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Replacing natural fiber mats with short wood fibers in acrylic resin
biocomposites reduces the associated production cost and cycle time.
In recent years, extensive research efforts have focused on the production of fully biobased composites suitable for the automotive and tribology industries, and for use in windows, doorframes, and outdoor
furniture. This area of research is of particular importance because of
the environmental problems that are associated with the use of synthetic materials and the depletion of non-renewable resources. Research
has shown that composites filled with natural fibers compare favorably
with those reinforced with glass fiber mat.1 However, the use of natural fibers presents a number of problems in the resultant composites.
For example, the fibers introduce variability in the mechanical properties, unevenness in the quality of manufactured parts, poor thermal
and dimensional stability, and—most significantly—poor adhesion to
the polymer matrix.
To overcome these challenges, a heat-curable acrylic resin called
Acrodur was produced by BASF, Germany.2 This resin system
overcomes the adhesion problems traditionally associated with natural fibers, and improves the thermal stability of natural-fiber-based
composites.3 Moreover, the resin is fully biobased and is free from
formaldehyde and phenols, thus meeting the ecological requirements
for use in automotive, tribological, and household applications.2 Most
research and application reports about Acrodur have centered on the
use of fiber mats.4 As yet, however, none of the literature describes the
direct use of short wood fibers (SWFs) to produce biocomposites with
this resin.
In our study,5 we therefore investigated the direct use of SWFs and
Acrodur 950L for the production of biocomposites. To fabricate our
samples, we used a simple mixing technique (with a kneading device)
and hot compression molding. Our research is of industrial relevance
because of the cost reduction associated with the use of SWFs (in place
of glass fiber), and because our approach implements processing techniques based on the use of existing equipment. Moreover, by directly

Figure 1. Flexural strength values of short wood fiber/Acrodur
composites with different fiber content and after undergoing treatment
(either at 70bar and 150◦C, or at 80bar and 170◦C). SWF: Short wood
fiber.
using SWFs—which are known to enhance crosslinking in thermosetting polymers6 —the cost of pre-processing (e.g., making fiber mats) is
eliminated.
To obtain our composites, we mixed Acrodur resin, water, and SWFs
(CFF & Co., Germany) at varying ratios. Once the components were
homogeneously distributed in the kneading device, we poured the
different mixtures into open molds and dried the materials in an oven
at a temperature of 120◦C. We then cured the dried samples using hot
compression molding. To determine the properties of the resultant
composites, we evaluated their flexural strength, flexural modulus,
and dynamic mechanical behavior.
Our investigations into the flexural strength of the composites revealed that the highest value (64MPa) was achieved for the composite
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Figure 2. Scanning electron micrographs showing the fracture surfaces of 60wt% SWF-filled composites prepared at a temperature of 170◦C and
under a pressure of 80bar.

with 60wt% of SWFs, processed under a pressure of 80bar and at a
temperature of 170◦C (see Figure 1). This value is comparable to that
achieved with long wood fibers (natural fibers).4 We attribute this
result to the good interfacial bonding—i.e., between the fiber and
the matrix—in the SWF composite material (see Figure 2), which leads
to good flexural strength.
In terms of the flexural modulus of the composites (see Figure 3),
we found that samples with 45wt% of SWFs processed at a temperature of 170◦C and under a pressure of 80bar achieved the highest flexural modulus (8.01GPa). However, the composite with 60wt% of fibers
cured at 170◦C and 80bar achieved the best combination of flexural
strength and modulus. Additionally, the flexural modulus of this composite was higher than that exhibited by non-woven fiber-filled Acrodur

Figure 4. Effect of processing on the thermomechanical properties
of the SWF/Acrodur composites with 60wt% of SWFs. E 0 : Storage
modulus. tan ı: Damping factor.

composites.2, 4, 7, 8 There are a number of factors that could contribute
to these improvements. First, SWFs may enable a better, more uniform dispersion in the Acrodur matrix. Due to their aspect ratio, SWFs
are also known to better aid crosslinking in thermosetting resins. It is
also likely that the fibers become a major contributor to the composite
properties. As such, the SWFs are expected to possess better bending
properties (compared with long wood fibers). Finally, we believe that
the hemicellulose and cellulose contained within SWFs react with the
Figure 3. Flexural modulus values of the SWF/Acrodur composites.
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resin at high temperatures to form a more complex network, thus making the material stiffer. Our results indicate that the SWF composites
could be a suitable replacement for long-wood-fiber-filled composites
in applications where good flexural modulus is required.
Our investigations into the thermal properties of the composites
show that they exhibit very good thermomechanical behavior at temperatures of up to 100◦C (see Figure 4). For example, composites with
60wt% of fibers that were processed at a temperature of 170◦C and
under a pressure of 80bar exhibit a storage modulus of up to 2.5GPa at
100◦C. The samples with lower SWF content exhibit a lower storage
modulus. Typically, increasing the weight fraction of the filler leads
to an increase in the storage modulus across the whole temperature
range.5 We attribute the high storage modulus of our composites to
the increased stiffness of the matrix (i.e., as a result of the reinforcing
effect imparted by the fibers, and because of the strong fiber–matrix
adhesion).
In summary, we have demonstrated that direct use of short wood
fibers in an acrylic resin matrix can result in composites with flexural
properties and thermal stability comparable to those of composites fabricated with long wood fibers. We found that the composite with 60wt%
of SWFs that was processed under a pressure of 80bar and at a temperature of 170◦ exhibited the highest flexural strength (64MPa) and
flexural modulus (7.2GPa). Our results therefore suggest that the composite would be suitable for use in the interior trims of automobiles,
furniture, office partitions, and ceiling tiles. For example, in terms of
the flexural strength and modulus, our composite compares favorably
with FlexForm and SuperLite (currently used in automotive applications). In our future work, we aim to gain a deeper understanding of
the evolution of the flexural and thermomechanical behavior of the
SWF-filled acrylic resin biocomposites using different sizes and types
of wood fibers. Specifically, we hope to gain an understanding of the
mechanisms and interactions at the fiber–matrix interface. We are also
carrying out experiments into the specific use of these materials in
tribological applications.
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understanding of biobased and environmentally friendly polymer composite systems, and in the development of high-performance polymer
biocomposites for automotive and biomedical applications.
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