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Biobased binders for the
production of fibre boards
made of wet preserved hemp

A novel technology for the supply and processing of fibrous biomass has been developed and
a pilot plant was installed for fibre board production. The raw material is gained through an-
aerobic storage of wet harvested and chopped whole hemp plants. One of the main research
issues are investigations to replace harmful synthetic binder. Rest- or by-products from other
processing procedures should be utilized as an ecologic as well as economic viable alternative.
The results show that fibre boards glued with such binders can be manufactured and fit within
the requirements according German standards for mechanical stability.
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mm A novel technology for the supply and processing of fibrous
biomass like hemp or flax crops has been developed and a pilot
plant was installed for fibre board production at the Leibniz
Institute of Agricultural Engineering Potsdam-Bornim [5, 7, 8].
The raw material is gained through anaerobic storage of wet
harvested and chopped whole hemp plants [10] (figure 1). The
preserved raw material is processed into a dry fibrous particle
mixture in the pilot plant using a twin screw extruder (extru-
der mill), a disc mill (refiner) and a stream dryer. A fleece is
formed after binder application which is processed into boards
in a hot press. These simple or three dimensional fibre boards
can be utilized in the building or furniture industries; an ap-
plication in the automotive industry is conceivable (figure 2).

An optimization of the most ambitious processing step ,,bin-
der application® in loose fibrous particle mixtures could alrea-
dy be achieved within previous research activities [1, 2, 8]. The
utilization of bio based binders as a substitute for synthetic bin-
ders like phenol formaldehyde resin (PF) was verified as well [4].

Materials and methods

A fibre particle mixture of 60 % preserved and processed
hemp and 40 % softwood was utilized for the experiments.
Comparative examinations were carried out with pure
hemp resp. softwood fibres. Following binder substances
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Wet preserved hemp as a raw material for fibre board production

were tested (figure 3):
I plant based starch products,
I canola seed cake, as by-product of oil production,
I solution of poly lactic acid (PLA) and glucose, as
intermediate of PLA production,
BN bio based residues of the same process (based on rye
groats) and
I phenol formaldehyde resin (PF) as relation variant.
Further test samples were prepared without binder. The appli-
cation and even distribution of the binder substances could be
achieved by the utilization of a novel and optimized mixing ma-
chine which was developed at the Leibniz Institute of Agricultu-
ral Engineering Potsdam-Bornim as well (figure 4). The mixing
machine is characterized by an optimal binder distribution in
the fibrous particle mixture due to a purpose oriented adjust-
ment of the essential process parameters (rotation speed and
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Product samples of fibre boards

arrangement of mixing units, selection of spraying nozzles and
their process parameters) [11].

Especially the bending strength is next to others an impor-
tant characteristic to specify the quality of fibre boards.
This specific value was determined by using a material te-
sting machine Zwick Z010 by considering the regulations
of DIN EN 310 [3]. The test samples feature the dimensions
300 x 50 x 10 mm.

Results

The standard values for high density fibre boards (HDF) uti-
lized in common applications according to DIN EN 622-2 [6] as
well as for high quality boards in humid environments act as
comparison basis for the validation of the experimental boards
(figure 5). The utilization of bio based binders except canola
seed cake enables the production of fibre boards which fulfil the
requirements of the German standard of minimal 25 N/mm?Z.
Higher values could be observed for samples glued with starch
based binders whereas the combination with sugars (PLA solu-
tion) was resulting in best parameters. Standard values for high
quality applications could not be achieved.

These results were compared with the determined bending
strength data of test samples made out of pure fibres (100 %
wet preserved and processed hemp fibres resp. 100 % softwood
fibre) glued with phenol formaldehyde resin or without any bin-
der (figure 6). It becomes apparent that board samples based
on hemp fibres without any binder as well as by reduced syn-
thetic binder utilization show better mechanical characteristics
than such made out of softwood fibres.

Conclusions

It could be shown that fibre boards produced at the pilot plant
of the ATB, based on wet preserved hemp fibres and glued with
bio based binders, can achieve the mechanical characteristics
of conventional products. A reduction of applied amount of syn-
thetic binder by 40 % is possible when the fibre raw material is
gained from wet preserved hemp instead of softwood.

Used materials: a) Phenol resin, b) PLA semi product, c) and d) plant
rests of glucose production, e) fibres, f) starch, g) cellulose, h) rape

pressed cakes

Mixing machine for binder application at pilot plant of Leibniz-Insti-
tute of Agricultural Engineering Potsdam-Bornim e. V. (ATB)

Test samples without any additional binder and based on hemp
fibres have better mechanical properties in contrast to such
made from softwood fibres. Plant particles like leaves, flowers
and seeds, still existent even after the anaerobic storage, obvi-
ously enable additional gluing characteristics or possibly poly-
merize within the course of board manufacturing.
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Bending strength of natural fibre boards with different binders
(material: wet preserved hemp mixed with wooden fibres 6:4, density
1140 kg/m?, thickness 10 mm)

—— Minimal required strength towards EN 622-2 for HDF boards for
common purposes in dry area

—— Minimal required strength for highly reliable boards for construc-
tion purposes in moist area
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Bendling strength of fibre boards made of hemp and wood fibres
(thickness 10 mm, density 790 kg/m‘?, pressing time 6 min., binder
PF resin or no PF resin)
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