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Outline 
•  Hemp Fibres for Technical 

Applications 

•  Reinforcement: Fibres (JEC Conferences, 2012) 

•  Natural Fibre-Reinforced Composites - NFRC 

Guiding Question: „For which applications is hemp 
suitable and what is the reinforcement potential of 
hemp fibres?” 

•  Compression & Injection Moulding and Pultrusion 
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Different uses of natural fibres in industrial applications. 

Hemp Fibres for Technical Applications 

(Graupner & Müssig, 2010) 
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(JEC Conferences, 2012) 

Fibres & Composites 
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Influence of fibre properties and characteristics on composite properties 
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Fibre & Composite Properties 

(Müssig & Hughes, 2012) 

Fibre properties   Composite properties   
  Strength   Young’s 

Modulus   
Impact   

Length  ⇑   +   ≈   + +   
Diameter  ⇓   +   +   +   
Strength  ⇑     ++   ++*   +   
Young’s  
Modulus  ⇑   

++*   + +   --   

Elongation  ⇑   - **   - **   ++   
Interphase   ⇑   ++   +   -   
Dislocations   ⇑   -   -   --   

  -     decrease   /   --     strong decrease   /    +   increase   
  ++   strong increase   /   ≈     low influence      

*    in general fibres with a high Young’s modulus show high strength values & vice versa 
**  in general fibres with high elongation show lower strength and Young’s modulus values 

Polymer 

Fibre 
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Influence of fibre length on the mechanical properties of glass fibre-
reinforced polypropylene. 
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(adapted from Bürkle et al., 2003) 
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Scanning electron micrographs of single flax (Linum usitatissimum L.) 
fibres (upper image) and flax fibre bundles of variable width and a single 
fibre in front (lower image). 

Fibre Morphology 

(Müssig & Hughes, 2012) R
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Various testing methods to determine the tensile properties of plant fibres 
and fibre bundles. (A) Single fibre fixed in clamps at a gauge length (x). (B) 
A fibre bundle prepared for tensile testing with the same gauge length (x) 
as the single fibre. (C) Fibre bundle with a greater gauge length (y). 

Mechanical Properties – part I 

(Müssig & Hughes, 2012) R
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(values taken from Bos et al., 2002) 

Strength values for single flax fibres and single flax fibre bundles. 

Mechanical Properties – part II 
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Mechanical Properties – part III 

Tensile properties of single bast fibres – flax versus hemp. 
(values taken from Bourmaud & Baley, 2009; Eder & Burgert, 2010 for hemp / Baley, 2002; Charlet et al., 2006 & 
2007; Eder & Burgert, 2010 for flax) R
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Mechanical Properties– part IV 

Tensile properties of single bast fibre bundles – flax versus hemp. 
(values taken from Haag & Müssig, 2012 & 2013 for flax /  Graupner et al. 2009; not published own results for hemp) 
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Flax Fibre Reinforced Composites 

(adapted from Verpoest & Baets, 2012) 

The performance playground for flax composites. 
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Roller card to form hemp fibre bundles and PLA fibres to a 
multilayer web; compression moulding of PLA/hemp composites. 

(Müssig et al., 2011) 

Compression Moulding using Hemp Fibres – part I 
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Hemp needle felts as a reinforcement for press moulded parts. N
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Compression Moulding using Hemp Fibres – part II 
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Werner Aisslinger presents with MOROSO a natural fibre Monochair: 
Natural fibres like hemp are moulded under heat with a BASF Acrodur 
resin into a sustainable composite material. (Aisslinger, 2012) 

Projectdetails: 
Year: 2012 

Account: Hemp Chair 

Design: Werner Aisslinger 

Producer: Moroso 

Partners: BASF 
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Compression Moulding using Hemp Fibres – part III 
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Injection Moulding using Hemp Fibres – part I 

(CELC, 2010) 

Rear view mirror insert; injection moulded part (compounded granules: 
30 % Hemp/PP);  Peugeot 207. 

HIB Trim Part Solutions GmbH (DE): Nature 50 – Natural fibre-reinforced 
plastic (Hemp – PP) including a high fibre ratio > 50 %. 
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Compounding & injection moulding of PP/hemp samples (30 mass-
% of hemp fibre bundles; PP: LyondellBasell - Moplen EP600V + 5 % a.p.). 

(Huber, Graupner & Müssig, 2010, S. 414 ) 

Processing parameters: 
•  Arburg 320C, Allrounder 600-250 (screw diam. 30 mm) 

•  Temperature profile in °C: 170, 172, 175, 177, 180 and 180 °C 
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Injection Moulding using Hemp Fibres – part II 
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30 % BAFA  
KF fibres 

Pure PP 30 % HempAge 
Card sliver 

30 % BAFA  
KF fibres 

Pure PP 30 % HempAge 
Card sliver 

•  DIN EN ISO 527  
•  Sample 1A / GL = 100 mm 
•  Zwick Z020 / 20 kN 
•  2 mm/min 
•  Video extensometer 
•  5 samples 

Injection Moulding using Hemp Fibres – part III 
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From Fibre to Yarn 

From plant fibre to textile structure for composite application. 

(adapted from Sendenhorster, 2011) 

(Vanneste, 2013) 
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Yarn twist angle dependent stiffness values of composites. 

Yarn Twist & Composite Stiffness 

(adapted from Verpoest & Baets, 2012) 

The higher the twist angle, the lower the strength & stiffness of the composite. 
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Optimised Yarns & Textiles for NFRC 

(Baets & Pariset, 2012) 

Roving 

Weaves 

Non-crimp fabric 

Pre-impragnated weaves 

Hybrid weaves 

UD prepregs 

C o m p l e t e 
absence of twist 
and crimp 

N
FR

C
- p

ot
en

tia
l &

 a
pp

lic
at

io
ns

 fo
r h

em
p 



22              Müssig & Graupner  /  Hemp fibre-reinforced composites …,  2015-05-20 

Pilot-scale pultrusion line. 

Pultrusion 

(Mader et al., 2012) N
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Schematic draw of a pultrusion line.  

(Huber, Graupner & Müssig, 2010) 
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Tensile properties of single flax fibre bundles; field retted & scutched. 
Median ± MAD are shown.  

(Haag & Müssig, 2012) N
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Pultrusion with Flax – Fibre Properties 
Fafegraph M 

(Textechno); gauge 
length 20 mm; testing 
speed: 20 mm/min. 
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Mechanical properties of the composites with different flax types.  
Arithmetic means  ± standard deviations are shown.  

(Haag & Müssig, 2012) 
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Pultrusion with Flax – Composites Properties 

Epoxy infusion resin 
(RIM 135 & hardener 

RIMH 137i). Fibre 
content: 45 mass-%. 

Tests according to DIN 
EN ISO 14125 and 

ISO 3597-2 (bearing 
distance: 96 mm).  
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Tensile properties of single hemp fibre bundles & flexural properties of 
hemp fibre-reinforced UD pultrusion profile. (Low twisted carding sliver from 
HempAge, 45 %-mass hemp fibre bundles in Epoxy resin – RIM 135 & hardener RIMH 137i). N
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Strength 
Youngs' modulus 

Pultrusion with Hemp 

290 MPa bending 
strength: 

comparable to flax. 
 

Bending modulus 
half of the flax UDs. 
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•  NFRC have the potential to be used as a structural material to 
replace technical polymers or glass fibre-reinforced plastics. 

Conclusion 

(adapted from Verpoest & Baets, 2012) 

The performance playground for flax composites. 

&

The performance playground for flax & hemp composites. 

ü
ü

(ü) 
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