhang and Miao, Composites Science and Technology 70 (2010) 130–135

1. Staking of the prepregs fabrics 2. Thermocompression

B. Commingled fabrics and thermoplastic prepregs



Thermoplastics biocomposites
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C. Thermoplastic prepregs

Source: Chaudari Thermoplastics : introduction, classification,Processing & applications  
Nurul Fazitaa, Materials, 2016

➢ Possibility to obtain complex shapes by thermoforming

Bamboo / PLA (Nurul Fazitaa, Materials, 2016)



Thermoplastics biocomposites
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D. Emerging process : 3D printing of continuous flax / thermoplastic yarns

3D and 4D printing of continuous flax fibre Biocomposites (Le Duigou, UBS Lorient, France)

https://www.youtube.com/watch?v=PvGQ_5oCBi8

Coriolis Composites: The 
reference in Automated 

Fiber Placement (coriolis-
composites.com)

https://www.youtube.com/watch?v=PvGQ_5oCBi8
https://www.youtube.com/watch?v=PvGQ_5oCBi8
https://www.youtube.com/watch?v=eEuz3Vq38vA
https://www.youtube.com/watch?v=eEuz3Vq38vA
https://www.youtube.com/watch?v=eEuz3Vq38vA
https://www.youtube.com/watch?v=eEuz3Vq38vA
https://www.youtube.com/watch?v=eEuz3Vq38vA


Thermosets biocomposites
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A. Dry fabrics

▪ Impregnation of dry fabrics with thermosets 
resin by hand lay-up or infusion

▪ Particularly adapted for big parts (boats)

▪ Other processes
• RTM (resin transfert moulding)
• SMC & BMC (sheet & bulk moulding 

compound)

Hand lay-up

Infusion

Source:  Ziegmann, Elsabbagh, JEC 2012, technical book

Airtech

Hatteras Yachts



Thermosets biocomposites
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B. Thermosets prepregs

Teflon layer

Lower plate of 
mould

Biocomposite

Upper plate of 
mould

1. Staking of the prepregs fabrics Thermocompression

Autoclaving

Source:  Ziegmann, Elsabbagh, JEC 2012, technical book



Thermosets biocomposites
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C. Roving

➢ Continuous process for pultruded profiles, containers

Source:  Ziegmann, Elsabbagh, JEC 2012, technical book

Pultrusion

Filament winding
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Développements autour de la modification du bois

➢Destructuration and/or densification

Ballistic test of Super Wood - YouTube

3D images (X-ray tomography) showing a typical cellular architecture of
a beech wood sample before (upper micrograph) and after (lower
micrograph) standard compression molding. (source 3SR lab)

https://cen.acs.org/materials/biomaterials/Chemistry-Pictures-Elastic-wood/98/web/2020/09?utm_source=Newsletter&utm_medium=Newsletter&utm_campaign=CEN
https://www.nature.com/articles/d41586-018-01600-6
https://www.youtube.com/watch?v=LVbczXDFe1Q
https://www.youtube.com/watch?v=LVbczXDFe1Q
https://www.youtube.com/watch?v=LVbczXDFe1Q
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Alternative routes : modification of wood structure 

➢Modification / Functionalization: transparent wood !

(MMA: methyl metacrylate)

Engineered wood for :
▪ Light and thermal management, 
▪ Nanofluidics, 
▪ Water treatment, 
▪ Batteries, 
▪ Lightweight structural materials

He, S et al. (2023). Engineered Wood: Sustainable 

Technologies and Applications. Annual Review of 

Materials Research, 53.
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Biocomposites properties
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Main influencing parameters ?

Source:  adapted from Lilholt & Madsen, JEC 2012, technical book

Relative humidity

Fibre type and 
properties

(Matrix properties) Fibre orientation

Porosity

Fibre content

Fibre/matrix interface 
properties

Fibre length

Fibre 
impregnation 
and packing



Biocomposites properties

B. Case study : various wood species and processing



Biocomposites properties

B. Case study : various wood species and processing
250 – 500 µm 500 – 1000 µm 1000 – 2000 µm

➢ Results: Microstructure and resulting mechanical
behaviour of the composites are highly species
and granulometry dependant, up to 40%
variation in stiffness and strength !



Biocomposites properties
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A. Effect of fibre properties : different sorghum genotypes

“Biosorg”  project (2014-2017)

L. Soccalingame, N. Le Moigne, S. Corn, D. Pot

➢ Study of various sorghum genotypes / phenotypes

➢ Identify the sorghum biological traits contributing to the 

performances of sorghum biocomposites

Biochemical composition of sorghum genotypes



Biocomposites properties
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“Biosorg”  project (2014-2017)

L. Soccalingame, N. Le Moigne, S. Corn, D. Pot

➢ Significant effect of sorghum genotypes / properties on composite physical properties

Higher sugar content = darker color

Colouring of sorghum biocomposites

PE / PE-g-MA / Sorghum
68.5 / 1.5 / 30

Mechanical properties of sorghum biocomposites

Large range of stiffness 
related to genotypes

Relationship between 
composite stiffness and 
sorghum fibre stiffness

A. Effect of fibre properties : different sorghum genotypes
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Biocomposites properties

Conclusions on the effects of fibre properties and dimensions

Species, genotypes, internodes…

(Composition and structure)

Processing

(Fragmentation mechanisms and 

fibres/fragments dimensions)

Mechanical properties

(modulus and strength)

Outcomes :

➢ More virtuous cultivation routes 

➢ Promote biodiversity

➢ Preserving ecosystems 



Biocomposites properties
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Main influencing parameters ?

Source:  adapted from Lilholt & Madsen, JEC 2012, technical book

Relative humidity

Fibre type and 
properties

(Matrix properties) Fibre orientation

Porosity

Fibre content

Fibre/matrix interface 
properties

Fibre length

Fibre 
impregnation 
and packing



Biocomposites properties
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C. Porosity : definitions

➢ Different types of porosity :  from micro- to macro-porosities
▪ Intrinsic porosity : lumen
▪ Interface porosity : poor fibre / matrix interface
▪ Impregnation porosity : high viscosity matrix and poor wettability
▪ Matrix porosity : degassing

Madsen et al., 2007, Composites Science and Technology, 67



Biocomposites properties
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C. Porosity : relation with fibre volume fraction and packing

If Vf > packing ability of fibres :
▪ Increasing porosity
▪ Decreased stiffness of composites

Source:  Lilholt & Madsen, JEC 2012, technical book
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Biocomposites properties

C. Porosity : role of processing temperature and pressure

➢Case study on thermocompression of flax/PP commingled fabrics
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Biocomposites properties

C. Porosity : role of processing temperature and pressure

Composite plates manufactured at (a) 240 C at 10 minutes and (b) 260 C at 5 minutes



64

Biocomposites properties

C. Porosity : role of processing temperature and pressure

➢ Effect on mechanical properties : large decrease of strength related to time / T°C exposure



Biocomposites properties
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Main influencing parameters ?

Source:  adapted from Lilholt & Madsen, JEC 2012, technical book

Relative humidity

Fibre type and 
properties

(Matrix properties) Fibre orientation

Porosity

Fibre content

Fibre/matrix interface 
properties

Fibre length

Fibre packing 
ability



Biocomposites properties
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D. Role of the interface

Le Moigne et al. / Industrial Crops and Products 52 (2014)

Interphase zone

1 à 10 µm

Better interfacial adhesion will:

➢ Ensure the load transfer from matrix to fibers

➢ Protect the composite towards ageing (humidity)

Bergeret, Krawczak 2006

Herrera-Franco, Drzal 1991

matrix

natural fiber
Mechanical,

Chemical,

Thermal

environment

PLA

Fibre Topography

Reactivity

Coupling agent

matrix



Biocomposites properties
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D. Interface : modification strategies

Interfacial adhesion governed by :

Roughness

Surface tension

γm

Physico-chemical 
interactions

➢ Interaction fibre / matrice

Epoxy 
matrix

Natural  
fibres

Interface

Specific surface

➢ Improving fibre dispersion

γf



Biocomposites properties
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D. e.g. silane treatment on PLA / flax composite

➢Adhesive interfacial failure: debonding of the 

fibres and clean break of the matrix

➢ Cohesive interfacial failure : tearing of the matrix 

and breaking of the fibres bonded to the matrix

In-situ tensile test

0.1 mm/min

N
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a
te

d
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a
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 s
il
a
n
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ib
re

s

PLA / 20% Flax non-treated

PLA / 20% Flax alkaline + silane

Elongation (mm)

Le Moigne et al. / Industrial Crops and Products 52 (2014)

F
i
b
r
e
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Biocomposites properties

D. Effect of various treatments on biocomposites performances

➢ Limited effect of fibre & matrix treatments on modulus and strength



Biocomposites properties
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D. Towards hybrid and hierarchical interphases

➢What can be learned from Nature ?
➢ Hierarchical organization with nanoscale structuration at the interphase greatly enhance strength 
and toughness of biological systems : limiting stress concentration and crack propagation

Polymers 2021, 13, 804. https://doi.org/10.3390/polym13050804 

https://doi.org/10.3390/polym13050804


Biocomposites properties
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D. Towards hybrid and hierarchical interphases

Polymers 2021, 13, 804. https://doi.org/10.3390/polym13050804



Biocomposites properties
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D. Towards hybrid and hierarchical interphases

Goal: 
“Hairy” or “Dense” Bacterial Cellulose (BC) 

coated sisal fibres (slurry dipping process)

Results:

 Tensile, flexural and visco-elastic properties of 
PLLA nanocomposites over neat PLLA

 Specific surface area of sisal fibres with “hairy” BC



Biocomposites properties
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Main influencing parameters ?

Source:  adapted from Lilholt & Madsen, JEC 2012, technical book

Relative humidity

Fibre type and 
properties

(Matrix properties) Fibre orientation

Porosity

Fibre content

Fibre/matrix interface 
properties

Fibre length

Fibre packing 
ability



Biocomposites properties

E. Effect of relative humidity

➢Moisture can cause swelling and loss of mechanical performances (plasticization, 
lower strength, local stress) and must be taken into account and predicted…

Regazzi  et al. (2016) Industrial Crops and Products, 84, 358-365
Regazzi  et al. (2016) Polymer Degradation and Stability, 130, 300-306.

74

▪ local damages due to fibre swelling
➢ Cracks and interfacial decohesion

▪ Synergistic degradation due to coupled 
creep and immersion
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Biocomposites properties

E. Effect of relative humidity

➢Moisture can cause loss of mechanical performances (plasticization, lower 
strength) and must be taken into account and predicted…

➢ But it can also be an advantage !

Le Duigou, Castro (2018) JEC Composites conference

Le Duigou, A., et al. (2017) Smart Materials and Structures, 

26(12), 125009.

De kergariou et al. Adv. Funct. Mater.(2023) 33

Kirigami

Metamaterial

https://bionics-group.com/research/
https://www.youtube.com/@antoineleduigou2841 

 

https://www.youtube.com/watch?v=X9jYOTdz5Gs
https://bionics-group.com/research/
https://bionics-group.com/research/
https://bionics-group.com/research/
https://www.youtube.com/@antoineleduigou2841
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Biocomposites versus other engineering materials

Shah, Materials & design, 2014

➢ High tensile performances can be reached with biocomposites if the selection and

manufacturing of natural fibres and their composites are controlled

Concluding remarks



Concluding remarks
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How to improve biocomposites performances ?

Natural fibres
growth & processing

Biocomposites
processing & design

Fibre / matrix
interface

▪ Choice of plant fibres
▪ Growing and extraction conditions
▪ Quality of semi-products (short fibres, 

roving, fabrics)

▪ Controlled fibre orientation
▪ Increased aspect ratio (L/d)
▪ Increased fibre volume fraction
▪ Decreased porosity

▪ Matrix impregnation during processing
▪ Mechanical interlocking
▪ Physico-chemical interactions 

Biocomposites
durability

▪ Decreased water absorption in fibres
▪ Protective coatings on biocomposites
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Market and application by sector and fibre type
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Worldwide production in 2015 : 3.8 
million tons

Application fields of wood-plastic composites in 

Europe in 2012



Automotive applications

80L. Dufrancatel 5ème colloque Fibres Naturelles et Polymères, Troyes, 19 Septembre 2019
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Automotive applications



Automotive applications

825ème colloque Fibres Naturelles et Polymères, Troyes, 19 Septembre 2019



Automotive applications

835ème colloque Fibres Naturelles et Polymères, Troyes, 19 Septembre 2019



A market reality

845ème colloque Fibres Naturelles et Polymères, Troyes, 19 Septembre 2019



New developments

857ème colloque Fibres Naturelles et Polymères, Troyes, Septembre 2025



865ème colloque Fibres Naturelles et Polymères, Troyes, 19 Septembre 2019

New developments



87

New developments



886ème colloque Fibres Naturelles et Polymères, Troyes, 15 Septembre 2021

New developments
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New developments

Pour ce projet, les brise-soleil en composite lin-verre biosourcés offrent une solution vertueuse qui respecte 
les normes énergétiques

https://www.brise-soleil-csi-marseille.temca.fr/
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livMatS Pavilion | Institute for Computational Design and 
Construction | University of Stuttgart (uni-stuttgart.de)

livMatS Pavilion

https://www.icd.uni-stuttgart.de/img/wp-content/gallery/livMatS_Pavilion_process/livMatS_Process_22-Fabrication-at-FibR.jpg?__scale=w:1000,h:1000,q:100,t:3

New developments

https://www.icd.uni-stuttgart.de/projects/livMatS-Pavilion/
https://www.icd.uni-stuttgart.de/projects/livMatS-Pavilion/
https://www.icd.uni-stuttgart.de/projects/livMatS-Pavilion/
https://www.icd.uni-stuttgart.de/projects/livMatS-Pavilion/
https://www.icd.uni-stuttgart.de/projects/livMatS-Pavilion/
https://www.icd.uni-stuttgart.de/projects/livMatS-Pavilion/
https://www.icd.uni-stuttgart.de/projects/livMatS-Pavilion/
https://www.icd.uni-stuttgart.de/projects/livMatS-Pavilion/
https://www.icd.uni-stuttgart.de/projects/livMatS-Pavilion/
https://www.icd.uni-stuttgart.de/projects/livMatS-Pavilion/
https://vimeo.com/576404217


Current market in France by sector and fibre type

91FRD (2020) Panorama des marchés FV techniques matériaux (hors bois) en France



Evolution at horizon 2030 in France

92FRD (2020) Panorama des marchés FV techniques matériaux (hors bois) en France

➢ Growing tonnage and market share

➢ Significant growth rate of 5 to 20% depending 

on the applications



Reading tips
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▪ FRD (2020) “Mémento 2020 Panorama des marchés fibres végétales techniques matériaux (hors bois) en France”, 

https://www.f-r-d.fr/etudes/m%C3%A9mento-2020/

▪ JEC technical book (Editions 2012, 2014, 2018 )“Flax and Hemp fibres: a natural solution for the composite industry” , 

https://www.jeccomposites.com/product/flax-hemp-fiber-composites-a-market-reality-the-biobased-solutions-for-the-industry/ 

▪ Berzin et al. (2017) “Composites polymers et fibres lignocellulosiques : propriétés, transformation et caractérisation” , 

https://www.lavoisier.fr/livre/industries-chimiques/composites-polymeres-a-base-de-fibres-lignocellulosiques/berzin/descriptif-9782746247772
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Main influencing parameters ?

Source:  adapted from Lilholt & Madsen, JEC 2012, technical book
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Biocomposites properties

A. Effect of fibre properties : epoxy based biocomposites with various fibres
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Biocomposites properties

A. Effect of fibre properties : PP based biocomposites with various fibres
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Main influencing parameters ?

Source:  adapted from Lilholt & Madsen, JEC 2012, technical book

Relative humidity
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(Matrix properties) Fibre orientation

Porosity

Fibre content
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B. Effect of fibre length / aspect ratio on mechanical properties

➢  Critical fibre length Lc = minimum length for the fibres to be loaded up to their failure within the 
composite

▪ Kelly-Tyson model 
that defines Lc : 

Lc for PP/flax 

➢  When L > Lc, mechanical properties of short fibre reinforced composites are greatly enhanced and 
can be similar to long fibres reinforced composites
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E. Effect of fibre orientation : from Unidirectional to 3D fabrics

➢ From anisotropic to quasi-isotropic properties

Source:  Baets & Lomov, JEC 2012, technical book
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D. Effect of fibre volume fraction : case of UD composites

Source:  Lilholt & Madsen, JEC 2012, technical book

Ec = Ef Vf + Em Vm

c =  f Vf +  m Vm

➢ Several micro-mechanical model can be used to predict the stiffness 
and strength of biocomposites (short or long fibres)

➢Most of them consider a perfect interphase
 
➢Case of UD composites :
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