
dato og ”Enhedens 

Anand R. Sanadi

Biomass Science & Technology Group

Department of geosciences and Natural Resources

Faculty of Science

University of Copenhagen

Biomass Science & Tech. Group, IGN, Faculty of Science, University of Copenhagen, Denmark

Slide 1

A Brief review of Agricultural Fibers in Polypropylene



Tekst starter uden 

dato og ”Enhedens 

Biofiber Thermoplastic Composites 
(Melt Blend Processing)

Traditional Thermoplastic Composites- fiber is 
surrounded by the matrix. 

• Particulates like wood flour, etc. Low Performance

• Biofibers wood fiber, jute, flax, kenaf- Higher 
performance 

Plastic Used- Limited to Biofiber Thermal 
Degradation ~ 190 °C for short time periods- eg. 

PE, PP, PVC, PS, etc
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Enhedens navn

Sted og dato From: www.bio-based.eu/markets

forecast



Tekst starter uden 

dato og ”Enhedens NFC- Almost all non-woven technology automotive



Processing Considerations  (I have 
used)

• Twin Screw Extruder

• Thermo-Kinetic Mixer
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Twin Screw Compounding
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Thermokinetic Mixer
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Feed Screw Model

(Semi-Continuous)



Effect of Fiber Type

• Cellulose Crystallinity (%)

• Cellulose Degree of Polymerization

• Micro-fibril Angle

• Lignin and Other extractives Could 
Influence Flow Characteristics

• Extracting fibers from plants

8



Enhedens navn

Fiber Properties

Fiber Young’s Modulus 
(GPa)

Tensile Strength

(MPa)

Failure Strain (%)

Flax 50-80 800-1500 1.3-3.3

Hemp 30-70 550-900 2-4

Jute 20-55 400-800 2-3

Sisal, abaca, 
hennequin and like

9-38 600-840 3-14

Glass 70 2,400 3

Theoretical Modulus of Cellulose Crystallites ~ 130 GPa

NF- 1.45 g/cc  Glass fibers- 2.5 g/cc
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Sanadi- University of Copenhagen

Composite Properties Depend On:

• Good dispersion can´t be 
compromized

• Good stress transfer 
(adhesion between fiber 
and matrix)

• Fiber alignment

• Ultimate fiber length after 
processing



Importance of the Interface

• The interface is where the stress is transferred to the 
fiber from the matrix by shear and affects most/all 
properties.

Grafts other molecules- (eg, styrene, methacrylate)

Traditional Coupling Agents (silanes, titanates, zirconates, isocyanates)

Polymeric Compatibilizers (MAPP/MAPE, MA-SEBS, MA-EPDM)

1cc of composite at 50 Vf and fiber 
diameter of 20 m has a fiber-matrix 
surface area of about 1000 cm2.



Load Bearing Fiber Composites- M. R. Piggot 1980



Effect of Fiber Length

fiber stress

length/diameter=aspect ratio

Lc=σf d/2τi



Modified Rule of Mixtures- Simple Theory

• C= composite f=fiber, m=matrix, E=Youngs Modulus, 
σ=strength

• Ec = Ef Vf + Em Vm (aligned fibers-high aspect ratio ∞- s>1000)

• (shorter fibers)

• Ec = X1Ef Vf + Em Vm

• (X1- orientation effect)

• σc = σf Y1Y2 Vf + σm Vm

• (Y1=orientation effect: Y2=stress transfer efficiency effects)



From N. Saheb and J. P. Jog, Advances in Polymer Technology, Vol 18, p 351, 1999



MAPP-Fiber Interactions
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Sanadi- University of Copenhagen
Tallinn University of Technology, Dec 2015

Faculty of Science

Effect of MW of Compatibilizer on wood fiber 40%-PP Composite- Adhesion and Entanglement effect

#1→ No MAPP → Uncoupled

#2→ 2% MAPP → 1% MA; MWwt 10,000; MW# 4,200

#3→ 2% MAPP → 1% MA; MWwt 40,000; MW# 11,000

40 % Recycled Newspaper- 60 % PP/MAPP

Sanadi, Clemons, Young and Rowell, J. Reinf. Plast. & Comp., Jan 1994



Effect of Wf on Modulus
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Effect of Wf on Strength
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Effect of MAPP on Strength and Modulus- 50 % fiber
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Coupling Agent- Effect on Izod Impact
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Stress-Strain Curves

23Kenaf-PP/MAPP

1995. A. R. Sanadi, D. F. 
Caulfield, et. al, “Mechanical 
Properties of Kenaf Fiber-
Polypropylene Composites,” 
Industr. Eng. Chem. Res., 
34, p1891.



Notched Impact Energies
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Bending Storage Modulus- kenaf-PP 
(coupled 3% MAPP)



Water Absorption of 50% Sisal-PP 
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Effect of Water on Mechanical Properties: 
Sisal 50 %-PP
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Properties Coupling agent 

(%)

Control 2 hr boil

Tensile modulus 

(GPa)

0 5.5 4.6

1 5.9 5.1

2 6 5.1

4 5.9 5.8

Tensile Strength

(MPa)

0 37 35

1 65 61

2 66 61

4 67 64



Effect of Various Fibers: 
40 % fiber weight- 3 % coupling agent- PP

Fiber Type Tensile 

strength

(MPa)

Tensile 

modulus

(MPa)

Notched 

Izod (J/m)

Un-

Notched

(J/m)

Kenaf 56 6.4 28 157

Coir 46 3.5 18 100

Henequen 55.4 5.1 50 156

Pineapple 63 5.6 42 170

Jute 64 6.2 36 189

Sisal (50%) 65 5.9 64 ----

Kenaf (50%) 62 7.2 32 ----



0 % MAPP- X 50



5 % MAPP- X 50



0 % MAPP- X 250



5 % MAPP- X 250



Kenaf-PP Kenaf-PP Glass-PP

% weight (volume-
estimated) of fiber

40 (30) 50 (39) 40 (19)

Volume of Plastic 70 61 81

Tensile 

E (GPa)

6 8.3 9

Tensile

σ (MPa)

56 66 110

Notched Izod J/m 28 32 107

Water Absorption 
(%)- 24 hr

- 1.05 0.06

Data on Glass-PP from Modern Plastics Encyclopedia
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WPC Composites - Extrusion Decking
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Furniture (prototype) NFC
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Shipping pallet
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Biomass Science & Tech. 
Group, IGN, Faculty of 
Science, University of 
Copenhagen, Denmark
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Single Panel Shake
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Panel Shake Installation
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Tiles
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