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SUSBIND (or SUStainable bio-BINDers for furniture) is a collaborative European research & innovation project addressing the need for
more sustainable biobased binders used for wood-based panel boards in the European furniture industry. The aim of the SUSBIND
project’s highly sustainable biobased binders is to replace the conventional fossil-based binders currently used for wood-based panel
boards in mass furniture products. By substituting fossil-based chemicals with those from renewable resources, the carbon footprint of
furniture products will be reduced.
“The expertise brought together under the SUSBIND project will finally see development of a biobased binder able to compete on an
industrial scale. As we become increasingly demanding of green production methods in all areas, SUSBIND will provide Europe with a
competitive advantage,” said the Scientific Co-ordinator of Cargill, Massimo Bregola.
As the climate changes, the furniture of the future will have to be sustainable, multi-functional and efficient, and today’s designers and
manufacturers are already starting to explore these areas, paving the way for future developments. The wood board industry already
having the circular economy in mind, currently relies on the use of mainly fossil-based binders, largely formaldehyde-based binders.
Several initiatives are underway to produce alternative binders from renewable resources, but a biobased binder is not yet available on
an industrial scale.

The SUSBIND project
The ambition to attain more sustainability
in the wood-based panel industry has led
to the SUSBIND project, a joint venture
involving partners from industry and
academia. Within the SUSBIND project, a
biobased adhesive was developed for the
manufacture of interior particleboards (P2
classification, EN312) and medium density
fibreboard (MDF). A collaboration of
partners, covering the whole value chain,
ranging from carbohydrate feedstock
suppliers (Cargill Deutschland GmbH) to
pilot production and validation by relevant
industry (Fritz EGGER GmbH & Co. OG,
Valbopan and IKEA of Sweden), worked
towards this goal. The scientific work
within the SUSBIND project focused on
two main topics. One was on developing
enzymatic technology for epoxidising
complex mixtures of fatty acids obtained
from vegetable oils and the other was to
develop a carbohydrate-based pathway
for adhesive production. The scientific
partners CSIC Instituto de Recursos
Naturales y Agrobiología de Sevilla (IRNASCSIC), University of Dresden, JenaBios
and the ‘Biotechnology for Lignocellulosic
Biomass’ group from CIB-CSIC employed
unspecific peroxygenases for the selective
production of unsaturated fatty acid
epoxides of plant fatty acids and oils. The
results of this scientific work have already
been reported in several publications1-⁵.

Page 308

Surface Coatings International

The other approach was to develop a
carbohydrate-based pathway for adhesive
production. It was recently found
that many of the carbohydrate-based
alternative adhesives for particleboards
reported in the literature⁶ show a reduced
reactivity (Figure 1). This is apparent, for
example, by the longer times needed
for hot-pressing in particleboard
manufacturing process as well as a
reduced strength development. The
(partial) conversion of carbohydrates to
more reactive compounds is therefore an
interesting approach in the development
of these adhesive systems, which was
further exploited in the SUSBIND project.

Carbohydrates as a green
raw material for reactive
intermediates
Biomass is the only widely available carbon
source alternative to fossil-based sources
like oil, gas and coal. In terms of volume,
carbohydrates represent about 75% of the
annually renewable biomass (about 200
billion tons)⁸. The use of carbohydrates
in wood adhesive formulations has been
reported for many decades owing not
only to their sustainability, but also to the
polar and hydrogen bonding functional
groups available for further reactions. A
recent evaluation of the technological
performance of alternative adhesives for
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the particleboard industry concluded that
most of these alternatives are considerably
less reactive⁶.
Hydroxymethylfurfural (HMF) is considered
an important additional reactant in
carbohydrate-based adhesives with
enormous market potential, often referred
to as a ‘sleeping giant’ of green chemistry
because it can be produced by acidic
dehydration of hexoses, e.g. fructose
(Figure 2), although industrial production
of HMF faces some challenges regarding
yield as well as sustainable and economic
process design⁹. The dehydration reaction
is accompanied by condensation reactions
leading to a black, tarry by-product. The
presence of these condensation products
causes major problems in the separation
and purification of HMF. In addition, the
recovery of HMF faces some difficulties
due to the thermal lability of HMF on longterm heating in both alkaline and acidic
conditions.

Adhesive development
and in-situ production
process
In the SUSBIND project, HMF was used
as a highly reactive compound in the
development of a carbohydrate-based
adhesive. The SUSBIND adhesives are
produced in an in-situ process, in which an
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Figure 1:Technological evaluation of particleboards made with SUSBIND adhesive compared to literature values⁶,⁷

HMF-containing precursor is synthesised
via acidic dehydration (using sulfuric acid)
from fructose. The formed intermediates
then react in the subsequent adhesive
production with amine crosslinkers and
additional fructose. The aforementioned
limitations in large-scale HMF production
are avoided when an in-situ production
process is used as no clean-up or
extractions steps are needed for HMF.
The production of an HMF-containing
precursor was realised in a continuous as
well as a 1L-volume batch process, while
the subsequent adhesive production
was undertaken in a pressurised
batch process1⁰-11. In the laboratory
experimentation, different adhesive
formulations were screened. The most
promising adhesives comprised fructose,
HMF and either hexamethylenediamine
(HMDA) or bishexamethylenetriamine
(BHT) as amine crosslinker (Figure 3).

Figure 2: Acidic dehydration of fructose to hydroxymethylfurfural (HMF), which can be rehydrated
to levulinic and formic acid

Lab-scale adhesive testing
Several different methods were applied
for the material testing and continuously
improving the adhesive performance.
For example, there are certain adhesive
characteristics such as viscosity, solid
content or pH, which were measured on a
regular basis as they typically function as
quality control. The most critical adhesive
behaviour with regard to the intended
application is the strength development.
This includes the speed of the curing
reaction as well as the maximum strength
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Figure 3: SUSBIND adhesives are produced in an in-situ process consisting of an adhesive
precursor synthesis and sub-sequent adhesive production

value that is reached. In the SUSBIND
adhesive development, this was done by
measuring the tensile shear strength with
a so-called automated bonding evaluation
system (ABES) using beech wood veneer.
Figure 4 shows the strength development

of the most promising adhesive
formulations, fructose-HMF-HMDA (plot B)
and fructose-HMF-BHT (plot D). Adhesives
without HMF were tested as references
(Figure 4, plot A and C).
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Figure 4: Tensile shear strength development of different SUSBIND adhesive formulations, measured after hot-pressing at 120°C

Image: RTDS

The most promising adhesive formulation
in terms of strength development and
cure speed is fructose-HMF-BHT, which
obtained a high tensile shear strength at
press times as low as 60 seconds (Figure
4). The tensile shear strength development
of the fructose-HMF-BHT formulation
is comparable to a conventional ureaformaldehyde (UF) adhesive.

Evaluation of
technological
performance of woodbased boards

Figure 5: Prototype "SUSKET" made by IKEA
of Sweden at SUSBIND conference

The technological performance of labscale particleboard and MDF boards was
evaluated. Figure 1 shows the results of
testing single-layered particleboards,
which were bonded with the SUSBIND
adhesive (fructose-HMF-BHT). The most
important indicators for evaluating the
particleboard performance are the internal
bond strength (a quality parameter)
and the press factor (a process-related
parameter). A very important outcome is
that the performance of these lab-scale
PB boards is comparable to UF-bonded
ones in terms of internal bond strength
and press time (Figure 1). The SUSBIND
particleboards reached the requirements
of the European standard EN312 (P2
classification, internal bond strength >0.35
N/mm2). Within the SUSBIND project, Fritz
EGGER GmbH produced the particleboards
and Valbopan produced MDF boards.
Further validation of the produced
SUSBIND-bonded boards was undertaken
by producing prototype furniture (TRL5)
by IKEA of Sweden.

A Way Forward
SUSBIND, an EU-funded Horizon/
Biobased Industries Joint Undertaking
funded research and innovation project
(a collaboration of six research and five
industrial partners), has made substantial
progress in developing highly sustainable
biobased binders. In the framework of the
project, SUSBIND showcased innovative
solutions in terms of novel technologies,
both the enzymatic conversion of lipids
and the thermo/chemical conversion of
carbohydrates, which are scalable and
applicable in numerous industrial-relevant
environments.
As previously mentioned, the results were
impressively demonstrated in the first
prototype product based on the successful
EKET range of IKEA (Figure5). This
“SUSKET” product has zero formaldehyde

content and uses biobased binders
from carbohydrates and vegetable oils.
Particleboards from Egger and MDF
units from Valbopan were utilised in the
SUSKET production. While there is still
room for optimisation on formulation and
facilitation of press time, the boards pass
all the set requirements. The SUSBIND
binder aims at having a lower carbon
footprint and reducing formaldehyde
emissions, thus making a meaningful
contribution to improving public health
and to mitigating climate change.
Thanks to Bio-Based Industries Joint
Undertaking, under the European Union’s
Horizon 2020 research and innovation
program, the consortium was able to
deliver impressive results: new UPOs, a
large number of scientific publications, a
validation of demo-scale technologies as
well as furniture made with both PB and
MDF produced using a new technology.
According to the Scientific Coordinator,
Massimo Bregola of Cargill, the solution
works technically, but some key economic
aspects, such as availability of raw
materials and their limitations, remain
challenging. The SUSBIND project sets
the collaboration framework as well as
the technical solution for the biobased
binders for furniture. It is now a chance
for everybody in Europe to build on the
SUSBIND results, which show exciting
opportunities left to explore.
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