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Guiding Questions ?

* Are the existing compounding processes suitable
for the production of natural fibre-reinforced
thermoplastic granules?

* |s our new concept suitable for the development
of optimized natural fibre-reinforced thermoplastic
granules (on a 10-kg scale)?

 |s it possible to transfer our new NFRC
compounds to production technologies in mass
production?
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A selection of approaches for the optimisation of natural fibre-reinforced
plastics.
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¢ Process design for the production of natural fibre-reinforced thermoplastics.
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Analysis of compounding processes
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Long Fibre Thermoplast Process (LFT) — 1
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(Huber et al., 2010, p. 416 ) moulding

$ Process design for the production of natural fibre-reinforced
thermoplastic components (LFT).
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Analysis of compounding processes

Long Fibre Thermoplast Process (LFT) — 2
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t$ Process design for the production of regenerated cellulose fibre-

reinforced thermoplastic components (LFT).
(cf. also the LFT-D process from Fraunhofer ICT)
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Analysis of compounding processes
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Two-Step Pultrusion Process
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w Process design for the production of regenerated cellulose fibre-
reinforced thermoplastics (two-step pultrusion).

(cf. also the process from Fraunhofer IAP, Fink et al., 2011)
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Analysis of compounding processes

Pull-Drill Process
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Process design for the production of natural fibre-reinforced

thermoplastics (Pull-Drill process).
(cf. also the process from TITK, Fink et al., 2011)
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, Finished part

e

Roller card to form hemp fibre bundles and PLA fibres to a
multilayer web; form pressing of PLA/hemp composites

(cf. also the patent from Beckmann, 2001)
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Process design for the production of natural fibre-reinforced
thermoplastics (Kinetic mixing).
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~ | Analysis of compounding processes

Compounding Processes: Analysis

Free-flowing fibres like chopped sisal with short lengths
are suitable to be processed with standard compounding
techniques.

Most problems during compounding of NFRC occur
because of the poor feedability of longer natural fibres.

Some special developments for compounding of NFRC
exists but are not economically in all cases.

Many standard fibre pellets are hard-pressed and can not
be separated completely during the compounding process
IN most cases.
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Guiding Questions ?

* |s our new concept suitable for the development
of optimized natural fibre-reinforced thermoplastic

granules (on a 10-kg scale)?
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Hemp fibre bundles:
* Hemp (Cannabis sativa L. )

Coarse separated hemp KGEO02
&

HempAge card sliver 7l

PLA polymer:

* NatureWorks™ PLA Polymer 6202D W
(Ingeo fibres) e (IBAW, 2005)

Successful compounding of unchopped fibre bundles which are
evenly mixed and homogeneously distributed into the matrix. A
Fibre mass content up to 40 % was reached.

> | New compounding concept
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? Injection moulding

Cylinder 3
‘]/ y

Cylinder 2 —
i AR
‘\“- F‘— i / .:
Cone |, e , :
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(Huber, Graupner & Mussig, 2010, S. 414 )
Processing parameters:

« Arburg 320C, Allrounder 600-250 (screw diam. 30 mm)
« Temperature profile in °C: 170-172-175-177-180-180

C> Injection moulding of PLA/hemp samples (20, 30 & 40 mass-% of
hemp fibre bundles).
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° Fibre propertles Width
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L__'> (A) Fibre bundle width of the raw hemp samples. (B) Fibre & fibre
bundle width extracted from the injection moulded test specimens.
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© Fibre Properties - Length
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° Tensile strength of PLA/hemp
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Box-and-whisker diagrams (black): Tensile strength of the injection
moulded PLA/hemp composites (mean value & conf. interval in grey).
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° Tensile strength of PLA/hemp
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Box-and-whisker diagrams (black): Tensile strength of the PLA/hemp
composites (KGE-02) (mean value & conf. interval in grey).
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o Youngs’s modulus of PLA’/hemp
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Box-and-whisker diagrams (black): Youngs’ modulus of the injection
moulded PLA/hemp composites (mean value & conf. interval in grey).
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o Youngs’s modulus of PLA’/hemp
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o Charpy impact of PLA’/hemp
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Guiding Questions ?

* |s our new concept suitable for the development
of optimized natural fibre-reinforced thermoplastic

granules (on a 10-kg scale)?

* Is it possible to transfer our NFRC compound
developments to production technologies in mass

production?

23
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NFRC compound in mass production
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T Hemp fibre pellets for injection moulding

Development of a industrial natural fibre-pellet-
production to enable the use of natural fibre as
reinforcement for (bio-based) plastics in injection

moulding and extrusion

(Badische Faser-Veredelung GmbH .
HOCHSCHULE BREMEN
Institutt 2\ UNIVERSITY OF APPLIED SCIENCES
fir Okologie und Innovation

Funded by DpDBU c |2
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Process Chain: Natural Fibre-Reinforced Plastics

(TG

Production of
hemp & flax fibre
bundles

(Richter et al. 2010)

Injection moulding /
extrusion:

various products

] ] o (consumer products, casing of
w Feeding of natural fibre via fibre electr. equipment, furniture,

pellets (adapted under automotive industry)
economic and technical
aspects)

(Haag & Mussig, 2012)

& | NFRC compound in mass production
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T Hemp Fibre Pellets for Extrusion

(?bave

Badische Faser-Veredelung GmbH

Haag, K. / Scholz, S. / Schirp, A. / Carus, M. & Mussig, J. 2013:
Pellets fiir die Extrusion.
In: Kunststoffe (ISSN 0023-5563), Vol. 103., 4, (2013), p. 67 - 69

N
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T Hemp fibre pellets for injection_; oulding

Light-retted hemp

‘:> Light-coloured

soft pellets

(Pbave

Badische Faser-Veredelung GmbH

w Compounds with PP:
Fibre mass content 35 %

CLINOTECH

(Haag & Mussig, 2012)

~ | NFRC compound in mass production
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Conclusion

* Are the existing compounding processes suitable
for the production of natural fibre-reinforced
thermoplastic granules? @@

* |s our new concept suitable for the development
of optimized natural fibre-reinforced thermoplastic
granules (on a 10-kg scale)? @

* Is it possible to transfer our NFRC compound
developments to production technologies in mass

production? @@
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Many thanks for your attention!

Prof. Dr.-Ing.

Jorg Mussig .‘
Hochschule Bremen - University of Applied Sciences
Faculty 5 — Biomimetics

The Biological Materials Group

Neustadtswall 30 / 28199 Bremen, Germany

Tel.: ++ 49 -4 21 - 5905-2747

Email: jmuessig@bionik.hs-bremen.de

"Agrobiopolymere" — project number: [-2-01=175, funded by INTERREG/EDR, Bunde,
Germany. The authors would like to thank Mr. Hansjorg Wieland (3N, Werlte), Mrs.
Katharina Albrecht (HSB, Bremen), Mr. Tim Rogan (HSB, Bremen) and Herbert Enzler
(TU Clausthal) for their support.

The pellet results were obtained within the project: ,Entwicklung einer industriellen
Naturfaser-Pellet-Produktion zur Nutzung von Naturfasern als Verstarkung von (Bio-)
Kunststoffen in Spritzguss und Extrusion® — AZ 27717-34, funded by the Deutsche
Bundesstiftung Umwelt DBU, Osnabruck, Germany.
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