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Use of Filled Bioplastics in Construction
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Abstract. Polymers and associated composite materials play an
increasingly prominent role among structural materials. The relevance of the
use of bioplastics as an alternative to synthetic polymers increases year by
year. In this regard, the paper describes the production of a ligno-filled
polymer material based on polyhydroxyalkanoates to be used in the
production of building materials. The studies allowed us to produce the
material from wood hydrolyzates. The highest yield of reducing substances
in course of pine sawdust hydrolysis with 4% sulfurous acid occurred at
170°C. To obtain a biopolymer in liquid wood hydrolyzate medium, the
Cupriavidus necator strain was used, which after 50 hours of cultivation
gave a biopolymer yield of up to 15 g/l. The studies of the strength
characteristics of the composite based on the obtained bioplastic and dried
solid wood hydrolysates allowed us to produce a balanced composition for
subsequent use in construction.
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1 Introduction

In recent decades, polymer building materials have become widely used in finishing work.
However, using naturally non-destructible petrochemical plastics poses the problem of their
disposal at the end of the life cycle, thereby increasing the dangerous environmental impacts.
Therefore, the problem of creating building materials based on biodegradable polymers is relevant
today. Such polymers include polyhydroxyalkanoates (PHA), a family of polyesters that are
naturally synthesized by microorganisms. The resulting polymers allow producing materials with
various characteristics ranging from hard to extremely elastic. Among those produced from
renewable resources, the most promising now are PHAs, a family of polymers with a wide range
of properties that can in many cases exceed the performance achieved using synthetic polymers.

The crucial properties of polyhydroxyalkanoates are biocompatibility and
biodegradability. Biodegradation is a process of changes in the chemical composition of a
substance caused by microorganisms, which results in the formation of natural end
metabolites. PHAs are decomposed by microorganisms in an active microbiological
environment (i.e., in soil, fresh water, seawater, compost, etc.), even under anaerobic
conditions, but are stable in clean water. They are also biocompatible. This means that they
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are non-toxic and do not cause any of the known allergic reactions. Thanks to such properties,
PHAs are of great interest as a raw material to produce finishing building materials.

Polyhydroxyalkanoates (PHAs) can be produced from various substrates, including
individual compounds (carbon dioxide and hydrogen, sugars, alcohols, organic acids);
alcoholic, sugar and hydrolysis industries, olive and palm oil production waste. These studies
are described in [1, 2]. In addition, non-traditional substrates, including toxic ones, are also
used. It was found that PHA can be synthesized from poorly soluble and toxic octane and
octanoate, sodium benzoate, phenol, and methacrylic acid [3-5].

Over the past few years, many studies have been focused on PHA production based on
industrial by-products and waste, such as agricultural raw materials, used vegetable oils, or
waste water. The use of inexpensive waste carbon sources can reduce the cost of producing
PHAs and increase their sustainability [6, 7].

A nearly inexhaustible source of raw materials for large-scale PHA production is plant
biomass formed in huge quantities annually. Waste from various crops containing
polysaccharides with various structures and compositions can be hydrolyzed to produce a
range of water-soluble sugars.

Hydrolysis industry comprises a number of industries. Their technology is based on the
hydrolytic destruction of plant materials [8-14]. This process is carried out by the catalytic
conversion of natural wood polysaccharides (cellulose and hemicellulose) into
monosaccharides, which are then used to produce a number of high-value products [15-19].
The content of polysaccharides in plant materials reaches 55-75%.

Most of the existing hydrolysis plants are alcohol and yeast production facilities where
ethyl alcohol is produced from hexose sugars and feed yeast is produced from pentose sugars.
Vegetable raw materials are then subjected to percolation hydrolysis in the presence of
diluted sulfuric acid. The theoretical sugar recovery reaches 65-70%. In order to increase the
efficiency of using plant raw materials and create a waste-free technologys, it is advisable to
use both the sugars isolated during hydrolysis, and the solid residue [20-25].

Therefore, a promising area of research is the development of PHA from wood
hydrolyzates, as well as a comprehensive technology for producing a composite material based
on polyhydroxyalkanoate and dried solid residue after wood hydrolysis. This composite can be
widely used as siding for building facades and other facing products for construction.

2 Materials and methods

For hydrolysis, sawdust of Scots pine (Pinus Sylvestris L.) with a fraction of up to 2mm and
laboratory sulfurous acid were used as raw materials.

An important parameter in hydrolysis is the hydromodulus (the ratio of the vegetable raw
material weight to the weight or volume of an aqueous acid solution) [21]. Depending on the
hydromodulus value, the yield of sugar from the raw material, its concentration in the
hydrolysate, and the acid consumption significantly change. The hydromodulus of 1:5.8 was
selected experimentally.

Acid hydrolysis was carried out on a hydrolyser with a heat accumulator, consisting of
six sealed stainless 30ml capsules (Fig. 1). Sawdust previously weighed on analytical scales,
was placed in capsules using a funnel with a subsequent addition of calculated amounts of
distilled water and sulfurous acid under a draught. Further, the capsules containing the study
object were simultaneously placed in a hydrolyser preheated to the test temperature.
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Fig. 1. Capsule type hydrolyser with a metal heat accumulator.

Hydrolysis proceeded as follows: the capsules were sequentially removed from the
hydrolyzing unit at a certain time interval (20, 40, 60, 80, 100, 120 minutes for a temperature
of 160°C and 10, 20, 30, 40, 60, 90 minutes for a temperature of 170°C) using a special
gripper and cooled with running water. After the hydrolysis, the contents of the capsules were
separated by straining into the liquid and dry residue to further determine the content of
reducing substances.

The amount of reducing substances was determined using the Macaigne-Schoorl method,
which consists in using a Fehling solution with a given copper content and iodometric
determination of the amount of copper (II) unspent during the reaction. The separated dry
residue was placed on an AND MS-70 thermal gravimetric humidity analyzer to determine
the dry matter content in the hydrolysis mixture.

The liquid hydrolysis products were the raw materials for PHA production since they
contain sugars which serve as a nutrient medium for prokaryotic microorganisms that
synthesize this biopolymer.

The solid hydrolyzates, in turn, were dried and used as a filler to produce wood-filled
biodegradable composites.

To produce the biopolymer, bacteria Cupriavidus necator was used, which can
accumulate PHA in sufficient quantities. It is a common species that synthesizes P (3HB).
The choice of this bacterium was determined by the fact that it provides one of the most
effective fermentation process.

The bacteria were cultured in the medium of liquid wood hydrolyzates used as a carbon
source, in feed batch fermentation, with sugar concentration maintained at a minimum of 10-
20g/1 for 50 hours of cultivation. The process was carried out on a rotary shaker (100 rpm) at
30 °C till the late stationary growth phase.

The cells and the supernatant fluid sediments were separated by centrifugation (60 min at
12000%g). Further, the separated cell sediment was dried for 24 hours at 80°C and stored at
room temperature before use.

The solid wood hydrolysis product, lignin, was dried at 100°C in a laboratory oven and
further additionally crushed.

To produce the composite samples, finely dispersed lignin and the resulting
biodegradable polymer were mixed to a homogeneous polymer composition using a
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Brabender heated mixer. Further, an injection molding machine was used to make samples
by injection molding.

Further tests of the composite samples were carried out on UGT-7045-MDL pendulum
impact tester to determine the impact strength and on the UAI-7000 M testing machine to
test the tensile strength.

3 Results

The results of experimental studies of the hydrolysis temperature impact on the total yield of
aspen reducing substances showed that the optimal process mode was the temperature of
170°C (Fig. 2), which provides the highest yield of sugars after the hydrolysis.
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Fig. 2. Total RS mass yield depending on the hydrolysis temperature.
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Next, the liquid hydrolysates were fed to a rotary shaker for cultivation of the Cupriavidus
nicator strain in their medium. The microorganism’s growth kinetics in liquid wood
hydrolysates and PHA formation is shown in Fig. 3.
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Fig. 3. Kinetics of microbial growth and PHA concentration increase in liquid wood hydrolyzates medium.

Fig. 3 shows that in the time interval from 20 to 40 days, both a sufficiently high rate of
bacterial growth and a high rate of P(3HB) synthesis occur. After 40 days of cultivation, the
dry residue weight decreases, while the PHA yield continues to grow slightly, due to an
increase in the concentration of the latter in the cell biomass.

Solid hydrolyzates were dried to a completely dry state and used as a filler in a mixture
with a polymer obtained during cultivation by microorganisms. The studies of the mechanical
characteristics of the resulting composite material are presented in Fig. 4-5.
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Fig. 4 shows the Charpy and Izod impact strength dependence diagrams. An increase in
the amount of filler in the composite to 60% is accompanied with a decrease in both Izod and
Charpy impact strength. Further, there is a slight increase in these values, which can be
explained by an increase in the interaction of lignin particles with each other.
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Fig. 4. Charpy and Izod impact strength dependence diagrams.

Besides, based on the experiments, the tensile strength curves were plotted, which showed
a decrease in this indicator with an increase in the filler content in the samples.
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Fig. 5. Tensile strength with the trend line dependence diagram.

As can be seen from the curves in Figure 5, after the composite reaches a 40% filler
content, the physical and mechanical characteristics of the composite significantly decrease.

4 Discussion

Based on the research, it was revealed that PHA production from wood involves pine sawdust
hydrolysis in 4% sulfurous acid at 170°C, followed by polymer matrix production from liquid
hydrolyzates.

Mechanical studies of the properties of the composite material from a dried solid residue
and a polymer matrix produced by microorganisms indicate that to ensure the possibility of
creating building materials, the filler content should not exceed 40%.

This composite can be used in finishing materials and biodegradable formwork production.
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5 Conclusion

The previous studies analysis indicates the undoubted prospects for the use of PHA as a polymer
building material. At the same time, the extension of PHAs applications is constrained by their
high cost, and therefore the search and attraction of affordable, cheap substrates is one of the
key areas of biotechnology of these valuable macromolecules. It has been established that there
are good reasons to use both the sugars released by hydrolysis and the solid residue.

The research allowed obtaining PHA-based biocomposites samples with a lignin filler,
which were tested for strength. The curves showed the possibility of using wood filler in the
production of cheap biodegradable composites for the construction industry. It has been
found that in the range of the filler content within 40%, the material will provide high strength
characteristics, allowing creating finishing materials or biodegradable formwork from it.
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