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ABSTRACT

The aim of the doctoral thesis “SAPROPEL FOR THE DEVELOPMENT OF
BIOCOMPOSITE MATERIALS: PROPERTIES AND APPLICATION POSSIBILITIES”
is to study properties of sapropel and possibilities to use it for development of biocom-
posites for applications in agriculture, construction industries and other fields as well
as to test properties of obtained materials in respect to their application possibilities.
Samples of composite materials were created by using different types of sapropel as
binder and birch wood grinding dust, birch wood fibre, hemp shives and fibre aero-
sil, mahagony sawdust as fillers. Birch wood veneer and beech wood planks, peat was
used for testing sapropel adhesive properties. In the theoretical part of thesis is offered
an overview of scientific literature about sapropel, possibilities of utilization, charac-
teristics and consistence of environmentally friendly construction materials. The cre-
ated composite materials were analyzed at the results section. Measuring of mechanical
strength, thermal conductivity, microbial stability, biodegradation, ageing of composite
materials, compressive and flexural strength of composite materials, sound insulation
properties, comparison of auto-ignition were carried out and analyzed. Thesis convinc-
ingly demonstrates that using local resources such as sapropel and by-products of the
production process, such as birch wood sanding dust, birch wood fibers, hemp shives
and wood chips, it is possible to develop environmentally friendly composite materi-
als in construction and agriculture, adapting them to the needs of use. Biological sta-
bility of natural sapropel containing biocomposites is one of key parameters for their
application potential and should include detailed evaluation of composites in respect to
major groups of microorganisms of concern. The mechanical and thermal properties of
sapropel-based composites were similar to those of synthetic as well as mineral mate-
rials, suggesting that sapropel composites could have similar use in the construction
industry: as a self-bearing wall thermal insulation material that works together with the
structural timber frame.

The thesis consists of 210 pages with 14 illustrations and 16 tables.

Key words: sapropel, binder, composite material, microbial stability, biodegradation
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INTRODUCTION

The contemporary economy worldwide is based mainly on fossil material use
(Ingrao et al., 2018), and this approach significantly contributes to the depletion of
resources and environmental problems, especially climate change. Bioeconomy (bio-
techonomy) can be considered as an alternative to fossil material-based economy.
It implies using biomass or biotechnology to produce goods, services or energy
(Lewandowski, 2018). Taking into account global environmental and climate problems
as well as the decrease and depletion of global resources, a need to reduce the use of
synthetic chemicals and to develop a bioeconomy is necessary. Expanded use of bio-
based materials can be considered as an action tool within the sustainable develop-
ment strategies in European Union (Altozano, 2012) and in Latvia (Latvijas Republikas
Zembkopibas Ministrija, 2017). Thus, it is crucial to search for applications of natural
materials as a replacement of synthetic ones (Fava et al., 2015).

Organic-rich lake sediments such as sapropel, gyttja are believed to be prospective
materials for diverse applications (Bal¢itinas et al., 2016; Stankevica, 2020). Sapropel is
regarded as a waste product of lake reclamation (an action actual for eutrophic lakes)
and could be required to remove sediment bulk mass to maintain the lake ecosystem
by not allowing overgrowth. Thus, sapropel processing and use are sustainable from
the perspective of circular economy with the additional benefit of developing sapropel-
based products required in the market. In Latvia, the majority of lakes are eutrophic,
with significant impacts of anthropogenic eutrophication and the total volume of sap-
ropel resources is ~2 billion m>. Sapropel reserves in Latvia’s lakes reach 700-800 mil-
lion m?, while sapropel reserves in bogs reach 1.5 billion m® (Seglins, 2014). Sapropel
can be considered a renewable resource since lake eutrophication, being a natural pro-
cess, is continuous. Thus, the development of new possibilities to facilitate sapropel
application can support the reclamation of lakes, as well as can significantly contribute
to the development of bioeconomy.

Sapropel properties limit its direct application that is usually tended to agricultural
applications. Together with a limited level of research and often outdated application
studies, it results in a lack of interest from industries involved in the development of
new products. One of the remarkable properties of sapropel is its ability upon process-
ing and drying to act as adhesive and/or binder for other materials (Bal¢itnas et al.,
2016; Gruzans, 1958, 1960; Klavins and Obuka, 2018). Thus, sapropel can be used to
develop composites based on the combination of properties of different groups of mate-
rials and to develop new materials with new characteristics. New composite materials
is a general trend of material development nowadays. Commonly, composites are syn-
thetic material based, e. g. mineral wool, stone wool, glass wool, while unique proper-
ties of sapropel support allow introducing a new group of composite materials formed
by a matrix and a reinforcement of fibers - biocomposites (Mohanty et al., 2000).
Nevertheless, sapropel has not been used for the production of biocomposites, but this
direction of research can is believed to be highly prospective since natural material-
based binders for biocomposites are limited.



One of the main challenges of working with sapropel is that its properties limit its
direct application to the development of sapropel based composites includes options
to use waste biomass as fillers. Such approach provides possibilities to find new appli-
cations of waste materials, such as hemp shives, wood sanding dust and wood chips.
Another challenge in developing biocomposites is proper testing of their properties
(Bulota et al., 2011; Jawaid et al., 2019; Mngomezulu et al., 2014). Biocomposite test-
ing traditionally concentrated on testing functional properties (mechanical strength,
durability of use etc.), but the biological stability tests often are neglected as the testing
methodologies are not elaborated, and their functioning has not been much studied.
However, as biocomposites might be subjected to biological degradation, the biological
stability studies are of utmost significance for estimation of their more comprehensive
application.

The aim of the doctoral thesis is to study properties of sapropel and possibilities
to use it for development of biocomposites for applications in agriculture, construc-
tion industries and other fields as well as to test properties of obtained materials in
respect to their application possibilities.

The worktasks of the thesis includes:

Study of sapropel properties, relevant for development of biocomposite materials
Develop principles for biocomposite material production using sapropel

Prepare new, application oriented sapropel based biocomposites

Develop biocomposite material testing methods as well as analyse and evaluate sap-
ropel composite material application possibilities

Ll o

Hypothesis

Elaboration and aprobation of new testing methodologies are essential, to develop
application oriented, sapropel based biocomposites, which includes detailed studies of
elaborated material biostability in addition to functional property estimation.

Scientific and applied significance

1. Development of new approach for lake recultivation waste product - sapropel use
for production of natural material based biocomposites and demonstration of the
approach efficiency.

2. Creation of design concepts of biomaterial based biocomposite material
using sapropel.

3. Preparation of sapropel based biocomposites for new, market oriented applications
in building material industry and design, as well as in other fields, thus supporting
use of local, natural based material use.

4. Elaboration of sapropel based biocomposite analytical characterization and test-
ing methodology, to prove their biostability, functional properties and application
potential.
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Approbation of the results

The results of the doctoral Thesis are published in 9 scientific articles, including
8 articles in SCOPUS; Web of Science and discussed in 5 international as well 6 local
scientific conferences.

Publications
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Ecological Engineering, 22(4), 296-313. (SCOPUS; Web of Science)

Obuka, V., Muter, O., Sinka, M., and Klavins, M. (2019). Biodegradation studies
of sapropel-based composite materials. IOP Conf. Series: Materials Science and
Engineering. https://doi.org/10.1088/1757-899X/660/1/012073 (SCOPUS; Web
of Science)

Sinka, M., Obuka, V., Bajare, D., and Jakovics, A. (2019). Durability and hygrother-
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Ozolins, J., and Klavins, M. (2019). Granulation of fly ash and biochar with organic
lake sediments — A way to sustainable utilization of waste from bioenergy pro-
duction. Biomass and Bioenergy, 125(March), 23-33. https://doi.org/10.1016/].
biombioe.2019.04.004 (SCOPUS; Web of Science)
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(2018). Sapropel processing approaches towards high added-value products.
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(2017). Sapropel and lime as binders for development of composite materials.
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as a binder: Properties and application possibilities for composite materials.
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Obuka, V., Korjakins, A., Brencis, R., Preikss, I., Purmalis, O., Stankevica, K., and
Klavins, M. (2014). Sapropela kadras, sapropela kokskaidu siltumizolacijas plak-
snes un to ipasibas. Material Science and Applied Chemistry, 29(29), 127. https://doi.
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Author’s contribution

The author has obtained and studied sapropel based composite materials made
from hemp shive, wood sanding dust, wood fibre used as filler materials and organic-
rich freshwater sapropel used as binder. Samples of 4 freshwater sapropel in Latvia were
used. During the research used sapropel samples were from Lake Padelis, Lake Veveru
and Lake Pilvelis, Lake Pikstere.

Preparation and analysis of sapropel samples were done at the Faculty of Geography
and Earth Sciences (University of Latvia).

The author has contributed to direct work with sapropel based biocomposite mate-
rials preparation research performing following activities: mixing and curing materi-
als (done both at the University of Latvia and Riga Technical University with a help
from Maris Sinka), mechanical strength tests (done by Maris Sinka and Nikolajs
Toropovs in Riga Technical University and Ilmars Preikss in Latvian University of
Agriculture), thermal conductivity tests (done by Maris Sinka and Nikolajs Toropovs
in Riga Technical University), microbial stability tests (done by author at University of
Latvia with a help of Vizma Nikolajeva, who provided access to equipment needed for
the study and helped with analysis of results), biodegradation tests (done by author at
University of Latvia with a help from Olga Mutere, who provided access to equipment
needed for the study and helped with analysis of results), ageing of composite materials
(done by Ilmars Preikss in Latvian University of Agriculture and author in University
of Latvia), compressive and flexural strength tests of composite materials (done by
staff in Forest and Wood Products Research and development Institute), sound insula-
tion properties tests (done by author in Latvian University of Agriculture with a help
from Raitis Brencis), comparison of self-ignition tests (done by author at University of
Latvia). For sapropel properties is done analysis of moisture, organic matter, ash, car-
bonate and mineral matter. The author has also performed as well as summarization,
estimation, and analysis of all research results, assessment of the relationship between
different parameters and properties.
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1. LITERATURE REVIEW

1.1. Sapropel: formation conditions and composition

There are 2256 lakes larger than 3 ha in Latvia with a total area of 1001 km? and
covering 1.5% of the territory of Latvia (Nikodemus et al., 2018). In many of these
lakes sapropel can be found - lake sediment containing more than 15% organic matter
(Kurzo et al., 2004), which is a mixture of plant and animal organic matter decay resi-
dues mixed with mineral particles (Kakitis, 1999).

Sapropel is a partially renewable resource (Seglin$ and Brangulis, 1996) formed
under differing conditions. Complex formation conditions reflects problems of termi-
nology as recently is discussed in thesis work (Stankevica, 2020). Sapropel is a loose and
fine-grained sediment rich in organic matter in inland waters (Emeis, 2009). Sapropel
has a low content of inorganic biogenic components and a mixture of mineral nature
(Stankevi¢a and Klavins, 2014). Sapropel organic matter mainly consists of residues
of aquatic plants and aquatic animals — phytoplankton and zooplankton (Kurzo et al.,
2004), which reproduce in large quantities in stagnant or poorly flowing overgrown
water basins (Lacis, 2003). Sapropel consists of diatoms, green algae and cyanobacte-
ria, as well as foraminifera, radiolaria, dinoflagellates, various species of crustaceans,
sponges and bacteria. Benthos organisms, infusors and molluscs also play a role in the
development of sapropel (Bambergs, 1993).

In its natural state, sapropel is a loose organomineral sediment that is a clot-like mass
with varying shades and colloidal structure (Bambergs, 1993; Vimba, 1956). Extremely
intensive sapropel formation occurs in the temperate climate zone (Stankevi¢a and
Klavins, 2014; Illtun, 2005), where masses of dead aquatic organisms (plankton, ben-
thos, higher plants) settle at the bottom of the lake at the end of the vegetation period.
These residues are optionally anaerobically transformed into complex biochemical,
mechanical, microbiological and physico-chemical transformation processes over time
into organic rich lake sediments - sapropel (Bogush et al., 2013).

In the composition of sapropel, the amount of minerals can fluctuate over a wide
range, up to 85% (Kakitis, 1999). In the territory of Latvia, sapropel minerals are com-
posed of sand, clay, calcium carbonate and other compounds, which are introduced
into the lake by runoft from the catchment or accumulate in the lake, or from dead
animals and plants (Gruzans, 1960; Kurss and Stinkule, 1997; Lacis, 2003).

The composition, properties and thickness of sediments are determined by the type
of lake, the geographical conditions of the region, the anthropogenic impact, the char-
acteristics and size of the catchment area (Stankevica and Klavins, 2014). The main rea-
son for the formation of the sapropel is the interruption of lake substances and energy
flows, which are common in eutrophic lakes.

Water sediment accumulates in water bodies by layers. Each subsequent layer cov-
ers the layer that had accumulated last year (Stankevi¢a and Klavins, 2014). Sapropel’s
layer thickness of deposited sediment during the year depends on the lake’s flow and
intensity of biological process. Formation of the sapropel layer began in the deepest
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parts of the lake and during the year is approximately 0.1 mm in small run-off lakes and
up to 6.64 mm in lakes with good flow (Kakitis, 1999; Itus, 2005).

There are two types of sapropel deposits: terrestrial, which are located in bogs
under peat layer and in lakes (under water) (Kakitis, 1999). According to the results
of Latvian lakes research, sapropel reserves in Latvias lakes reach 700-800 million
m?, while sapropel reserves in bogs reach 1.5 billion m®. Total sapropel resources in
Latvia can be estimated at 2 billion m? (Seglins, 2014) however the estimation of the
accumulated resources should be re-evaluated considering results of recent studies
(Stankevica, 2020).

The sapropel sediments are unevenly distributed in the territory of Latvia, and their
amount mainly depends on the area’s lake content (Stankevica 2020). Sapropel with
high organic matter content (up to 90%) is more common in south-eastern Latvia,
including the Latgale Upland (Stankevi¢a and Klavins, 2014).

In recent years, people have started to pay much more attention to ecosystem
services when calculating monetary values of nature, with the aim of using natural
resources in an environmentally friendly and efficient way. The abundance, availability
and extensive use of sapropel stocks make it an important natural resource, the extrac-
tion and use of which solves the necessary recultivation measures of overgrown and
swampy lakes (Baksiene and Janusiene, 2005). Although overgrowth of lakes is a nat-
ural process, it is facilitated by the use of inappropriate fertilizers, the construction of
agricultural and livestock farms in the immediate surroundings of the lakes, and the
disruption of natural water exchange caused by overgrowth of drains and small rivers
(Kakitis, 1999; Skromanis et al., 1989). The recultivation of the lakes is carried out in a
complex way, mechanically cleaning and deepening the lake. These processes deplete
the lake of sediment and remove overgrowth along the shores of the lake (Baksiene and
Janusiene, 2005; Kakitis, 1999).

However, the composition and properties of a sapropel that determine its rational
use depend on many factors during its formation. To systematize the use of these sedi-
ments, researchers have developed sapropel classifications, which have been developed
based on research directions and objectives. The widely used classification of sapropel
is the classification types developed by A. Fomin and E. Tomin in 1964, based on the
analysis of the biological composition of sapropel (IlITun, 2005). Belarusian scientists
led by G. Evdokimov in the 1970s, developed the classification of sapropel, taking into
account the genesis of sapropel and industrial requirements (EBgokumosa et al., 1980).
The classification created is based on the quantitative indicators of the seven indicators
of chemical composition of sediment and divides the sapropel into four types. After
the breakdown of mineral and organic matter, the sapropel is divided into low-ash (ash
content less than 30%) and ash (ash 31-85%). There are four types of organic sapro-
pel, depending on their amount of humic substances. Ash-rich sapropel is divided into
three types, depending on the mineral composition ratio: silica-containing, mixed and
carbonate-sapropel.

Recent updating of the sapropel classification system provided (Stankevica,
2020) considering character of the sediments, common form sedimentation condi-
tions and geochemical conditions, common for Latvia specifically and for the Northern
Europe in general (Table 1.1.).
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One of the most important properties of moist sapropel is its colloidal structure,
which determines the ability of the organic colloidal particles of sapropel to absorb large
amounts of water, resulting in a high moisture capacity of 70-97% (Vimba, 1956) and
low filtration rate (LiuZinas et al., 2005). The relative humidity of sapropel is related to
its organic content - the higher the organic content, the higher the moisture content
(Stankevica, 2020). Organic sapropel contains more water because its organic part cor-
responds to gel that binds water molecularly (Kakitis, 1999). Naturally, the structure
of the moist sapropel is viscous, gelatinous or clotted, plastic and with high sorption
capacity (Skromanis et al., 1989; Vucans, 1989). When the moisture content of sapropel
drops to 60%, its colloids collapse (Bambergs, 1993). At low temperatures the sapropel
loses its bond and its mass becomes loose and friable. This property makes it possible to
obtain a sapropel fertilizer that is easy to apply in soil (Vucans, 1989).

Sapropel dries slowly and returns water with difficulty - it evaporates slowly
(Liuzinas et al., 2005). When dried, it becomes hydrophobic (Vimba, 1956). Sapropel
has an average dry matter content of 5-20% with a mass density of 1040-1080 kg/m?
(Kakitis, 1999). The air-dry sapropel has a glossy cut surface and the colloids therein,
after solidification, reach the level of a horn’s solidness (Bambergs, 1993; Kakitis, 1999).
As moisture decreases, the specific mass of the sapropel increases and the density
increases (Skromanis et al., 1989).

Sapropel organic matter is of both autochthonous and allochthonous origin. The
allochthonous components of sapropel contains shoreline erosion material, consisting
of mineral particles, as well as inorganic substances of biogenic origin and animal and
plant residues, surrounding the lake flowing from the catchment area of the lake with
rainwater, rivers, air currents (Leonova et al., 2011; LiuZinas et al., 2005).

Depending on the composition of the sapropel, it can have different colors: dark
brown (with oily sheen), brownish, light and dark grey, greenish, yellow, light pink, etc.
The color of sapropel is determined by minerals and organic substances: the admixture
of sand gives a grey color, lime - white, clay - yellow. The green color in the sapro-
pel is determined by the chlorophyll contained in the green algae, while the diatoms
pink (Bambergs, 1993; Vucans, 1989; Kopna, 1960). In the lakes studied in Latvia, the
organic matter content of sapropel dry matter is higher than 60% in about 80% of cases
(Vucans, 1989).

According to the composition of sapropel, the dry matter can be divided into three
groups of substances: minerals (non-indigenous origin), organic matter complex
(plant and animal residues), inorganic components of biogenic origin (Stankevi¢a and
Klavins, 2014). Sapropel organic matter is one of its most important properties. Their
content in the sapropel dry matter ranges from 15% to 90% and more (LiuZinas et al.,
2005; Stankevica and Klavins, 2014; Kopaa, 1960; Kypso, 2005). Elemental composition
of sapropel organic matter: carbon 50.8-59.2%, oxygen 27.9-35.2%, hydrogen 6.7-7.4%,
nitrogen 4.7-5.4%, sulfur 0.6-1.4% (Vimba, 1956; Bpakm, 1971).

Depending on the conditions and composition of the sapropel, the organic part of the
sapropel may contain different groups of organic substances: humic substances 5.1-61.9%,
hemicellulose 9.8-52.5%, cellulose 0.4-6.0%, amino acids 9.8-17.8%, bitumens
6.8-15.2% (Bpaxui, 1971; EBgoknmosa et al., 1980; IItun, 2005). Further subdivided
bitumen and humic substances: group A bitumen 3.4-10.7%, group B bitumen 2.1-6.6%,
humic acid 11.0-37.6%, fulvic acid 2.1-2.5%, insoluble residue 5.1-22.6%. Kakitis empha-
sized that sapropel bitumens contain waxes, solid hydrocarbons, resins, fats and various
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acids (Kakitis, 1999), however these suggestions are not supported with experimental
studies. The other non-organic constituents of the sapropel dry matter are called ash and
can have a very different composition: SiO, 3.2-72.4%, CaO 2.5-33.5%, MgO 0.4-2.3%,
P,0; 0.14-0.27%, Fe,O; 1.1-2.6%, Al,O; 0.8-3.9% (Bpaxu, 1971; EBgoxumosa et al.,
1980; IItnH, 2005). Sapropel also includes various trace elements: Si, Al, Fe, Ca, Be, Sr,
Mg, Ti, Na, K, V, Cr, Mi, Ag, Mo, Ga, Pb, As, Sn, P, S, Na, Sc, Ni, As, Rb, Y, V, I, Zr, Nb,
Mo, Cd, Cs, Ba, La, Ce, Hf, Th (Leonova et al., 2011; Lukashev et al., 1991)1990. The
amount of macro and micro elements in sapropel dry matter (mg/kg) in lakes of Latvia
is Mn 145.3-456.1, Cu 4.7-14.6, Co 1.2-8.0, B 4.3-17.2, Zn 3.6-16.6 (Bambergs,
1993; Bpaxku, 1971).

In sapropel also 11 vitamins are found: carotene, folic acid, B1 (thiamine), B2 (ribo-
flavin), B3, B4, B5 (pantothenic acid), B6 (pyridoxine), B9 (folic acid), B12 (cyanoco-
balamin), C (ascorbic acid), D, P and E (tocopherol). This determines the potential of
sapropel in veterinary and medical applications as a source of polyvitamins (Kaléja,
1959; Mikulioniené and Balezentiene, 2012).

Sapropel organic matter contains elevated nitrogen concentrations of up to 6% (Skro-
manis et al., 1989; Vucans, 1989). Sapropel with the highest amount of nitrogen in
aquatic animals contains 4.4-4.8% nitrogen on average, sapropel rich in algae residues
3.0-4.4%, nitrogen content in peaty sapropel, which is made up of peat-forming plants
and other vascular plants, can reach 2.6-3.5% (Stankevi¢a and Klavins, 2014).

Sapropel contains 15 amino acids: glycine, aspartic acid, glutamic acid, alanine,
lysine, proline, histidine, tyrosine, serine, arginine, phenylalanine, threonine, valine,
leucine and cystine (Lukashev et al., 1991; Mikulioniené and Balezentiene, 2012).

In this study, adhesion and hydrophobic capacity is a most important property of
organic rich lake sediment (Brakss et al., 1960; Gruzans, 1960; IlItus, 2005). The adhe-
sion capacity of sapropel is determined by the residues of the animals and plants it con-
tains. Green algae casings are composed mainly of cellulose, which poorly decomposes
over time, so organic sapropel, which is composed of green algae, is rich in cellulose,
poor in ash-containing minerals and low in humus content, produced mainly from peat
plants (Stankevi¢a and Klavins, 2014). It should be noted that the adhesive properties
of sapropel are also conferred by nitrogenous substances, including free amino acids.
In addition, the sapropel composition is influenced by the structure and amount of the
humic acid molecules, i.e., by increasing the proportion of humic acids in the composi-
tion, the branching of the molecules of the peripheral part increases. This promotes the
formation of strong bonds between molecules and especially between macromolecules
during material creation. Molecules in humic substances remain more elastic, compris-
ing solid particles of the molded composite material, which are capable of providing
durability and high strength of the material (Kypso, 2005). It is therefore rational to use
sapropel with the above properties as an adhesive and binder in the production of vari-
ous ecological building and finishing materials.

Summary. Sapropel as natural, renewable resource have complex composition, sig-
nificant variability in one site (lake or bog) as reflected in the sapropel classification
system, have many unique properties supporting its application potential. Organic sap-
ropel contains numerous organic compounds formed during decay of living organic
materials and secondary biosynthesis in sedimentary phase as well as mineral matter of
allochthonous origin.
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1.2. Sapropel application possibilities

Sapropel can be found in significant quantities and thus of importance is to study its
application possibilities. Sapropel can be considered as a renewable and natural mate-
rial and for example, in case of lake recultivation, involving removal of sediments it
can be considered as a waste material and thus available for use as low-cost product.
Sapropel, like peat, has a wide range of possible uses, which vary with the composition,
properties and availability of the sapropel resource. It can be used in various sectors
of the economy (Figure 1.1), such as agriculture, medicine, veterinary, construction
industry, etc.

SAPROPEL APPLICATION FIELDS

INDUSTRY AGRICULTURE HEALTHCARE

DRILLING TAMPONAGE SORBENTS for FODDERS GROWING FERTILIZERS BIO-STIMULANTS BALNEOLOGY
SQLUT!ON SOLUT_ION WASTE WATER production MEDIA‘ production production COSMETOLOGY
production production treatment production il PHARMACOLOGY

feed
CHEMICAL CONSTRACTION premix al'"e""m“""
soll

feed granulation
PROCESSING ’IZIrI:LE;I::]L adhesive colmatation
soil pH

yeast
growing neutralization

soil
fertilization

Figure 1.1. Application options of sapropel in the fields of national economics
(Stankevica 2020)

When question arises, where to use sapropel in any of the previously mentioned sec-
tors of the economy (Figure 1.1), it must meet certain requirements. The most impor-
tant diagnostic features that determine the uses of sapropel are listed in the industrially
genetic classification of sapropel (Stankevica et al., 2017) (Table 1.1).

From the point of view of use, organic sapropel is accepted as the most valuable
type of sapropel, however, this does not mean that this type is versatile and pro-
duces equally good results in all areas of use of sapropel (Brakss et al., 1960; Gruzans,
1960; IIItun, 2005).

1.2.1. Use of sapropel in agriculture

Agricultural applications of sapropel have been most widely studied. Sapropel prop-
erties influence its application potential in agriculture: 1) sapropel can support devel-
opment and optimisation of soil structure, 2) sapropel can enrich soil with organic
matter, especially with humic substances, 3) sapropel is a source of nutrients and can
ensure slow release of nutrients 4) biologically active substances in sapropel can sup-
port plant growth (sapropel can act as biostimulant). In Latvia, the use of sapropel in
field fertilization has been studied at the Latvian Academy of Agriculture since 1954. As
an organic fertilizer, sapropel can be used both fresh and as a compost or substrate. It
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is important to note that freshly obtained, non-aerated sapropel contains zinc, alumi-
num, non-oxidized iron compounds and bituminous substances that may inhibit its
conversion into plant nutrients during the first year of use and reduce soil microorgan-
ism activity (Kakitis, 1999). Although the sapropel is highly effective in the first year of
application, it is mixed with manure or sludge.

Sapropel and manure compost are organic fertilizers that can bind ammonia. For
the formation of granular complex organic fertilizers, the rational use of sapropel is
with organic matter content more than 50% and the addition of macro- and microele-
ments is necessary (Skromanis et al., 1989; Vucans, 1989; Kypso, 2005). If sapropel is
composted 6 to 8 months before application, its effectiveness increases. This prevents
the formation of unpleasant odors and pollution of the environment (Grigalis, 1987).
During composting, it is important to ensure that the moisture content of the com-
postable material does not exceed 55-65%. If it is higher, anaerobic and compost-
inhibiting conditions begin to form in the compost (Kakitis, 1999).

To increase nutrient stability and reduce leaching of mineral fertilizers, they can be
granulated with organic sapropel. This reduces the deposition of fertilizers during stor-
age and improves their physico-chemical properties as well as slow release of nutrients.
The moisture content of the fertilizer granules during storage should be 10-25%. Under
these conditions, the sapropel increases adhesion properties and the granules has shape
holding ability (Kypso, 2005). Sapropel applications in agricultural tests demonstrates
reasonably high efliciency, for example, the average yield increase using sapropel for
soil improvement provided by A. Kakitis (1999) is: 1) by 10 to 15% for cereals; 2) roll-
ing crops 15-20%; 3) for vegetables 20-30%.

B. Kurzo’s research shows that acid-alkali hydrolysates of sapropel (liquid sapropel
humic fertilizers) are better than peat liquid humic fertilizers because of their higher
biological activity. In these studies, barley seed germination using liquid sapropel
humic fertilizers compared to controls is 114.2-118.9% and seed germination increases
from 13.4 to 18.9%. Significantly high biological activity is found in plant growth pro-
moters derived from peaty sapropel (Table 1.1) containing up to 70% humic acid in
organic matter (Kurzo et al., 2004).

Carbonatic sapropel can be used in agriculture as a liming material to replace dolo-
mite flour and lime. Studies in the use of sapropel in horticulture have shown that it
accelerates plant development and flowering time. It is promoted by humic acids, trace
elements and other biologically active substances in the sapropel. It is recommended
that organic sapropel can be used for the production of balanced organic fertilizers for
growing and replanting greenhouses in agriculture (Skromanis et al., 1989).

An interesting and progressive idea is to use the heat generated on the farm dur-
ing the composting process. These studies were conducted at the Swedish Institute
of Agricultural Mechanization in Sweden. The results show that the temperature of
the compost pile can reach up to 70 °C as a result of the action of microorganisms.
Researchers recommend placing a heat transfer circuit in the compost heap that
removes excess heat energy, thereby keeping microorganism activity processes at the
highest possible level. The heat dissipated heats the water in a special tank to 58 °C,
keeping the compost temperature 60-62 °C. The amount of heat produced by this tech-
nology is equivalent to 25 tons of liquid fuel per year. Similarly, composting processes
for sapropel - reed and sapropel - straw can be used. Compost heaps are placed in
greenhouses, providing air exchange in the compost, with the possibility for farms to
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use the heat and carbon dioxide generated by the composting process. The substrate
obtained from composting is used for growing seedlings (Kakitis, 1999).

Summary. Several studies done mostly in Northern Europe, Russia, and Belarus
demonstrates good potential of sapropel application in agriculture. Considering sapro-
pel composition, biological activity aspects most prospective could be sapropel appli-
cations in biological agriculture. However just these aspects have not received duly
attention as well as economic feasibility of sapropel use.

1.2.2. Use of sapropel in animal husbandry

Considering properties of sapropel, there is good potential to develop sapropel
applications in animal husbandry to support the efficiency of livestock farming, the
efficient use of bird and animal feed. Argument in respect to use of sapropel are related
to its biogenic nature and evident need to reduce of synthetic products. To achieve this,
highly effective biologically active substances such as sodium and hydrohumate are
used, which promote oxidation in the body, increase metabolism and protein accumu-
lation in the blood serum, improve vitamin synthesis, and increase red blood cell pro-
duction in the bone marrow.

One of the uses of sapropel is a dietary supplement in animal husbandry that would
increase the live weight of animals without the use of chemical preparations. Organic
sapropel, which is natural and safe for poultry, is usually used for this purpose. When
enriched with natural vitamins and micronutrients, sapropel can be used in animal
husbandry (livestock farming) as a vitamin and micronutrient supplement. The addi-
tion of 1.0 to 1.5% of sapropel to the daily ration of cattle increases their live weight and
milk yield by 12-15% (Kypso, 2005; IlITus, 2005).

Studies in which piglets were fed an organic sapropel preparation from birth
showed that such preparations prevent animals from developing rickets, dyspepsia and
anemia (IlItun, 2005). These diseases include metritis (inflammation of the urogeni-
tal tract), mastitis (inflammation of the mammary gland), bursitis (inflammation of
the mucous membrane), tendovaginitis (inflammation of the tendon of the vagina),
phlegmon (IItus, 2005). These examples demonstrate that organic sapropel has high
therapeutic efficacy in animal husbandry for the treatment of surgical, gynecological
and other diseases in animals. With the use of sapropel, cattle are treated for external,
internal skin inflammatory diseases, gynecological and chronic diseases.

S. Mikulioniene and L. Balezentiene (2012) studied the use of sapropel in animal
feed additives (changes in animal body weight and digestive tract development, meat
quality), concluded that organic selenium in sapropel has antioxidant properties and
prevents stress-induced malnutrition. Biologically active substances such as vitamins,
enzymes, amino acids, antibiotics, estrogens, carbohydrates, lipids and humic sub-
stances contribute to the physiological role of sapropel in poultry feed additives. The
humic substances in the sapropel improve the function and microbiological balance of
the intestinal tract of animals. In contrast, copper and zinc in the sapropel promote ani-
mal growth, immune function and maintain the antioxidant regulatory effects on iron
(Mikulioniené and Balezentiene, 2012).

Sapropel is also added to bird droppings as an additional element to promote
their rational use (Grigalis, 1987; Lukashev et al., 1991)a rather wide range of element
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concentrations permits the selection of lakes and deposits with the most valuable pro-
proties for these uses. The agrochemical effectiveness of sapropels is determined by the
content of N, P, K, a number of trace elements, the silty fraction, the amount of biologi-
cally active substances, and the level of exchange acidity. It is also important to know
the content of harmful components, e.g. pesticides, benzopyrine, a number of heavy
metals (such as Pb, Hg and Cd and to enhance the activation and quality of microbio-
logical processes (IIItus, 2005).

Summary. Several studies have demonstrated good application potential of sapro-
pel in animal husbandry and other related fields, however the level of knowledge is too
low, and the information sometimes is not enough convincing and scattered.

1.2.3. Use of sapropel in healthcare

Sapropel application potential in healthcare is backed up with a long history of balne-
ology based on use of peloids or medical mud for external applications and baths as well
as other preparations and materials. As peloids are described organic-mineral complexes
with high concentrations of organic matter and others that are used in therapeutic proce-
dures (Badalov and Krikorova, 2012). Main factors affecting efficiency of sapropel use in
balneology includes known presence of numerous biologically active substances such as
hormones, sterols, amino acids and vitamins (Szajdak and Maryganova, 2007). Sapropel
is used in balneotherapy and cosmetology (Badalov and Krikorova, 2012) as extracted
from their source (lake or bog) and in combination with physical factors (sapropel mois-
ture, heat holding capacity) psychological aspects (relaxing atmosphere) its application
convincingly demonstrates biostimulating effects, activate metabolism and immune sys-
tem (Anderson, 1996). Sapropel applications in several studies have demonstrated high
efficiency to treat bone and muscle disorders, joint and spine diseases, myositis, ulcers
as well as positive impact on nervous system disorders (Bellometti et al., 1996, 2000).
Of importance is the sapropel capacity to reduce inflammatory processes as well as skin
diseases especially chronic eczema and several forms of dermatitis (Carabelli et al., 1998).

Organic and mineral compounds in sapropel determine its effectiveness in treating
a variety of diseases such as musculoskeletal disorders, peripheral and nervous system
diseases, gastrointestinal disorders. Studies on the metabolic activity of sapropel have
shown that the healing properties of sapropel are determined by its organic compo-
nents, including humic substances (Kypso, 2005). Sapropel is used in the treatment of
chronic gastritis, mastitis, duodenal and ulcer diseases, furunculus, ENT and skin (der-
matitis, eczema, and burns) as well as in the treatment of hepatobiliary disease prior to
exacerbation (IIlTun, 2005).

During World War I, sapropel was used as an antiseptic to treat soldiers’ wounds
(Bajars and Brakss, 1950). The effect of sapropel on epithelial cell development was
demonstrated in its ability to accelerate skin regeneration. This was determined by phe-
nols in the sapropel, which have antioxidant properties that determine the ability of
the sapropel to promote wound healing (Vysokogorskii et al., 2009). Conversely, the
adsorption property of sapropel accelerates the drying of fresh wounds, while antibi-
otics stimulate the stopping of inflammatory processes (IlItusn, 2005). Sapropel does
not cause rapid haemodynamic changes in the body that help to treat musculoskeletal
disorders (Kypso, 2005).
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In the 1950s, a Latvian scientist G. Liepina studied the effect of medicinal mud
compacts on peripheral leukocytic picture and changes in blood pressure. She con-
cluded that basophilic leukocytes have a tendency to decrease during sulfur water
bath and mud compacts. However, the circulatory reactions caused by the sludge com-
press are general and mainly depend on the functional state of the organism (Liepina,
1948, 1953).

Organic sapropel type has plasticity and viscosity, homogeneous structure, high
heat capacity. It contains various macronutrients, free amino acids, enzymes, vitamins
that determine the use of sapropel in mud baths as curative mud (Kypso, 2005).

Studies have shown that green algae sapropel helps treat stomach diseases, while
peat sapropel helps peripheral nervous system diseases. Sapropel has an effect on the
entire body during treatment, affecting the nervous system, blood circulation, body
temperature (Kypso, 2005) and blood pressure without stress because the effects of
mud are gentle, slow and mild (Liepina, 1953).

Warm sapropel applications can be used to treat phlegmons, which is a diffuse
inflammation of adipose tissue that results in pus. Sapropel warm applications stim-
ulate phagocyte activity, which results in intense tissue regeneration (Iltus, 2005).
Sapropel has a high calorific value that determines the long-term warming of deep tis-
sues, thereby normalizing blood pressure, and contributes to the treatment of skin and
female genital inflammation and joint pain relief (Kypso, 2005). Since 1999, research by
E Puntus has raised the issue of the use of organic sapropel in cosmetics (Kyp3so, 2005).
Sapropel hard soap containing sapropel and glycerol, beeswax, coconut oil, olive oil and
NaOH sodium hydroxide is patented in the United States in 2011. Researcher’s studies
have shown that glycerol interacts with sapropel to promote the treatment of various
skin conditions in soap. As a result of this synergy, soap is not only moisturizing but
also stops or prevents symptoms of eczema, dermatitis, psoriasis, acne and skin allergy,
and prevents skin cracking (Bevan et al., 2011).

Recent study has demonstrated that Latvian freshwater sapropel can be used as raw
material for obtaining sapropel extract and use it in the preparation of pharmaceuticals
(Pavlovska et al., 2020).

Summary. Comprehensive research on the use of sapropel in the field of healthcare
products is one of the most promising and sustainable directions on the basis of natural
and ecologically pure raw materials.

1.2.4. Use of sapropel in energy production

One of the alternatives to the use of sapropel is its use in the production of briquettes
and pellets for heating residential and household buildings (Kozlovska-Kedziora and
Petraitis, 2011; ] Kozlovska and Petraitis, 2012; Kyp3so, 2005; IIItusn, 2005). The use of
sapropel briquettes saves other energy resources because the burning process of sap-
ropel briquettes is longer than that of conventional briquettes (Kozlovska-Kedziora
and Petraitis, 2011; Justyna Kozlovska, 2012). In the production of these briquettes,
sapropel can be mixed with straw, sawdust or peat (IITun, 2005). Studies have shown
that the concentration of contamination during the burning process of sapropel bri-
quettes does not exceed regulatory limits. Briquettes of this type can reduce pollution
and ensure a smooth use of the energy source (Justyna Kozlovska, 2012). The use of
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sawdust-sapropel briquettes results in lower CO, emissions and improved combustion
(IItuH, 2005).

The proposal of Russian scientists was to completely replace coal fuel with sapropel
for the production of agloporite. Agloporite (thermal insulation material) is a porous,
lightweight material from which lightweight cement can be made. Complete or at least
partial replacement of high-grade coal with sapropel would reduce the cost price of
agloporite (Illtun, 2005). By mixing sapropel ash with cement, it is possible to reduce
cement overproduction in concrete production (IIltun, 2005). For the production of
activated carbon, organic sapropel can be used as a feedstock for hydrocarbons. Such
coal has low mineral content and high absorption capacity (Kypso, 2005). Mineralized
types of sapropel containing elevated levels of silicates and carbonates are useful for the
synthesis of porous materials (i, 2005).

In 1991, Russian researchers analyzed the possibilities of using sapropel for enrich-
ment in high-shale oil shale with the aim of increasing the yield of gas and resin to
improve shale composition (Kurzo et al., 2004). Organic sapropel was used in the oil
shale treatment to increase the yield of resin and gas in the optimum amount of 10%,
reaching a resin release rate of up to 54% (IlITus, 2005).

Summary. There is some experience in application of sapropel in the energy pro-
duction industry, however from perspective of: 1) application efficiency, especially in
case of higher amounts of mineral substances; 2) needs to reduce greenhouse gas emis-
sions and especially considering the EU Green Deal, there are serious doubts that this
direction of the sapropel application will have future.

1.2.5. Use of sapropel in chemical industry

A lot of research has been done into the use of sapropel in the chemical industry.
Due to its chemical composition, availability, relatively low cost and ecological safety,
sapropel is one of the most suitable raw materials for drilling solutions, which reduce
friction and are required for geological exploration wells (IIItun, 2005). Sapropel
contains high molecular weight substances: humic substances, natural biopolymers,
cellulose, carbohydrates, lignin, hemicellulose and bitumens, its solution dispersion
rheological properties and inhibitory activity properties on metallic surface corrosion
determine the use of sapropel working fluids in drilling plant hydro systems, and diato-
maceous dispersions (Kypso, 2005; IlItns, 2005).

For the production of facade bricks, a sapropel with high alkaline content and low
value can be used as an additive. The alkalis contained in sapropel and its reducing
medium increase the proportion of the glass phase in the ceramic products (Kakitis,
1999; Stankevi¢a and Klavins, 2014; IItus, 2005). The use of sapropel as an additive
to clay products during firing improves the porosity and agglomeration of the ceramic.
Scientists of Kaunas University of Technology have investigated the use of both car-
bonate and organic sapropel in ceramic products and concluded that adding 7 to
10% sapropel does not change product strength and water permeability, but the prod-
uct dries faster, the deformation process does not compress and flexural properties as
well as thermal conductivity improves (Kasperiunaite et al., 2009).

From sapropel it is possible to obtain liquid fuels, oils, carboxylic acids, bitumen,
high molecular weight, ammonium compounds, as well as “softening” agents for rubber
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production and other products (Bajars and Brakss, 1950; IlItun, 2005). It is thus pos-
sible, by chemical processing, to obtain hydrolyzates from the sapropel containing the
sugars necessary for the cultivation of yeasts (Brakss un Milins, 1960; (Bajars and Brakss,
1950). These hydrolysates can be used as concentrates for feed supplements for livestock.
The resulting sapropel hexose hydrolysates can be used in the alcohol extraction indus-
try (Brakss and Milins, 1960). Low-yield sapropel can be used as a binder in the manu-
facture of drainage pipes, expanded clay and porous ceramic stones (Kypso, 2005).

Theoretically, sapropel can be used in the metallurgical industry — formable liquids.
Sapropel used for this purpose must have low hygroscopicity and high mechanical
properties (IllTun, 2005).

The chemo-technological applications of sapropel have been studied at the Institute
of Chemistry of the Latvian Academy of Sciences. It is recognized that sapropel with a
profitability of 20-35% is best suited for this purpose (IITun, 2005), since semi-coking
sapropel with such high organic matter content can yield a lot of tar, semi-coke, gas
and tar water. Tar is considered to be the most valuable sapropel semi-coking product,
as sapropel tar can be used for electrical insulating mass, liquid fuel, phenol, paraf-
fin pyridine-based products, and semi-coke can serve as an energy fuel. In addition,
tar water contains ammonia, phenols, methyl alcohol and acetone (Bajars and Brakss,
1950). In the research of scientist N. Brakss, 27-35% of viscous oil (according to viscos-
ity corresponds to the type of light shaft oils) and 13-17% of paraffin are obtained from
sapropel (Bajars and Brakss, 1950).

Summary. Sapropel as a rich source of organic substances can find different appli-
cations and can be subjected to chemical transformations thus supporting produc-
tions of many substances for chemical industry, however accordingly to contemporary
trends of use of biomaterials, much more work should be done, to develop pilot scale/
real applications as many other biomass kinds (at first wood and food waste etc) are
more prospective.

1.3. Use of sapropel for development of biocomposites

For many applications growing attention gain composite materials and especially
biocomposites. Biocomposites are composite materials formed by a matrix (resin, glue
etc) and a reinforcement of fibrous material. Environmental concern and cost of syn-
thetic fibres have led the foundation of using natural fibre as reinforcement in polymeric
or mineral composites where the matrix phase is formed by renewable or nonrenew-
able resources. Composite materials find new and exciting applications in different
areas, but the dominant ones are building and construction material industries.

The use of sapropel in the building industry for production of construction materi-
als have been studied. In Latvia research on development of such materials started in
1957 under the leadership of A. Kalnins in The Latvian Institute of Forestry Problems.
N. Brakss and N. Milins have found that alkali-treated organic sapropel (with a par-
ticle size more than 50 um) and hydrolyzed sapropel have good hydrophobic and adhe-
sive properties. As a result, sapropel have a high potential for bonding particle board
and thermal insulation materials. This is also proved by the technical and physical
mechanical characteristics of the sapropel, which correspond to the characteristics of
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the thermal insulation materials; density 150-300 kg/m?, thermal conductivity of air-
dry mass (25 °C) 0.048-0.075 W/m*K, resistance limit 0.4-3.0 MPa, water absorption
9-20% (Brakss and Milins, 1960).

There are studies about technical tests of sapropel concrete (Brakss et al.,
1960; Gruzans, 1960), sapropel-hemp shives (Pleiksnis et al., 2016; Pleik$nis and
Dovgiallo, 2015) and sapropel-wood chips (Obuka et al., 2014) composites. One of the
latest study has been done by G. Bal¢iunas, who have studied sapropel-hemp-paper
production waste (PPW) composite materials properties (Bal¢itinas et al.,, 2016). In
these studies, the researchers concluded that the use of sapropel as a binder with dif-
ferent materials is such that technical quality can be included in the category of ther-
mal insulation materials for finished products. According to the literature, sapropel
can be used as binder for various wood waste, unused waste from the paper and card-
board industry, flax processing (Kyp3so, 2005), degraded peat and similar raw materials
(Gruzans, 1958, 1960) containing composites. Sapropel is a good substitute for protein-
based glues, for example, albumin and possibilities to replace proteins would be a sig-
nificant benefit of sapropel application.

Sapropel with an organic content of more than 85% and nitrogen more than
3.3% can be used for the production of sapropel binder (Kypso, 2005). Organic and
carbonate sapropel can be used to replace binders for cement and other building mate-
rials, resulting in sapropel concrete, where gravel and a byproduct of wood processing
as a filler are used. Sand and slaked lime can also be added for strength (Brakss et al.,
1960; Gruzans, 1960).

Thermal insulation materials are classified as efficient building materials, which
allows significantly reduce the cost of construction (IIltus, 2005). The adhesive proper-
ties of sapropel can be used in the production of building materials, both cold-pressed
and hot-pressed composites are stable at elevated temperatures and pressures (Brakss
and Milins, 1960).

One of the properties of sapropel is its ability to bind large amounts of water. When
producing heat-insulating materials, it is important to keep the material to a mini-
mum shrinkage. Inventors and researchers of sapropel concrete recommend the use
of sapropel with moisture up to 60% and filler materials with moisture below 20% to
reduce shrinkage. The sapropel concrete produced with such raw materials does not
show a high shrinkage rate and reduces the energy and time spent in the drying process
(Gruzans, 1960).

The thermal insulation material should be as light as possible as it will better pre-
vent heat flow, thus avoiding heat loss indoors. In composite materials using lightweight
aggregates (low density), sapropel concrete has a density of approximately 313 kg/m?
(Brakss et al., 1960).

In comparison with wood, sapropel concrete has a high fire safety: its burning pro-
cess stops and does not continue at temperatures below 380 °C. This means that sapro-
pel concrete can be used in construction not only as a heat insulation material, but also
as a cover for non-load bearing walls and partitions: freezer walls, ceilings, residential
and industrial buildings, appliances and piping (up to 100 °C) (Gruzans, 1958).

Although several studies were carried out in the 1960s and 70s demonstrating the
potential of using sapropel for the use and production of such building materials, the
study of practical use was not continued. As issues arise, the use of local and natu-
ral resources in this area of research in the production of environmentally friendly
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building materials becomes more relevant today (Klavins and Obuka, 2018; Obuka
et al., 2015; Obuka et al., 2019; Obuka et al., 2014, 2016, 2017)

It is important to talk about other building materials produced from biomateri-
als and organic binders, but first of all some general studies about building industry
impact to environment will be discussed.

One of the most important tasks producing the building materials in the future,
is to lower energy use at all stages of their lifecycles, from construction to end of use
(Asdrubali et al., 2015).The construction industry consumes 60% of all lithospheric raw
materials consumed and has high energy consumption (Zabalza Bribian et al., 2011).
Building industry consumes about 40% of the worldwide global energy and 25% of the
global water resources and 40% of the worldwide resources. As well as it is estimated
that building industry is responsible for 1/3 of greenhouse gas emissions (Asdrubali
et al, 2015). Developing sustainable, environmentally friendly thermal insulation
materials of buildings is one of the most applicable ways to save energy by reducing
heat or cold losses through casings. Nevertheless, many traditional building materials
do not have favourable thermal insulation properties. In this way, many parts of build-
ings, such as exterior walls, floors, roofs, exterior doors, use various types of additional
thermal insulation materials, such as solid boards (panels), hard bucks, particles, sand-
wiches, coils (L. E Liu et al., 2017). It should be emphasized that it is vital to examine
the processes which affect carbon emissions and energy consumption and over a build-
ing’s life-cycle — and this includes examining the potential of new ecological build-
ing materials (Binici et al., 2014). To promote the reduction of material and energy
consumption, increased use of renewable and semi-renewable natural resources is
needed. This would ensure sustainable building construction based on balancing envi-
ronmental, economic and social issues. The ecological benefits of such construction
are: reduced CO, and sulfur emissions, reduced solid waste, conservation and saving
of air, water and other natural resources, preservation of ecosystems and biodiversity
(Kreijger, 1987; Strausa et al., 2011).

Generally, thermal insulation materials can be classified into four categories
depending on the raw materials: (1) From rocks and slag, such as rock wool, glass wool,
expanded clay perlite, glass beads, vermiculite, cinder, ceramic products, etc, (2) Petro-
chemical and coal chemical intermediates such as polystyrene, polyurethane, polyeth-
ylene, (3) From plants, including agricultural waste, forestry waste and industrial fiber
waste such as straw, rice husks, waste paper, wood chips, cotton, maize crops, (4) Of
metals, such as metal reflective films, hard metal visors, radiant plates, whose use is
still limited because they can only be used on roofs and are much more expensive than
other thermal insulation materials (Liu et al., 2017).

The basis of environmentally friendly construction is the following principles:
(1) Environmentally friendly materials shall be used in the finishing materials and basic
constructions, (2) Construction materials must be recycled after use, (3) Recycling of
building materials should result in new raw materials, (4) Materials should provide
energy saving potential, (5) Local resources must be used to develop materials.

It is essential for materials used in construction that they do not emit harmful
chemical compounds and are long-lasting (Isnin et al., 2013; Kreijger, 1987). The mate-
rials must be aesthetically and visually appealing and meet all design requirements.
Ecological construction should be based on building materials that are not harmful
to human health and the environment. Its production must be decentralized with
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low energy consumption. The material must be reusable or recyclable (Kruse et al.,
1995; Zabalza Bribidn et al., 2011).

The choice of eco-friendly building materials is the basis for a healthy living envi-
ronment, so the building materials that make up the room must meet the following
requirements: (1) The building materials must be “breathable” to ensure the exchange
of fresh and used air in the building, (2) Building materials and finishing materials
must be composed of natural raw materials and have a comfortable surface tempera-
ture and natural scent (Zabalza Bribian et al., 2011).

Modern research shows that 10 to 25% of the energy used in the entire life cycle
of a home depends on the materials used in the construction of the building. On the
other hand, in low-energy homes with annual energy consumption ranging from 15 to
50 kWh/m?, the energy consumption depending on the materials used in the construc-
tion can reach 50%. The issue of plus-energy homes, which produce more energy than
they can use through renewable energy sources (solar and wind), is becoming more
and more important in the world (Dylewski and Adamczyk, 2012). The construction
of these houses is also based on the principles of ecological construction and natural
materials.

Avoiding the use of toxic protective equipment and the use of toxic binders in
materials is essential to energy-efficient and ecological construction so that they
do not cause ecological damage or danger to the environment (Kruse et al., 1995).
Long-term economy and rational construction are possible through the use of natu-
ral building materials and the development of environmentally friendly materials, as
well as by reducing the use of transport in the production process, which reduces
the energy and pollution consumed in the production of the material (Asdrubali
et al,, 2015).

It is necessary to use technically efficient thermal insulation materials to reduce
heat loss of the building envelope (Strausa et al., 2011). Their main task is to reduce
the building from heat loss and excessive warming. The best insulation material is air
at rest. When using thermal insulation materials, it is important to protect them from
moisture, as moisture increases the thermal conductivity of materials and reduces
mechanical strength (Gorenko, 2002).

According to the principle of operation, thermal insulation materials are classi-
fied into three large groups - convective (mainly porous with a minimum convention
index), reflective or reflexive (high surface reflectivity), vacuum (“airless” principle -
no convection heat transfer) (Strausa et al., 2011).

On the other hand, chemical insulation materials can be divided into organic and
inorganic materials. Organic insulation materials are made from peat, wood by-prod-
ucts (sawdust, wood fibre), sheep wool, straw, hemp, flax, cellulose and cork (Korjakins
et al., 2013; Kymaldinen and Sjoberg, 2008). The most common organic insulation
materials are fibrolite, particle board and fiber board, but also inorganic and organic
materials such as cell glass, perlite, vermiculite, polyurethane, polystyrene, mineral
wool (rock wool, glass wool, slag wool) and so on (Gorenko, 2002) can be used. Natural
fiber insulation material is widely used worldwide because of its ability to repel moisture
above hydrophobic properties of inorganic materials (Kymaldinen and Sjoberg, 2008).

The quality characteristics and criteria of the function of the insulation materials are
determined by the regulations of law. Internationally developed standards for them are
based on environmental protection requirements and material life cycle. In Germany,
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for example, the European quality label “Natureplus” has been developed, which reg-
ulates building material standards that meet the technical characteristics of thermal
insulation materials for the development of environmentally friendly materials. This
quality label is awarded to thermal insulation materials such as hemp, flax, cork, sheep
wool, and other natural raw materials (Kymaldinen and Sjoberg, 2008; Obuka et al.,
2014). Among industrialized countries, for example, in the Netherlands, legislation
requires that 80% of building materials that become debris after demolition of build-
ings be recycled into new structures or road construction (Berge, 2009).

As the aim of the dissertation is to develop composite materials, that one of the uses
of which is thermal insulation, it is important to look at specific examples of thermal
insulation materials made from renewable natural resources.

Studies of Riga Technical University on hemp shives as a filler and hydraulic
lime as a binder showed that the thermal conductivity and compressive properties of
these materials are consistent with thermal insulation materials (Sinka et al., 2014).
Alongside research on the use of hemp in building materials, the use of hemp fibers
and stems in architectural and interior elements is being explored (Bolgzde and Ulme,
2010). The potential of using peat in the production of thermal insulation materials
in peat - particleboard thermal insulation composite materials was also investigated.
Although the developed product meets the requirements of thermal insulation materi-
als, the research is not continued (Korjakins et al., 2013).

Research on wood composite materials has developed thermal insulation mate-
rials from woodworking byproducts (wood chips) and expanded polystyrene, which
were glued with organic glue (Agoua et al., 2013). A study has been carried out on
the feasibility of developing lightweight concrete blocks from wood fiber residues, rice
hull ash and limestone powder waste for cement replacement (Aigbomian and Fan,
2013; Torkaman et al., 2014).

Summary. Sapropel as a rich source of organic substances can find different appli-
cations for development of building materials, especially in thermal insulation materi-
als. Although several studies were carried out in the 1960s and 70s demonstrating the
potential of using sapropel for the use and production of such building materials, the
study of practical use was not continued. However accordingly to contemporary trends
of use of biomaterials, much more work should be done in development on new envi-
ronmentally friendly materials. Development of pilot scale/real applications in build-
ing materials as many other biomass kinds can be used as filler materials, for example
wood, energy agriculture, livestock farming, food byproducts from industry are more
prospective to use in creating new sustainable materials.
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2. MATERIALS AND METHODS

The methods that were used in detail are described in papers included in the cur-
rent thesis.

2.1. Sapropel samples used in the study

In the thesis organic rich freshwater sapropel were used. Sapropel sediments were
sampled from four lakes in Latvia - Padelis 56°14'9,83"” N 27°21'1,88" E, Pilvelu
56°28'33,23" N 27°7'45,64" E, Veveru 56°15'53,6"” N 27°04'14" E located in Rezekne
district, Latgale region. Piksteres lake 56°27'01.8" N 25°34'13.8"E - located in Jekabpils
District, Selonia Region. Bulk sampling using Ekman dredge were used - usually in
one sampling more than 10 L from each site were sampled. Obtained material repre-
sents organic rich, recent upper sediment layers. Thus, the studied sapropel samples
can be considered as renewable material, representing material to be removed from
lake during it recultivation.

2.2. Characterisation of sapropel samples

Loss on ignition. To estimate moisture, carbonate matter content and organic matter
of sediments loss on ignition (LOI) method was used (Heiri et al., 1993). Moisture of
sapropel was determined after drying at 105 °C, following organic matter estimation
at 550 °C for 4 h. The content of mineral substances was determined after heating at
900 °C for 2 h.

Biological composition. The biological composition of samples was determined with
a light microscope, counting and expressing as a percentage of organic matter content
by groups in all identified groups of organic residues. Sapropel type, class, grade and
application possibilities were identified using sapropel type classification (Stankevica
and Klavins, 2014).

pH and electric conductivity (EC). Measurements were done for 100 mL super-
natants made of 5g air-dried sample with HANNA pH 213 pH-meter (Pansu and
Gautheyrou, 2006) and HANNA HI 9932 conductivity meter (Pansu and Gautheyrou,
2006). Bulk density for non-homogenised and homogenised sapropel were calculated
and expressed as sample mass in grams divided with sample volume in cubic centime-
tres (Grossman and Reinsch, 2002).

2.3. Fillers of composites and their characterization

Hemp shives (“Bialobrezeskie”) were taken from “Zalers” Ltd. Hemp shive mixture
includes 1.7% fibre and 2.2% dust by weight, the rest is shives with different sizes —
3.7% are in length 10-20 mm, 92.0% - 0.63-10 mm, 0.5% are longer than 20 mm. Their
bulk density is 108.36 kg/m?, moisture content 11.75% and thermal conductivity is
0.058 W/m*K.
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Birch wood sanding dust (wood dust) and fiber (wood fibers) were selected as fillers
for production of composite materials. Birch wood sanding dust and fibre are indus-
trial by-products from JSC “Latvijas finieris” - a plywood manufacturing company.
Birch wood fibre is up to 15 mm long with the diameter up to 0.1 mm. In producing of
composites, an additional thickening additive filler was used - colloidal silica product
“Aerosil”. It is a filler that creates a smooth mixture, often in combination with other
fillers. For a reference of biodegradation tests a biocomposite materials with the same
filler (hemp shives) were used. Block peat (Ltd “Laflora”) was also used for composite
materials biodegradation studies as a control material.

For the study of “Sapropel as an adhesive: assessment of essential properties” birch
wood veneer with a thickness of 1.5 mm and moisture content of 6% was used for the
preparation of plywood. Samples for determination of tensile shear strength: beech
wood planks with a thickness of 5 mm and moisture content of 6% and with density
700-750 kg m> were used for the preparation of composite material samples for the
tests. Peat samples: dried natural peat was used for tests with the moisture content of
16.4% and with density 90-250 kg m>.

To study properties of peat-wood chips, sapropel-wood chip thermal insulation
boards, to develop peat-wood chip composite materials, Balozu peat field peat with
humidity of 73% was used. The wood chips used in the work were 0-1.5 cm long pine
wood chips.

2.4. Binders used for preparation of composites

In addition to sapropel also commercially available binders were used. Binders used
for preparation of composites for microbial stability tests was magnesium oxychloride
cement (MOC) which requires highly reactive magnesium oxide. The caustic magne-
sium oxide, supplied by the Austrian company RHI AG Ltd, CCM RKMH-F, was with
MgO content at least 73% and low calcination temperature (750-800 °C). The hydrau-
lic lime (HL) and formulated hydraulic lime (FHL) were used. As well as magnesium
phosphate cement (MPC) were used, which consists of 55% (by mass) dead-burned
magnesium oxide M76 burned at 1700 °C (Integra Ltd, Slovakia) and 45% mono-potas-
sium phosphate 0-52-35 (N-P-K proportion) with P,O5 content at least 52.1% (Praton
SA Ltd). For biodegradation tests were used additional binders - dolomitic lime con-
sisting of 100% DL60 lime (Dolomite) and hydraulic lime consisting of 60% DL60 lime
and 40% calcinated kaolin clay (Clay).

To study properties of peat-wood chips, sapropel-wood chip thermal insulation
boards peat as a binder were used.

2.5. Composite material preparation and curing

To develop composite materials as a binder or adhesive raw sapropel was used for
the microbial stability tests (Obuka et al., 2017, 2021). For reference in some cases also
inorganic binders were added. Mixtures of the samples are listed in Table 2.1. Mixing
of the sapropel-filler mass was done manually until homogeneous and smooth mix-
ture was reached by state where filler was fully covered with sapropel. Sapropel were
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mechanically treated by mixing together with electrical hand mixer until smooth and
homogeneous material was formed. The mixing of the samples was done manually.
Mixtures of the LHC, SLHC and MHC have two different target densities — 300 and
500 kg/m? in order to test variation of properties at different densities. To mix the LHC
(1,2) samples and SLHC (1,2) samples, at first shives were mixed with lime and then
water (for LHC) or sapropel (for SLHC) were added. The shives:water or sapropel ratio
is 1:2.5 (LHC or SLHC 1-2) and 1:5 (LHC or SLHC 3-4). Added water or sapropel:lime
ratio in composite materials were 1:1. The SWD and SWF were made by mixing sapro-
pel-filler mass. It was done manually until homogeneous mixture has been obtained at
the stage where filler was fully covered with binder. Sapropel was mechanically treated
by mixing together with electrical hand mixer until homogeneous material has formed.
ALINA LIFE™ organoclay coating was added to the mass and treated by mixing until
smooth mass has formed. Metal mold (dimension of 30 x 30 cm) with adjustable height
was used for composite material curing. The mixture of raw materials was put in mold.
Sapropel-filler samples were cured at the temperature of 80 °C for 72 hours.

For the MHC samples, at first shives were premixed with water, for hemp shives
not to deprive MOC binder of the water because of its high hygroscopic nature. The
shives:water ratio was 1:1.25. MgO was added in dry form, mixed with wet shives,
afterwards MgCl, brine was added and blended together, MgO:MgCl, ratio was 1:0.67.

After mixing the samples were laid in molds hand compressing every % of the
height. Samples were demolded after 2 days and afterwards were cured for 28 days in
laboratory conditions (40 = 10 %RH and 20 + 2 °C) until testing.

Table 2.1

Composition of the mixtures used for development of composite material samples
(mass proportion)

Water 5 Water
Type Filler type  Filler for e HL" M.gO MgClz for
brine brine 1:1 .
filler binder

hemp

SLHC(1) shives 1 - 2.5 2.5 - - -
hemp

SLHC(2) shives 1 - 5 5 - - -
hemp

LHC(1) shives 1 - 2.5 2.5 - - -
hemp

LHC(2) e 1 - 5 5 - - -

MHC(1) ~ DemP 1 125 - - 0.9 0.6 -
shives

MHC(2) ~ Demp 1 1.25 - - 2 1.33 -
shives
wood

SWF fibre 1 - 6 - - - -

SWD wood 1 - 6 - - - -
dust

*~sapropel

** hydraulic lime
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For the study of “Sapropel as an adhesive: assessment of essential properties” for the
composite material preparation and curing the sapropel samples were mixed completely
just before the preparation of three-layer plywood of dimensions 4 x 250 x 250 mm.
Glue spreading level for Lake Veveru sapropel was 276-290 g m?* and 264-288 g m? for
Lake Pilvelis sapropel. The plywood was pressed under the pressure of 2.0 MPa for
24 hours, at 100 °C for first 16 hours. The samples were stored for one day at tempera-
ture 20 + 3 °C with 65 + 5% relative humidity until reaching equilibrium moisture con-
tent. Subsequently, the plywood panel was cut into shear specimens with the dimension
of 4 x 50 x 150 mm to determine its bending strength and 4 x 25 x 200 mm to define
shear strength.

To prepare sapropel composites with insulation properties the activated peat mass
with binder properties was obtained by mechanical treatment of peat in the thermal
bullet planetary mill RETSCH PM 400. The activated peat mass was prepared using
300 g of peat and placed in a grinding vessel with 8 grinding balls and grinding for
30 minutes at 300 rpm. Sapropel was not mechanically heat-treated before obtaining
thermal insulation materials but was immediately mixed with the chips. The mixing
of sapropel and wood chips (raw material weight ratio 1:3) was performed manually
until a uniform mass was obtained. The resulting mass was then placed in a mold (30 x
30 cm with height adjustment) and sealed at 0.03 MPa for 3 hours to provide a denser
structure of the composite material, increase its mechanical strength, reduce shrink-
age of the final product, as well as shrinkage crack formation. Sapropel-peat composite
plates were dried at 25 °C for 24 h and at 105 °C for 24 h.

For the developed composite materials raw sapropel was used as a binder (adhesive)
in a study- Sapropel as a Binder: Properties and Application Possibilities for Composite
Materials. Mixing of sapropel-filler mass was done manually until homogeneous and
smooth mixture was reached at the stage where filler was fully covered with sapro-
pel. Sapropel was mechanically treated by mixing together with electrical hand mixer
until smooth and homogeneous material was formed. Metal mould with dimension of
30 x 30 cm and with adjustable height was used for composite material production. The
mixture of raw materials was laid in by layers in mold for more dense composite mate-
rial structure, higher mechanical strength and for minimizing final product shrinkage.
Sapropel-filler samples were cured at the temperature of 80-105 °C for 36-72 hours.

2.6. Sample preparation with antimicrobial additives for
microbial stability tests

Together 3 experiments were done in microbial stability tests. ALINA Ltd. Product
ALINA LIFE™ organoclay coating was added to materials in 4% concentration of dry
mass in SWD (sapropel - birch wood sanding dust) or SWF (sapropel — wood fibre).
In addition, organoclay additive was added to materials in 4% concentration of added
lime or MOC in case of SLHC, LHC, MHC composite materials as a coating. Among
the material samples were three that were coated with ALINA LIFE™, three that were
coated with lime and three without any coating.

For the first stage of the experiment in part two ACTICIDE FD, a combination of
(chloromethylisothiazolinone, also known as 5-chloro-2-methyl-2H-isothiazol-3-one)
and MIT (methylisothiazolinone also 2-methyl-2H-isothiazol-3-one) were used for
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additional biological protection tests. It was added to the composite materials in the
amount of 1% of the total mass. It is effective against Aspergillus spp., Cladosporium spp.,
Penicillium funiculosum and others (Thor, 2020).

In the second stage of the experiment in part two, the biocide BACTERICIDE was
used as an active substance containing quaternary ammonium compounds. It was
added to the composite materials in the amount of 1% of total mass. In the both the
experiments, ALINA Ltd. product ALINA LIFE™ organoclay coating was used for
additional biological protection tests.

2.7. Ageing of composite materials for microbial stability tests

For the microbial stability tests ageing of obtained composite materials in cli-
mate chamber was done by exposing the samples to 30 freeze-thaw cycles, with
temperature amplitude of -20 °C (3 hours) to +20 °C (1 hour), which corresponds
to EN 12390-9 (Anonymous, 2006). Climate chamber ageing test comprised of thirty
cycles in two weeks. After the test samples were inspected visually no cracked or crum-
bled material was detected. In total 197 material samples were tested.

2.8. Thermal conductivity test of composite materials

Before the thermal conductivity test, the density of the samples was calculated by
weighting the samples and measuring the dimensions. The thermal conductivity was
measured using LaserComp FOX 600 heat-flow measurer. Samples are tested following
the guidelines of the standard LVS EN 12667.

Test settings was 0 °C upper and 20 °C lower plate. Automatic determination of
sample thickness was chosen for this study.

In the study of peat-wood chips, sapropel-wood chip thermal insulation boards
thermal conductivity was determined for dry (0%) and wet plates (15%), as well as after
the study of the effects of freezing thawing (5, 10, 25 cycles), obtaining a relationship
between the thermal conductivity coefficient and the degree of moisture of the product.
Freezing-thawing effects were studied in a climate chamber (Environmental Chamber
JHT Series, Model No. YHT-100 z / 07-394B).

2.9. Compressive and flexural strength tests of composite
materials

For testing compressive and flexural strength, the samples were specially prepared
(sawed in necessary dimensions). For compressive strength a stress at 10% deformation
was recorded, for compressive crosswise and flexural - until failure. For sapropel-hemp
shives a layer of gypsum was spread over the interfaces to ensure even pressure applica-
tion. Mechanical tests were performed on ZWICK Z100 universal testing machine.

Static bending strength (parallel and perpendicular to grain direction),
shear strength test according EN 314-1 (requirements) (Anonymous, 2005) and
EN 314-2 (Anonymous, 2000b) standards were tested. The sapropel samples were
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mixed completely just before the preparation of three-layer plywood of dimensions
4 x 250 x 250 mm. Glue spreading level for Lake Veveru sapropel was 276-290 g m? and
264-288 g m? for Lake Pilvelis sapropel. The plywood was pressed under the pressure
of 2.0 MPa for 24 hours, at 100 °C for first 16 hours. The samples were stored for one
day at temperature 20 + 3 °C with 65 * 5% relative humidity until reaching equilib-
rium moisture content. Subsequently, the plywood panel was cut into shear speci-
mens with the dimension of 4 x 50 x 150 mm to determine its bending strength and
4 x 25 x 200 mm to define shear strength.

Adbhesive strength of sapropel durability according to their operating performance
conformity to EN 205 standard (Anonymous, 2002) was measured. The sapropel sam-
ples were mixed completely just before the preparation of beech blanks fabrication of
dimensions 10 x 75 x 600 mm. Glue spreading for Lake Veveru sapropel and Lake
Pilvelis sapropel was 290-310 g m?. In addition to understand the sapropel proper-
ties used as a glue, comparing to glue that already exists in market, the samples made
with PVA - Polyvinyl acetate glue were used. The planks were pressed at 100 °C
under the pressure of 1.0 MPa for 24 hours. The samples were stored for one day at
20 + 3 °C with 65 + 5% relative humidity until reaching equilibrium moisture content.
Subsequently, the plywood panel was cut into shear specimens with the dimension of
10 x 20 x 150 mm to determine tension shear strength.

Dried natural peat and sapropel as a glue were tested for tensile strength perpen-
dicular to grain direction according to standard EN 319 (Anonymous, 2000a). The
sapropel samples were mixed completely just before the preparation of the samples of
dimensions 32 x 50 x 50 mm. Glue spreading level was 1600 g m? for Lake Veveru and
Lake Pilvelis sapropel. The dried peat-sapropel samples were pressed under the pres-
sure of 0.1 MPa for 48 hours. The samples were stored for one day at 20 £+ 3 °C with
65 + 5% relative humidity until reaching equilibrium moisture content. The material
samples made from dried natural peat and sapropel were tested for tensile strength per-
pendicular to grain direction.

After cooling test specimens at ambient conditions, they were measured for the pre-
viously mentioned methods using Zwick Z100 universal testing machine. The data in
this research were processed by routine statistical analysis and displayed by the stan-
dard deviation.

2.10. Sound insulation properties

In the study of properties of peat-wood chips, sapropel-wood chip thermal insu-
lation boards - the materials were also tested for sound insulation. The equipment
standard has the number LVS EN ISO 10534-2:2002 (Anonymous, 1998). The 4-micro-
phone method is used in an acoustic tube -impedance/transmission loss measurement
tubes - type 4206 and the four-microphone method with PULSE acoustic material test-
ing software — Type 7758 were used.

The device works on the principle that a sample is placed in the middle between
the 2 gypsum boards, but at the end of the pipe there is a sponge that absorbs sound so
that it does not echo. The diameter of the sample that was placed in the acoustic tube is
98-99 mm, but the thickness is 45-50 mm.
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2.11. Auto-ignition test

In the study of properties of peat-wood chips, sapropel-wood chip thermal insula-
tion boards simple combustion tests were performed to judge the combustion char-
acteristics of the composite materials. The temperature at which the samples start to
ignite spontaneously was determined. SNF muffle furnace was used for combustion
experiments. Samples (peat — wood chips, sapropel — wood chips, wood chips) were
placed in porcelain crucibles and placed in a mufle, setting a steady increase in T °C to
500 °C. Three samples of each material were placed in the muffle, repeating the heating
procedure three times (Obuka et al., 2014).

2.12. Evaluation of the biodegradability
of the tested materials

In order to compare the potential biodegradability of the composite materials
tested, an experimental scheme was developed: soil microbial enzyme activity and res-
piration were used as the main indicators (Zibilske, 1994). Considering the need for
microorganisms to adapt to the substrate, a 7-day incubation period was included in
the process requiring appropriate physicochemical conditions, growth factors (macro-
and microelements, nutrients, vitamins). To accelerate the biodegradation process, the
composite materials were placed in the soil amended with nutrients (molasses and a
source of vitamins (plant extract)), as well as a consortium of soil-derived microorgan-
isms with a high hydrolytic activity (Muter, 2015). Altogether 10 composite materials
were evaluated.

Incubation of 0.25 mg specimen for evaluation of the biodegradability of the tested
materials was performed in the sealed 100 mL vessels containing 10 g soil at 37 £ 2 °C
for 7 days. The composition of the substrate added to the specimens was the follow-
ing: 10 g clay loam soil, 2 mL mineral broth, 100 pL 30% molasses, 200 pL cabbage leaf
extract, 100 uL inoculum (2.0x10'° CFU/mL) and 50 mL sterile distilled water (Muter,
2015). The composition of mineral broth was the following, g/L: MgSO, - 0.2, CaCl, -
0.02, KH,PO, - 1.0, K,HPO, - 1.0, NH,NO; - 1.0, FeCl; - 0.05). Specimens were pre-
pared in three replicates. Soil moisture was 60% of the maximum water capacity. The
physicochemical characteristics of clay loam soil are summarized in Table 2.2.

2.13. Respiration intensity of microorganisms

The microbial respiration was tested according to (Rowell, 2014; Zibilske,
1994; TaBunenko et al., 1975) with some modifications. The glass with 5 mL 0.05 M
NaOH was placed in the sealed 100 mL vessel as described in 2.12. The respiration was
estimated by back-titration of the unreacted NaOH using 0.05 HCl (adding 1% phe-
nolphthalein indicator to the NaOH prior to titration). Two measurements of respira-
tion have been made for each vessel with a sample, i.e., at the beginning of incubation
and after 7-day of incubation period. Respiration assay was performed at 23 °C for
24h in the dark. The respiration assay used in this study, was attributed to the sub-
strate induced respiration (SIR), because carbon sources were added to the soil with
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specimen. However, the standard principles of SIR measurement (e.g., incubation for
4h) were not considered because of specific tasks of this study. In particular, bioaug-
mentation and a 7 day incubation was performed for stimulation of the biodegrada-
tion process.

An intensity of the SIR was calculated as follows. First, the volume of a NaOH solu-
tion used for reaction with CO, in the vessel with soil and specimen, was calculated by
Equation (1):

_ (4-B)x11
X == &
where,
X - volume of the 0.05M NaOH solution used for reaction with CO,, mL;
A - titrated, control sample, mL;

B- titrated, test sample, mL;
1.1 - coeflicient (the ratio of the actual molarity to the theoretical molarity of the

NaOH and HCI solutions);
m - sample weight, g dry weight;
h-  trial time, hours.

Second, the amount of CO, reacted with NaOH during incubation, was calculated
by Equation (2):

_0.05xxx12

SIR = 1000 x2 2)

where,

SIR - amount of C-CO, reacted with NaOH, g C-CO,/h gdw;

0.05 - molarity of NaOH solution, M;

X - volume of the 0.05M NaOH solution used for reaction with CO,, mL;

1000 - coeflicient for calculating the number of NaOH moles in the volume used for
titration (X);

12 - mass of carbon in the CO, molecule, g;

2-  coeflicient for calculating the number of CO, moles reacted with NaOH (one
molecule CO, reacts with two molecules NaOH).

2.14. Enzyme activity of microorganisms:
fluorescein diacetate hydrolysis

After 7-day incubation period, as described in 2.12., the fluorescein diacetate (FDA)
hydrolytic activity of microorganisms was tested. 100 puL specimen was transferred to
1 mL tube containing 400 uL reaction mixture (4 mg FDA, 2 mL acetone, 48 mL 0.06M
phosphate bufter, pH 7.6). The mixture was incubated for 60 min at + 37 + 2 °C (Chen
et al., 2005; Margesin and Schinner, 2005)compost and sludge in laboratory-scale bio-
filters (8 I reactor volume. After incubation, 500 uL acetone was added to the specimens
to stop the hydrolysis reaction. The optical density was measured at 490 nm using a
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microplate reader Infinite f50 (TECAN, Switzerland). Calibration curve was prepared
using the thermally hydrolysed FDA.

The soil characteristics of the clay loam used in the experiment was determined
(Table 2.2.) using standard soil analysis methods (Carter and Gregorich, 2008).

Table 2.2.
Characteristics of the soil used
Parameter Values Parameter Values
N, % 0.20 Electrical conductivity, mS/cm 0.162
C, % 2.06 Water capacity, % 149.47
P ug/g 15.6 Mg, mg/kg 2185
pH (1M KCl) 6.72 K, mg/kg 146.5

The Na, Mg, K, Ca content of the specimens was determined using a PerkinElmer
A Analyst 200 atomic absorption spectrometer. A non-electrode discharge lamp (Perkin
Elmer) was used as a source, Na measurements were made at 589 nm wavelength, Mg
at 285.2 nm, K measurements at 766.5 nm and Ca at 422.7 nm using flame atomization.
N,O, acetylene was used as the oxidizing gas. ANOVA (Anova: Single factor analysis)
was used for statistical data processing.

2.15. Microbiological stability tests

Together 3 experiments were done in microbiological stability tests.

2.15.1. Artificial inoculation with fungi/microbiological
stability test part 1

Comparison of microbiological resistance of sapropel-based composite materials,
LHC and MHC was carried out. Artificial infection with fungi Alternaria alternata
MSCL 280 and Cladosporium herbarum MSCL 258 was used in microbial stability
tests before and after experimental accelerated ageing of materials in climate camera.
Fungi were grown in Petri dishes with Malt extract agar for 7 days at room tempera-
ture and afterwards fungal spores and mycelial fragments were scraped off the agar
surface and vortexed to make a suspension with optical density ODs,; 0.16. Triplicate
samples of each building material were inoculated with fungal suspension. Each
sample was watered (inoculated) with 3-5 ml of the suspension. The samples were
prepared in 70 x 70 x 70 mm cube moulds, wood wool (WW) was cut with a similar
surface area.

Inoculated samples were kept under the same conditions (20 + 2 °C) and watered
with sterile distilled water every second or third day to keep moist. Fungal growth on
the materials was examined visually every 3-4 days. When the growth was observed
the fungi were identified microscopically at least to the generic level. Intensity of fungal
growth was assessed according to the scale (Stefanowski et al., 2017) (Table 2.3.):
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0 - No growth can be seen under the microscope.

1 - Visible growth up to 50% coverage.

3 - Visible growth, 50-80% coverage.

4 - Visible growth, practically the entire sample surface area (80%) covered, the surface
of the sample can be seen only in few parts.

5 — Whole surface of the sample (100%) covered.

Table 2.3

Evaluation of fungi growth on materials (average values)

Evaluation/Intensity of growth Colour, percent
1-2 0% < 50%
2-3 50% < 80%

3-4
4-5 100%

2.15.2. Artificial inoculation with fungi/microbiological
stability test part 2

Two experiments were conducted to determine the microbiological stability in this
part 2. In both experiment stages, material samples were artificially inoculated with six
fungal strains:

1. Aspergillus versicolor MSCL 1346;

Penicillium chrysogenum MSCL 281;
Alternaria alternata MSCL 280;
Cladosporium herbarum MSCL 258;
Chaetomium sp. MSCL 851;
Trichoderma asperellum MSCL 309.

AN

Aspergillus versicolor and Penicillium chrysogenum belong to primary colonisers,
Alternaria alternata and Cladosporium herbarum to secondary, and Chaetomium sp.
and Trichoderma asperellum to tertiary colonisers. Primary colonisers can develop at
a relative humidity <80%, secondary at 80%-90%, and tertiary at a relative humidity
>90% (Stefanowski et al., 2017).

For the experiments the fungi were grown in Petri dishes and a suspension of
mycelial fragments and spores were prepared from each fungus in sterile (autoclaved
at 121 °C for 15 min) distilled water to obtain ODs,s 0.16. All six suspensions were
mixed in equal amounts. Analysed samples of materials were inoculated with 3 ml or
5 ml (depending on the size of the sample) of the mixed fungal suspension. Samples
were prepared in 40 mm diameter and 10 mm high cylindrical forms, with wood fibre
cement board (WF) and WW cut with similar surface area.

When fungal growth was observed the fungi were identified by macroscopic and
microscopic (Leica DM 2000, Leica Microsystems) features at least to the generic
level. Intensity of fungal growth was assessed according to the scale seen in Table 2.4.
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according to the ASTM C1338-96 Standard test method for determining the fungi resis-
tance of insulation materials and facings (Klamer et al., 2004):

Table 2.4

Evaluation of fungal growth on materials (average values)

Evaluation/ -
Tty ot s Characteristics Colour scale
0 No growth detected microscopically
1 Microscopically detected growth
) Microscopically detected growth
covering the whole surface
3 Macroscopic (visible to naked eye)
growth present
4 Macroscopic growth covering >80%

surface

After visual evaluation, 1.0 + 0.5 g material samples were removed from the com-
posite material where fungal overgrowth was observed. Samples were divided into
smaller fractions with a knife, scissors or tweezers, then placed in plastic tubes. They
were then poured into 1 ml of sterile (autoclaved at 121 °C for 15 min) distilled water,
then shaken vigorously for 5 min. The sample suspension (0.1 mL) was then plated on
Malt Extract Agar medium (Oxoid) and the samples incubated at room temperature
(20 + 2 °C) for 5-7 days. Fungal genera were determined by microscopic and macro-
scopic methods (Klamer et al., 2004).

In the first stage of the experiment in test part two, the analysed material sam-
ples were incubated in two humidity modes - RH 75% and 99% - and at 20 °C.
75% RH were found as typical operating conditions of biocomposite building materi-
als measured during in-situ tests (Sinka et al., 2018)hence various directives have been
adopted, such as the European directive 2012/27/EU on energy efficiency, i.e. ensur-
ing from 2019 the construction of the near-zero energy buildings (nZEB, 99% RH
represent elevated moisture that can occur during drying or improper building mainte-
nance. Moisture levels and temperature was monitored with digital sensors. To ensure
75% RH a sodium chloride salt solution was kept in the chamber with the samples. To
ensure 99% RH samples were kept in separate sealed boxes with sensors inside and
3 ml of sterile water poured on the samples, once the RH lowered. Visual evaluation of
composite materials was performed after 4 months of incubation.

In the second stage of the experiment in test part two, samples were kept only at
relative humidity 99% and temperature 20 + 2 °C, the visual assessment was performed
after 45 days. To ensure 99% RH samples were twice a week poured with 3 ml of sterile
water, thus maintaining a humid environment that simulates rain condition.
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2.16. Sapropel, peat, biochar granules for the agricultural
purposes

2.16.1. Sapropel, peaty sapropel, sapropel — peat granules

The granules were made in the Building Materials Laboratory of Riga Technical
University. During the development of sapropel - peat, the sapropel granule binder was
machined - blended to a homogeneous mass before incorporation. In the study, tests
were performed to determine the physical-mechanical properties of sapropel granules
for 3 types of granules (pure sapropel, peaty sapropel, sapropel-peat granules). Burial
density was determined using the standard LVS EN 1097-3 (Anonymous, 1999), water
absorption using the standard LVS EN 1097-6 (Anonymous, 2013), testing and pellet
compressive strength testing using the standard EN 1606 (Anonymous, 2007), environ-
mental acidity reaction and electrical conductivity.

2.16.2. Biochar-sapropel granules

For the studies of biochar-sapropel granules for agriculture as filler materials were
used: biochar, which is created as a side product from cogeneration process, by pyro-
lyzing wood of deciduous trees at 600 °C. Two kinds of biochar were used: biochar (B),
deciduous tree biochar (LB.)

For the study of the biochar-sapropel granules for agriculture composite mate-
rials were created by manually mixing wet sapropel and biochar until homoge-
nous consistency was reached. Different ratios of biochar and sapropel were used
(1:3, 1:4, 1:6, 1:8 and 1:10) to determine best option. The mass was further divided
in two samples and each part was put in prepared metal forms. One sample was air
dried (relative air humidity 14-20%), while the other was oven dried in 80 °C temper-
ature. Air dried sample was weighted every hour for first 3 hours and once more after
24 hours of creation moment. Oven dried sample was weighted every 15 minutes.

2.16.3. Biochar - sapropel granules granulation

Granules were made in collaboration with Riga Technical University faculty of
material sciences and applied chemistry. Two types of granules were made. One was
made using extrusion and the other using rotation of the material. Extruded gran-
ules are made by mixing homogenized sapropel with biochar powder (sieved through
1.5 mm sieve) with CLATRONIC KM3350 mixer at 50Hz rotation speed. The obtained
mass is then extruded through 9 mm nozzles and cut every 2 seconds creating granules
of approximately 9 mm length.

Granules created using rotation are formed by centrifugal force. Biochar and sapro-
pel mass are rotated in a cylinder until granules are formed. Biochar powder is added
as needed during this process to prevent granules from sticking together. Both types of
granules were oven dried for 2 days at 50 °C temperature.

2.16.4. Specific surface area

Analysis of specific surface area was carried out in collaboration with Riga
Technical university scientists. Specific surface area was measured using Quantachrome
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QuadraWin - Data Acquisition and Reduction for QuadraSorb SI, version 5.11 2000-
12. (USA) QUADRASORSB SI Kr with Standart Autosorb degasser device.

2.16.5. Water absorption

Water absorption capacity was determined in collaboration with Riga Technical
university scientists. Water absorption capacity of granules was determined according
to TOCT 26713-85 standard. Measurements were done in 7 repetitions and calculated
as average (minimum and maximum were removed from calculation). Temperature of
measurements was 105 °C.

2.16.6. Mechanical strength

Mechanical strength was determined in collaboration with Riga Technical uni-
versity scientists. Mechanical strength was measured according to TOCT 8269.0-
97 (Anonymous, 1997) standard with ZWICK Z100 ROELL. Total volume used for
testing was 2 L of granules. Measurements were done in three repetitions.
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3. RESULTS AND DISCUSSION

3.1. Sapropel properties

In the thesis organic rich freshwater sapropel were used as most prospective for
the development of composites. Sapropel sediments were sampled from four lakes in
Latvia — Padelis, Pilvelu, Veveru located in Rezekne district, Latgale region. Piksteres
lake is located in Jekabpils District, Latgale Region, Latvia. The sapropel from these
lakes has been studied previously and can be considered as prospective for development
of composite materials. Characteristics of the sapropel samples are listed in Table 3.1.

Table 3.1
Characteristics of the sapropel samples
Lake Moisture, Organic matter, Carbonates, Density,

% % % g/cm®
Padelis 85.97 15.27 35.57 1.24
Pilvelu 94.99 84.51 1.26 1.10
Veveru 97.66 86.25 1.18 1.08
Piksteres 96.45 82.67 17.33 1.028

Sapropel samples differ from one another within moisture (%), organic matter (%)
and carbonates (%) amount. Colour of Lake Padelis sapropel is pale gray-pink and den-
sity is 1.24 g/cm’. Lake Pilvelis sapropel sample is dark greenish brown with homoge-
neous and jelly-like structure and density - 1.10 g/cm?. Lake Veveru sapropel colour is
black and density — 1.08 g/cm?. Lake Piksteres sapropel sample is greenish brown and
density is 1.028 g/cm?. Removal of sapropel sediments from lakes (dredging) during
lake recultivation helps to improve the quality of freshwater resources and lake ecosys-
tems. Thus, the use of sapropel obtained during lake recultivation is a sustainable, envi-
ronmentally friendly and efficient approach as it supports recovery of environmental
quality of lake ecosystems and might promote creation of innovative, high value-added
products that are non-toxic, environmentally friendly.

Summary. Used sapropel samples represent sapropel types prospective for use as
binding materials.

3.2. Development of sapropel composite materials

Sapropel can be used as a binder for by-products of the wood, flax and hemp pro-
cessing and paper and cardboard industries to produce insulation and finishing boards.
Sapropel has also been used to replace cement binder in the development of sapropel
concrete, a composite material used in construction, with sapropel as the binder and
sawdust and gravel as a filler material (Brakss et al., 1960; Gruzans, 1960). Studies on
the potential of sapropel as a binder have been carried out in Latvia, Lithuania and
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Belarus. Opportunities for the development of sapropel-straw (Kasperiunaite and
Navickas, 2010), sapropel-hemp shives (Pleik$nis and Dovgiallo, 2015) and sapropel-
lime-hemp-paper processing by-products (Bal¢iiinas et al., 2016) have been studied.
Technical tests show that the use of sapropel as a binder in combination with various
by-products to create new materials allows the finished product to be included in the
category of thermal insulation materials in terms of technical quality. Considering
results of previous studied dedicated to development of sapropel containing materials
the concepts of elaboration of new materials were proposed.

As prospective components to design sapropel based composites can be considered
natural fibers and at first — hemp. To reveal potential of sapropel-lime binder in hemp
concrete composites it has been suggested to use sapropel-lime, magnesium oxide-
chloride, and lime binders. The obtained compositions were compared with each other
and with data available in the literature. Hemp shives, wood fiber and birch wood sand-
ing dust have been used as filler for composite materials as well. These fillers are agri-
cultural and wood processing industry by-products that need to find reusability.

The use of hemp-lime composite has a positive impact on the environment asso-
ciated with CO, emissions. Both components are absorbing by CO, - lime during
hardening (carbonation) and hemp - during growth (Ip and Miller, 2012; Pretot et al.,
2014). Sapropel, in its formation, also contains CO, in the form of organic substances,
thus being equivalent to hemp-lime materials. Thus, these composites can be consid-
ered as climate-neutral materials.

Studies on the potential of sapropel as a binder have been carried out in Latvia,
Lithuania and Belarus. By-products of the processing of sapropel concrete (Brakss et al.,
1960; Gruzans, 1960), sapropel-straw (Kasperiunaite et al., 2009), sapropel-hemp shives
(Pleik$nis and Dovgiallo, 2015) and lime-hemp-paper (Bal¢itinas et al., 2016) technical
features is studied. It was concluded that by using sapropel as a binder in combination
with various materials, it is possible to include the finished product in the category of
heat insulating materials in terms of technically qualitative performance. Sapropel with
an organic content of more than 85% and nitrogen more than 3.3% is used for the pro-
duction of sapropel binder (Kypso, 2005).

Research of Riga Technical University on the material of hemp shives as filler and
hydraulic lime as binder found that the thermal conductivity and compressive prop-
erties of these materials are consistent with the thermal insulation materials (Sinka
etal., 2014).

The aim of the study was to find out the potential of composite materials using
sapropel and lime as binder and hemp shives, wood fiber and birch wood as a filler
and to determine their optimum properties. The composite materials were prepared in
the Department of Composite Materials and Structures of Riga Technical University.
Density, thermal conductivity, and compressive strength were determined for the spec-
imens produced. The compressive strength of the various composite materials in the
tests is shown in the Table 3.2, and it shows that the obtained materials can be used
as thermal insulation materials, because their strength meets the requirements of the
regulatory framework.

Samples were prepared using mechanical mixing until homogeneous composition
were obtained and the sequence of the addition of components were mixed.
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Characteristics of composite building materials

Table 3.2

Designation Composition Characteristics
Raw material ratio (filler:binder:binder) 1:2.5:2.5
Sapropel-lime- Sapropel Density kg/m? 306.88; 296.31
hemp composite Lime

Thermal conductivity, W/m-K

SLHC 1-2 Hemp shives
Mechanical strenght, MPa 0.25
Raw material ratio (filler:binder:binder) 1:5:5

Sapropel-lime- Sapropel Density kg/m® 533.58; 540.59

hemp composite Lime —

SLHC 3-4 Hemp shives Thermal conductivity, W/m-K 0.089
Mechanical strenght, MPa 0.77
Raw material ratio

Lime-hemp (fller:binder:binder) 12525

composite ILH‘me . Density kg/m? 294.09; 302.40

emp shives

LHC1-2 P Thermal conductivity, W/m-K -
Mechanical strenght, MPa 0.29
Raw material ratio 1:5:5

Lime-hemp (filler:binder:binder) "

composite Iﬁlme " Density kg/m? 498.32; 562.93

emp shives

LHC 3-4 i Thermal conductivity, W/m-K 0.099
Mechanical strenght, MPa 0.90
Raw material ratio (filler:binder:binder) 1:5:5

lee-he.inp Lime Density kg/m? 408.10

composite .

LHCP Hemp shives  Thermal conductivity, W/m-K 0.086
Mechanical strenght, MPa 0.61
Raw material ratio (filler:binder) 1:6

Sapropellt-wood fiber Sapropel Density kg/m® 319

composite

SWFP Wood fiber Thermal conductivity, W/m-K 0.19
Mechanical strenght, MPa 0.060
Raw material ratio 16

Sapropel-birch Sapropel (filler:binder) )

‘CNoOn(id;Sallzedlng Wood sanding Density kg/m3 470

SW]g dust Thermal conductivity, W/m-K 0.061
Mechanical strenght, MPa 0.67
Raw material ratio

M . . (filler:binder:binder:binder) 1:1.25:0.9:1.33

agnesium-hemp  Magnesium

composite chloride Density kg/m’ 302.3

MHC1 Hemp shives Thermal conductivity, W/m-K 0.076
Mechanical strenght, MPa 0.25
Raw material ratio

M . . (filler:binder:binder:binder) 1:1.25:2:0.6

agnesium-hemp  Magnesium

composite chloride Density kg/m’ 504.4

MHC 2 Hemp shives  Thermal conductivity, W/m-K 0.111
Mechanical strenght, MPa 1.12
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Obtained results show that the thermal conductivity of lime-hemp composite
material (density 408.10 kg/m?) is on average low — 0.086 W/m-K. Similar values are
obtained for sapropel-lime-hemp material - 0.089 W/m-K. The results obtained are
satisfactory, similar to those used in practice in the world for hemp shives, and with
the current regulation, the wall insulated with such materials should be approximately
400 mm thick to reach regulatory values (Sinka et al., 2014).

The research direction is promising because the material has great potential to
reduce global CO, emissions, both directly from production, as the main components
are CO, neutral or negative, and indirectly providing better thermal performance of
buildings, thus reducing the amount of fuel needed. The study should be continued by
developing new solutions to improve the properties of sapropel-lime composites.

In the study on sapropel and peat as a binder for wood chips (Obuka et al., 2014),
the study also determined the mechanical strength of the materials. The activated peat
mass with binder properties was obtained by mechanical treatment of peat in the ther-
mal bullet planetary mill. The activated peat mass was prepared using 300 g of peat
and placed in a grinding vessel with 8 grinding balls and grinding for 30 minutes at
300 rpm. Sapropel was not mechanically heat-treated before obtaining thermal insula-
tion materials but was immediately mixed with the chips. The mixing of sapropel and
wood chips (raw material weight ratio 1: 3) was performed manually until a uniform
mass was obtained. The resulting mass was then placed in a mold (30 x 30 cm with
height adjustment) and sealed at 0.03 MPa for 3 hours to provide a denser structure of
the composite material, increase its mechanical strength, reduce shrinkage of the final
product, as well as shrinkage crack formation. Sapropel-peat composite plates were
dried at 25 °C for 24 h and at 105 °C for 24 h.

Depending on the amount of moisture, the compressive resistance of the board’s
changes. The compression resistance of sapropel-wood chips is 0.06 MPa and that of
peat-wood chips is 0.13 MPa. In contrast, the bending resistance shows that the resis-
tance of sapropel-wood chips is 0.02 MPa and that of peat-wood chips - 0.3 MPa. The
results of compression and bending resistance show that the composite materials have
sufficient strength to form adhesive joints and perform assembly work.

In a study “Sapropel as a Binder: Properties and Application Possibilities for
Composite Material”, the obtained results show that composite materials with filler
of birch wood sanding dust and binder of green algae sapropel exhibit higher values
in compression deformation perpendicular and parallel to the direction of specimen
formation. The compressive results of perpendicular deformations range from 0.67 to
0.76 MPa. The result in linear deformations is 0.72 and 0.67 MPa, respectively. The
results obtained from the compression resistance show that the materials are durable
enough to be used in assembly work and to form adhesive joints.

Summary. Developed new materials are durable enough to be used in assembly
work and to form adhesive joints. This study has demonstrated good application poten-
tial of sapropel as a binder. From natural materials and local resources, such as sap-
ropel, and industrial by-products, such as birch wood sanding dust, fibre and hemp
shives, sawdust it is possible to develop environmentally friendly composite materials
for construction for various needs of utilisation. The particle granulometric composi-
tion, surface area and other characteristics of the filler have an effect on the binding
with sapropel as a binder.
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3.3. Thermal conductivity of composite materials

In a study on composite materials of sapropel as binder, a thermal conductivity test
was performed by changing the types of sapropel and different filler materials (Obuka
etal., 2015). Three types of sapropel from Lake Veveru (green algae) and Pilvelu (cyano-
bacterial algae) and a carbonate sapropel from Lake Padelis (carboniferous) were used.
Fillers used were hemp fibers and shives, wood fiber, birch wood sanding dust. These
fillers are a by-product of agriculture and woodworking industry that can be reused.
For the developed composite materials raw sapropel was used as a binder (adhesive).
Mixing of sapropel-filler mass was done manually until homogeneous and smooth
mixture was reached - filler fully covered with sapropel. Sapropel was mechanically
treated by mixing together with electrical hand mixer until smooth and homogeneous
material was formed. Metal mould with dimension of 30 x 30 cm and with adjustable
height was used for composite material production. The mixture of raw materials was
laid in by layers in mold for more dense composite material structure, higher mechani-
cal strength and for minimizing final product shrinkage. Sapropel-filler samples were
cured at the temperature of 80-105 °C for 36-72 hours. The results obtained from the
tests are shown in Table 3.3.

Based on the obtained results, it can be concluded that the material which contains
wood fibers and sapropel of green algae from the Lake Veveru shows the best results.
The results show that these composite materials have similar characteristics and thus
similar applications and potentials. The composite materials produced have low ther-
mal conductivity due to their mixed, fine-porous structure and have a homogeneous
fiber structure with interconnected and open pores. Due to the organic origin of the
raw materials, the composite material of the sapropel binder and hemp shives has a
heterogeneous structure. The granulometric disintegration of different particles results
in voids and uneven composition with weaker inclusions and faster deformation of
the sample.

Table 3.3
Thermal conductivity of materials
Material: binder-filler I)I:;:nltsy ’ Therma‘}\’c/ﬁ‘cllélctivity,
Carboniferous and green algae sapropel - hemp 191 0.063
Carboniferous and cyanobacterial sapropel — hemp 200 0.059
Wood fiber - green algae sapropel 153 0.055
Wood fiber - cyanobacterial sapropel 202 0.060
Cyanobacterial sapropel - wood sanding dust 214 0.061

Cyanobacterial sapropel - wood sanding dust -

Aerosil silica 376 0.080

In the study on sapropel and peat as a binder for wood chips (Obuka et al., 2013),
the thermal conductivity of the materials reached 0.067 and 0.060 W/m-K. The study
takes into account the number of freezing cycles and the humidity of the materi-
als tested. The results show that the thermal conductivity of peat and particleboard

48



increases, while that of sapropel and particleboard decreases during the freezing
cycles. Comparing the obtained results, where the moisture content of the compos-
ite material is from the air-dry state to the moisture-saturated material (12%), the
thermal conductivity coefficient is 0.050-0.060 W/m-K for sapropel-wood chips and
0.055-0.064 W/m-K for peat-wood chips, respectively. The activated peat mass with
binder properties was obtained by mechanical treatment of peat in the thermal bullet
planetary mill. The activated peat mass was prepared using 300 g of peat and placed
in a grinding vessel with 8 grinding balls and grinding for 30 minutes at 300 rpm.
Sapropel was not mechanically heat-treated before obtaining thermal insulation mate-
rials but was immediately mixed with the chips. The mixing of sapropel and wood
chips (raw material weight ratio 1:3) was performed manually until a uniform mass
was obtained. The resulting mass was then placed in a mold (30 x 30 cm with height
adjustment) and sealed at 0.03 MPa for 3 hours to provide a denser structure of the
composite material, increase its mechanical strength, reduce shrinkage of the final
product, as well as shrinkage crack formation. Sapropel-peat composite plates were
dried at 25 °C for 24 h and at 105 °C for 24 h.

Summary. Using natural materials and local resources, such as sapropel, as well as
industrial by-products such as birch wood sanding dust and fibre, and hemp shives it is
possible to develop environmentally friendly composite materials for the construction
industry, adjusting properties depending on the area of utilization. Thermal conductiv-
ity results show that materials can be used to develop environmentally friendly com-
posite materials with insulation properties.

3.4. Compressive and flexural strength
of composite materials

There is an acute need in the construction industry for new types of adhesives
and binders based on natural (plant and animal) substances (D’Amico et al., 2010).
Synthetic adhesives used today contain toxic substances that cause health problems and
environmental contamination. Most adhesives are based on formaldehyde (urea-form-
aldehyde and phenol-formaldehyde), which account for 92% of total adhesive con-
sumption. Formaldehyde adhesives are made from non-renewable resources and are
potentially harmful carcinogens. Research is underway worldwide to develop various
alternatives to current adhesives, such as soy-based wood glues (Lei et al., 2014). Thus,
one of the challenges in the woodworking industry is the development of environmen-
tally friendly adhesives from natural and renewable resources (Y. Liu and Li, 2007).

In this study, composite materials were developed using sapropel as an adhesive.
Two types of sapropel samples were used — the green algae sapropel obtained at Lake
Veveru and cyanobacterial sapropel obtained at Lake Pilvelu. Characteristics such
as dry matter content, moisture content and density were determined for sapropel.
Adhesives were tested by gluing plywood and mechanical testing of the material: bond
strength test, static bending using (Anonymous, 2000b) and (Anonymous, 2005) stan-
dard, application group (D1-D4) for sapropel as glue using (Anonymous, 2001a) and
(Anonymous, 2002) standards, pulling peat with sapropel and determining strength
perpendicular to the slab plane using (Anonymous, 2000a) standard.
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The sapropel samples were mixed completely just before the preparation of three-
layer plywood of dimensions 4 x 250 x 250 mm. Glue spreading level for Lake Veveru
sapropel was 276-290 g m? and 264-288 g m? for Lake Pilvelu sapropel. The plywood
was pressed under the pressure of 2.0 MPa for 24 hours, at 100 °C for first 16 hours. The
samples were stored for one day at temperature 20 + 3 °C with 65 + 5% relative humid-
ity until reaching equilibrium moisture content. Subsequently, the plywood panel was
cut into shear specimens with the dimension of 4 x 50 x 150 mm to determine its
bending strength and 4 x 25 x 200 mm to define shear strength.

The dried peat-sapropel samples were pressed under the pressure of 0.1 MPa for
48 hours. The samples were stored for one day at 20 + 3 °C with 65 + 5% relative humid-
ity until reaching equilibrium moisture content. The material samples made from dried
natural peat and sapropel were tested for tensile strength perpendicular to the grain
direction.

Adhesives were tested by gluing plywood and mechanical testing of the material:
determination of static bending strength (Fig. 3.1) and glue strength test, determina-
tion of applicability group (D1-D4) for sapropel as binder (glue), sapropel bonding of
peat and tensile strength determination. perpendicular to the plane of the slab.\

The results show that the highest result in the mechanical bending test for the sap-
ropel adhesive (Anonymous, 2001b) standard for the determination of elastic modulus
and bending force was found in the Lake Pilvelu sapropel (88.7 MPa in parallel bend-
ing). In addition to determining the applicability group for the sapropel as an adhesive
(durability test), the Pilvelu sapropel - beech samples show a result of 3.67 MPa. In
addition, tests according to the standard EN 319 were performed to detect dried natu-
ral peat and sapropel as a glue for tensile strength perpendicular to the grain direction,
results indicated: samples of peat — Pilvelu sapropel - 0.077 MPa, samples of peat -
Veveru sapropel - 0.067 MPa.

The development of adhesives made from natural raw materials is a highly innova-
tive line of research, as the expansion of the product range and global consumption
increases the consumption of adhesives. The construction industry consumes 60% of
all raw materials produced. Consequently, the construction industry is also one of the
largest consumers of adhesives and binders in the world. As stated above, there is an
acute need in the industry for new types of adhesives and binders based on natural
(plant and animal) substances (D’Amico et al., 2010; Zabalza Bribian et al., 2011).

Plywood glued with sapropel sample bending test is shown in the process in
Figure 3.1. The results show that the highest result in mechanical bending tests for sap-
ropel adhesive (Anonymous, 2001b) standard — determination of modulus of elasticity
and bending force) is found in Lake Pilvelu sapropel (in parallel bending - 88.7 MPa).

Figure 3.1. Bending test of a sample of plywood glued with sapropel
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The lowest result, however, is shown by the same type of sapropel only perpendicu-
lar to the bend (Fig. 3.2.). The results of the study indicate that an environmentally
friendly adhesive derived from sapropel can be used as a natural binder in composite
materials, which has a high adhesion and retention capability.
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Figure 3.2. Bending mechanical strength in parallel and perpendicular to the fiber direction

The research direction is promising and should be continued to improve the prop-
erties of sapropel adhesive and to increase its effectiveness.

Summary. Composite materials were developed using sapropel as an adhesive. This
study has demonstrated good application potential of sapropel as an adhesive, but still
much work has to be done to improve results. Question posed at this part of this study,
that it is a challenge to produce plywood from organic rich lake sediment (sapropel)
applied as a glue, it is now possible to state that the first test results reveal that there is
an opportunity to use sapropel as a potential adhesive, but there is a need for further
experiments. The research extends our knowledge of using natural materials and local
resources, such as sapropel, as well as birch wood veneer, and it is possible to develop
environmentally friendly composite materials for the construction industry, adjusting
for the need of utilization in future.

3.5. Sound insulation properties

Sound insulation must be taken into account during the construction of the build-
ing. Noise is an important problem and is considered to be environmental pollution,
and it causes many health problems, the causes of which are not easy to identify. In
several European countries, there are regulations that sound insulation materials must
be installed in buildings to reduce the adverse effects of noise pollution. These regula-
tions have further increased the demand for effective and inexpensive sound insulation
materials (Islam and Bhat, 2019).

Sound insulation materials also consist of porous synthetic substances, including
rock wool, glass wool, polyurethane or polyester, which are usually based on petro-
chemistry (Patnaik et al., 2015) and which have a negative impact on human health
and the environment. This has led to increase in demand for environmentally friendly
insulation materials (Islam and Bhat, 2019).
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Study on sapropel and peat as a binder for wood chips (Obuka et al., 2014) states
that ability to insulate sound is one of the important properties of any building mate-
rial. Thus a study of sound insulation properties of the developed materials was carried
out within the framework of the thesis (Table 3.4.). Composite materials were obtained
by mechanical treatment of pear in thermal bullet planetary mill resulting in activated
peat mass with binder properties. The activated peat mass was prepared using 300 g of
peat and placed in a grinding vessel with 8 grinding balls and grinding for 30 minutes
at 300 rpm. Sapropel was not mechanically heat-treated before obtaining thermal insu-
lation materials but was immediately mixed with the chips. The mixing of sapropel and
wood chips (raw material weight ratio 1: 3) was performed manually until a uniform
mass was obtained. The resulting mass was then placed in a mold (30 x 30 cm with
height adjustment) and sealed at 0.03 MPa for 3 hours to provide a denser structure of
the composite material, increase its mechanical strength, reduce shrinkage of the final
product, as well as shrinkage crack formation. Sapropel-peat composite plates were
dried at 25 °C for 24 h and at 105 °C for 24 h.

Table 3.4

Results of sound insulation tests using 4 microphone method

Tested plate Sound i:;lssulation,
Peat - wood 30
Peat - wood 32
Sapropel - wood 32
Sapropel - wood 31

The obtained biocompositematerials have a fine-porous structure with a homoge-
neous fibrous structure with open and interconnected pores. The obtained sound insu-
lation results indicate very good insulation properties of the composite material. The
boards have a fine-porous structure with a homogeneous fibrous structure with open
and interconnected pores. Compared to other ecological thermal insulation materials,
such as flax fiber thermal insulation material, the results are worse and differ by 14 dB.
According to the literature, the sound insulation result of flax fiber material is 45 dB,
but flax-wool thermal insulation material retains 40 dB sound absorption (Kozlowski
et al., 2008). Given the sound insulation properties, it can be concluded that better
sound insulation level can be reached using heavier materials. The best available sound
absorption materials in Latvia are universal fiberboard, the densest samples of mineral
wool and cork products.

Summary. Sound insulation indicators of peat — wood chips and sapropel - wood

chip composite material are high and comparable with synthetic sound insulation
materials offered on the market.
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3.6. Auto-ignition test

In the study on sapropel and peat as a binder for wood chips (Obuka et al.,
2014) self - ignition risk assessment of the developed materials was performed
(Table 3.5.).

Table 3.5

Peat and sapropel particle boards: comparison of auto-ignition

Sample G averagrer ar(i:t’hmetic

345

Peat - particle board 330 333
325
290

Sapropel - particle board 295 296
302
345

Pine wood chips 340 345
350

Based on the data obtained from the combustion test, it is possible to conclude that
the auto-ignition temperature of peat particle board is higher than the auto-ignition
temperature of sapropel-particle board. This is due to the fact that the samples differ
in density and fiber arrangement in the samples. Respectively, the fiber arrangement
of peat particle board is denser and there is less air between them, but sapropel - par-
ticle board is more fragile with significantly lower mechanical strength. This method of
production allowes to obtain sample with fibrous structure that has a greater amount of
air. This reduces the temperature at which the sample begins to ignite spontaneously, as
there is a greater amount of oxidizing-oxygen in the air.

It is important to mention that wood is an anisotropic material and that its physical
as well as mechanical properties are closely related to the direction of the fibers used
(Ulpe and Kupce, 1991). After the tests, it can be concluded that the obtained materials
belong to the group of combustible materials, because when the composite is exposed
to the ignition source, it ignites, burns or gets charred. When the ignition source ceases
to operate, material continues to burn or char. In order to improve the fire resistance of
the composite material, it is necessary to take the essential fire safety measures, as well
as to ensure the insulation of the material, for example, by using plasterboard sheets.

Summary. In order to improve the usability of sapropel based biocomposites, they

must be treated with various means that improve fire safety and biological resistance, as
this increases the durability and use of composite materials.
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3.7. Biodegradability of the tested materials

Biodegradation experiments were performed by adding the composite materials
to the soil amended with nutrients and a consortium of microorganisms with a high
hydrolytic activity (Muter, 2015) in order to provide favorable conditions for degrada-
tion processes.

For the developed composite materials three types of raw sapropel have been used
as a binder, i.e., green algae sapropel (GAS); cyanobacteria sapropel (CBS) and car-
bonatic sapropel (CS). Sapropel was mechanically treated by mixing together with
electrical hand mixer until smooth and homogeneous material was formed. Mixing of
sapropel-filler mass was done manually until homogeneous and filler was fully cov-
ered with sapropel. Binder-filler mass ratio was 6:1. Metal molds with dimensions of
30 x 30 cm and with adjustable height were used for composite material production.
The mixture of raw materials was placed in layers in molds for more dense compos-
ite material structure, higher mechanical strength and for minimizing final product
shrinkage. Sapropel-filler specimens were cured at the temperature of 80-105 °C for
36-72 hours until the constant weight was reached.

Fillers of biocomposite materials were used in the biodegradation test - wood
fiber, birch wood sanding dust, hemp shives. Mineral binders developed in previous
studies were used for these materials — dolomitic lime consisting of 100% DL60 lime
(Dolomite) and hydraulic lime consisting of 60% DL60 lime and 40% calcinated kaolin
clay (Clay) (Sinka and Sahmenko, 2015). Binder-filler mass ratio was 2:1. Block peat
(“Laflora”) was also used for composite materials biodegradation studies as a control
material (Obuka et al., 2019).

3.7.1. Respiration intensity of microorganisms

The respiration intensity of microorganisms in the experimental batches was
observed before and after 7-day incubation period at 37 °C. An increase of respira-
tion intensity in the composite materials has been observed. The amended batches at
the beginning of incubation showed statistically significant difference (p<0.05) and
varied in the range from 31% to 70%, as compared to the control batch with soil and
peat (Fig. 3.3 A). The highest respiration intensity was in the soil containing CS/Wood
fibers, while the lowest - CS/Wood sanding dust, i.e., 7.68 + 0.35 pg C-CO,/h gdw and
5.92 £ 0.43 pg C-CO,/h gdw respectively (Fig. 3.3. A). Among the types of composite
materials, no statistically significant differences were found in respiration stimulating
effect. In the future, peat can be used for testing as an additional substrate for the bio-
degradation of composite materials. The obtained first data on the respiration intensity
of peat show a higher activity of microorganisms in it and thus a possible higher bio-
degradation potential of the created biocomposite materials.

The second test was carried out after 7-day incubation period, when readily availa-
ble substrates have been exhausted (Figure 3.3.B). Respiration intensity of microorgan-
isms after 7-day incubation period was considerably lower than that in the beginning
of the experiment. This can be explained by the fact that microorganisms have already
degraded easily degradable substances.
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Figure 3.3. Respiration intensity of microorganisms in a clay loam soil amended with
nutrients, microbial consortium and composite materials. The ratio of a composite material
to the substrate was 0.25:10.0. The substrate was prepared as described in Materials and
Methods, p.2.12 and 2.13. Respiration intensity was measured before incubation (3.3.A)
and after 7-day incubation period (3.3.B) of a composite material with soil at 37 °C.
GAS - green algae sapropel; CBS - cyanobacteria sapropel; CS - carbonatic sapropel.
Control - the soil substrate without composite materials.

Subsequently, these data indicated to the degradation state of comparatively hardly
biodegradable substances (cellulose, hemicellulose, lignin) resulting in the original
material fractionation with respect to polymer stability. No respiration was detected in
the control soil. The highest respiration intensity was detected in CBS-CS/Hemp shives,
while the lowest — in CBS/Wood sanding dust, i.e., 2.70 * 0.89 pug C-CO,/h gdw and
0.70 +0.87 pg C-CO, C-CO,/h gdw, respectively (Fig. 3.3.B.).

The obtained data can be interpreted as the potential biodegradability of the tested
composite materials under given test conditions. It shows that the materials used are
biodegradable at a varying rate. It is seen that it is mostly dependent on the used filler.
The wood sanding dust has the lowest biodegradability as it shows the lowest respiration
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after 7 days, while wood fibers and hemp shives have higher biodegradability as they
have higher respiration after 7 days. Sapropel binder shows similar respiration as the
reference lime binders, as the used sapropel is with high carbonate percentage. The
used materials demonstrate that with different extent all studied materials are biode-
gradable and can be used to decrease the overall environmental impact of construction
materials.

3.7.2. Enzyme activity of microorganisms: fluorescein diacetate
hydrolysis

One of criteria for evaluating the biodegradability of the tested materials could
be an increase of microbial enzyme activity, which responded to the presence of bio-
available nutrients. FDA hydrolysis involves the activity of various enzyme groups of
microorganisms, i.e., hydrolases, proteases, esterases, lipases, etc. (Green et al., 2006).
As shown in Fig. 3.4., after 7-day incubation period all composite materials added to
the soil stimulated FDA hydrolysis activity, comparing with the control set. After 7-day
incubation period in the batch system, the lowest FDA hydrolysis activity was observed
in the non-composite control (Fig. 3.4.). All tested composite materials show a stimu-
lating effect on the enzyme activity of the microorganisms, with the highest mean value
for [GAS-CS/Hemp shives], i.e., 2.01 + 0.75 uM h gdw FDA (Fig.3.4.).
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Figure 3.4. Fluorescein diacetate hydrolysis activity of microorganisms in a clay loam
soil amended with nutrients, microbial consortium and composite materials. The ratio
of a composite material to the substrate was 0.25:10.0. The substrate was prepared as
described in Materials and Methods. FDA activity was measured after 7-day incubation
period of a composite material with soil at 37 °C. GAS - green algae sapropel;
CBS - cyanobacteria sapropel; CS - carbonatic sapropel. Control - the soil substrate
without composite materials.

Comparison of the FDA hydrolysis activity showed a statistically significant
(p<0.05) difference between control and composite materials, except CS/wood fibers.
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Greater FDA hydrolysis activity may indirectly indicate more intense biodegradation
processes, as it depends on the availability of nutrients, the concentration of micro-
organisms, and their physical, chemical and environmental properties (Green et al.,
2006; Mupambwa and Mnkeni, 2016).

Summary. Biodegradation experiments were conducted on 11 samples. The bio-
degradability of the obtained composites has been studied and major differences of the
biodegradability potential have been found, mostly depending on the filler properties,
but also on the presence of mineral matter content in the obtained composites. The
obtained results demonstrate potential to use sapropel as a raw material for composites
in combination with other waste materials with potential application as construction
materials and design products, to extend the life of natural materials and achieve aims
of reduction of waste streams.

3.8. Sapropel, peat, biochar granules for the agricultural
purposes

Peat is a widespread and important resource in Latvia, 1.2 million tons of peat are
extracted every year. One of the most common uses for peat is horticulture - for soil
improvement. Mixing peat with soil can improve its structure and increase acidity. One
of the main characteristics of peat in agriculture is its ability to retain moisture when
the soil is dry, thus ensuring water exchange between plants.

On the other hand, total sapropel resources in Latvia are about 2 billion m3. The
spread of sapropel and its wide range of uses makes it an important natural resource
that can be used in agriculture, horticulture, forestry, livestock farming, chemical and
construction industry, balneology and cosmetology (Stankevi¢a and Klavins, 2014). In
this thesis part study, sapropel and peat are considered as potential soil improvers in
the form of granules. Until now sapropel in Latvia was mainly used for fertilization of
fields. In addition, sapropel can be used as a binder, for example in granules develop-
ment for strength enhancement (Bal¢itnas et al., 2016; Obuka et al., 2015; Vincevica-
Gaile et al., 2019).

The aim was to find out the possibilities of peat-sapropel and sapropel granules for-
mation and to evaluate their properties. The sapropel used is derived from the Lake
Veveru in the Latgale region of Rezekne. The Sapropel of the Lake Veveru has a mois-
ture content of 97.66%, a low density of 1.08 g/cm® and an organic content of 86.25%.
The second sapropel used in the study is peaty sapropel with a moisture content of
90.45%, an organic content of 81.34% and a density of 1.10 g/cm? (Table 3.1.).

The granules were made in the Building Materials Laboratory of Riga Technical
University. During the development of the sapropel-peat and sapropel granules, the
binder was machined prior to incorporation — compacted to a homogeneous mass.
The study determined the physical and mechanical properties of test sapropel gran-
ules for three types of granules. Gravity density, water absorption test and granules
compressive strength, environmental acidity response and electrical conductivity were
determined.

Granules from pure sapropel and water pH = 7.35, granules from peaty sapropel
and sapropel pH = 7.36, granules from sapropel-peat pH = 4.52 were made. The formed
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granules slowly decompose in the aquatic environment. In the soil environment, gran-
ule decomposition occurs as a result of physical action.

In a study on the development of environmentally friendly granules for agricul-
tural use from sapropel and peat, bulk density (Anonymous, 1999), water absorp-
tion (Anonymous, 2013), mechanical strength (Anonymous, 2007) were determined.
Gravity density of granules from pure sapropel and water is 639.6 kg/m?, but gran-
ules from peaty sapropel — 246.1 kg/m’, from sapropel - peat — 248.3 kg/m>. The
water absorption of granules from pure sapropel and water is < 78.9%, granules from
peaty sapropel — 167.8%, sapropel — peat granules — 163.9%. The mechanical strength
of pure sapropel and water granules is 1.06 MPa, that of peaty sapropel — 0.46 MPa,
that of sapropel-peat granules — 0.44 MPa. As a result, granules with sufficient
mechanical strength for long-term storage, transport and incorporation into the soil
were obtained.

Other of Latvia's valuable resources is biomass. By using it in power plants, cogen-
eration plants produce a by-product - bio-char. This by-product can be used rationally,
for example, in agriculture. The incorporation of bio-char into the soil results in carbon
sequestration and positively influences soil properties. The sorption capacity provided
by the porosity and surface area of the bio-char prevents the leaching of plant elements
and reduces the risk of soil contamination from reaching the plant parts (Hansen et
al., 2017). Sapropel, on the other hand, is a valuable natural resource of Latvia that can
be used as a binder, and it is also traditionally used as a soil improver or supplemen-
tary fertilizer (Bal¢iinas et al., 2016; Obuka et al., 2015; Stankevi¢a and Klavins, 2014).
Currently, there is no production of bio-char products for agriculture in Latvia and
their supply is not wide in Europe either.

The aim of the study was to investigate the possibilities of bio-char-sapropel gran-
ules formation and to evaluate their properties by using bio-char as a by-product in
cogeneration plants. The study used biochar obtained by pyrolysis at 600 °C. Their raw
material is various hardwoods. The sapropel used was derived from Lake Pikstere in
Jekabpils region, Selonia region. This sapropel contains 96.71 + 0.22% moisture and
82.7 + 0.26% organic matter (dry matter).

The granules were manufactured at the Rudolfs Cimdin$ Riga Biomaterial Inno-
vation and Development Center by extruding, grinding and then rounding a mixture of
non-dried sapropel and biochar. For the specimens concerned, the sapropel binder was
machined prior to incorporation - blended to a homogeneous mass. When working
with this method, the most suitable ratio of biochar to sapropel for granules is 3:10 in
non-dried form (or 9:1 in dry product). The result is granules with a high mechanical
strength for storage, transport and incorporation into the soil.

In the result granules has a water extraction pH of 10 and an electrical conductiv-
ity of 703.5 pS/cm (gradually increasing as the pellet decomposes). In this case, the
high values are determined by bio-char and can be used to adjust soil pH. The bulk
density of the granules (0.31 + 0.07 g/cm?) is low compared to the pressed bio-char
granules currently available on the market. From a logistical point of view, low density
is not a desirable feature, but for soil improvement it can serve to solve the problem of
soil compaction. In the aquatic environment, granules decompose slowly because both
ingredients are water insoluble. Therefore, their degradation in the soil environment
is due to physical effects, but the degradation of both bio-carbon and sapropel is slow
(De Gisi et al., 2014).
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The pellets contain 0.005-0.12 g/kg phosphorus, 0.052 g/kg nitrogen, 5.4-5.7 g/kg
potassium, 19.3 19.6 g/kg calcium and 44.2 g/kg magnesium available in plants forms.
In general, the composition of the elements of granules is sufficient to ensure plant
development. However, for optimal plant development, some nutrients are needed
in larger quantities (eg phosphorus, iron, zinc). The materials used are free of heavy
metals and are considered safe for use in agriculture.

Determination of moisture was determined 7 times for each sample (Table 3.6.).

Table 3.6

Determination of moisture content (%) of biochar and sapropel granules

Original and composite material Moisture
Sapropel, % 96.71 £0.22
Biochar, % 3.14 £ 0.19
Mixture, % 74.04 +0.27
After extrusion - cylindrical granules, % 63.19+0.36
Rotational Molding — Spherical Granules, % 63.19 + 0.36
After drying - cylindrical granules, % 3.56 £0.39
Rotary drying - spherical granules, % 4.13 £0.47

Bulk density of Lake Pikstere and biochar granules: by type of granules - cylindrical
after extrusion (0.31 £ 0.07 g/cm?), spherical after extrusion (0.47 + 0.18 g/cm?), spher-
ical after rotation molding movements (1.00 + 0.43 g/cm?). The granules have a low
bulk density compared to commercially available compressed biochar granules.

Granules contain 0.005-0.12 g/kg of phosphorus, 0.052 g/kg of nitrogen, 5.4-57.7 g/kg
of potassium, 19.6 g/kg of calcium, 0.002-0.003 g/kg of iron and 44.2 g/kg of magne-
sium in forms available to plants. The composition of the granule elements is sufficient,
but in order to ensure efficient plant development, the composition of the elements
must be adapted to the needs of the soil. Analysed raw materials do not contain heavy
metals and are therefore considered safe for use in agriculture.

Summary. Sapropel is suitable for use as a binder in the development of biochar,
peat composites and provides sufficient strength of the granules, regardless of whether
the granules are made by the extrusion method or by the rounding-agglomeration
method. The use of biochar-sapropel granules in agriculture should be considered as a
prospective. They are technically easy to manufacture, and their physical properties are
suitable for storage and transport.

3.9. Sapropel composite material microbiological stability

Microbiological stability of sapropel and lime as binder for composite materials of
hemp, sapropel as binder for wood fiber, wood wool were studied. Sapropel with high
organic matter content can be used as a binder or adhesive additive in the produc-
tion of environmentally friendly composite materials (Bal¢itinas et al., 2016; Obuka
etal., 2016).
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This study used sapropel-lime, magnesium oxide-chloride, and lime binders; filler
composite materials included hemp shives, wood fiber, and birch wood sanding dust.
The fillers used are industrial and agricultural by-products that needs to be recycled or
used repeatedly. The use of hemp-lime composite has a positive impact on the environ-
ment and is directly linked to CO, emissions. Both components are absorbed by CO, -
lime during hardening (carbonation) and hemp - during growth (Shea et al., 2012).
Sapropel also contains CO, in the form of organic substances during formation, thus
being equivalent to hemp-lime materials.

Additive ALINA LIFE™ was used as an antimicrobial component. The compos-
ite materials were prepared in the Riga Technical University Laboratory of Building
Materials, Institute of Materials and Structures. Mechanical strength, thermal conduc-
tivity, microbiological stability (194 samples in total) and the environmental reaction
(pH) were determined for the composite materials. Prior to microbiological resistance
tests, some samples were subjected to freeze-thaw cycles and artificially aged. Frost resis-
tance test mode corresponds to frost resistance test according to EN 12390-9. Samples
were aged at +20 + 1 ° C for 1 hour and -20 + 1 ° C for 3 hours. All samples were sub-
jected to 30 freezing and thawing cycles. Microbiological stability was also tested on
specimens that were not subjected to freezing and thawing cycles. The samples were
tested using the fungi Alternaria alternata and Cladosporium herbarum.

The fungi Cladosporium herbarum and Alternaria alternata are common allergens
and their spores are found in the outdoor and indoor air (Breitenbach and Simon-
Nobbe, 2002). Alternaria alternata is a world-wide saprotrophic fungus that is capable
of developing on a variety of plants and other substrates. The fungus is able to adapt
to different growing conditions, but is mainly found in soil and compost materials,
but it is also a plant pathogen (Doustmorad and Javad, 2015). Also found naturally in
soil and compost materials, Cladosporium herbarum is found in air, food, textiles and
many other substrates. Under certain conditions, it is also capable of developing into
other fungi and healthy plant leaves (Schubert et al., 2007). Microscopic fungal genera
such as Alternaria, Epicoccum, Fusarium, Phomopsis, Cylindrosporium, Phyllosticta and
Cladosporium are frequently found on wood and herbaceous plants (Adaméikova and
Hrubik, 2015). Both Cladosporium and Alternaria spp. high concentrations are also
often found on building facades in temperate climates, as these fungi are resistant to
natural sunlight. The pigments of these fungi paint the surfaces in dark tones. Because
the materials we investigate are of natural origin, containing wood and fiber materials,
processing is required to ensure antimicrobial activity and protection.

During the research it was found that the fungi of the genera Sordaria, Alternaria
and Fusarium are the most common on the materials used. Isolated cases of Penicillium,
Acremonium, Paecilomyces, Trichoderma, Mucor and Stachybotrys spp. — it indicates
that the substrates contain sufficient moisture and nutrients for fungal development.
Well-developed fungi were observed on sapropel-wood fiber and birch wood sanding
dust materials, which can be explained by the fact that the pH level is neutral (pH =
6-7) or even slightly acidic (pH = 5), that wood is naturally a suitable substrate for
many fungi.

Fungal development was practically non-existent on hemp-lime materials and
hemp-magnesium chloride binder as well as hemp-sapropel-lime binder materials.
This is due to the antimicrobial activity of cannabis (Ali et al., 2012), as well as the natu-
rally high pH (pH = 9-12) of lime, which adversely affects fungal development.
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The study proved that increased intensity (Figure 3.5.) of fungi growth occurs in
materials that are made of wood fibre, wood dust and and sapropel as binder. It should
be revealed that the fungi species that grow on the material depend on the type of
material, filler and binder. Designation of used materials and methods can be seen in
3.7. table.

Table 3.7

Designation of used materials and methods

Designation
Sapropel S
Sapropel-lime-hemp composite SLHC
Lime-hemp composite LHC
Magnesium-hemp composite MHC
Sapropel-wood fibre SWF
Sapropel-wood sanding dust SWD
Ageing in climate chamber CH
ALINA organoclay additive coating AO
Magnesium oxychloride coating MH
Lime binder coating LH
Alternaria alternata A
Cladosporium herbarum C
Control sample K
Evaluation/Intensity of growth E
Magnesium oxychloride cement MOC
Formulated hydraulic lime FHL
Hydraulic lime HL
Magnesium phosphate cement MPC
Hemp shives HS
Flax shives ES
Wood wool/wood fiber wWw
Wood fibre cement board WwC
ALINA additive AL
Biocide additive
Fungi mixture F

Control without additive

Sample preparation, mixtures and curing. The mixing of the samples was done
manually. Mixtures of the samples are listed in Table 2. Mixtures of the LHC, SLHC and
MHC have two different target densities — 300 and 500 kg/m? in order to test variation
of properties at different densities.

To mix the LHC (1,2) samples and SLHC (1,2) samples, at first shives were mixed
with lime and then water (for LHC) or sapropel (for SLHC) were added. The shives:
water or sapropel ratio is 1:2.5 (samples 1) and 1:5 (samples 2). Added water or sapro-
pel: lime ratio in composite materials were 1:1.
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The SWD and SWF were made by mixing sapropel-filler mass. It was done manu-
ally until homogeneous mixture has been obtained at the stage where filler was fully
covered with binder. Sapropel was mechanically treated by mixing together with elec-
trical hand mixer until homogeneous material has formed. Organoclay additive was
added to the mass and treated by mixing until smooth mass has formed. Metal mold
(dimension of 30 x 30cm) with adjustable height was used for composite material cur-
ing. The mixture of raw materials was put in mold. Sapropel-filler samples were cured
at the temperature of 80 °C for 72 hours.

For the MHC samples, at first shives were premixed with water, for hemp shives not
to deprive MOC binder of the water because of its high hygroscopic nature. The shives:
water ratio was 1:1.25. MgO was added in dry form, mixed with wet shives, afterwards
MgCl, brine was added and blended together, MgO:MgCl, ratio was 1:0.67.

After mixing the samples were laid in molds hand compressing every % of the
height. Samples were demolded after 2 days and afterwards were cured for 28 days in
laboratory conditions (40 + 10 %RH and 20 + 2 °C) until testing.

90%
80%
70%
60%
50%
40%
30%

20%

Growth of fungi (average values 0-100%)

10%
0%
S S-AO S-CH S-AO-CH

Intensity of Cladosporium herbarum growth
HswD HswF

Figure 3.5. Inhibition of Cladosporium herbarum growth:
Sapropel binder materials.

Process of SWD and SWF materials results indicated a tendency of organoclay
improvement for antifungal activity to the composite materials. After intensity of fun-
gal growth was assessed visually it was seen that the structure is not degraded compar-
ing to materials without additive. As well climate chamber made changes to composite
materials. Consequently, it can be seen that SWF-AO is 6% comparing to SWF-AO-CH,
which is 30% of Cladosporium herbarum growth intensity (Figure 3.5.).

Fungal growth was practically not observed on hemp-lime and hemp materials - mag-
nesium chloride binder, as well as hemp-lime sapropel-adhesive materials (Table 3.8.).
This can be explained by cannabis antimicrobial effects (Ali et al., 2012), as well as lime
naturally high 9-12 pH, which negatively affects the development of the fungi.
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Table 3.8

Inhibition of Cladosporium herbarum (C); Alternaria alternata (A) growth
Control sample (K) growth of other fungi: MHC, LHC, SLHC materials.
Colour legend as in Table 2.3

E
Nr. Sample label N C =

1 MHC 17 17 1
2 MHC-MH 1 1 1
3 MHC-AO 1 17 1
4 SLHC 13 1 1
5 SLHC-LH (2 17
6 SLHC-AO 1 13 1
7 LHC 1 1 1
8 LHCLH 1 1 1
9 LHC-AO 13 1 1
10 MHC-CH 15 2 2
11 MHC-CH-MH 15 1 1
12 MHC-CH-AO 1 1 1
13 SLHC-CH 111
14 SLHC-CH-LH 1 1 1
15 SLHC-CH-AO T2 1
16 LHC-CH 11

17 LHC-CH-LH 15 1
18 LHC-CH-AO 11 1

It must be emphasized that it is the dried wood surface that has absorbed moisture
and consequently has increased susceptibility to fungi. It also proved in this research,
because materials made of wood dust and fiber and sapropel as binder in evaluation
of intensity of growth (Table 3.9.) got 3.3-5 which indicates visible growth more than
50% coverage to 100% (covering the whole surface of the sample). These materials have
neutral 6-7 pH or slightly acidic pH 5.

Table 3.9

Inhibition of Cladosporium herbarum; Alternaria alternata growth
Control sample growth of other fungi: Sapropel binder materials. Colour legend as in Table 2.3

E

Nr. Sample label

C K

19 SWD

20 SWF

21 SWD-AO

22 SWF-AO

23 SWD-CH

24 SWEF-CH

25 SWD-CH-AO
26 SWEF-CH-AO
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The results show that the composite filler particle type, composition as well as sur-
face area have an effect on the intensity of growth of fungi. The fungi (moulds) used
in the experiment are present in the cellulose-rich plant debris (Bech-Andersen,
2004; Klamer et al., 2004). Moulds are the first indicator that the building and con-
struction materials have begun to deteriorate and lose their good qualities. The next
organisms that begin to degrade the material after moulds, are bacteria and white and/
or brown rot fungi. It should be noted that the development of the fungi on materials
requires less moisture than bacteria (Hyvérinen et al., 2002)once moistened, may pro-
vide ecological niches for various microbes that have not been well characterized. The
aim of the current study was to determine whether fungal genera and actinobacteria
were associated with seven types of moisture-damaged building materials by system-
atically describing the mycobiota and enumerating fungi and bacteria in these materi-
als. Microbial analyses were obtained from 1140 visibly damaged samples of building
material, viz, wood, paper, non-wooden building boards, ceramic products, mineral
insulation materials, paints and glues, and plastics. Fungal and bacterial concentrations
correlated well (r = 0.6. The literature describes that materials can be protected from
fungal and bacterial degradation using boric acid and other antifungal and antibacte-
rial agents, which are widely used in medicine and the wood industry material storage
(Haleem Khan and Mohan Karuppayil, 2012).

Together 3 experiments were done in microbial stability tests.

For the test part 2.1. of the experiment, the samples were prepared in 70 x 70 x 70 mm
cube moulds, wood wool (WW) was cut with a similar surface area. For the second
stage, the samples were prepared in 40 mm diameter and 10 mm high cylindrical forms,
with wood fibre cement board (WF) and WW cut with similar surface area; for the test
part 2.2., additional samples with lowered mineral binder amount were also produced,
using 50% and 20% of the binder amount of the first stage with the same amount of
shives, producing samples with less binder coverage and microbiological protection.

Of the 75% RH material samples, only MPC and WW showed an overgrowth
(Figure 3.6.); no fungal overgrowth was observed on other samples. Under such humid-
ity conditions, only fungi that are in the category of primary colonisers can grow and
they have low activity, which results in small overgrowth.

Figure 3.6. Control samples of wood wool covered with Trichoderma (A) and MPC
composite covered with Penicillium and Aspergillus (B).

64



Table 3.10
Detected fungi at the first stage of the experiment

Type Inoc. C A B pH

F Penicillium, Aspergillus, Penicillium, 0

MOC Cladosporium herbarum Aspergillus 9.76
K Aspergillus, Scopulariopsis Chaetomium 0
F 0 Simplicillium Verticillium

FHL 11.99
K 0 0 0
F Aspergillus, Penicillium - -

MPC 10.45
K 0 - -
F Trichoderma - -

wWw 4.28
K Aspergillus niger, Trichoderma - -

SLHC F Aspergillus Scopulariopsis 0 12.18
K Aspergillus, Chaetomium 0 0 12.16

At 99 % RH, MPC showed intensity of growth level 4, wood wool showed inten-
sity of growth level 3, and both showed macroscopic fouling with fungi (Fig. 3.6.); the
remaining specimens showed intensity of growth level 1 or an increase in microscopi-
cally detected fungi. The low microbiological stability of wood wool can be explained
by a low pH level of 4.28. Although magnesium phosphate cement has a high pH level
of 10.45 that develops with time as the cement hardens (Jia et al., 2019), it has low
microbiological stability, which is related to the monopotassium phosphate that is used
as a hardener for the binder. Monopotassium phosphate water solution has a pH lower
than 7 and can also be used as a ¢ mineral fertiliser (Hegedds et al., 2017; Shen et al.,
2017)and thus phosphate fertilizers contain significant amounts of U-238, K-40 and
Ra-226. These can leach out of the fertilizers used in large quantities for resupplying
essential nutrients in the soil and can then enter the food chain through plants, thereby
increasing the internal dose of the affected population. In the current study, the radio-
logical risk of eight commercially available phosphate fertilizers (superphosphate, NPK,
PK thus the undissolved part of the hardener can serve as a nutrient for fungal growth.

The fungal species found in the samples of the materials are summarised in Table
3.10., where it can be seen that the main fungi that developed in the samples were
those that were inoculated with the suspension, but others — such as Verticillium,
Simplicillium, and Aspergillus niger — were also found.

As the first stage of the experiment did not show enough fungal growth to be able
to fully compare the different materials, it was necessary to perform the second stage of
the experiment. In the first stage, humidity was increased only when a decrease in air
RH was detected in the samples with humidity sensors. Although microscopic fungal
growth was observed in most of the samples, it can be concluded that such humidity
conditions were not sufficient to produce fungal growth large enough to be compared
by visual inspection. Therefore, in the second round of experiments, the control of
humidity conditions was significantly increased by adding 3 ml of sterile water twice a
week, and binder amounts for mineral binders were decreased to 50% and 20% of those
used in the first stage

From analysing the changes in the microbiological stability of composites depend-
ing on the concentration of the binder (Fig. 3.7), it can be concluded that a decrease
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in the amount of mineral binder decreased microbiological stability. For MOC, FHL,
and HL biocomposites at 100% concentration the fouling assessment was 0-1.5, at
50% concentration it was 1-3, and at 20% it was 2.5-4 (Fig. 3.7.).
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Figure 3.7. The second stage of the experiment: fouling depending on binder
Fouling depending on binder. Intensity of growth is evaluated after visual
assessment scale (0-4) showed in Table 2.4.

The decrease in microbiological stability correlated with the lowering of pH in the
specimens. Lime-based binder biocomposites (FHL and HL) showed higher microbio-
logical stability than MOC biocomposites, since on the 100% binder specimens fouling
was not observed, while on the MOC the fouling corresponded to the levels 1-2. At
50% and 20% specimens, this difference disappeared. This can be attributed to the pH
level, which for the lime-based specimens was around 12 at 100% but for the MOC was
9.76, while the reduction of binder in 50% and 20% specimens resulted in a similar pH
and microbiological stability (Table 3.10.).

The decrease in microbiological stability in the MPC biocomposites was less pro-
nounced, as the intensity of growth at 100% concentration was 2-4, while at 20% it
was 3-4. Such an increased intensity of growth in MPC was similar to the results of
the first stage of the experiment and can be explained by the impact of the hardener,
potassium phosphate. Although the growth was found on local spots, it was evalu-
ated as level 4; this can be seen as a drawback of the visual assessment method and
scale used as, for example, there was no distinction between HL-20 (Fig. 3.10.) and
MPC-20 samples (Fig. 3.11.).

A comparison of control (K) and fungal inoculated (F) samples (Figure 2) showed
that artificially inoculated samples had an increase of between 20% and 50%. Table
3.11. shows the diversity of fungal colonies in the samples as determined by micro-
scopic examination of the fungi. It can be seen from the table that the fungi found in
the inoculated samples, mainly Aspergillus versicolor, Penicillium chrysogenum and
Cladosporium herbarum, were almost absent in the control samples.

The comparison of control samples and samples with improved microbial stability
by organoclay additive or biocide coating (Table 3.9.) showed that both types of coating
generally improved microbial stability. Organoclay-added samples showed 13.8% lower
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overgrowth and those with the biocide product had 9.1% lower. However, this effect
was not the same for all formulations. Organoclay additive in HL binder showed no
improvement, neither did biocide for MOC and FHL binders.

|

Figure 3.8. Materials after microbiological stability tests
A) hemp shives; B) flax shives, C) wood wool; D) wood fibre cement board

The microbiological stability of the biocomposite aggregate hemp shives (HS) was
low - the intensity of fungal growth was 3.2-4 (Fig. 3.8). Some literature sources tend
to attribute antibacterial properties to the hemp shives (Ali et al., 2012), but the experi-
ments showed fungi fouling on them. However, when compared with the aggregate of
similar origin, flax shives (FS), it can be observed that the flax shives were completely
covered with fouling (Fig. 3.8.) and fungal growth started much earlier than for the
hemp shives. Thus, hemp shives have somewhat better microbiological resistance than
flax shives, but with the methods used in this research, they cannot be distinguished as
both had macroscopic growth covering >80% of the surface and no evaluation accord-
ing to the speed of fungal growth has been made, which limits a full interpretation of
the research results.

The microbial resistance (Fig. 3.8.) of the reference building materials — wood wool
(WW) and wood fibreboard (WF) — was also experimentally tested. The fastest growth
of Trichoderma on wood wool was due to the low pH 3.63 (Table 3.11.), similar to the
first stage of the experiment (Fig. 3.6.). However, the WF samples showed very high
microbial resistance and a high pH of 11.8. Only a small amount of Paecilomyces was
detected in most samples (Table 3.12.).

In the second stage of the experiment, it was discovered that fungi belonging to
the species of Paecilomyces and Stachybotrys were the most common on the mate-
rials included in the research. In some cases, Penicillium, Acremonium, Cladosporium,
Aspergillus, Trichoderma and Mucor were also observed, indicating that the substrates
contained sufficient amounts of moisture and nutrients for the fungal development.
Most of these fungi feed on cellulose; therefore, they can be found on cellulose-based
materials (Bech-Andersen, 2004; Klamer et al., 2004). Stachybotrys also feeds on lignin
and for this reason, it is often found on wood and its products (Vance et al., 2016), and it
is also known as black mould (Ding et al., 2018). Since hemp shives contain high levels
of lignin and cellulose, this type of fungi can be found on a large number of specimens
(Fig. 3.9.-3.11.). The mycotoxins produced by these fungi cause allergic reactions, and
they are often associated with various health problems caused by inappropriate indoor
microclimate (Hossain et al., 2004).
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Table 3.11

Assessment of fungal colonies growth in the second stage of experiment
Colour legend as in Table 2.4

Type Inoc. C AL B pH

K 9.76
MOC-100

F

K 9.55
MOC-50

F

K 9.55
MOC-20

F

K 0 0 0 11.99
FHL-100

F

K 9.24
FHL-50

F

K 9.17
FHL-20

F

K 0 0 0 12.40
HL-100

F 0 0 0

K
HL-50

F

K
HL-20

F

K
MPC-100

F

K
MPC-50

F

K
MPC-20

F

K
HS

F

K
FS

F

K
wWw

F

K
WEF

F 0

K 0 0 0 11.99
SLHC

F 0 0 0

K 0 0 0 12.1
SLHC-B

F 0 0 0
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Fig. 3.9. Magnesium oxychloride biocomposites with varying binder amount:
A) MOC-100, B) MOC-50, C) MOC-20.

Fig. 3.10. Hydraulic lime biocomposites with varying binder amount:
A) HL-100; B) HL-50; C) HL-20.

B | . " s

Fig. 3.11. Magnesium phosphate biocomposites with varying binder amount:
A) MPC-100; B) MPC-50; C) MPC-20.

A

Fig. 3.12. Formulated hydraulic lime biocomposites with varying binder amount:
A) FHL-100; B) FHL-50; C) FHL-20.

A
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Detected fungi and other organisms on samples

Table 3.12

Type Inoc. C AL B
Paecilomyces 0 Paecilomyces
MOC-100
Paecilomyces Paecilomyces Paecilomyces
K Paecilomyces Paecilomyces Paecilomyces
MOC-50 Paecilomyces,
Paecilomyces, Scopulariopsis ~ Paecilomyces Aspergillus,
Cladosporium
K Paecilomyces Paecilomyces Paecilomyces
MOC-20 Cladosporium, Paecilomyces, Asp e.rgzllus, Paecilomyces,
Scopulariopsis Paccilomyces, Scopulariopsis
Scopulariopsis
K 0 0
FHL-100
F 0 0
K 0 0
FHL-50 Scopulariopsis, Cladosporium, Scopularionsis
Aspergillus, Paecilomyces P P
K Acremonium, Paecilomyces Paecilomyces Scop %tlarzop SIS
Paecilomyces
FHL-20 Paecilomyces, Paecilomyces,
F Cladosporium, Scopulariopsis ~ Scopulariopsis, Scopulariopsis,
Stachybotrys Cladosporium
K 0 0 0
HL-100
F 0 0 0
K 0 0 0
HL-50 i j i
Asperglllus, Cladosporium, Paeczlom).ices, Paccilomyces
Paecilomyces Chaetomium
K Scop z'JIarlop S Paecilomyces Paecilomyces
Paecilomyces
Paecilomyces, Chaetomium,
HL-20 Penicillium, Trichoderma, . ) .
. . Paecilomyces, Coprinus ~ Paecilomyces,
F Cladosporium, Coprinus o T
L comatus, Scopulariopsis  Scopulariopsis
comatus, Scopulariopsis,
Stachybotrys
K Scopulariopsis Paecilomyces Paeczlom}/ ces
Scopulariopsis
MPC-100 Paveil <cornlarionsis Paecil
F aecilomyces, Scopulariopsis, aecilomyces, Paccilomyces
Actinobacteria, Readeriella Scopulariopsis
K Paecilomyces, Scopulariopsis ~ Paecilomyces Paecilomyces
MPC-
C-50 Readeriella, Paecilomyces, . ) Readeriella,
F L Readeriella, Paecilomyces .
Scopulariopsis Paecilomyces
K Paecilomyces, Scopulariopsis ~ Paecilomyces Paecilomyces
nematodes,
MPC-20 Pacecilomyces, Scopulariopsis, ~ Paecilomyces, )
nematodes, Readeriella Mucor, Paecilomyces
Trichoderma
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Coprinus comatus,

K Paecilomyces, Geotrichum 0 Chactomium
Mucor,
HS i i
Mucor, C{adosporzubm, Mucor; Stachybotrys, Cladasporzum,
F Chaetomium, Coprinus Coprinus comatus Chaetomium,
comatus, Stachybotrys P Stachybotrys,
Alternaria
Scopulariopsis, Acremonium,
K Coprinus comatus, - -
ES Paecilomyces
Nematodes, Paramecium,
F Paecilomyces, Coprinus - -
comatus, Alternaria
K Paecilomyces, - -
ww
F Trichoderma - -
K Paecilomyces - -
WF
F - - -
K 0 0 0
SLHC
F 0 0 0
K 0 0 0
SLHC - B
F 0 0 0

The environmental reaction (pH) plays an important role in the spread of fungi and
bacteria in building materials and was measured in both the first and second stages of
the experiment. The composite materials with pH levels up to 8 are more susceptible
to colonisation by microorganisms than alkaline cement materials, which have a pH of
about 12-14 and are therefore relatively insensitive to colonisation in the early state of
the composite. However, over time, the carbonation process lowers the pH of cementi-
tious alkaline materials to about 9, allowing the microorganisms to develop on the
materials. studies have examined the accelerated carbon- ate contamination of mortars
and show that their bioavailability is significantly increased. Thus, such composites can
be a significant source of indoor air pollution (Verdier et al., 2014)mortar, etc.

Summary. Microbiological stability tests have been developed for sapropel-based
new materials for application of functional properties. Biocomposite material, where
sapropel was used as a binder, shows one of the highest microbiological stability results.
In addition, fungi and other organisms were not detected on the samples.

The tested sapropel, lime and magnesium oxychloride cement composite material
have a higher microbiological resistance than commercially used wood wool insulation;
therefore, they have the potential to be used in construction under similar conditions,
i.e. in structures protected from external moisture. Using visual expert conclusions, as
in this study, can give a modest insight into the microbiological resistance and stabil-
ity of the studied composite materials. It may also be that a fungus with a robust effect
on the material can give a low growth percentage share. Organoclay-added samples
showed 13.8% lower overgrowth and those with the biocide product had 9.1% lower,
however incompatibility was observed with formulated hydraulic lime (20%), mag-
nesium oxychloride cement (20%), hydraulic lime (20 %) and magnesium phosphate
cement (100%) binders.
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3.10. Comparison of created sapropel and peat based
biocomposite materials

In order to determine which material is the most promising for use in the con-
struction industry as a thermal insulation material, a comparison of materials was
performed taking into account the study of their essential properties. Thermal con-
ductivity, microbial resistance, mechanical strength results, microbial resistance, sound
insulation, auto-ignition, biodegradability was taken into account (Table 3.10.)

Table 3.10
Sapropel and peat based biocomposites comparison
. Thermal Mlcro— hfeaimicl Sound Biode-
Biocom- bial re-  strenght, MPa Auto .
X " conduc- . insu- gradabil-
posite Composition .. sistance, = Compressive . igni- .
. tivity, lation, . ity, relative
material scale strenght/ Flex- tion, T .
W/m? dB units**
1-5* ural strenght
Sapropel
SLHC Lime 0.089 0 0.77 - - -
Hemp
Sapropel
SWE Wood fiber 0.060 4 0.60 - - -
Sapropel
SWD Wood sanding 0.061 3.8 0.67 - - -
dust
CS-GAS-  Sapropel 0.40
HS Hemp 0.063 - 0.101/0.05 - -
CS-CBS-  Sapropel 0.31
HS Hemp 0.059 - 0.159/0.06 - -
Sapropel 0.35
GAS-WW Wood fiber 0.055 - 0.221/ 0.069 - -
Sapropel 0.16
CBS-WW Wood fiber 0.060 - - - -
Sapropel 011
GAS -WD Wood sanding 0.061 - 0.71/0.164 - - ’
dust
CBS o sandin
WD- & 0.080 - 0.68/0.203 - - -
Aerosil dust
Aerosil
Sapropel -
particle  Sapropel. 0.067 - 006/0.02 31 35 06 -
Wood chips
board
Peat - Peat
particle . 0.06 - 0.13/0.3 30-32 333 -
Wood chips
board

* Evaluation of fungal growth on materials (average values) is showed in Table or 2.3. and 2.4.
Separate scales have been used in different studies, but they have been harmonized to give comparable

results.

** Ratio of respiration intensity after 7-day incubation period and at the begining of incubation.
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The thermal conductivity results are alike for the developed materials and they
show that the materials can be used for the development of environmentally friendly
composite materials with insulating properties.

The bio-based composite material, where sapropel was used as a binder, shows one
of the best results of microbiological stability. Furthermore, no fungi or other organ-
isms were detected on the samples. The compressive strength test results show that
materials are stable and can be used as thermal insulation materials.

The biodegradability of the obtained biocomposite materials was studied and differ-
ences in the biodegradability potential were found, mainly depending on the properties
of the filler, but also on the presence of mineral content in the obtained composites.

The comparative evaluation of the created biocomposite materials in thesis, indi-
cates that the properties of materials support their application possibilities, and the
obtained knowledge can promote development of new materials.
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CONCLUSIONS

Organic-rich sapropel is prospective material for diverse applications: it shows high
prospects to act as biological glue combined with fibrous organic materials.

Using local resources such as sapropel and by-products of the production process,
such as birch wood sanding dust, birch wood fibers, hemp shives and wood chips, it
is possible to develop environmentally friendly composite materials in construction
and agriculture, adapting them to the needs of use.

Biological stability of natural sapropel containing biocomposites is one of key
parameters for their application potential and should include detailed evaluation of
composites in respect to major groups of microorganisms of concern.

The mechanical and thermal properties of sapropel-based composites were similar
to those of synthetic as well as mineral materials, suggesting that sapropel com-
posites could have similar use in the construction industry: as a self-bearing wall
thermal insulation material that works together with the structural timber frame.

5. As the sapropel-based building materials have high organic content, they are vulner-

6.
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able to biodegradation; therefore, antimicrobial additives are significant to add.
Microbiological stability and biodegradation tests have been developed and adapted
to apply the functional properties of sapropel-based biocomposite materials.
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ANOTACIJA

Promocijas darba “SAPROPELIS BIOKOMPOZITMATERIALU IZSTRADEI:
IPASIBU IZPETE UN PIELIETOSANAS IESPEJAS” mérkis ir izpétit sapropela ipasibas
un iespéjas to izmantot biokompozitmaterialu izstradei izmanto$anai lauksaimnieciba,
celtniecibas nozaré un citas jomas, ka ari parbaudit iegito materialu ipasibas attieciba
uz to pielietoSanas iespéjam. Biokompozitmateridlu paraugi tika veidoti, izmanto-
jot dazadu veidu sapropeli ka saistvielu un bérza koksnes slipputeklus, bérza koksnes
$kiedru, kanepju spalus un $kiedru, aerosilu, mahagonijas zagu skaidas ka pildvielas.
Sapropela ka limvielas ipasibu parbaudei tika izmantots bérza lobitais finieris, dizska-
barza finieris un gabalkadra. Darba teorétiska dala ir veikts parskats par sapropela
ipasibam un sastavu, videi draudzigu bavmaterialu izmanto$anas iespéjam. Izveidotie
biokompozitmateriali tika analizéti nosakot to mehanisko izturibu, siltumvaditspéju,
mikrobiologisko stabilitati, biodegradaciju, kompozitmaterialu novecinasanos, kompo-
zitmaterialu spiedes un lieces izturibu, skanas izolacijas ipasibas, pasaizdeg$anas iespé-
jas. Promocijas darba pieradits, ka, izmantojot vietéjos resursus, pieméram, sapropeli,
un razo$anas procesa blakusproduktus, pieméram, bérza koksnes slipputeklus, kok-
snes $kiedras, kanepju spalus un $kiedru, bavnieciba un lauksaimnieciba ir iespéjams
izstradat videi draudzigus biokompozitmaterialus, tos pielagojot lieto$anas vajadzibam.
Dabiska sapropela, kas ietilpst biokompozitmaterialu sastava, mikrobiologiska stabili-
detalizéts biokomkompozitmaterialu novértéjums attieciba uz galvenajam mikroorga-
nismu grupam, kas ir sastopamas celtniecibas materialos. Sapropela biokompozitma-
terialu mehaniskas un siltumizolacijas ipasibas ir lidzigas ar komerciali pieejamiem
materialiem, kas liek secinat, ka sapropela biokompozitmaterialus varétu lidzigi izman-
tot bavniecibas nozare.

Promocijas darba kopsavilkums sastav no 27 lappusém un satur vienu attélu un cet-
ras tabulas.

Atslegas vardi: sapropelis, saistviela, kompozitmaterials, mikrobiologiska stabili-
tate, biodegradacija
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IEVADS

Mausdienu ekonomika visa pasaulé liela méra ir balstita uz fosilo materialu izman-
tosanu (Ingrao et al., 2018), un §i pieeja ievérojami veicina resursu izsik$anu, vides pro-
blémas, un, jo ipasi klimata izmainas. Bioekonomiku (biotehnonomiku) var uzskatit
par alternativu fosilo materialu balstitai ekonomikai, un ta balstas uz biomasas vai bio-
tehnologijas izmanto$anu precu, pakalpojumu vai energijas razo$anai (Lewandowski,
2018). Nemot véra pasaules vides un klimata problémas, ka ari globalo resursu sama-
zinasanos un noplicinasanos, kas novedis pie resursu izsik$anas, ir nepiecieSams sama-
zinat sintétisko kimisko vielu lietosanu un attistit bioekonomiku. Videi draudzigu
materialu paplasinata izmanto$ana ir uzskatama par efektivu ricibas instrumentu ilgt-
spéjigas attistibas stratégiju ietvaros gan Eiropas Savieniba (Altozano, 2012), gan Latvija
(Latvijas Republikas Zemkopibas Ministrija, 2017). Tapéc ir svarigi atrast un pétit jau-
nus dabisko materialus, kas butu spéjigi aizstat sintétiskos materialus (Fava et al., 2015).

Organiskam vielam bagati ezeru nogulumi - sapropelis, gitija u.c. — ir perspektivs
materials dazadam izmanto$anas iespéjam (Bal¢itinas et al., 2016; Stankevica, 2020).
Sapropelis ir ezeru rekultivacijas blakusprodukts, ipasi attieciba uz eitrofiem ezeriem,
kuriem ir nepiecieSama ezeru nogulumu iznemsana, lai saglabatu ezeru ekosistému,
nelaujot tiem aizaugt. Tadéjadi sapropela ieguve un izmanto$ana ir ilgtspéjiga no
aprites ekonomikas perspektivas, it ipasi attistot jaunus sapropeli saturo$us biokom-
pozitmaterialus jeb biokompozitus. Lielaka dala Latvijas ezeru ir eitrofi ezeri, kurus
butiski ietekmé antropogéna eitrofikacija. Kopéjais pieejamais sapropela resurss Latvija
ir ~2 miljr. m>. Sapropela resursa apjoms ezeros sasniedz 700-800 milj. m?, kamér
sapropela rezerves purvos ir 1,5 miljrd. m® (Segling, 2014). Sapropeli var uzskatit par
atjaunojamo resursu, jo ezeru eitrofikacija ir dabisks un nepartraukts process. Tadéjadi
jaunu iespéju izstrade, lai veicinatu sapropela pielieto$anu, sekmé ezeru rekultivaciju,
ka ari var ievérojami veicinat bioekonomikas attistibu.

Sapropela ipa$ibas ir atkarigas no daudziem apstakliem, ierobeZojot resursa tie$o
pielietojumu, kas visbiezak vérsts uz lauksaimniecibas vajadzibam. Lidztekus ierobe-
Zotam pétijumu apjomam, ka arl novecoju$iem sapropela izmanto$anas pétijumiem,
sapropelis ka resurss vaji ieinteresé nozares, kas darbojas jaunu produktu izstradeé.
Viena no ievérojamakajam sapropela ipasibam, to apstradajot un izzavéjot, ir spéja dar-
boties ka saistvielai vai limvielai dazados materialos (Balc¢itnas et al., 2016; GruZans,
1958, 1960; Klavins and Obuka, 2018). Tadéjadi sapropeli var izmantot kompozitma-
terialu izstradei, pamatojoties uz dazadu materialu grupu ipasibu kombinaciju, ka ari
jaunu materialu ar jaunam Ipasibam izstradei. Jaunu kompozitmaterialu izstrade mus-
dienas ir visparéja materialu zinatnes attistibas tendence. Parasti kompozitmateriali
ir veidoti uz sintétisku materialu bazes, pieméram, mineralvate, akmens vate, stikla
vate, savukart sapropela unikalas ipasibas Jauj ieviest jaunu kompozitmaterialu grupu,
ko veido matrica un $kiedru pastiprinajums - biokompozitmateriali (Mohanty et al.,
2000). Neskatoties uz to, sapropelis praktiski nav izmantots §$adu materialu raZo$anai,
tomeér var uzskatit, ka $is pétijumu virziens ir loti perspektivs, jo uz dabigo materialu
balstitas saistvielas biokompozitmaterialu izveidei ir aktualas.

Butisks virziens darba ar sapropeli ir ta izmantos$ana par saistvielu, bet par pildvielu
kompozitmaterialos izmantojot papildus vél dazadus ripniecibas un lauksaimniecibas
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blakusproduktus. Sada pieeja sniedz iespéjas atrast jaunu pielietojumus, pieméram,
kanepju spaliem un $kiedrai, koksnes slipputekliem, skaidam. Nozimigs etaps biokom-
pozitmaterialu izstradé ir pareiza jauno materialu ipasibu noteik$ana (Bulota et al.,
2011; Jawaid et al., 2019; Mngomezulu et al., 2014). Biokompozitmaterialu testésana
tradicionali koncentréjas uz funkcionalo ipasibu - mehaniskas izturibas, lieto$anas
izturibas, u. c. — parbaudém, bet biologiskas stabilitates testi biezi tiek atstati novarta,
jo testé$anas metodologijas nav izstradatas un aprobétas. Tomér, ta ka biokompozitma-
teriali ir biologiski noardami material, to biologiskas stabilitates pétijjumiem ir svariga
loma jauno materialu praktiskas izmanto$anas veidu apzinasana.

Promocijas darba mérkis ir pétit sapropela ipasibas un iespéjas to izmantot bio-
kompozitmaterialu izstradei izmantosanai lauksaimnieciba, celtniecibas nozaré un
citas jomas, ka ari parbaudit iegiito materialu ipasibas attieciba uz to pielietosa-
nas iespéjam.

Promocijas darba uzdevumi

1. Sapropela ipasibu izpéte biokompozitmaterialu izstradei
Izstradat principus biokompozitmaterialu razosanai, izmantojot sapropeli

3. Sagatavot jaunus, uz pielietojumu orientétus, sapropeli saturoSus biokompozit-
materialus

4. Izstradat biokompozitmaterialu ipasibu izpétes metodologiju un pétit sapropela
biokompozitmaterialu pielieto$anas iespéjas.

Hipotéze
Jaunu testé$anas metodologiju izstrade un aprobacija ir batiska, lai izstradatu

sapropeli saturo$us biokompozitmaterialus, ipasu véribu pievérsot to funkcionalitatei
un biostabilitatei.

Zinatniska novitate

1. Jaunas pieejas izveide ezeru rekultivacijas atkritumu produkta - sapropela, ipa-
§ibu izpétei un ta izmanto$anas iespéju attistiSanai dabigu materialu razosanai, un
izmanto$anas iespéju demonstrésanai

2. Izstradata dizaina koncepcija sapropela biokompozitmaterialu izveidei

3. Sapropela biokompozitmaterialu sagatavo$ana jaunam, uz tirgu orientétam izman-
toSanas iespéjam bvmaterialu riipnieciba un projektésana, ka ari citas jomas, tade-
jadi atbalstot vietéju, dabisku resursu izmantosanu

4. Sapropeli saturo$u biokompozitmaterialu analitiskas raksturo$anas un testésanas
metodikas izstrade, lai pieraditu to biostabilitati, funkcionalas ipasibas un pielieto-
$anas potencialu

Promocijas darba rezultatu aprobacija

Promocijas pétijuma rezultati ir aprobéti 9 zinatniskas publikacijas, no kuram 8 ir
indeksétas SCOPUS un Web of science zinatniskas literatiras datu bazés, apspriesti
5 zinojumos starptautiskas zinatniskas konferenceés, 6 referatos vietéja méroga konfe-
rences Latvija.
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1. LITERATURAS APSKATS
1.1. Sapropelis: veidosanas apstakli un sastavs

Sapropelis ir daléji atjaunojams zemes dzilu resurss (Seglin$ and Brangulis, 1996),
kas ir veidojies dazados apstaklos. Sapropelis ir sikgraudainas un irdenas saldidens ar
organiskajam vielam bagatas nogulsnes (Emeis, 2009). Sapropeli ir zems neorganis-
kas izcelsmes vielu saturs (Stankevi¢a and Klavins, 2014). Sapropela organiskas vielas
galvenokart veido tdenstilpé mitoSo adensaugu (fitoplanktons) un tdensdzivnieku
(zooplanktons un citi) atliekas (Kurzo et al., 2004), kas lielos daudzumos savairojas sta-
vo$as vai vaji caurtekosas, aizaugos$as udens tilpés (Lacis, 2003). Sapropela sastavu bez
kramalgém, zilalgém un zalalgém veido ari radiolarijas, foraminiferas, dinoflagelati,
stkli, dazadas vézveidigo sugas, ka ari baktérijas.

Ir divi sapropela iegulu tipi: ezeros (zem tdens) un sauszemes, kas atrodas purvos
zem kadras slana (Kakitis, 1999). Pamatojoties uz Latvijas ezeru izpétes rezultatiem,
ezeros sapropela krajumi ir 700-800 milj. m?, bet sapropela krajumi purvos sasniedz
1,5 miljr. m®. Kopéjie sapropela resursi Latvija ir 2 miljr. m* (Seglin$, 2014), tomér
uzkrato resursu novértéjums butu japarvérté, nemot véra neseno pétijjumu rezultatus
(Stankevica, 2020).

Viena no butiskakajam valga sapropela ipasibam ir ta koloidala struktira. Ta nosaka
sapropela organisko koloido dalinu spéju absorbét lielu daudzumu adens, tamdél tam
ir augsta mitruma ietilpiba, kas ir 70-97% (Vimba, 1956) un zema filtracijas spéja
(Liuzinas et al., 2005). Sapropela relativais mitrums ir saistits ar ta organisko sastavu —
jo lielaks organisko vielu daudzums, jo lielaks mitruma saturs (Stankevica, 2020).

1.2. Sapropela izmanto3anas iespéjas

Sapropelis ir pieejams ievérojama daudzuma, tapéc ir svarigi izpétit ta pielieto$anas
iespéjas. Sapropeli var uzskatit par atjaunojamu dabigas izcelsmes vértigu resursu, un,
pieméram, ezera rekultivacijas gadijuma, kas ietver nogulumu iznems$anu no ezeriem,
to var uzskatit par blakusproduktu un tadéjadi to var talak izmantot, ka izejvielu jaunu
produktu radi$anai. Sapropelim tapat ka kadrai ir plasas izmanto$anas iespéjas, kas ir
atkarigas no sapropela sastava, ipasibam un resursa pieejamibas. To var izmantot daza-
das tautsaimniecibas nozarés, pieméram, lauksaimnieciba, medicina, veterinarija, celt-
niecibas nozareé utt.

No izmanto$anas viedokla par vértigako sapropela tipu uzskata organisko sapro-
peli, tomér tas nenozimé, ka §is tips ir universals un sniedz tikpat labus rezultatus visas
sapropela izmanto$anas jomas (Brakss et al., 1960; Gruzans, 1960; IIItus, 2005).

Visplagak ir pétita sapropela izmanto$ana lauksaimnieciba. Sapropela ipasibas
ietekmé ta pielietoSanas potencialu lauksaimnieciba: 1) sapropelis sekmé augsnes
struktaras uzlabosanu, 2) sapropelis var bagatinat augsni ar organiskam vielam, ipasi
ar humusvielam, 3) sapropelis ir baribas vielu avots un var nodrosinat lénu baribas
vielu izdali$anos 4) biologiski aktivas vielas sapropeli var veicinat augu augsanu (sapro-
pelis var darboties ka biostimulants). Latvija sapropela izmanto$ana lauka meéslosana
Latvijas Lauksaimniecibas Universitaté tiek pétita kop$ 1954. gada. Ka organisko més-
lojumu sapropeli var izmantot gan svaiga veida, gan ka kompostu vai substratu. Svarigi
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ir uzsvert, ka svaigi iegts, neizvédinats sapropelis satur, aluminija, cinka, bitumvielas
un neoksidétus dzelzs savienojumus, kas pirmaja izmanto$anas gada var kavét ta par-
veido$anos augiem pieejamas baribas vielas, ka ari samazinat augsnes mikroorganismu
aktivitati (Kakitis, 1999). Lai sapropelis btitu loti efektivs pirmaja lieto$anas gada, to
jasajauc ar katsmésliem vai vircu.

Nemot véra sapropela ipasibas, ir lielas iespéjas attistit sapropela izmanto$anu
lopkopiba, lai veicinatu lopkopibas efektivitati, putnu un dzivnieku baribas efektivu
izmanto$anu. Arguments attieciba uz sapropela izmanto$anu ir saistits ar ta biogéno
raksturu un acimredzamo nepiecieSamibu samazinat sintétisko produktu daudzumu.

Viens no potencialajiem sapropela pielietosanas veidiem lopkopiba, ir ta izmanto-
$ana par uztura bagatinataju, kas paaugstina dzivnieku svaru, neizmantojot kimiskus
preparatus. Sim mérkim ir piemérots organiskais sapropelis, kas ir dabisks un dross
majputniem. Sapropeli bagatinot ar dabigiem mikroelementiem un vitaminiem, to var
izmantot lopkopiba ka mikroelementu un vitaminu piedevu.

Biologiski aktivas vielas - enzimi, vitamini, antibiotikas, aminoskabes, lipidi,
estrogéni, oglhidrati, ka ari humusvielas veicina sapropela fiziologisko nozimi maj-
putnu baribas piedevas. Humusvielas, kas ir sastopamas sapropeli veicina dzivnieku
zarnu trakta mikrobiologisko lidzsvaru un funkcionalitati. Toties sapropeli eso$ais
cinks un var$ uzlabo dzivnieku aug$anu, imunsistémas funkciju (Mikulioniené and
Balezentiené, 2012).

Sapropela pielieto$anas potencials veselibas apripé ir balstits uz ilgu balneologi-
jas vésturi, kuras pamata ir peloidu vai medicinisko dinu izmantos$ana aréjai lietosa-
nai un vannam, ka ari citi preparati un materiali. Peloidi tiek aprakstiti, ka organisko
mineralu kompleksi ar augstu organisko vielu koncentraciju, ko var izmantot tera-
peitiskajas procedaras (Badalov and Krikorova, 2012). Galvenie faktori, kas ietekmé
sapropela lieto$anas efektivitati balneologija, ir biologiski aktivu vielu, pieméram, hor-
monu, sterinu, aminoskabju un vitaminu klatbatne (Szajdak and Maryganova, 2007).
Sapropelis ir izmantojams balneoterapija un kosmetologija (Badalov and Krikorova,
2012), kad iegiits no ezera vai purva un kombinacija ar fizikaliem faktoriem (sapropela
mitrums, siltuma noturésanas spéja), psihologiskajiem aspektiem (relakséjosa atmos-
féra), ta pielieto$ana parliecinosi parada biostimuléjos$u iedarbibu, aktivizé vielmainu
un imansistému (Anderson, 1996). Sapropela pielietojums vairakos pétijumos ir para-
dijis augstu efektivitati kaulu un muskulu slimibu, locitavu un mugurkaula slimibu,
miozita, ¢alu arsté$ana, ka arl pozitivu ietekmi uz nervu sistémas traucéjumiem.
(Bellometti et al., 1996, 2000). Svariga ir sapropela spéja mazinat iekaisuma procesus,
ka ari adas slimibas, ipasi hronisku ekzému un vairakas dermatita formas (Carabelli
etal., 1998).

Mineralvielas un organiskie savienojumi sapropela sastava nosaka ta efektivitati
dazadu slimibu arsté$ana, pieméram, periféras un nervu sistémas, balsta un kustibu
sistémas slimibas, kunga un zarnu trakta slimibas. Metaboliskas aktivitates pétijumos
sapropeli tika noskaidrots, ka sapropela arstnieciskas ipasibas nosaka ta organiskas vie-
las, tai skaita arl humusvielas (Kypso, 2005). Sapropelis var tikt pielietots mastita, hro-
niska gastrita, ¢alu, divpadsmit pirkstu zarnas, furunkulu, adas (apdegumus, dermatitu,
ekzémas) slimibam, ka ari hepatobiliaro sistému slimibas arsté$ana (IIItus, 2005).

Viens no sapropela pielieto$anas veidiem ir ta izmanto$ana brike$u un granulu razo-
$ana dzivojamo un majsaimniecibas éku apsildiSanai (Kozlovska-Kedziora and Petraitis,
2011; J. Kozlovska and Petraitis, 2012; Kypso, 2005; IItusn, 2005). Sapropela brikesu
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izmantos$ana ietaupa citus energijas resursus, jo sapropela brikesu dedzinasanas process
ir ilgaks neka parastajam briketém (Kozlovska-Kedziora and Petraitis, 2011; Justyna
Kozlovska, 2012). So brikesu razo$ana sapropeli var sajaukt ar salmiem, zagu skaidam
vai kadru (IItun, 2005). Pétijumi paradija, ka piesarnojuma koncentracija sapropela
brikesu dedzina$anas procesa neparsniedz normativas robezas. Sida veida briketes
var samazinat piesarnojumu un nodro$inat vienmérigu energijas avota izmanto$anu
(Justyna Kozlovska, 2012). Izmantojot zagu skaidu-sapropela briketes, tiek samazinata
CO, emisija un uzlabota sadeg$ana (IlItus, 2005).

Ir veikti daudzi pétijumi par sapropela izmanto$anu kimiskaja rapnieciba. Resursa
pieejamibas, salidzinosi zemas pasizmaksas, kimiska sastava, ekologiska drosuma dél
sapropelis ir piemérojama izejviela urbsanas skidumu veido$anai, kas samazina berzi
un ir vajadzigi geologiskas izpétes dzilurbumu darbiem (IItus, 2005). Sapropelis satur
augstmolekularas vielas: dabiskus biopolimérus, celulozi, humusvielas, oglhidratus, lig-
ninu, bitumus un hemicelulozi, ta skiduma inhibitora aktivitates ipa$ibas uz metaliskas
virsmas koroziju un reologiskas ipasibas, nosaka sapropela $kidrumu izmanto$anu urb-
$anas iekartu sistémas, papildus tas ir labakas par SiO, aerosolu un diatomitu dispersi-
jam (Kypso, 2005; HItus, 2005).

1.3. Sapropela izmanto3ana biokompozitmaterialu
veidoSana

Sobrid ir pieaugo$a uzmaniba kompozitmaterialu, ipasi biokompozitmaterialu
izstradei. Biokompozitmateriali ir kompozitmateriali, ko veido biologiskas izcelsmes
matrica (sveki, lime utt.) un $kiedru materiala armatiira. Rapes par vidi un sintétisko
$kiedru izmaksas ir radijusas pamatu dabisko skiedru izmanto$anai kompozitos, kur
matricas fazi veido atjaunojamie vai neatjaunojamie resursi. Kompozitmaterialiem
atrod jaunus un aizraujo$us pielietojumus dazadas jomas, bet dominéjosa ir baivnieciba
un celtniecibas materialu rapnieciba.

Ir pétita sapropela izmantosana bavniecibas nozaré bavmaterialu razo$anai. Ir péti-
jumi par sapropela betona tehniskajiem testiem (Brakss et al.,, 1960; Gruzans, 1960),
sapropela - kanepju Skiedru un spalu (Pleiksnis et al., 2016; Pleik$nis and Dovgiallo,
2015) and sapropela — kokskaidu (Obuka et al., 2014) kompozitmaterialiem. Vienu no
jaunakajiem pétijumiem veica G. Bal¢iainas, kurs pétija sapropela-kanepju-papira razo-
$anas atkritumu kompozitmaterialu ipasibas (Bal&itinas et al., 2016). Sajos pétijumos
secinaja, ka sapropela izmanto$ana par saistvielu ar dazadiem pildmaterialiem, nodro-
$ina izveidotajiem kompozitmaterialiem augstu tehnisko kvalitati, un tos var ieklaut
gatavo produktu siltumizolacijas materialu kategorija. No literataras datiem izriet, ka
sapropeli var izmantot ka saistvielas piedevu dazadiem koksnes parstrades blakuspro-
duktiem, papira un kartona ripniecibas raZo$anas neizmantotajiem atkritumiem, linu
parstrades blakusproduktiem (Kypso, 2005), mazsadalijusas kadras un lidzigam izej-
vielam (Gruzans, 1958, 1960). Sapropelis ir labs aizstajéjs uz olbaltumvielam bazétam
limém, pieméram, albuminam, un olbaltumvielu aizstaganas iespéjas butu ievérojams
sapropela izmanto$anas pielietojums.

Saistvielas razosanai no sapropela var tikt izmantots sapropelis ar organisko vielu
saturu vairak par 85% un slapekli vairak par 3,3% (Kypso, 2005). Sapropela saist-
vielasliméjosas ipasibas izmantojamas, razojot buvniecibas materialus, ar aukstiem
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panémieniem - blieté$anu, ar karstiem panémieniem - limspiedé paaugstinata spie-
diena un temperatara (Brakss and Milins, 1960).

Viena no sapropela ipasibam ir ta spéja saistit lielu daudzumu tdens. Razojot celt-
niecibas materialus, ir svarigi panakt, lai kompozimaterialam ir péc iespéjas mazaks
rukums. Lai samazinatu materiala rukumu, sapropelbetona izgudrotaji un pétnieki
iesaka izmantot sapropeli ar mitrumu lidz 60% un pildvielas ar mitrumu zem 20%.
Viens no svarigakajiem uzdevumiem buavmaterialu razosana nakotné ir samazinat
energijas patérinu visos to dzives ciklos, sakot no bavniecibas lidz dzives cikla beigam
(Asdrubali et al., 2015).
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2. MATERIALI UN METODES

2.1. Petijuma izmantotie sapropela paraugi

Promocijas darba tika izmantots ar organiskajam vielam bagats sapropelis.
Sapropela nogulumi tika nemti no ¢etriem Latvijas ezeriem — Padélis, Pilvelis, Véveru -
Rézeknes novada, Latgalé. Piksteres ezers - Jékabpils, Sélija.

2.2. Sapropela paraugu raksturosanas metodes

Karsésanas zudumu noteik$ana. Lai noteiktu mitrumu, karbonatu un organisko
vielu saturu sapropeli, tika izmantota karsé$anas zudumu noteiksanas metode (LOI)
(Heiri et al., 1993).

Biologiskais sastavs. Sapropela paraugu biologisko sastavu noteica ar gaismas mikro-
skopu, saskaitot un izsakot organisko vielu saturu procentos visas identificétajas orga-
nisko atlieku grupas. Izmantojot sapropela tipa klasifikaciju, tika identificéts sapropela
tips, klase un izvértétas izmantos$anas iespéjas (Stankevic¢a and Klavins, 2014).

2.3. Biokompozitmaterialu izstradei izmantotie materiali
un to raksturojums

Kanepju $kiedras un spali, bérza koksnes slipputekli and koksnes $kiedra tika
izmantota, ka pildvielas biokompozitmaterialu sagatavo$ana. Biokompozitmaterialu
izstradé, ka pildviela — sabiezés$anas piedeva, tika izmantots koloidals silicija dioksida
produkts “Aerosil”. Plasaks izmantoto materialu apraksts atrodams rakstos (Obuka
et al., 2015;0buka et al., 2017, 2021).

Gabalkadra (SIA “Laflora”) tika izmantota biokompozitmaterialu biodegradacijas
testiem, ka kontroles materials. Plagaks izmantoto materialu apraksts atrodams (Obuka
etal., 2019).

Bérza lobitais finieris tika izmantots, lai izveidotu saplaksni. Lai noteiktu pielieto-
jamibas grupu sapropelim ka limei, tika izmantots dizskabarza finieris. Gabalkadras
paraugi ari tika izmantoti testiem. Plagaks izmantoto materialu apraksts atrodams
raksta — (Obuka et al., 2016)

Lai izveidotu sapropela — kadras kokskaidu siltumizolacijas plaksnes tika izman-
tota — Balozu kadras ieguves kidra, ka ari Pilvelu ezera sapropelis. Plasaks izmantoto
materialu apraksts atrodams (Obuka et al., 2014)

Papildus sapropelim tika izmantotas ari komerciali pieejamas saistvielas: magnija
oksihlorida cements (MOC), hidrauliskais kalkis (HL), formulétais hidrauliskais kal-
kis (FHL), magnija fosfata cements (MPC). Plasaks izmantoto materialu apraksts atro-
dams (Obuka et al.,, 2017, 2021)
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2.4. Kompozitmaterialu sagatavoSana

Kompozitmaterialu izstradei mikrobiologiskas stabilitates testiem, ka saistvielu
izmantoja neapstradatu sapropeli. Biokompozitmateriali tika izgatavoti ari izmantojot
neorganiskas saistvielas, pieméram, kalki. Papildus informaciju par kompozitmaterialu
sagatavo$anu pieejama (Obuka et al., 2017).

Kompozitmateriala sagatavo$anai, kur sapropeli testéja ka limi, sapropela paraugi
tika pilniba sajaukti tie$i pirms trisslanu saplak$na sagatavosanas ar izmériem
4 x 250 x 250 mm. Papildus informaciju par kompozitmaterialu sagatavosanu var
atrast raksta (Obuka et al., 2016).

Lai izveidotu sapropela — kiidras kokskaidu siltumizolacijas plaksnes, aktivétas kad-
ras masa ar saistvielas ipasibam tika iegata kadru apstradajot mehaniski - termisko
lozu planetarajas dzirnavas RETSCH PM 400. Papildus informaciju par kompozitmate-
rialu sagatavo$anu var atrast raksta (Obuka et al., 2014)

2.5. Biokompozitu materialu testésanas metodes

Biokompozitmaterialiem (bérza koksnes - sapropela (SWD), koksnes $kiedras -
sapropela (SWF)) 4% sausnas masas koncentracija tika pievienots SIA ALINA produkts
ALINA LIFE™ organomali. legtito biokompozitmaterialu novecinasana klimata kamera
tika veikta, paklaujot paraugus 30 sasal$anas un atkausé$anas cikliem. Papildus informa-
cija par mikrobiologiskas stabilitates testiem var atrast raksta (Obuka et al., 2017).

Siltumvaditspéja tika meérita, izmantojot LaserComp FOX 600 siltuma plasmas
meéritaju (Obuka et al., 2015). Spiedes un lieces izturibas parbaudei paraugi tika ipasi
sagatavoti (zagéti nepiecieSamajos izméros). Papildus informacija par $o metodi ir atro-
dama raksta (Obuka et al., 2015).

Kompozitmaterialu mehaniskas izturibas testi (stipribas noteik$ana statiska liecé un
liméjuma stipribas parbaude, pielietojamibas grupas noteik$ana, stipribas noteiksana
stiepé), kur sapropelis tika parbaudits ka limviela, papildus informacija par metodi ir
atrodama raksta (Obuka et al., 2016).

Materialiem tika veikta ari skanas izolacijas parbaude. Papildus informacija par $o
metodi ir atrodama raksta (Obuka et al., 2014).

Lai raksturotu kompozitmaterialu degsanas raksturlielumus, tika veiktas deg$anas
testi (Obuka et al., 2014).

Lai salidzinatu izveidoto biokompozitmaterialu biodegradaciju, tika izstradata ekspe-
rimenta shéma (Obuka et al., 2019). Mikroorganismu ar substratu inducétas elpo$anas
intensitate tika parbaudita izmantojot zinamas metodes (Rowell, 2014; Zibilske,
1994; TaBunenko et al., 1975) un tas pielagojot (Obuka et al., 2019).

Saja pétijuma izmantotais elposanas tests tika attiecinats uz substrata izraisitu elpo-
$anu (SIR), jo kopa ar paraugu augsnei tika pievienoti oglekla avoti. Tomeér SIR mérisa-
nas standarta principi (pieméram, inkubacija 4 stundas) netika nemti véra §1 pétjjuma
ipaso uzdevumu dé]. Biologiskas noardi$anas procesa stimulésanai tika veikta bioaug-
mentacija un 7 dienu inkubacija.

Péc 7 dienu inkubacijas perioda tika veikta fluoresceina diacetata (FDA) hidrolizes
aktivitates noteik$ana (Obuka et al.,, 2019).
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Kopa, lai parbauditu mikrobiologisko stabilitati tika veikti 3 eksperimenti. Tika
veikts sapropela biokompozitmaterialu, LHC un MHC kompozitmateridlu mikro-
biologiskas stabilitates salidzinajums, maksligi inokuléjot sénu suspensijas Alternaria
alternata un Cladosporium herbarum uz materialiem. Papildus informacija par metodi
ir raksta — (Obuka et al., 2017).

Tika veikti divi eksperimenti, lai noteiktu mikrobiologisko stabilitati otraja testa
dala. Abos eksperimenta posmos materiala paraugi tika maksligi inokuléti ar se$u sénu
suspensiju:

1) Aspergillus versicolor MSCL 1346;

2) Penicillium chrysogenum MSCL 281;

3) Alternaria alternata MSCL 280;

4) Cladosporium herbarum MSCL 258;

5) Chaetomium sp. MSCL 851;

6) Trichoderma asperellum MSCL 309.

Papildu informacija par metodi ir raksta (Obuka et al., 2021).

Eksperimenta pirmaja posma analizétos materiala paraugus inkubéja divos mit-
ruma rezimos — RH 75% un 99%, 20 °C (Obuka et al., 2021). Eksperimenta otraja
posma paraugi tika turéti tikai pie relativa mitruma 99% un temperatiras 20 + 2 °C
(Obuka et al., 2021).

Pirmaja eksperimenta posma otraja mikrobiologiskas stabilitates testa tika izman-
tota ACTICIDE FD biocids. Eksperimenta otraja posma biocids BACTERICIDE. Abos
eksperimentos mikrobiologiskas aizsardzibas nolikiem tika izmantots SIA ALINA
produkts ALINA LIFE™ organomalu parklajums (Obuka et al., 2021).

Sapropela, sapropela — kidras granulas izmantosanai lauksaimnieciba tika testétas.
Pétijuma tika veiktas testé$anas granulu fizikalo-mehanisko ipasibu noteik$anai 3 veidu
granulam (sapropelis, kidrains sapropelis, sapropela-kadras granulas). Tika noteikts
béruma blivums, izmantojot standartu LVS EN 1097-3 (Anonymous, 1999), idensuz-
stice izmantojot standartu LVS EN 1097-6 (Anonymous, 2013), mehaniska izturiba,
izmantojot standartu EN 1606 (Anonymous, 2007), vides skabuma reakcija un elektro-
vaditspéja.

Lai sagatavotu bioogles-sapropela granulas lauksaimniecibas vajadzibam, ka pild-
viela tika izmantota bioogle. Tika izmantotas divu veidu bioogles: bioogle (B), lapkoku
bioogle (LB.). Granulu kompozitmateriali tika izveidoti, manuali sajaucot mitru sapro-
peli un bioogli, lidz tika sasniegta viendabiga konsistence. Lai noteiktu labako variantu,
tika izmantotas dazadas biooglu un sapropela proporcijas (1:3, 1:4, 1:6, 1:8 un 1:10).
Masu talak sadalija divos paraugos, un katra dala tika ievietota sagatavotas metala for-
mas. Vienu paraugu Zavéja gaissausa vidé (relativais gaisa mitrums 14-20%), bet otru
zaveja krasni 80 ° C temperatiira. Gaissausa vidé zavéts paraugs tika svérts katru stundu
pirmas 3 stundas un vélreiz péc 24 stundu izveides briza. Krasni zZavétu paraugu svéra
ik péc 15 minttém. Bioogles- sapropela granulu granulésana, ipatnéjas virsmas lau-
kums, adensuzstice un mehaniskas izturibas testi ir aprakstiti raksta (Vincevica-Gaile
etal., 2019).
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3. REZULTATI UN DISKUSIJA
3.1. Sapropela Tpasibas

Sapropela nogulumi tika nemti no cetriem Latvijas ezeriem - Padélis, Pilvelu,
Véveru - Rézeknes novada, Latgalé. Piksteres ezers - Jékabpils, Sélija.

So ezeru sapropelis ir pétits ieprieks, un to var uzskatit par biokompozitmaterialu
izstradasana perspektivu. Sapropela paraugu raksturojums ir uzskaitits 3.1. tabula.

3.1. tabula
Sapropela paraugu raksturojums
Ezers Mitrums, Organiskas Karbonati, Blivums,

% vielas, % % g/cm’®
Padélis 85,97 15,27 35,57 1,24
Pilvelu 94,99 84,51 1,26 1,10
Véveru 97,66 86,25 1,18 1,08
Piksteres 96,45 82,67 17,33 1,028

Izmantotie sapropela paraugi atspogulo sapropela tipus, kurus var izmantot ka
saistvielu materialos.

3.2. Sapropela biokompozitmaterialu izstrade

Ka potencialu pildvielu sapropela bazes biokompozitmaterialu veido$ana var
uzskatit dabiskas $kiedas un vispirms — kanepi. Lai izpétitu iespéjas kanepju $kiedru
un spalu izmanto$anai kompozitmaterialu iegti$anai, tika izmantotas ari komerciali
pieejamu saistvielu piedevas: magnija oksihlorida cements, hidrauliskais kalkis, for-
mulétais hidrauliskais kalkis. Iegttas kompozicijas salidzinaja sava starpa un ar lite-
ratira pieejamajiem datiem. Kapepju $kiedras un spali, koksnes $kiedra un bérza
koksnes slipputekli ir izmantoti, ka pildvielas biokompozitmaterialu izstrade. Sie pild-
vielas ir lauksaimniecibas un kokapstrades rtpniecibas blakusprodukti, kuriem jarod
atkartota izmantos$ana.

Pétijuma meérkis bija noskaidrot biokompozitmaterialuizveides un izmanto$anas
potencialu, izmantojot sapropeli un kalki ka saistvielu un kanepju spalus un $kiedru,
koksnes $kiedru un bérza koksnes slipputeklus ka pildvielu, un noteikt to optimalas
ipasibas. Blivums, siltumvaditspéja, un mehaniska izturiba tika noteikta izveidotajiem
paraugiem. Iegiito kompozitmaterialu spiedes stipriba testos ir paradita 3.2. tabula un
ta parada, ka iegitos materialus var izmantot ka siltumizolacijas materialus, jo to stip-
riba atbilst normativaja reguléjuma pastavosam prasibam.
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Kompozitmaterialu raksturojums

3.2. tabula

Apziméjums Sastavs Ipasibas
Izejvielu attieciba (pildviela : saistviela :
. S 1:25:25
Sapropela- Sapropelis saistviela)
kalka-kapepju  Kalkis Blivums kg/m? 306,88; 296,31
kompozits Kanepju skiedra sl ditspaia, W/mK
SLHC 1-2 un spali iltumvaditspéja, W/m- -
Mehaniska izturiba, MPa 0,25
Izejvielu attieciba (pildviela : saistviela :
: L 1:5:5
Sapropela- Sapropelis saistviela)
kalka-kanepju  Kalkis = Blivums kg/m® 533,58; 540,59
kompozits Kanepju skiedra . S
SLHC 3-4 un spali Siltumvaditspéja, W/m-K 0,089
Mehaniska izturiba, MPa 0,77
Izejvielu attieciba (pildviela : saistviela :
istviela) 1:25:25
Kalka-kanepju Kalkis saistviela
kompozits Kanepju §kiedra ~ Blivums kg/m? 294,09; 302,40
LHC 1-2 un spali Siltumvaditspéja, W/m-K -
Mehaniska izturiba, MPa 0,29
Izejvielu attieciba (pildviela : saistviela : 1:5:5
Kalka-kanepju Kalkis saistviela)
kompozits Kanepju $kiedra ~ Blivums kg/m’ 498,32; 562,93
LHC 3-4 un spali Siltumvaditspéja, W/m-K 0,099
Mehaniska izturiba, MPa 0,90
Izejvielu attieciba (pildviela : saistviela : 1:5:5
. Kalkis saistviela) T
Kall,(a—kailr,lep] U Kanepju $kiedra ~ Blivums kg/m’ 408,10
kompozits LHC AT . I
un spali Siltumvaditspéja, W/m-K 0,086
Mehaniska izturiba, MPa 0,61
Izejvielu attieciba (pildviela : saistviela) 1:6
Saprop elii_v Sapropelis Blivums kg/ m? 319
koksnes $kiedras Kok SKied : o
kompozits SWE oksnes skiedra  Siltumvaditspéja, W/m-K 0,19
Mehaniska izturiba, MPa 0,060
Sapropela- Izejvielu attieciba pildviela : saistviela) 1:6
bérza koksnes Sapropelis Blivums kg/m? 470
sliputekl_u Kf)ksnes bér z Siltumvaditspéja, W/m-K 0,061
kompozits slipputekli
SWD Mehaniska izturiba, MPa 0,67
Izejvielu attieciba (pildviela : saistviela: 1:1.25:0.9:
Magnija-kanepju Magnija oksids saistviela : saistviela) 1.33
kompozits Kanepju $kiedra ~ Blivums kg/m’ 302,3
MHC 1 un spali Siltumvaditspéja, W/m-K 0,076
Mehaniska izturiba, MPa 0,25
IZ.CJ:H.elil a'ttle.atJa. (lpl)ldwela : saistviela : 1:125:2:06
Magnija-kanepju Magnija oksids saistviela : saistviera
kompozits Kanepju skiedra Blivums kg/m? 504,4
MHC 2 un spali Siltumvaditspéja, W/m-K 0,111
Mehaniska izturiba, MPa 1,12
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Tegutie rezultati rada, ka kalku un kanepju kompozitmateriala (blivums 408,10 kg/m?)
siltumvaditspéja ir vidéji zema — 0,086 W/m-K. Lidzigas vértibas tika iegtitas sapropela-
kalka-kanepju biokompozitmaterialam - 0,089 W/m-K. Iegitie rezultati ir apmierinosi,
lidzigi tiem materialiem, kuros pasaulé praktiski izmanto kanepju $kiedras un spalus,
un ar pasreizéjo reguléjumu sienai, kas izoléta ar $adiem materialiem, jabat aptuveni
400 mm biezai, lai sasniegtu normativas vértibas (Sinka et al., 2014).

Pétijuma par sapropela — kadras kokskaidu siltumizolacijas plaksném (Obuka et al.,
2013), tika noteikta materialu mehaniska izturiba. Atkariba no mitruma daudzuma
mainas platnes spiedes pretestiba. Sapropela-kokskaidu platnes izturiba ir 0,06 MPa,
bet kadras - kokskaidu - 0,13 MPa. Turpreti lieces pretestiba parada, ka sapropela -
kokskaidu platnei izturiba ir 0,02 MPa, bet kidras-kokskaidu platnei — 0,3 MPa. Sie
spiedes pretestibas rezultati norada uz to, ka kompozitmaterialu stipriba ir pietickama,
lai ar tiem veiktu montazas darbus, ka ariliméjosus savienojumus. Papildus informacija
par iegutajiem rezultatiem ir atrodama publikacija (Obuka et al., 2014).

Iegutie rezultati rada, ka kompozitmaterialiem ar bérza koksnes slipputekliem,
ka pildvielu un zalalgu sapropeli, ka saistvielu ir augstakas kompresijas deformacijas
vértibas perpendikulari un paraléli parauga veido$anas virzienam. Perpendikularo
deformaciju spiedes rezultati ir diapazona no 0,67 lidz 0,76 MPa. Linearo deformaciju
rezultats ir attiecigi 0,72 un 0,67 MPa. Rezultati, kas iegtti no mehaniskas izturibas
testiem, parada, ka materiali ir pietiekami izturigi, lai tos varétu izmantot montazas
darbos un veidotu liméjosos savienojumus. Papildu informacija par testa rezultatiem ir
atrodama raksta (Obuka et al., 2015).

3.3. Kompozitmaterialu siltumvaditspéjas parbaude

Pétijuma par sapropeli ka saistvielu biokompozitmaterialiem tika veikts siltumva-
ditspéjas tests, izmantojot dazadus sapropelus un pildvielas (Obuka et al., 2015). Tris
sapropela veidi tika izmantoti: Véveru ezera (zalalgu) un Pilvelu ezera (zilalgu) un
sapropelis no Padéla ezera (karbonatiskais). Kanepju spali un $kiedra, koksnes skiedra,
bérza koksnes slipputekli tika izmantoti ka pildvielas. Izstradatajiem kompozitmate-
rialiem ka saistvielu izmantoja neapstradatu sapropeli. legitie rezultati ir apskatami
3.3. tabula.

3.3. tabula

Kompozitmaterialu siltumvaditspéjas rezultati

Materials: saistviela-pildviela Blivums S Siftumivadrispeja,

kg/m? W/m-K
Karbonatiskais uz zalalgu sapropelis - kanepju spali un skiedras 191 0,063
Karbonatiskais uz zillalgu sapropelis — kanepju spali un gkiedras 200 0,059
Koksnes $kiedra — zalalgu sapropelis 153 0,055
Koksnes $kiedra - zalalgu sapropelis 202 0,060
Zillalgu sapropelis — koksnes bérza slipputekli 214 0,061
Zillalgu sapropelis - koksnes bérza slipputekli — Aerosils 376 0,080
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Attiecigi siltumvaditspéjas labakie raditaji ir biokompozitmaterialam, kas ir ieguts
izmantojot koksnes skiedras un Véveru ezera zalalgu sapropeli ka saistvielu. Rezultati
norada ka $ie biokompozitmateriali ir ar lidzigiem raditajiem un ar lidzigam izmanto-
$anas iespéjam un potencialu. Izveidotajiem biokompozitmaterialiem ir zema siltumva-
ditspéja to jauktas, porainas struktiras dé], un tiem ir viendabiga $kiedru struktara ar
savstarpéji savienotam un atvértam poram. Izejvielu organiskas izcelsmes dé] sapropela
saistvielas un kanepju spalu un $kiedru biokompozitmaterialam ir neviendabiga struk-
tara. Granulometriski atskirigam dalinam sakartojoties, rodas tuk$umi un nevienme-
riga struktara, ar ieslégumiem, paraugam atrak deforméjoties. Papildus informacija par
testa rezultatiem ir atrodama raksta (Obuka et al., 2015).

Pétijuma par sapropela — kadras kokskaidu siltumizolacijas plaksném (Obuka
et al., 2014) siltumvaditspéjas rezultati sasniedza 0,067 un 0,060 W/m-K. Pétijuma tika
nemts véra sasaldésanas ciklu skaits un testéto materialu mitrums. Kadras- kokskaidu
platnei veicot saldésanas ciklu ietekmes izpéti, tas siltumvaditspéja nedaudz palieli-
nas, tacu sapropela—kokskaidu platnes siltumvaditspéjas koeficients samazinas, kas ir
labak. Salidzinot iegutos rezultatus, kur biokompozitmateriala mitruma saturs ir no
sausgaisa lidz mitrumam piesatinatam materialam (12%), siltumvaditspéjas koeficients
sapropela-kokskaidu platnei ir 0,050-0,060 W/m-K un kadras - kokskaidu platnei attie-
cigi 0,055-0,064 W/m-K.

3.3. Kompozitmaterialu spiedes un lieces izturibas testi

Saja pétijuma tika izstradati kompozitmateriali, sapropeli izmantojot ka limvielu.
Tika izmantoti divu veidu sapropela paraugi — zalalgu sapropelis, kas iegiits Véveru
ezera un zilalgu sapropelis, kas iegits Pilvelu ezera. Sapropelim tika noteikti tadi rak-
sturlielumi ka sausnas saturs, mitruma saturs un blivums. Limes tika parbauditas,
liméjot saplaksni un parbaudot kompozitmaterialus mehaniski: stipribas noteiksana
statiska liecé un liméjuma stipribas parbaude izmantojot (Anonymous, 2000b) un
(Anonymous, 2005) standartu, pielietojamibas grupas (D1-D4) noteik$ana sapropelim
ka limvielai izmantojot standartu (Anonymous, 2001a) un izmantojot (Anonymous,
2002) standartu, gabalkadras salimésana ar sapropeli un stipribas noteik$ana stiepé
perpendikulati platnes plaknei noteik$ana izmantojot (Anonymous, 2000a) stan-
dartmetodi.

No rezultatiem izriet, ka robezstipribas liecé mehaniskajam parbaudém sapropela
limvielai (Anonymous, 2001b), augstako rezultatu uzrada Pilvelu ezera sapropelis para-
1eli liecé - 88,7 MPa. Zemako rezultatu rada tada pasa veida sapropelis, kas ir testéts
tikai perpendikulari liecei (3.2. attéls). Papildus nosakot pielietojamibas grupas (D1-
D4) noteik$ana sapropelim ka limei, rezultati rada, ka Pilve]u sapropelis — dizskabardis
paraugi sasniedz 3,67 MPa. Papildus tests saskana ar standartu (Anonymous, 2000a)
tika taisits gabalktidrai un sapropelim ka limvielai, lai noteiktu stipribas noteik$anu
stiepé perpendikulari platnes plaknei, rezultati rada, ka liméto paraugu gabalkadra-
Pilvelu sapropelis, lieces mehaniska izturiba sasniedz - 0,077 MPa, gabalkadra -
Véveru sapropelis sasniedz 0,067 MPa.

Pétijuma rezultati norada uz to, ka videi draudziga limviela, iegaita no sapropela,
kompozitmaterialu izstradé ir izmantojama ka dabiska saistviela, kurai piemit augsta
spéja salimét un noturét veidojuma formu.
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p B N/mm? MPa

Véveru/perpendik. Véveru/paraléli Pilve]u/perpendik. Pilvelu/paraléli

Saplaksna veids liméts ar sapropeli

3.2. attéls. Lieces mehaniska izturiba paraléli un perpendikulari $kiedru virzienam

Pétijuma virziens ir perspektivs un tas ir jaturpina, radot jaunus risinajumus
sapropela limvielas ipa$ibu uzlabo$anai, tas efektivitates cel$anai.

3.5. Skanas izolacijas 1pasSibas

Pétijuma par sapropeli un kadru, ka saistvielu un kokskaidam ka pildvielu (Obuka
et al., 2014), ir noteikts, ka viena no nozimigam jebkura bavmateriala ipasibam ir to
spéja izolét skanu Tadéjadi promocijas darba ietvaros tika veikts izstradato materialu
skanas izolacijas ipasibu pétijums (3.4. tabula).

3.4. tabula

Skanas izolacijas testu rezultati, izmantojot 4 mikrofonu metodi

k izolacij
Testéta platne Skaas izolacijas,

dB
Kadra - kokskaidas 30
Kudra - kokskaidas 32
Sapropelis - kokskaidas 32
Sapropelis - kokskaidas 31

Iegutajiem biokompozitmaterialiem ir smalki poraina struktira ar viendabigu
$kiedru struktairu ar atvértam un savstarpéji savienotam poram. legutie skanas izola-
cijas rezultati liecina par to, ka biokompozitmateriali ir ar Joti labam izolacijas ipasi-
bam. Salidzinot ar citiem ekologiskajiem siltumizolacijas materialiem, pieméram, linu
$kiedru siltumizolacijas materialu, rezultati ir sliktaki, un tie at$kiras par 14 dB. Linu
$kiedru materialam skanas absorbcijas rezultats péc literatiiras datiem ir 45 dB, bet
linu - vilnas siltumizolacijas materials nodro$ina 40 dB skanas absorbciju (Kozlowski
etal., 2008). Nemot véra skanas izolacijas ipasibas, var secinat, ka labaku skanas izolaci-
jas limeni var sasniegt, izmantojot smagakus materialus.
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3.6. PasaizdegSanas tests

Pétijuma par sapropeli un kidru, ka saistvielu un kokskaidam ka pildvielu (Obuka
et al.,, 2014) tika veikts izstradato materialu pasaizdeg$anas riska noveértéjums. Uz
deg$anas parbaudes iegato datu pamata ir iespéjams secinat to, ka kadras kokskaidu
platnes pasaizdeg$anas temperatiira ir augstaka, neka sapropelu-kokskaidu platnes
pasaizdeg$anas temperatira. Lai uzlabotu materialu lietojamibu, tie jaapstrada ar daza-
diem lidzekliem, kas uzlabo ugunsdro$ibu un biologisko izturibu, jo tas uzlabo kompo-
zitmaterialu izturibu, izmanto$anas iespéjas, dzives ciklu.

3.7. Biodegradacijas testi

Biodegradacijas eksperimentus veica, testéjamajiem biokompozitmaterialiem pie-
vienojot augsni, baribas vielas un mikroorganismu konsorciju ar celulolitisko aktivitati,
(Muter, 2015) lai nodro$inatu labveéligus apstaklus noardiSanas procesiem.

Tris sapropela veidi tika izmantoti: Véveru ezera (zalalgu-GAS) un Pilvelu ezera
(zila]gu-CBS) un sapropelis no Padéla ezera (karbonatiskais-CS).

Biodegradacijas testa tika izmantoti biokompozitmaterialu pildvielas — koksnes
$kiedra, bérza koksnes slipputekli, kanepju $kiedras un spali. Siem materialiem tika
izmantotas mineralas saistvielas, kas izstradatas iepriek$éjos pétijumos - dolomit-
milti kas sastav no 100% DL60 kalka (Dolomits) un hidrauliskais kalkis, kas sastav no
60% DL60 kalka un 40% kalcinéta kaolina mala (Mals) (Sinka and Sahmenko, 2015).
Saistvielas un pildvielas masas attieciba bija 2:1. Gabalkadra (“Laflora”) tika izman-
tota ari kompozitmaterialu biodegradacijas pétijumos ka kontroles materials (Obuka
etal., 2019).

3.7.1. Mikroorganismu elpoSanas intensitate

Biodegradacijas procesu véroja sakuma un péc 7 dienam pie 37 °C. Tika novérots
elposanas intensitates pieaugums kompozitmaterialos. Paraugi inkubacijas sakuma
uzradija statistiski nozimigu atskiribu (p<0,05) un elpos$anas intensitate svarstijas dia-
pazona no 31% lidz 70%, salidzinot ar kontroli (augsni un kiadru). Papildinformaciju
par $1 pétjjuma rezultatiem var atrast (Obuka et al., 2019).

Rezultati rada, ka dazados apjomos visi pétitie biokompozitmateriali ir biologiski
noardami, nodro$inot degradacijas procesam piemérotus apstaklus. Tas parada, ka
izmantotie materiali ir biologiski noardami dazada laika posma. Ir secinams, ka tas
galvenokart ir atkarigs no izmantotas pildvielas. Koksnes bérza slipputekliem ir visze-
maka biologiska noardi$anas spéja, jo tiem uzradas vismazaka elposanas intensitate péc
7 dienam, savukart koksnes skiedram un kanepju spaliem un $kiedram ir augstaka bio-
logiska noardisanas spéja péc 7 dienu inkubacijas. Rezultati rada, ka dazados apjomos
visi pétitie biokompozitmateriali ir biologiski noardami un tos var izmantot, lai sama-
zinatu bavmaterialu kopéjo ietekmi uz vidi péc to dzives cikla beigam.
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3.7.2. Fluoresceina diacetata (FDA) hidrolizes aktivitates noteikSana

Viens no parbaudito materialu biologiskas noardi$anas novérté$anas kritérijiem
ir mikroorganismu enzimu aktivitates palielina$anas, kas reagé uz biopieejamo bari-
bas vielu klatbatni. Ka zinams, mikroorganismu dazadas enzimu grupas, t.i., hid-
rolazes, proteazes, esterazes lipazes u. c., piedalas FDA hidrolizé. (Green et al., 2006).
Papildinformaciju par §1 pétijuma rezultatiem var atrast (Obuka et al., 2019).

FDA hidrolizes aktivitates salidzinajums paradija statistiski nozimigu (p<0,05)
atSkiribu starp kontroli un kompozitmaterialiem, iznemot CS/koksnes $kiedras mate-
rialu. Lielaka FDA hidrolizes aktivitate var netie$i noradit uz intensivakiem biono-
ardiSanas procesiem, jo ta ir atkariga no baribas vielu pieejamibas, mikroorganismu
koncentracijas, ka ari no to fiziologiska stavokla, kimiska sastava un vides fizikalajam
ipasibam (Green et al., 2006; Mupambwa and Mnkeni, 2016).

3.8. Sapropelis, kudra, bioogle: granulu izstrade
izmantoSanai lauksaimnieciba

Saja promocijas darba dala sapropelis un kidra tika pétiti, ki potencialie augsnes
ielabotaji granulu veida. Lidz $im sapropelis Latvija galvenokart tika izmantots lauku
meéslo$anai, ka papildméslojums. Turklat sapropeli var izmantot ka saistvielu, pie-
méram, granulu izstradé stipribas uzlabo$anai (Bal¢itinas et al., 2016; Obuka et al.,
2015; Vincevica-Gaile et al., 2019).

Meérkis bija noskaidrot kiidras-sapropela un sapropela granulu veido$anas iespéjas
un novértét to ipasibas. Sapropela-kadras un sapropela granulu izstrades laika saistviela
pirms iestradasanas tika apstradata lidz viendabigai masai. Pétijuma tika veiktas testé-
$anas granulu fizikali-mehanisko ipasibu noteik$ana 3 veidu granulam. Tika noteikts
béruma blivums (Anonymous, 1999), adensuzstice (Anonymous, 2013), granulu spie-
des stipriba (Anonymous, 2007), vides skabuma reakcija un elektrovaditspéja.

Ieguito granulu no tira sapropela un adens pH ir 7,35, bet granulam no kadraina
sapropela pH ir 7,36, no sapropela-kadras granulam pH ir 4,52. Izveidotas granulas
udens vidé sadalas léni. Augsnes vidé granulu sadaliS$anas notiek fiziskas iedarbibas
rezultata.

Béruma blivums granulam no tira sapropela un udens ir 639,6 kg/m?, bet granu-
lam no kadraina sapropela ir 246,1kg/m?, sapropela-kadras 248,3 kg/m?. Udensuzsiice
granulam no tira sapropela un adens ir <78,9%, bet granulam no kidraina sapropela
ir 167,8%, bet sapropela-kiidras 163,9%. Granulu mehaniska izturiba no tira sapropela
un tdens ir 1,06 MPa, bet granulam no kiadraina sapropela ir 0,46 MPa, bet sapropela-
kadras ir 0,44 MPa. Rezultata tika iegitas granulas, kuru mehaniska izturiba ir pietie-
kama, lai tas varétu ilglaicigi uzglabat, parvadat un iestradat augsné.

Promocijas darba tika pétitas ari bioogles-sapropela granulas. Mérkis bija noskaid-
rot biooglu-sapropela granulu izveido$anas iespéjas un izvértét to ipasibas, par izejma-
teridlu izmantojot bioogli, kas rodas ka blakusprodukts kogeneracijas stacijas. Udens
vidé granulas sadalas léni, jo abas sastavdalas ir ideni neskistosas vielas. Tadé] augsnes
videé to sadalisanas notiek fiziskas iedarbibas rezultata, bet gan bioogles, gan sapropela
noardi$anas noris léni (De Gisi et al., 2014).

Piksteres ezera sapropela un bioogles granulu béruma blivums: péc granulu veida -
cilindriska (iegatas péc ekstruzijas metodes) — 0,31 + 0,07 g/cm’, apalas (iegutas ar
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noapalo$anas - aglomeracijas metodi) - 0,47 + 0,18 g/cm’, apalas (iegutas péc eks-
trazijas metodes) —-1,00 + 0,43 g/cm®. Granulu tilpummasa ir zema salidzinajuma ar
presétajam biooglu granulam, kas $obrid galvenokart pieejamas tirg. Izmantotajos
materialos nav konstatéts smago metalu piesarpojums, un no §i aspekta tie uzskatami
par droéi lietojamiem lauksaimnieciba.

3.9. Sapropela biokompozitmaterialu mikrobiologiskas
stabilitates pétijums

Sapropela-kalka, magnija oksihlorida ka saistvielas un kanepju spalu un skiedras
ka pildvielas, sapropela ka saistvielas un bérza koksnes slipputeklu, koksnes skiedras
ka pildvielas mikrobiologiska stabilitate tika pétita. Izmantotas pildvielas ir rapnie-
cibas un lauksaimniecibas blakusprodukti, kas japarstrada vai jaizmanto atkartoti.
Antimikrobiala piedeva biokompozitmaterialiem - SIA ALINA produkts ALINA
LIFE™ organomali. Paraugi tika testéti, izmantojot sénes Alfernaria alternata un
Cladosporium herbarum, tas maksligi inokuléjot uz paraugu virsmas.

Darba gaita tika noskaidrots, ka uz izmantotajiem materialiem visbiezak ir sastopa-
mas Sordaria, Alternaria un Fusarium gints sénes. Atseviskos gadijumos tika konsta-
tétas ari Penicillium, Acremonium, Paecilomyces, Trichoderma, Mucor un Stachybotrys
spp., kas liecina par to, ka substrati satur pietiekamu mitrumu un baribas vielu dau-
dzumu sénu attistibai. Labi izteikta sénu attistiba tika novérota uz sapropela-koksnes
$kiedras un bérza koksnes slipputeklu materialiem, kas ir skaidrojams ar to neitralo
pH 6-7, vai pat nedaudz skabo pH 5, ka ari to, ka koksne dabiski ir piemérots substrats
daudzam séném.

Sénu attistiba praktiski netika novérota uz kanepju-kalka materialiem un kanepju -
magnija hlorida saistvielas, ka ari kanepju-sapropela—kalka saistvielas materialiem. Tas
skaidrojams ar kanepju antimikrobialo iedarbibu (Ali et al., 2012), ka ari kalka dabiski
augsto pH 9-12, kas negativi ietekmé sénu attistibu.

Pétijums pieradija, ka paaugstinata sénu aug$anas intensitate notiek materialos, kas
izgatavoti no koksnes $kiedras, bérza koksnes slipputekliem un sapropela ka saistvielas.
Sénu sugas, kas aug uz biokompozitmateriala, ir atkarigas no materiala veida, pildvie-
las, materiala virsmas un saistvielas.

Sénu augsana praktiski netika novérota kanepju-kalka un kanepju-magnija oksihlo-
rida, ka ari kanepju-kalka-sapropela biokompozimaterialiem. Papildinformaciju par §
pétijuma rezultatiem var atrast (Obuka et al., 2017).

Tika veikti divi eksperimenti, lai noteiktu mikrobiologisko stabilitati otraja testa
dala. Testa 2.1. paraugi tika sagatavoti 70 x 70 x 70 mm kubu veidnés, koksnes vate tika
sagriezta ar lidzigu virsmas laukumu. Testa 2.2. paraugi tika sagatavoti 40 mm diametra
un 10 mm augstas cilindriskas formas, ari fibrolits un koksnes vate tika sagatavoti tapat.
Testa 2.2. tika izgatavoti arl papildus paraugi ar pazeminatu saistvielas daudzumu,
izmantojot 50% un 20% no pirmaja eksperimenta izmantotas saistvielas daudzuma ar
tadu pasu daudzumu kanepju skiedru un spalu, iegiistot paraugus ar mazaku saistvielas
daudzumu un mikrobiologisko aizsardzibu.

Analizéjot kompozitmaterialu mikrobiologiskas stabilitates izmainas atkariba no
saistvielas koncentracijas, var secinat, ka mineralo saistvielu daudzuma samazinasanas
samazinaja mikrobiologisko stabilitati. MOC (magnija oksihlorida cements-kanepju),
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FHL (formuléts hidrauliskais kalkis-kanepju) un HL (hidrauliskais kalkis-kanepju)
biokompozitmaterialiem ar 100% saistvielas koncentraciju augsanas intensitates nover-
téjums ir 0-1,5, ar 50% saistvielas koncentraciju augsanas intensitates novértéjums ir
1-3, bet ar 20% tas ir 2,5-4.

Mikrobiologiskas stabilitates samazinasanas koreléja ar pH pazeminasanos parau-
gos. Uz kalku bazes saistvielu kompozitmateriali (FHL un HL) uzradija augstaku
mikrobiologisko stabilitati neka MOC kompozitmateriali, jo 100% saistvielu parau-
gos netika novérota sénu augsana, savukart MOC sénu augsanas intensitate atbilda
1.-2. noveértéjumam. Ar 50% un 20% sasitvielas daudzumu paraugos §i atskiriba
pazuda. To var attiecinat uz pH limeni paraugos, kas uz kalku bazes paraugiem bija
aptuveni 12 pie 100%, bet MOC - 9,76, savukart saistvielas samazinasanas 50% un
20% paraugos uzradija lidzigu pH un mikrobiologisko stabilitati. Mikrobiologiskas sta-
bilitates samazinasanas MPC kompozitmaterialos nebija tik izteikta, jo aug$anas inten-
sitate 100% koncentracija bija 2-4, bet pie 20% — 3-4. Sada paaugstinata MPC augganas
intensitate bija lidziga eksperimenta pirma posma rezultatiem un izskaidrojama ar cie-
tinataja, kalija fosfata, ietekmi.

Testa 2.1., tika atklats, ka sénes pieder pie Paecilomyces and Stachybotrys pétijuma
ieklautajos kompozitmaterialos bija visizplatitakas. Dazos gadijumos, Penicillium,
Acremonium, Cladosporium, Aspergillus, Trichoderma and Mucor tika novéroti ari,
paradot, ka substrati satur pietiekamu mitrumu un baribas vielu daudzumu sénu attis-
tibai. Lielaka dala $o sénu barojas ar celulozi; tapéc tas var atrast uz celulozes bagatiem
materialiem (Bech-Andersen, 2004; Klamer et al., 2004). Stachybotrys barojas ari ar lig-
ninu, un §1 iemesla dé] tas biezi sastopams uz koksnes un tas izstradajumiem (Vance
et al,, 2016), un to sauc ari par melno peléjumu (Ding et al., 2018).

Biokompozitmaterialu, kuru pamata ir sapropelis, funkcionalo ipasibu pielietosa-
nai tika izstradati un pielagoti mikrobiologiskas stabilitates testi. Biokompozitmateriali,
ar sapropeli ka saistvielu, uzrada vienu no augstakajiem mikrobiologiskas stabilitates
rezultatiem, tas ir, sénes un citi organismi paraugos netika konstatéti

Sapropela, kalka un magnija oksihlorida cementa kompozitmaterialam ir lielaka
mikrobiologiska pretestiba neka komerciali pieejamiem materialiem, ka, pieméram,
koksnes vatei; tapéc tos ir iespéjams izmantot bavnieciba lidzigos apstaklos, t.i., kons-
trukcijas, kas aizsargatas no aréja mitruma. Izmantojot vizualo novértéjuma metodi
$aja pétijuma, var iegit ieskatu pétito biokompozitmaterialu mikrobiologiskaja rezis-
tencé un stabilitaté. Paraugiem, kuriem tika pievienoti organomali, to apaugums bija
par 13,8% mazaks, bet tiem, kuriem bija biocids pievienots, — par 9,1% mazaks, tomér
tika novérota nesaderiba ar formulétu hidraulisko kalki (20%), magnija oksihlorida
cementu (20%), hidraulisko kalki (20%) un magnija fosfatu cementa (100%) saistvie-
lam. Papildinformaciju par §i pétjjuma rezultatiem var atrast (Obuka et al., 2021).
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SECINAJUMI

Ar organiskam vielam bagats sapropelis ir perspektivs dabas resurss, lai tam rastu
dazadas pielietosanas iespéjas celtnieciba un lauksaimnieciba, izmantojot to, ka
saistvielu, kombinéjot ar dazadiem razo$anas blakusproduktiem.

Izmantojot vietéjos resursus, pieméram, sapropeli un razo$anas procesa blakuspro-
duktus, pieméram, bérza koksnes slipputeklus, koksnes $kiedras, kanepju spalus
un $kiedru, bavnieciba un lauksaimnieciba ir iespéjams izstradat videi draudzigus
kompozitmaterialus, tos pielagojot lieto$anas vajadzibam.

Dabiska sapropela, kas ir biokompozitmaterialu sastava, mikrobiologiska stabili-
tate ir viens no galvenajiem parametriem to pielieto$anas nodro$inasanai, un testu
skaita jaietver detalizéts biokomkompozitmaterialu novértéjums attieciba uz galve-
najam mikroorganismu grupam, kas ir sastopamas celtniecibas materialos.
Sapropela biokompozitmaterialu mehaniskas un siltumvaditspéjas ipasibas ir lidzi-
gas ar komercialiem produktiem, tapéc biokompozitmaterialus varétu izmantot
lidzigi tiem btivniecibas nozareé.

Izveidotajiem buivniecibas biokompozitmaterialiem ir augsts organisko vielu saturs,
tie ir neaizsargati pret biologisko noardisanos, tapéc ir svarigi pievienot antimikro-
bialas piedevas.

Mikrobiologiskas stabilitates un biodegradacijas testi ir izstradati un pielagoti, lai
tos varétu izmantot uz sapropeli balstitu biokompozitmaterialu funkcionalo ipa-
§ibu testésanai.
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Local Knowledge and Resources
as Driving Forces of Sustainable
Bioeconomy

Maris Klavins and Vaira Obuka

Abstract A major driving force to promote the idea of sustainable bioeconomy
could be local experiences, skills and knowledge in respect to the use of local and
natural materials (at first, biomaterials). Sustainable bioeconomy is a concept under
development, and as such it requires argumentation and demonstration of effi-
ciency. The aim of this chapter is to study the local knowledge of the Baltic region
in terms of the applicability of local biomaterials in production. In the context of
bioeconomy, there is an evident need to identify the possibilities for the use of
natural and local materials as well as the knowledge to manage these resources.
Natural materials of the Baltic region, such as hemp, straw, timber, grain processing
products (husk), reeds, moss and flax, will be studied in the historical context and in
the use for innovations in modern bioeconomy. In addition, such resources as clay,
organic lake sediments (sapropel), peat, sludge, ash, coal and biochar will be
evaluated as potential source materials for the manufacture of innovative products.
Regarding the use of natural resources, different sectors will be analysed, for
example, agriculture and construction. The obtained results will give an insight into
the knowledge and traditions of the Baltic region concerning the use of natural
materials as a key for sustainability.
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1 Introduction

Bioeconomy in our time is considered as one of the key concepts supporting
development. In European Union, bioeconomy is an essential element included in
the development strategy and supporting sustainable development. The position is
firmly stated in the European Commission’s “Strategy for a sustainable bioeconomy
to ensure smart green growth in Europe” (European Commission 2012) as well as
in the “European strategy and action plan towards a sustainable bio-based economy
by 2020” (European Commission 2010). As a new concept, the term “bioeconomy”
or “bio-based economy” requires some clarification, and discussions on the proper
understanding of the content of the term continue.

However, in general, the European Commission’s definition can serve as the
starting point for understanding the concept: “The term ‘Bioeconomy’ means an
economy using biological resources from the land and sea as well as waste,
including food wastes, as inputs to industry and energy production. It also covers
the use of bio-based process for sustainable industries” (European Commission
2012). Work on the definition of the concept bioeconomy continues, and there is a
consensus that it should have a much broader scope, considering the need in
developing future systems of the use of natural resources as well as delivery of
societal benefits and public goods (Schmid et al. 2012). This definition reveals not
only the planned outcomes of the implementation of the concept of bioeconomy
and aims of such implementation but also helps to understand the need to reor-
ganise the existing basic principles of economic development, in particular, to
reduce the dependence on fossil resources (including fossil fuels) and their
unlimited exploitation, taking into account the quantitative limits of non-renewable
TESOUrces.

The implementation of the concept of bioeconomy can significantly contribute to
reaching the UN Sustainable Development Goals (2015). Bioeconomy is consid-
ered to be capable of meeting the major challenges that Europe and the world are
facing: (a) increasing populations that must be fed; (b) depletion of natural
resources; (c¢) impacts of ever increasing environmental pressures; and (d) climate
change. The goal of bioeconomy is to move towards a more innovative and
low-emissions economy, meeting demands for sustainable agriculture and fisheries,
food security and the sustainable use of renewable biological resources for indus-
trial purposes. The indirect aims of bioeconomy promotion includes environmental
aims (reduction of greenhouse gas emissions, reduction of pollution due to mining
of non-renewable resources, reduction of waste streams), new breath in economic
developments (creation of new products, markets, jobs) and political aims (reduc-
tion of dependence on countries rich in resources, for example, Middle Eastern
countries, Russia, China and others). At the same time, bioeconomy will support
innovation, improve the quality and safety of food, support the development of rural
and special costal communities and improve the efficiency of agricultural, food and
general industrial production and distribution systems. Bioeconomy can promote
building of low-carbon societies and thus achieve far-reaching aims.
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Development of bioeconomy is urgent for EU member States with often limited
national availability of non-renewable resources and to a similar extent also for
developing countries. The widest positive response to the need to implement this
concept in the reorganisation of economic production this concept is received in EU
and Japan (Priefer et al. 2017). Several EU Member States (e.g., Latvia) have
defined bioeconomy as one of the directions of national development and as part of
smart specialisation plans.

The EU Bioeconomy Action Plan is based on three pillars (European
Commission 2012):

1. Strengthening of research in biosciences and life sciences and supporting
innovations by providing significant EU and national funding;

2. Stakeholders’ involvement and development of synergies between different
sectors of economies and society;

3. Enhancement of markets and supporting competitive activities as well as
improving resource efficiency.

Largely, developments in bioeconomy are associated with research progress,
focusing on agricultural and food technologies, biomass processing and biotech-
nology, while omitting the need to achieve noticeable progress in transforming
waste streams into valuables, recovery of essential elements (for example, phos-
phorus compounds) and other directions of activities. On the one hand, the existing
progress is largely based on research achievements: major progress in biosciences,
development of new technologies and their implementation. Further aims are
related to the development of innovation capacities. However, traditional knowl-
edge and historical approaches relevant in pre-industrial era can also be a source of
new knowledge.

In the context of bioeconomy, there is an evident need to identify the possi-
bilities for the use of natural and local materials as well as the knowledge to manage
these resources. The aim of this paper is to study the local knowledge of the Baltic
region in terms of the applicability of local biomaterials for production in the
context of developments in the field of bioeconomy. Natural materials of the Baltic
region, such as hemp, straw, timber, grain processing products (husk), reeds, moss
and flax, will be studied in the historical context and in the use for innovations in
modern bioeconomy.

1. Natural and traditional use of biomaterials for bioeconomy

From a historical perspective, natural materials are the only ones available for
humans. A well-known example of the use of natural materials is medicine, where
natural, biologically active substances are used as drugs. More than half of the
existing active substances on the market are either directly obtained from plants and
animals or inspired by nature. One of the major branches in current biopharmacy—
phytochemistry—is engaged in search of new active substances by analysing plants
and their composition (Shah 2009). Not only active, isolated substances but also
extracts of plants and animal source materials are directly used in healthcare,
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cosmetics and other applications. Considering the size of the biopharmaceutical
market and its relation to large-scale chemical industry, the significance of natural
substances and their applications are remarkable, and this segment of industry
constantly grows and also makes way into bioeconomy. Scientific research in this
field plays an important role. In addition, it is important to emphasize that coop-
eration between the state, business and academia plays a key role in developing of
well-founded, high value-added products and technologies.Another major field of
revival of traditional knowledge to support the development of bioeconomy is
agriculture. Even most advanced agricultural technologies are largely relying on
traditional knowledge and experiences and historical traditions. In these days, tra-
ditional knowledge is more and more often considered as a source of knowledge to
advance contemporary agriculture globally, to support the development of new
technologies in agriculture and to disseminate the traditional, local, knowledge
globally. An example of such approach is the use of biochar to improve fertility of
soils and reclaim poor, degraded soils (Lehmann and Joseph 2012). The origins of
the use of biochar are in the traditional, native South American cultures. Biochar, a
product of low-temperature pyrolysis of waste biomass, can slow down carbon
turnover and thus enhance carbon sequestration in soils, restore ecosystem services
and increase the fertility (and thus also productivity) of the soil. Further, biochar
increases the water and nutrient holding capacity of the soil and is therefore ben-
eficial for stressed soils. At the same time, biochar in soils is much more refractory
in respect to mineralisation than conventional compost and can aid in the utilisation
of organic wastes by returning the organic material and fertilisers to production as
well as to the carbon cycle. So, the use of biochar is a telling example of a
sustainable approach where traditional knowledge helps boosting bioeconomy.

Next, building materials are also examplary in this respect. The use of natural
and local materials as well as traditional approaches is embodied in the concept of
vernacular architecture and materials and their application in the construction
industry. Vernacular materials can be considered as an alternative for sustainable
construction, as they have significantly lower environmental impacts in comparison
to industrially-produced ones (Oliver 2006; Sassi 2006). One of the main chal-
lenges for vernacular building is related to energy savings during the production of
building materials, as the traditional construction industry is one of the largest
energy-consuming sectors of the economy, being responsible for almost one third
of all carbon emissions (Urge-Vorsatz et al. 2007). The use of natural materials,
avoiding energy-intensive technologies, can help significantly reduce the green-
house gas emissions.

2. Natural materials for bioeconomy: use of sapropel

A prospective material with a widely diverse application potential is the sedi-
mentary deposit in waterbodies—sapropel. Sapropel is formed due to sedimentation
of organic substances produced by living organisms, and thus a major source of
sapropel organic matter are the decay products of algae, macrophytes as well as
planktonic organisms (Leonova et al. 2011; Liuzinas et al. 2005). At the same time,
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the contribution of mineral substances, like alumosilicates, silica and iron oxides
entering from the waterbody basin is also significant. Sapropel occurs all over the
world, but most intensive accumulation takes place in temperate climatic zones in
Asia and Europe. Largest amounts of sapropel are found in Russia and also in the
Baltic countries. Just in Latvia, the estimated sapropel resources are about 2 billion
m>. On the one hand, considering the permanently ongoing sedimentation processes
in waterbodies, sapropel can be considerd as a renewable resource, especially in
eutrophic waterbodies. On other hand, one of the key steps of waterbody reculti-
vation is the removal of sediment mass. Thus, the extraction of sapropel is essential
in achieving the recovery aims of eutrophic waterbodies, and sapropel mining is a
means to restore the quality of water. In terms of the sapropel properties application,
significant studies have been carried out in Latvia (Stankevia et al. 2016; Stankevica
2012).

The main components of sapropel are organic materials, inorganic (mineral)
substances and living organisms. The colour of sapropel varies from black to
brownish, dark green to even purple, and the colour indicates the humification
degree of organic material (humic substances are black to dark brown) as well as
the presence of plant pigments (chlorophyll remaims can make sapropel greenish).
The organic substances in sapropel are most valuable for the majority of applica-
tions, and their amount varies in a wide range—from 15% up to 90% and more
(Stankevica and Klavins 2013). The organic matter of sapropel consists of C 50.8—
59.2, O 27.9-352, H 6.7-7.4, N 4.7-5.4 and S 0.6-1.4%. Depending on the
formation conditions, sapropel can contain groups of organic substances, such as
humic substances 5.1-61.9%, hemicellulose 9.8-52.5%, aminoacids 9.8—-17.8%,
celulose 0.4-6.0%, bitumens and waxes 6.8—15.2%. Sapropel also contains many
trace elements: Si, Al, Fe, Ca, Be, Sr, Mg, Ti, Na, K, V, Cr, Mi, Ag, Mo, Ga, Pb,
As, Sn, P, S, Na, Sc, Ni, As, Rb, Y, V, I, Zr, Nb, Mo, Cd, Cs, Ba, La, Ce, Hf and Th
(Leonova et al. 2011).

One of the most important properties of moist sapropel is its colloidal suspended
phase structure, which determines the ability of the organic colloidal particles of
sapropel to absorb large quantities of water. So, it has a high moisture absorbtion
capacity—from 70 to 97%—and a low filtration rate (LiuZinas et al. 2005). The
relative humidity of sapropel is associated with organic matter, and its value
increases with the content of organic matter.

Useful characteristics of organically rich lake sediments are their adhesive
properties and water repellence (Balcitinas et al. 2016; Obuka et al. 2016). The
adhesive capacity of sapropel is due to its components of animal and vegetable
residues. Green algae shells consist mostly of cellulose, which has weak decom-
posing properties. Organic sapropel, whose organic matter proportion is formed by
green algae, is rich in cellulose but poor in minerals, as it consists of ash and
low-level humic substances formed mainly by peat meristem. It should be noted
that the high content of organic nitrogen, including free amino acids, contribute to
the adhesive properties of sapropel (Bal¢ilinas et al. 2016; Obuka et al. 2016).

The organic adhesion capacity of lake sediments also affects the composition of
humic molecule structure and concentration. This contributes to the emergence of
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strong links between the molecules of the material at the time of creation. The
molecules of humic substances remain flexible, and their presence improve the
durability and strength of the material. Therefore, with the above mentioned
properties, it is expedient to use sapropel as an adhesive in various ecological
construction and plaster/finishing materials.

The adhesive properties of sapropel are practicable in the production of com-
posite materials for construction industry, interior design objects with both cold
compaction techniques and hot-glue press at elevated temperature and pressure
(Zach et al. 2013; Mounika et al. 2012). Thus, a prospective area of application of
sapropel includes creation of different composites, for example, sapropel—wood
fibre, sapropel—hemp shives and sapropel—wood sanding dust, sapropel—flax
fibre and moss In these composite materials sapropel is used as a binder.

Sapropel samples have different origins (lake) and different moisture (%),
organic matter (%) and carbonate (%) content. For example, a sapropel sample from
Lake Padelis contains 35.57% carbonates and 85.97% moisture, its colour is pale
gray-pink and density —1.24 g/cm3 . A sapropel sample from Lake Pilvelis, in turn,
is dark greenish-brown, with homogeneous, jelly-like structure and a density of
1.10 g/cms. A sapropel sample from Lake Veveru has a high moisture level
—97.66%, low density —1.08 g/cm’, and its organic matter content reaches 86.25%.

The thermal properties of composite materials (sapropel—wood sanding dust and
‘Aerosil’; wood sanding dust; wood fibre; hemp shives) was analysed. (Obuka et al.
2015).The silica product Aerosil (colloidal silicon dioxide), is a thickening agent,
used as a filler for composite materials. It creates a smooth mixture, which is often
used in combination with other fillers. Particular attention was paid to shrinkage
cracks that affected the quality of material for further tests. In this case, gypsum was
used to fill the cracks (sapropel—wood sanding dust and ‘Aerosil’), so as to make
the material fit for the thermal conductivity test. The measurement results also
indicate a higher thermal conductivity of the material, that is, 0.080 W/m*K. Such a
high result can be explained by the fact that not all of the cracks were sufficiently
filled. In addition, gypsum may have influenced the result, as its thermal conduc-
tivity is around 0.18 W/m*K. The thermal conductivity test of sapropel—filler
composite was carried out with variable types of sapropel and fillers. The results
obtained are shown in Table 1.

Table 1 The thermal conductivity of studied materials

Material: binder-filler Density, kg/m® Thermal conductivity, W/m*K
Sample 1,3—hemp shives 191 0.063

Sample 1,2—hemp shives 200 0.059

Sample 3—wood fibre 153 0.055

Sample 3—wood fibre 202 0.060

Sample 3—wood sanding dust 214 0.061

Sample 3—wood sanding 376 0.080

dust—*Aerosil’
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Fig. 1 Sample 1,3—hemp
shives (authors photo)

According to the results obtained, the composite made of sapropel sample
3—wood fibre (density 153 kg/m?) has the superior results (Fig. 1). Visually, this
material differs from the composite of sapropel sample 3—wood fibre (Fig. 2) that
has a density of 202 kg/mS, because it has a denser structure and comparatively
better resistance to deformation. In any case, the results indicate that these com-
posites have similar characteristics and thus have a similar potential of use. The
thermal conductivity of air-dried composites is relatively low because of the organic
origin of the raw materials, detailed and mixed cellural structure and homogeneous
fibres with interconnected and open pores.

Since the composites of sapropel—hemp shives, due to different sizes of par-
ticles, have a heterogenous structure with cavities and uneven composition with
weaker inclusions, they deform more quickly. However, the composite (density
376 kg/m3) made of wood sanding dust and ‘Aerosil’” with sapropel sample 3
binder and the composite made of sapropel sample 3 and wood sanding dust
(Fig. 3) with density 214 kg/m® both formed shrinkage cracks during drying,
indicating the inferiority of technology. The structure of the composite is made of
densely grouped wood sanding dust particles mixed with a sapropel binder.

In a study of sapropel—sawdust and peat—sawdust composite materials
(Obuka et al. 2013) the obtained thermal conductivity measurement results were
0.067 W/m*K and 0.060 W/m*K. The study considered the freezing cycles and
moisture of tested materials. It shows that the thermal conductivity coefficient of the
sapropel—sawdust composite becomes lower after freezing cycles. This is
explained by the fact that the refrigeration process causes moisture loss and drying
of the plate. This causes composite pores to fill with air, which is known to be the
best heat insulation material. It is explained in literature that humidity in the
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Fig. 2 Sample 3—wood
fibre (authors photo)

Fig. 3 Sample 3—wood
sanding dust (authors photo)

composite reaches the wood fibre saturation point, and so the mechanical properties
of the material do not deteriorate. If a composite material is resistant to freezing
cycles, such material is usable in North European conditions. The thermal con-
ductivity coefficient for the sapropel—sawdust composite material is 0.050—
0.060 W/m*K and for the peat—sawdust composite material—0.055-0.064 W/
m*K. The obtained results are similar to composite materials made of sapropel—
wood sanding dust and ‘Aerosil’; wood sanding dust; wood fibre; hemp shives
(Fig. 4).

In Binici et al. (2014) study of the insulation materials made from sunflower
stems, textiles and agricultural by-products as fillers, epoxy resin was used as a
binder for better fibre strength and binding efficiency. An average thermal con-
ductivity coefficient of 0.1642 W/m*K was obtained. However, the thermal con-
ductivity coefficient of a sample with less epoxy resin added and made only
from sunflower stems and sunflower stem fibres reached 0.0728 W/m*K
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Fig. 4 Sample 1,2—hemp
shives (authors photo)

(Binici et al. 2014). In a study of bamboo fibre and polyester composite, Mounika
et al. (2012) conclude that the thermal conductivity coefficient decreases with an
increase in the proportion of fibre. The thermal conductivity coefficient ranged from
0.185 10 0.196 W/m*K (Binici et al. 2014). Literature on materials based on natural
fibres from renewable raw material sources (flax, hemp, wood, bamboo, sheep
wool) shows very good sound and thermal insulation properties. This is due to the
low density of the materials and natural character of input fibres (“airy”, lightweight
material).

In a study of lime-hemp concrete, a variety of binders were compared, including
metakaolin obtained by burning kaolin clay (40% by mass) at 800 °C and dolomitic
lime (60% by mass) produced by Saulkalne Ltd. Eight different types of hemp
shives were used as fillers. The obtained results show that the lime-hemp concrete
material has a density of 312-337 kg/m3, and its thermal conductivity is more
diverse and ranges from 0.0718 to 0.0778 W/m*K (Sinka et al. 2015).

In a study of the use of agricultural waste in sustainable construction materials,
Madurwar et al. compared measurements of insulation materials of different origins.
The results ranged from 0.046 to 0.056 W/m*K for rice husks and from 0.118 to
0.240 W/m*K for oil palm leaves. The authors concluded that there are significant
similarities between the corn cob and extruded polystyrene (XPS) materials in terms
of microstructure and chemical composition. Materials made from rice husk and
coconut coir reached the best results (Shea et al. 2012).

The results obtainted for compressive deformation (Fig. 5) show that the com-
posites with a filler of birchwood sanding dust and ‘Aerosil’ have good results.
The compressive deformation results vary from 0.724 MPa for the sapropel sample
3—wood sanding dust composite to 0.674 MPa for sapropel sample 3—wood
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Fig. 5 Compressive strength of different composites, parallel and crosswise

sanding dust and ‘Aerosil’ as a filler, while the compressive strength crosswise
shows 0.669 and 0.760 MPa respectively.

In compressive deformation, the composites made from hemp shives and wood
fibre as a filler obtain a rate of 0.221 MPa for sapropel sample 3—wood fibre and
hemp shives materials 0.101 (Sample 1,3—hemp shives) and 0.159 MPa (Sample
1,2—hemp shives), while the compressive strength crosswise measurement shows
0.191, 0.066 and 0.138 MPa respectively. These results are relatively lower due to
lower intensity of filler and binder bonding. The mixing of binder with filler is more
complex, because it is more difficult for the binder to enter the filler’s structure, as
the particles of the former are larger.

This was observed with the wood fibre composite and sample 3 as the binder.
However, birch wood sanding dust and ‘Aerosil’ binder, consisting of dust parti-
cles, mixes with filler evenly, entering the structure of the filler. The structure of the
material is smoother, increasing the mechanical resistance of the composite. The
sample preparation techniques affect the compressive strength results: the preceding
crushing of the material disrupts its structure. The use of various fillers and binders
affects the physical and mechanical properties of composite materials; so, the
hidrophysical and mechanical properties of composites can be changed by changing
the types of fillers and binders.

Compared to the compressive strength results, the flexural deformation strength
results (Fig. 6) show that the material strength is relatively lower. This can be seen
from the results: for example, the samples made from hemp shives show lower
results. The reason could be the granulometric composition, as there are many large
shives that create voids and uneven composition with weaker inclusions, resulting
in a faster deformation of the samples. In the process of making the wood
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Fig. 6 Flexural strengths of different composites, parallel and crosswise

fibre—sapropel composite, the mixing of the binder with the filler is more complex,
because it is more difficult for the binder to enter the structure of the filler forming
tangles and air gaps. Voids remain that reduce the mechanical strength.

In flexural deformation strength, the composites made from hemp shives and
wood sanding dust as a filler obtain a rate of 0.069 MPa for sapropel sample
3—wood fibre and 0.164 MPa (sapropel sample 3—wood sanding dust) and
0.203 MPa (sapropel sample 3—wood sanding dust—-*Aerosil’), while the com-
pressive strength crosswise shows 0.066 MPa for sapropel sample 3—wood fibre and
0.182 MPa for sapropel sample 3—wood sanding dust—‘Aerosil’ respectively.
These results are relatively lower due to lower intensity of the filler and binder
bonding. The mixing of the binder with the filler is more complex, because it is more
difficult for the binder to enter the structure of the filler, as the particles of the former
are larger and longer when using the composite of sample 1,2 sapropel. The reason
for this could be the higher adhesive capacity and lower moisture content of sapropel.

In a study of the composite material of sapropel and peat sawdust, similar
composites were created, and the results show that the filler and binder types and
the preparation technology options change the compressive and flexural deforma-
tion strengths of the composite. According to the indicated results, the average
compressive resistance was 0.03 MPa, and the compressive resistance of the peat—
sawdust composite (activated peat binder) also was 0.3 MPa.

Comparing the results of this work with those of the research of sapropel—
concrete, the materials made of wood fibre and hemp shives have lower rates.
During preparation, 1% NaOH solution was added. The results obtained in the
studies showed the compressive strength of 0.55 MPa for absolutely dry composite
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materials and 0.56 MPa for air-dried composite materials. In a study of lime-hemp
concrete, a variety of binders, including metakaolin and dolomitic lime, were
compared. The obtained results show the compressive strength range from 0.140 to
0.337 MPa and the flexural strength range from 0.021 to 0.059 MPa for different
lime-hemp concrete materials (Sinka et al. 2015).

In a study of a composite material made from agricultural by-products, it was
concluded that durian peel and coconut-fiber composites yield the highest strength
indicators: from 2.9 to 36 MPa. The results of a study of a composite of sunflower
stems and epoxy resin, in turn, show the compressive strength test scores of 0.283—
0.312 MPa and the flexural deformation strength scores from 0.06 to 0.09 MPa.

Discussed results of composite materials made of sapropel as a binder and
different filler materials (Obuka et al. 2016), shows competitive outcome of basic
properties of composite materials. Results represent enough high compressive
strength, thermal conductivity for possible insulation and construction materials.

Such kind of materials made of local and natural resources are significant
research topic to discuss. Strengthening of research in sustainable, environmentally
friendly materials and local resources field as well supporting innovations, is
important to continue and implement in industry throught bioeconomy instruments.
As mentioned before from a historical perspective, natural and local materials are
the only ones available for humans and it is needful to find best practice for creating
innovative, high added value products using local knowledge. In respect of
decreasing the dependence on fossil resources (including fossil fuels) and creating
new jobs, local arrangements of entrepeneurship in depleting remote rural areas.

2 Conclusions

From natural materials and local resources, such as sapropel, and industrial
by-products, such as birch wood sanding dust and fibre and hemp shives, sawdust it
is possible to develop environmentally friendly composite materials for construc-
tion for various needs of utilisation. The particle granulometric composition, sur-
face area and other characteristics of the filler have an effect on the binding with
sapropel as a binder. Composite materials are characterised by a relatively high
mechanical strength, shape-holding ability and easily amenable texture imprint.
One of the most important properties of these materials in today’s application scope
is the ability to sequester CO,, as both the binder and the filler are bio-based. The
mechanical and thermal properties of bio-based materials were evaluated and
compared to similar materials. The mechanical and thermal properties of
sapropel-based composites were similar to those of synthetic as well as mineral
materials, suggesting that sapropel composites could have similar use in the con-
struction industry: as a self-bearing wall thermal insulation material that works
together with the structural timber frame. As the sapropel-based materials have high
organic content, they are vulnerable to biodegradation; therefore, antimicrobial
additives are significant to add.
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ABSTRACT: The aim of this paper is to study possibilities to obtain composite materials using organic rich lake
sediments (further — sapropel) and lime as binders and hemp shives, wood fibre, and wood sanding dust as fillers. The
mechanical and thermal properties of the obtained composite materials are investigated and compared to similar
composites, such as lime-hemp concrete (LHC) and magnesium oxychloride hemp composite (MHC). Because of the
high amount of organic content these materials are prone to biodegradation, therefore the materials were coated with
ALINA LIFE ™ organoclay additive that helps to extend product life-time, reducing rate of biodegradation The
effect of the coating on the resistance against fungi Altermaria alternata and Cladosporiumherbarum was investigated
in two conditions: before and after experimental accelerated ageing of materials in climate camera. Results indicated
that the composites made of sapropel and lime have similar mechanical properties as LHC and MHC: compressive
strength of 0.77 MPa for sapropel- hme binder compared to 0.90 MPa for LHC and 1.12 MPa for MHC. As
organoclay additive provided higher e to biodegradation, sapropel-lime composites have shown sufficient
amount of positive properties to be considered for application in construction material industry and as an object for

further research.

Keywords: biodegradability, biomass, biobased products, hemp. sapropel, hydraulic lime

1 INTRODUCTION

Development of ecological materials and their use is
increasing in various sectors of the economy such as
construction sector and agriculture. Construction material
industry 15 one of the biggest emitters of CO, [1] together
with energy produced for building heating and ventilation
needs due to poor insulation [2]. therefore the both
sectors need ecological composite materials with good
thermal insulation capabilities

Use of environmentally friendly materials does not
cause additional pollution in the environment, and the use
of taw materials is promoting energy efficiency during
the production. After the end of lifetime. ecological
materials decompose relatively quickly and can be fully
recycled. Development of such materials is necessary
because environmentally sound handling of existing
resources 1S an important issue. By-products of
agriculture and wood industry (straw, hemp shives, wood
waste, etc.) can be used for production of new ecological
materials. It is important to evaluate the opportunities and
efficiency the use of natural resources and industry by-
products to create innovative products with high added
value.

Sapropel is a partially renewable geological resource,
it is a fine-grained organic-rich sediment or sedimentary
tock, and it refers to lacustrine environment inland waters
[42] [3]. Sapropel with high content of organic matter can

be applied in agriculture and horticulture as a soil
fertilizer and soil amendment, as well as it has a potential
to be used in building industry as a binder or adhesive
substance [4] [5] [40]. Organic-rich lake sediment —
sapropel — is a valuable and available resource of natural
origin. In Latvia, it is estimated that the reserves of
sapropel in inland waters is around 700-800 million m’,
furthermore 1.5 b:]]mn m’ underlie the peat layer, which
makes 2 billion 0’ in total. Sapropel sediments have
adhesive properties with high ability to bind as well as
shape holding ability and plasticity [4]. therefore in
current study it was used as a binder. As ifs use as a
binder does not require heating at high temperatures, it
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has low embodied energy and thus low CO; footprint,
making it very appropriate for use in ecological
composite insulation materials.

To achieve good ecological credentials for the
composite material, a filler that has low contribution to
greenhouse gas (GHG) emissions was also used. Locally
produced organic materials and by-products were used as
filler material - hemp shives, wood sanding dust and
wood fiber. Hemp shives is an industrial by-product from
hemp fiber production. which is used to produce lime-
hemp concrete (LHC). a new type of building insulation
material that is being used more widely in recent years
due to its low thermal conductivity and high thermal
capacity [6]. high moisture transfer and moisture
buffering capacity [7] [8] and good sound insulation
capabilities [9]. Wood-based fillers have also been used
for msulation materials as there 1s constant search for use
of shavings and dust from wood product [10] and also
have shown good thermal insulation capabilities [11]
[12].

Both types of filler have excellent properties
regarding GHG emissions - as they are organic, they have
absorbed and sequestered CO; in them during their
growth. These negative CO, emussions affect the whole
composite - making it CO, neutral or even negative as in
case of LHC [13] [14].

Traditionally lime-based binders are used with hemp
filler, as lime enables the material to have excellent
hyprothermal properties, as well as offers some
protection from biodegradation due to high alkalinity. On
the other hand, lime is responsible for the largest share of
CO; enussions in LHC composites [13] [14], thus a
binder that could reduce these emissions is necessary.

Two kinds of alternative binders were used in this
research - first one is sapropel, second one is magnesium
oxychlonde cement (MOC). MOC, also known as Sorel
cement, was introduced shortly after Portland cement
[15] although only recently it is starting to regain its
popularity due to its high early strength and compatibility
with organic aggregates [16]. It has been credited to have
superior environmental characteristics when compared to
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lime binders as magnesium has lower calcination
temperature than lime [16] although its effect on
bioc i biodegradati i should be
evaluated, as magnesium binders have lower pH levels
than lime binders.

However, often in their lifetime natural materials are
affected by various microorganisms. Most common
biodegradation does fungi. due to high tolerance against
moisture, pH and temperature fluctuations. Therefore, all
over the world people face unwanted problems of issues
made because of fungi [17] [18] [19] [20].

Biodegradation or microbial material degradation is
of a great importance in human life and the natural life
cycle. If one of the aspects is the creation of easily
recyclable materials, then the development of enduring
anti-microbial/resistant materials also has a big
importance. Fungi are one of the biggest groups of
organisms involved in biodegradation [17]. Although for
thousands of years fungi have produced mycotoxins. their
impact on the human health and their economic potentials
have only been pertinent in last few decades [20]. Indeed.
microscopic fungi are the most common microorganisms
found in dwellings. This is again due to fungi high
tolerance to relative humidity, fluctuations of
temperature. availability of nutrients and other aspects.
Furthermore, the mold fungi are particularly resistant to
low pH and relatively humidity values, which greatly
complicates the fight against them. Fungi-produced
enzymes are capable of destroying organic substances.
thus causing damage to both functional and wvisual
attractiveness of the property [19] [20]. Approximately
from 15% to 40% of population in Northern Europe and
the America is exposed to a variety of indoor fungal
developments, which lowers the quality of life in those
dwellings. Since an average European spends 1.6 hours
in fresh air per day, the living space airr quality 1s
extremely important. Fungi development primarily takes
place in uninhabited buildings and buildings with high
humidity. It 15 estimated that only in the UK more than
400 million pounds are spent every year to prevent fungi
caused damage in buildings [21] [24].

Humidity is one of the most important fungal
development contributing factors. Any water vapour in
domestic activities. such as cooking and taking a shower.
rises level of relafive humidity in the room. which can
lead to the accumulation of condensate on different
surfaces. Not only furniture is at risk but also windows
and outer walls of buildings. About 80% of evidence on
development of fungi are found in timber. paper and
plaster materials [21].

In this study composite materials were coated with
ALINA organoclay additive developed at LLC ALINA
This product group is a new type of additives for building
finishing materials preventing the negative impact of
biodegradation. thus prolonging durability of materials
and eliminating usage of biocides for material protection.
Such additives are very important for highly organic
based materials as sapropel-hemp. sapropel-wood fibre,
wood dust composites. Clay is one of the most common
sedimentary rocks in Latvia as well as worldwide. The
use of clay application is very wide, it is used in
construction, cosmetics and other production sectors, but
only a few clay types have natural anti-microbial activity
[24]. Therefore, research involving new organoclay
additives is important because it would not only enhance
the application of clay in the areas, where it is already
used, but would help to discover new aspects of its use.

1286

Cladosporiumherbarum and Alternaria alternata are
saprophytic fungi. These species are very common and
often contaminate air. In natural conditions. they are
found in many substrates — in composites, plant debris.
soil, in wooden materials and they are also plant
pathogens. In indoor conditions they develop on
foodstuffs, textiles, walls and elsewhere [25] [26].

Fungi from both Cladosporium and Alternaria
genera are allergic agents. Since they are able to grow on
the walls, their elimination is important not only from a
medical point of view, but also from the point of view of
preservation of cultural heritage. The major fungal
growth is observed in buildings with high relative
humidity.

The aim of this study was to explore options for
composite material production using sapropel and lime as
binders and hemp. wood fiber, wood sanding dust as
fillers, and to determine the optimal properties, as well as
to characterize properties of the obtained composite
material.

2 MATERIALS AND METHODS

The following designation for materials and some
methods. such as ageing in climate chamber and
evaluation of infensity of growth were used in this

research (Table 1).

Table I:Designation of used materials and methods

Sapropel S
Sapropel-lime-hemp composite SLHC
Lime-hemp composite LHC
Magnesium-hemp composite MHC
Sapropel-wood fibre SWF
Sapropel-wood dust SWD
Ageing in climate chamber CH
ALINA organoclay additive coating [AO
Magnesium oxychloride coating MH
Lime binder coating LH
Alternaria alternata |A
Cladosporiumherbarum C
Contrel sample K
Evaluation/Intensity of growth E

2.1 Filler

Hemp shives ("Bialobrezeskie") were taken from
"Zalers" Ltd. Hemp shive mixture includes 1.7% fibre
and 2.2% dust by weight, the rest is shives with different
sizes — 3.7% are in length 10-20 mm. 92.0% — 0.63-
10 mm, 0.5% are longer than 20 mm. Their bulk density
is 10836 kg/m’, moisture content 11.75% and thermal
conductivity is 0.058 W/m*K.

Also birch wood sanding dust (wood dust) and fiber
(wood fibers) were selected as fillers for production of
composite materials. Birch wood sanding dust and fibre
are industrial by-products from JSC “Latvijasfinieris™ — a
plywood manufacturing company. Birch wood fibre is up
to 15 mm long with the diameter up to 0.1 mm.

2.2 Binder

One of the binders used in this research is magnesium
oxychlonde cement (MOC) which requires highly
reactive magnesium oxide. The caustic magnesium oxide.
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supplied by the Austrian company RHI AG Lid, CCM
REMH-F, was with MgQ content at least 73% and low
calcination  temperature  (750-800°C). Magnesium
chloride for MOC wused is magnesium chloride
hexahydrate that is produced in Germany. The used
hydraulic lime (HL) is formulated hydraulic lime FHLS5.
In this research. organic rich freshwater sediments
(frther — sapropel) were used. Sapropel sediments were
sampled from lake located in Jekabpils District, Latgale
Region (Latvia).

2.3 Sapropel properties

Loss on ignition (LOI) method [27] was applied in
order to estimate moisture content, content of carbonate
matter, organic matter, mineral matter and ash content in
sapropel. Firstly. the moisture content in sediments was
determined after drying at 105°C for 12 h. Secondly. the
content of organic matter, ash and carbonates
wasanalyzed by ashing samples sequentially at 550°C for
4 h and at 900°C for 2 h [28] [27].

The ¢ ition of biological (sapropel}
was determined with a light microscope, counting and
expressing as a percentage of organic marter content by
groups in all identified groups of organic residues.
Sapropel type, class, grade and application possibilities
were identified using sapropel type classification [29].
Detection of pH and electric conductivity (EC) for
sapropel was done with potentiometric analysis methods.
Measurements were done for 100 mL supernatants made
of 5g air-dried sample with HANNA pH 213 pH-meter
[30] and HANNA HI 9932 conductivity meter [31]. Bulk
density for non-homogenised (Non-H) and homogenised
(H) sapropel were calculated and expressed as sample
mass in grams divided with sample volume in cubic
centimetres [32].

2.4 Sample preparation, nuxtures and curing

The mixing of the samples was done manually.
Mixtures of the samples are listed in Table 2. Mixmures of
the LHC, SLHC and MHC have two different target
densities - 300 and 500 kg/m’ in order to test variation of
properties at different densities.

To mix the LHC (1.2) samples and SLHC (1.2)
samples, at first shives were mixed with lime and then
water (for LHC) or sapropel (for SLHC) were added. The
shives:water or sapropel ratio is 1:2.5 (samples 1) and
1:5 (samples 2). Added water or sapropel:lime ratio in
composite materials was 1:1.

The SWD and SWF were made by mixing sapropel-
filler mass. It was done manually until homogeneous
mixture has been obtained at the stage where filler was
fully covered with binder. Sapropel was mechanically
treated by mixing together with electrical hand mixer
until homogeneous material has been formed. Organoclay
additive ALINA was added to the mass and treated by
mixing until smooth mass has been formed. Metal mold
(dimension of 30%30cm) with adjustable height was used
for composite material curing. The mixture of raw
materials was put in mold. Sapropel-filler samples were
cured at the temperature of 80°C for 72 hours

For the MHC samples. at first shives were premixed
with water. for hemp shives not to deprive MOC binder
of the water because of ifs high hygroscopic nature. The
shives: water ratio was 1:1.25. MgO was added in dry
form. mixed with wet shives. afterwards MgCl, brine was
added and blended together. MgO:MgCl, ratio was
1:0.67.
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After muxing the samples were laid in molds hand
compressing every % of the height Samples were
demolded after 2 days and afterwards were cured for 28
days in laboratory conditions (40+10 %RH and 20+2°C)
until testing.

Table IT:Mixtures of the samples

g Water Vg Cli Water
Type iFillert for {8 {HL; MgQibrine; for
ipe filler 1:1 ibinder
stHC ™| 1 | - jasiesi -0 - -
SIVE
SLHC(2 31’13 1d - dsisi -0 -0 -
LHE B g § - jasiasi oo 0 - -
shive:
15:0ve) kvonsd IR TN RS 1 S N (R
MHCDIPE®P| 5 j125] -1 -Tooiosl -
shive:
MHC(2) ;‘:mf 1 hiasho ol o Tyssl o
SWF wood 1 - 61 - B B -
fiber
SWD wood 1 - 61 - R R _
dust

2.4.1 Sample preparation for biodegradation tests

Organoclay additive LLC ALINA was added to
materials in 4% concentration of dry mass (wood fibre or
dust in SWD/SWF). In addition, organoclay additive was
added to materials in 4% concentration of added lime or
MOC in case of SLHC, LHC, MHC composite materials
as a coating. Among the material samples, there were
three that were coated with ALINA, three that were
coated with lime and three without any coating.

2.5 Compressive strength and thermal conductivity

As the samples confain filler that has high elasticity
and relatively low binder amount, the maximum
compressive strength cannot be measured at rupfure.
Instead. a compressive strength at 10% deformation is
measured. according to EN 8§26 guidelines, similar as for
thermal insulation matenials. The tests were performed on
Zwick Z100 universal testing machine applying the force
at a 10 mm/min speed.

Thermal conductivity of the samples was tested on
Laser Comp FOX600 heat flow meter in accordance to
the EN 12667 guidelines. Temperatures of the plates
were sef at 0°C at the upper and 20°C at the lower plate_

2.6 Climate chamber

Ageing in climate chamber was done by exposing the
samples to 30 freeze-thaw cycles. with temperature
amplitude of -20°C (3 hours) to +20°C (1 hour), which
corresponds to EN 12390-9.

Chmate chamber ageing fest comprised of thirty
cycles in of two weeks. After the test samples were
inspected visually and no cracked or crumbled material
was detected. In total 197 material samples were tested.
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2.7 Artificial inoculation with fungi'biodegradation
resistance test

Companison of mucrobiological resistance of
sapropel-based composite materials. LHC and MHC was
carried out. Artificial infection with fungi Adlternaria
alternata MSCL 280 and Cladosporiumherbarum MSCL
258 was vsed in biodegradation resistance tests before
and after experimental accelerated ageing of materials in
climate camera. Fungi were grown in Petri dishes with
Malt extract agar for 7 days at room temperature and
afterwards fungal spores and mycelial fragments were
scraped off the agar surface and vortexed to make a
suspension with optical density ODsys 0.16. Triplicate
samples of each building material were inoculated with
fungal suspension. Each sample was watered (inoculated)
with 3-5 ml of the suspension.

Inoculated samples were kept under the same
conditions (20=2°C) and watered with sterile distilled
water every second or third day to keep moist. Fungal
growth on the materials was examined visually every 3-4
days. When the growth was observed the fungi were
identified microscopically at least to the generic level
Intensity of fungal growth was assessed according to the
scale:

0 - No growth can be seen under the microscope.

1 - Visible growth up to 50% coverage.

3 - Visible growth, 50-80% coverage,

4 - Visible growth, practically the entire sample surface
area (80%) covered. the surface of the sample can be seen
only in few parts,

5 - Whole surface of the sample (100%) covered.

Table III: Evaluation of fungi growth on materials
(average values)

12
23
34
4.5

For measurements of evaluation of fungi growth on
materials was used Image]2 data processing software
(INIH Image, USA).

In addition, pH measurements for
materials were made after biodegradation test.

composite

3 RESULTS AND DISCUSSION

3.1 Sapropel binder properties

In this research sapropel was used as a binder.
Sapropel sediments were sampled from lake Pikstere,
located in Jekabpils District, Latgale Region. Latvia.
Sapropel samples differ from each other in terms of
organic matter. moisture and carbonate as well as ash
content. Properties of natural binder (sapropel) samples:
Lake - Piksteres, sapropel type - green algae, Moisture -
06.45%. organic matter content in dry matter - 82.67%.
ash content of dry matter - 17.33%, pH (water extract) -
6.89, electric conductivity - 124.75 mS/cm®, Non-H
density - 1.028 g/m’, H density-1.060 gim’. Colour —
greenish brown.
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3.2 Mechanical and thermal conductivity properties of
composite materials

Mechanical and thermal conductivity properties are
summarized in Table 4. two different densities were
achieved for hemp filled samples: 300 and 500 kg/m3 +/-
10%. SWF achieved density of 319 kg/m3, SWD - 470
kz/m3. Compressive strength is similar to all hemp-based
materials 0.25-0.20 for 300 kg/m® and 0.77 to 1.12 for
500 kg/m® samples, force deformation curve is also
similar - almost linear for low density samples. and
steeper with more pronounced binder collapse point for
high density samples, as sample properties are more
similar to those of a filler at 300 kg/m®, and start to
function like a binder at 500 kg/m’.

It can be seen that compressive strength is slightly
influenced by sapropel addition, lowernng resulting
compressive strength. It can be explained with the fact
that compressive strength of pure sapropel binder is
lower than that of lime-based binder. Also, the
magnesivm-based binder shows slightly higher results
than lime-based binders, due to its compatibility with
organic fillers [16]. Wood-based samples have relatively
lower compressive strength (0.19 and 0.67 MPa). but as
filler and binder are different from previous mixfures, 1t
cannot be directly compared. From application point of
view 0.2 MPa is the lower boundary of compressive
strength that composite material should have, when used
as in-fill between formwork [33] in self-bearing wall
together with structural timber frame.

Results from thermal conductivity tests show that
density has lower correlation with thermal conductivity
than compressive strength, as MHC 2 has the lowest
density of 500 kg/m® samples — 504 kg/m®, but has the
highest thermal conductivity. Preliminary results for
hemp concrete show that conductivity increases together
with compressive strength as inner structure of composite
has more connected binder structures. thus providing
higher compressive strength and higher thermal
conductivity.

In general, the test results showed that it is possible to
substitute a half of lime binder with sapropel without
compromising the strength of biocomposite. Also, MHC
binder showed promising results in strength, although
somewhat higher thermal conductivity. Wood-based
composites had slightly lower compressive strength. but
also had lower thermal conductivity due to filler used and
low thermal conductivity of sapropel binder.

The achieved results are in line with similar LHC [6]
and sapropel-hemp materials [34] [5] and all tested
materials are useable as thermal insulation composites,
thus all will be tested for biodegradation.

Table IV:Mechanical resistance, thermal conductivity
and density of the studied materials

i I ..-. 3 Ih l._‘._ "

Type  poned™ strength, ductiviey,
~ N/mm-" Wm*K

SLHC(1) 3016 0.25 -
SLHC(2) 5371 0.77 0.089
LHC(1) 208.7 0.29 -
LHC(2) 530.6 0.90 0.009
MHC(1) 302.3 025 0.076
MHC(2) 5044 1.12 0.111
SWF 319.0 0.19 0.060
SWD 470.0 0.67 0.061
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3.3 Biodegradation resistance against Adirermaria
alternata and Cladosporiumherbarum

LLC ALINA product "ALINA LIFE ™" was
used as additive fo control the degradation of composite
materials. Biodegradation of composite materials was
evaluated. This product group is a new type of additive
for building surfacing materials and colors, it reduces the
negative impact of environmental exposure. thus
prolonging the longevity and reducing the use of biocides
to protect the materials.

Research results showed that the most common fungi
found in composite materials is Sordaria. Alternaria and
Fusarium genus fungi. In some cases. there was also
Penicillium, Acremonium, Paecilomyces. ITrichoderma,
and Stachybotrys, Mucor spp.. that indicates that the
substrates contain sufficient moisture and nutrients for
the fungal development.

The study proved that increased intensity of fungi
growth occurs in materials that are made of wood dust
and wood fibre and sapropel as binder. It should be
mentioned that the fungi species that grow on the
material depend on the type of material, filler and binder.

1T

5-A0 5-CH 5-A0-CH

MW
B0%
T0%

50%
40%
30%
20%:
10%

Growth of fungi (average values 0-100%)

o — :
s
Intensity of Cladosporium herbarus growth
HswD HsWF

i

Figure 1: Biodegr /intensity of Cladosp
herbarum growth: Sapropel binder materials

fum-

In evaluation process of SWD and SWF materials
results indicated a tendency of organoclay improvement
for antifungal activity to the composite materials. After
intensity of fungal growth was assessed visually it was
seen that the structure is not degraded comparing to
materials without additive. As well climate chamber
made changes to composite materials. Consequently, 1t
can be seen that SWF-AO is 6% comparing to SWF-AO-
CH, which is 30% of Cladosporiumherbarum growth
intensity (Figure 1).

Fungi Cladosporiumherbarum and  Alternaria
alternata are common allergy triggers, the spores are
present in the outdoor as well as in indoor air [39]
Alternaria alternatais a worldwide saprotroph fungus
that is able to grow on a variety of plants and other
substrates. The fungus is able to adapt to different
growing conditions, but mainly can be found in soil and
compost material as well as a plant pathogen [26]
Cladosporiumherbarum also 15 naturally occurnng 1n soil
and compost material, this fungus has also been found in
the air, food, textile and many other substrates.
Appropriate conditions affect its ability to evolve to other
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fungi and healthy plant leaves [25]. Microscopic fungi
genera, such as Alfermaria, Epicoccum, Fusarium.
Phomopsis.  Cylindrosporium. Phyllosticta  and
Cladosporiumcan often be seen on the wood and on
plants [35]. Both Cladosporiumand Altermaria spp. are
often found in high concentrations on building facades in
temperate climate zone as well, because they are resistant
to natural solar radiation. The pigments of these fungi
darken the surfaces. As the materials studied in this
research have natural origin and they contain wood and
fiber filler. it is necessary to ensure appropriate treatment
to ensure their antimicrobial protection.

Fungi development was practically not observed on
hemp-lime and hemp materials - magnesium chloride
binder. as well as hemp-lime sapropel-adhesive materials
(Table 5). This is explained by cannabis antimicrobial
effects [36]. as well as lime naturally high 9-12 pH,
which negatively affects the development of the fungi.

Table V: Biodegradation/intensity of Cladosporium-
herbarum(C); Alternaria alternata(A) growth. Control
sample (K) growth of other fungi: MHC. LHC, SLHC
materials. Colour legend as in Table ITI

1 MHC E7ET
2  MHCMH 111

3 MHC-AO 1 17 1

4 SLHC 13 1 1

5  SLHC-LH Bl

6 SLHC-AO 1 13 1

7 LHC 111

§ LHCIH 111

9 LHC-AO 13 1 1

10 MHC-CH 15
Il MHCCHMH 15 1 1

I2 MHCCH-AO0 1 1 1

13 SLHCCH 111

14 SLHCCHIH 1 1 1

15 SLHCcH-A0 BT 1

16 LHCCH 11

17 LHC-CH-LH 15 -1-
1§ LHCCHAO 1 1 1

Fungi can colonize nearly all natural and synthetic
materials, especially if they are hygroscopic or wet.
Inorganic mafenials are often colonized because they
adsorb dust and serve as a good substrate for fungi. such
as Aspergillus  fumigatus and Aspergillus
versicolor Cladosporium and Penicillium (Peniciilium
brevicompactum and Penicillium expansum) are listed as
one of the most commeon species. It must be emphasized
that it is the dried wood surface that has absorbed
moisture and consequently has increased susceptibility to
fungi. It also proved in this research, because materials
made of wood dust and fiber and sapropel as binder in
evaluation of intensity of growth (Table 6) got 3.3 — 5
which indicates visible growth more than 50% coverage
to 100% (covering the whole surface of the sample).
These materials have neutral 6-7 pH or slightly acidic pH
5t
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Table VI: Biodegradation/intensity of Cladosporium-
herbarum; Alternaria alternatagrowth. Control sample
growth of other fungi: Sapropel binder materials. Colour
legend as in Table III

SWF-CH-AO

The results show that the composite filler particle
type. composition as well as surface area have an effect
on the infensity of growth of fungi. The fungi (moulds)
used in the experiment are present in the cellulose-rich
plant debris [22] [23]. Moulds are the first indicator that
the building and construction materials have begun to
deteriorate and lose their good qualities. The next
organisms that begin to degrade the material after
moulds, are bacteria and white and/or brown rot fungi. It
should be noted that the development of the fungi on
materials requires less moisture than bacteria [37]. The
literature describes that materials can be protected from
fungal and bacterial degradation using boric acid and
other antifungal and antibacterial agents. which are
widely used in medicine and the wood industry material
storage [38].

Internal wall coverings used in buildings, such as the
folding of gypsum board, as it is hygroscopic, are very
conducive to the growth of Stachybotryschartarum. Paper
and glue used for indoor surfaces stimulate the growth of
other indoor fungi species. Polyurethane., used in
insulation materials. is not resistant to the growth of
Paecilomycesvariotii, Irichoderma harzianum and
Penicillium species. Aspergillus and Penicillium grows
on carelessly painted surfaces. but _dureobasidium
pullulans is found in poor-quality colors. Alternaria,
Cladosporium and Aspergillus can be found on acrylic
painted surface (Haong et al., 2009).

4 CONCLUSIONS

One of the most important properties of these
materials is their ability to sequester CO; as both the
binder and filler are bio-based.

In the cument study, mechanical and thermal
properties of these materials were evaluated and
compared to similar materials with bio-based fillers but
mineral binders LHC and MHC. Mechanical and thermal
properties of sapropel-based composites were similar to
those of LHC and MHC. suggesting that sapropel
composites could have similar use in construction
industry as self-bearing wall thermal insulation material
that works together with structural timber frame.

As sapropel-based materials are with high organic
content, they are vulnerable to biodegradation.
Consequently, in the current study their resistance was
enhanced with organoclay additives and tested against
various fungi on both fresh and aged materials.
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Abstract

Recently, a renewed interest in non-harmful, environmentally friendly adhesives has ensued among the mdustry
professionals, both environmental and healthcare scientists. In this study, organic rich lake sediments (sapropel) from
two lakes located in Latgale Region of Latvia were used as a glue to investigate the potential use of such adhesive for
manufacture of composite materials from wood. Sapropel is a valuable resource with multiple areas of application,
¢.g., agriculture, balneology. Available amount of sapropel in Latvia is estimated at up to 2 billion m®. Prior the tests,
characterization of sapropel samples was done. Properties of the obtained composite material samples from wood
and sapropel, as well as the mechanical properties were investigated. Tests involved the assessment of static bending
strength and shear strength tests, durability according to their operating performance (DD -D,), as well as dried natural
peat tensile strength perpendicular to the grain direction were determined and compared to the literature data; and
the opportunities to use new composite materials in accordance with to the standards were discussed. The results of
the study revealed an nsight into possibilities to develop products of higher added value from sapropel as adhesive
in combination with various resources. Results indicated that the samples made from Lake Pilvelis sapropel gain to
better results of bending strength determination (parallel bending - 88.7 MPa). The aim of this study was to explore
options to produce veneer using two kinds of sapropel as a glue and to determine the optimal properties according to

the standards, as well as to characterize properties of the obtained composite material.
Key words: natural adhesive, sapropel, static bending strength, tensile strength, wood composite materials.

Introduction

Over the past century, there has been a dramatic
increase in the growth of the material consumption;
thus, the necessity for a wider use of local resources
and available natural materials is among the priorities
worldwide. Development of natural adhesives is a
highly innovative research area, as the product range
and the expansion of global consumption will also
increase the adhesive consumption. The global market
of adhesives was estimated to be 8 977 m® in 2013,
and it is expected to reach 12 392 m’ by 2020, growing
at a CARG of 4.7% from 2014 to 2020 (Kattakota,
2015). At the world level, sectors of civil engineering
and building construction consume 60% of raw
materials extracted from the lithosphere; thereby, the
construction sector is one of the largest consumption
sectors of adhesives in the world. Due to the rising
environmental and economic concerns, there is an
acute need for natural glues made from materials
of animal and plant origin containing, for example,
proteins or starch as a binding agent (Bribian, Capilla,
& Usén, 2011; Stefano et al., 2009).

Most of the adhesives currently used contain
toxic substances, pollute the environment and
induce serious human and animal health risks. Major
groups of glue arc produced on a formaldechyde and
vinyl basis, covering 92% of the overall adhesive
consumption. Furthermore, formaldehyde adhesives
are made from non-renewable resources. Accordingly,
the wood composite industry currently has one of the
challenges to look for possibilities of environmentally
friendly adhesives derived from renewable resources
(Yuan & Kaichang, 2006).

Sapropel is a partially renewable geological
resource (Seglin$ & Brangulis, 2002); it is a fine-
grained organic-rich sediment or sedimentary rock
and refers to inland waters of lacustrine environment
(Emeis, 2009). Sapropel is a valuable resource of
natural origin. It is estimated that available reserves
of sapropel in Latvia amount to 700 — 800 million m?,
and 1.5 billion m*underlic the peat layer, but in total
2 billion m’ are deposed (Seglins & Brangulis, 2002).
Sapropel can be used in different economic ficlds
such as agriculture, veterinary medicine, livestock
farming, construction, medicine, balneology, and
cosmetic applications. It is assessed that sapropel has
adhesive properties with high ability to bind as well
as a plasticity and shape holding ability (Obuka et
al., 2015). Therefore, it can be used as a binder for
manufacturing of environmentally friendly materials.
In this research, water repellence and adhesive
propertics arc underlined as significant characteristics
of sapropel (Brakss e/ al., 1960; Gruzans, 1960; Illtus,
2005). The aim of this study was to explore options to
produce veneer using two kinds of sapropel as a glue
and to determine the optimal properties according to
the standards, as well as to characterize properties of
the obtained composite material.

Materials and Methods
Descriptionof sapropel samples

Organic rich [reshwater sediments (sapropel)
were extracted from the lakes and used as an adhesive
material. Sapropel sediments were sampled [rom
two lakes in Latvia — Lake Veveru and Lake Pilvelis,
located in Rezekne District, Latgale Region.
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Figure 1. Vencer — sapropel static bending strength test.

Raw material of composites

Birch wood veneer with a thickness of 1.5 mm and
moisture content of 6% was used for the preparation of
plywood. Samples for determination of tensile shear
strength: beech wood planks with a thickness of 5 mm
and moisture content of 6% and with density 700 —
750 kg m* were used for the preparation of composite
material samples for the tests. Peat samples: dried
natural peat was used for tests with the moisture
content of 16.4% and with density 90 — 250 kg m’.

Loss on ignition

Loss on ignition (LOI) method was applicd in order
to estimate the content of carbonate matter, moisture
content and the organic matter of sediments. Moisture
content of sapropel was determined after drying at
105 = 1 °C, following organic matter estimation at
550 °C for 4 h. The content of mineral substances
was determined after heating at 900 °C for 2 h (Heiri,
Lotter, & Lemcke, 2001). The content of dry matter
was estimated after drying at 105 + 1 °C according to
standard EN 827.

Sample preparation and testing

Static bending strength (parallel and perpendicular
to the grain direction), shear strength test according
EN 314-1 (requirements) and EN 314-2 standards
were tested (Figure 1). The sapropel samples were
mixed completely just before the preparation of
three-layer plywood of dimensions 4x250%x250 mm.
Glue spreading level for Lake Veveru sapropel was
276 — 290 g m* and 264 — 288 g m* for Lake Pilvelis
sapropel. The plywood was pressed under the pressure
of 2.0 MPa for 24 hours, at 100 °C for first 16 hours.
The samples were stored for one day at temperature 20
+ 3 °C with 65 £ 5% relative humidity until reaching
equilibrium moisture content. Subsequently, the
plywood panel was cut into shear specimens with the
dimension of 4x50x150 mm to determine its bending
strength and 4x25x200 mm to define shear strength.

Adhesive strength of sapropel durability according
to their operating performance conformity to EN 205
standard was measured. The sapropel samples were
mixed completely just before the preparation of beech
blanks fabrication of dimensions 10x75x600 mm.

Glue spreading for Lake Veveru sapropel and Lake
Pilvelis sapropel was 290 — 310 g m’. In addition to
understanding the sapropel properties used as a glue,
comparing to glue that already exists in market, the
samples made with PVA - Polyvinyl acetate glue were
used. The planks were pressed at 100 °C under the
pressure of 1.0 MPa for 24 hours. The samples were
stored for one day at 20 + 3 °C with 65 + 5% relative
humidity until reaching cquilibrium moisture content.
Subsequently, the plywood panel was cut into shear
specimens with the dimension of 10x20x150 mm to
determine the tension shear strength.

Dried natural peat and sapropel as a glue were
tested for tensile strength perpendicular to the grain
direction according to standard EN 319. The sapropel
samples were mixed completely just before the
preparation of the samples of dimensions 32x50x50
mm. Glue spreading level was 1600 g m? for Lake
Veveru and Lake Pilvelis sapropel. The driedpeat-
sapropel samples were pressed under the pressure of
0.1 MPa for 48 hours. The samples were stored for one
day at 20 £ 3 °C with 65 + 5% relative humidity until
reaching equilibrium moisture content. The material
samples made from dried natural peat and sapropel
were tested for tensile strength perpendicular to the
grain dircction.

After cooling specimens at ambient conditions,
the test specimens were measured for the previously
mentioned methods using Zwick Z100 universal
testing machine. The data in this research were
processed by routine statistical analysis and displayed
by the standard deviation.

Results and Discussion

Within the study, an adhesive for veneer was made
using two kinds of sapropel derived [rom Lake Pilvelis
(cyanobacteria sapropel) and Lake Veveru (green
algac sapropel). The following characteristics of the
sapropel samples were determined: solid content,
moisture, density, and dry ash content (Heiri e al.,
2001). Sapropel samples differ from one another in
terms of moisture (%), organic matter content (%),
amount of carbonates (%) and solid content (%). For
example, the Lake Pilvelis sapropel sample contains
1.26% carbonates, its moisture is 85.97%, and the
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Figure 2. Durability test according to adhesive operating performance.

colour is dark greenish brown with homogeneous and
jelly-like structure, with density 1.10 g cm® and solid
content 30.1%. The moisture level of Lake Veveru
sapropel sample is higher — 97.66%; it has lower
density — 1.08 g cm® and the organic matter content
reaches 86.25%, but solid content is 27.1%.

Adhesive strength of sapropel was tested by gluing
veneer, plywood and natural dried peat. Several tests
were performed: static bending strength (parallel
and perpendicular to the grain direction) and shear
strength testing, durability according to their operating
performance dried natural peat (sapropel as a glue)
tensile strength perpendicular to the grain direction.
The total number of tested samples is 110.

Shear strength properties of wood composites
bonded with Lake Pilvelis and Lake Veveru sapropel,
as well as PVA (Polyvinyl acetate) glue was compared
according to standard EN 205 (Figure 2).

As anticipated, the PVA bonded wood composites
yielded the highest strength comparing to Lake Veveru
and Lake Pilvelis sapropel samples. Comparing both
sapropel samples, Lake Pilvelis sapropel showed a
bit higher bonding strength by 28%. Compared to
PVA, the dry strength of Lake Pilvelis sapropel used
as an adhesive was about 4 times lower, respectively,
while PVA-beech plywood sample achieved 15.11
N-mm?, but Pilvelis beech test result was only 3.67
N-mm=. In literature it is possible to find information
about similar tests donc with recovered sludge
protein used as an adhesive (Pervaiz & Sain, 2011). If
comparing in the article stated results with results of
sapropel used as an adhesive in the current study, it is
possible to say that shear strength propertics are quite
similar. Shear strength for recovered sludge protein
used as an adhesive was about 2 N-mm™ (Pervaiz &
Sain, 2011).
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Figure 3. Plywood bonding quality using sapropel as a glue.
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Bonding quality was determined according to the
requirements of standard EN 314-1, the only exception
was that samples were not treated in water. Two types
of sapropel were tested (Figure 3).

Bonding quality test results using Lake Veveru
sapropel showed shear strength Fmax 0.98 + 0.42
N-mm?, while using Lake Veveru sapropel Fmax
1.30 £ 0.45 N'-mm?. Results of samples made with
Lake Pilvelis sapropel showed higher results by 33%.
According to the requirements of standard EN 314-
2 for plywood bonding, the quality of composite
material must be at least I N-mm?, otherwise wood
particles left on tested bond arca have to be taken in
consideration. All tested samples had 0% of wood
particles. It was possible to state, that the sapropel
as a glue was not penetrating into wood. Since the
requirements of standard EN 314-1 were applied
only for sample formation, it was not possible to find
any comparison of other similar composite materials
described in literature.

Values of clasticity modulus were estimated for
specimens with plywood orientation parallel (Figure 4)
and crosswise (Figure 5) to the specimen longitudinal
direction. Modulus of elasticity and bending strength
was done according to the requirements of standard
EN 310.

Bending strength for Lake Veveru sapropel
samples orientated parallel to the specimen
longitudinal direction was 26.08 £ 5.50 N-mm?,
modulus of clasticity 1419.80 + 387.74 N-mm?.
Bending strength for Lake Pilvelis sapropel samples
orientated parallel to the specimen longitudinal
direction was 20.47 + 3.36 N-mm? modulus of
clasticity 1043.80 + 187.70 N-mm?. Samples using
Lake Veveru sapropel as an adhesive showed by 27%
higher bending strength and by 36% higher modulus
of elasticity.

Bending strength for Lake Veveru sapropel samples
orientated crosswise to the specimen longitudinal
direction was 88.55 + 19.68 N-mm? modulus of
elasticity 16424.10 + 255830 N-mm? Bending
strength for Lake Pilvelis sapropel samples oriented
crosswise to the specimen longitudinal direction was
86.44 +11.79 N -mm, modulus ol elasticity 1043.80 +
187.70 N-mm2. Samples using Lake Veveru sapropel
as an adhesive showed by 2% higher bending strength
and by 15% higher modulus of elasticity.

The results obtained from the bending strength
parallel and crosswise to the grain direction of
plywood composites revealed that the composites
where Lake Veveru sapropel was used as an adhesive
had better results among the analysed sapropel
samples. According to the standard EN 636, it is
possible to determine bending strength and bending
modulus classes for plywood. Referencing to the
standard EN 636, samples with Lake Veveru and Lake
Pilvelis sapropel used as an adhesive corresponded to
the class F10/40 E5/120.

In addition, tests according to the standard EN
319 were performed to detect dried natural peat and
sapropel as a glue for tensile strength perpendicular
to the grain direction. The results obtained were as
follows: 0.077 MPa for Lake Pilvelis sapropel used
as an adhesive, but for Lake Veveru sapropel used as
an adhesive - 0.067 MPa. This test of dried natural
peat and sapropel used as a glue for tensile strength
test showed that the material strength (dried natural
peat) is relatively lower; thus, the test results do not
reveal the real properties of sapropel used as a glue.
It is important to mention that the adhesive seam
strength is higher than the material’s ability to hold
off the tensile test. High porosity is the reason of
low mechanical strength of the derived dried peat
composite material.

80
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As a further study arca, the modification in adhesion
strength of sapropel adhesives might incorporate bio-
chemical modifications, such as enzymatic treatments,
and the purification of crude proteins to the next level.
Various different crosslinkers (Lei et al., 2014), for
example, epoxy resin (EPR), melamine-formaldehyde
(MF) and their mixture EPR+MF, SPI (soy protein
based glue) were used and compared in other studies.
More promising possibility lies in mixing sapropel
with other high strength adhesives such as PF, which
can also improve water resistant characteristics of
these bio-based glues.

Several reports have shown that secondary sludge
(SS) from a kraft paper mill can be used as a source of
biomass o recover protein and investigate its potential
use as a wood adhesive. As mentioned in the literature
review, other results are comparable to this rescarch
(Pervaiz & Sain, 2011), and the results of our study
showed shear strengths of wood composites bonded
with different adhesives, in this case secondary sludge,
1.0 MPa, Therefore, recovered sludge protein (RSP)
adhesive showed two times better result than sapropel
as a glue in this research.

Conclusions

Returning to the question posed at the beginning
of this study, that it is a challenge to produce plywood
from organic rich lake sediment (sapropel) applied
as a glue, it is now possible to state that the first
test results reveal that there is an opportunity to use
sapropel as a potential adhesive, but there is a need
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Abstract. Recent development trends largely look for possibilities of a wider use of natural
materials and local resources. In this perspective, the use of organic rich lake sediment —
sapropel — as a binding material in line with other environmentally friendly filling materials
can be considered as a challenge. Sapropel itself is a valuable resource with multiple areas of
application, for example, medicine, veterinary, agriculture, livestock farming, balneology,
cosmetic applications, construction, and its application options have been widely studied in the
20th century in the Baltic countries, Ukraine and Russia. Birch wood fibre and sanding dust,
hemp shives, ‘Aerosil” are used as a filler and three types of sapropel are used as a binder in
making composites. After material preparation and curing, physical and mechanical properties
- density, thermal conductivity, compressive and flexural strength, were determined and
compared to the data in the literature, and the opportunities to use them in the ecological
construction were considered. The obtained results give insight into possibilities to use
sapropel as a raw material, which can be considered as prospective material for construction
materials and design products.

1. Introduction

Sapropel is a partially rencwable geological resource [1], it is a fine-grained organic-rich sediment or
sedimentary rock, it refers to lacustrine environment inland waters [2]. Organic rich lake sediment —
sapropel — is a valuable resource of natural origin. In Latvia, its estimated reserves amount to 700-800
million m’, 1.5 billion m’ underlie the peat layer, 2 billion m’ in total [1]. Sapropel, like, for example,
peat has extensive opportunities and can be used in many fields, which vary depending on the
composition of sapropel and its properties, and the availability of resources. Sapropel can be used in
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various economic fields such as agriculture, medicine, veterinary medicine, construction, livestock
farming, balneology, cosmetic applications. Sapropel has adhesive properties with high abilities to
glue as well as shape holding ability; it can be used as a binder for manufacturing of environmentally
friendly, natural nanostructured materials. Development of composites made from sapropel as a binder
and birch wood sanding dust and fibre, hemp shives as a filler contributes to the rational use of natural
resources, recultivation of the lakes and production of renewable energy, obtaining materials with the
possibilities to manufacture ecological construction products.

Sapropel is the bottom deposits of fresh water bodies containing organic matter up to more than
15% [3]. Sapropel is formed from residues of the plankton and benthos rests — phytoplankton and
zooplankton [4]. These elements multiply in large quantities, especially in standing or poorly through
running  shallow overgrown lakes [5].

One of the most important properties of moist sapropel is a colloidal suspended phase structure,
which determines the ability of sapropel organic colloidal particles to absorb large quantities of water,
so it has a high moisture capacity, which amounts to 70-97% [6] and low filtration rate [7]. Relative
humidity of sapropel is associated with organic matter and its value increases with the content of
organic matter [8].

In this research, significant characteristics of organic rich lake sediments are adhesive properties
and water repellence [9], [10], [11]. Adhesive capacity of sapropel is determined by the presence of
animal and vegetable residues. Green algae shells consist mostly of cellulose, which has weak
decomposing properties. Organic sapropel proportion of matter is formed by green algae and is rich
with cellulose but is poor in minerals, it consists of ash content, low humic substance level content,
formed mainly by peat meristem [12]. It should be noted that the adhesive propertics give higher
organic nitrogen amounts of sapropel, also including free amino acids [4].

Composition of sapropel can be affected by molecular structure of humic substances and their
quantity, respectively, if the content of humic substances increases then ramification of peripheral
parts of molecules also increases. This contributes to the emergence of strong links between the
molecules of the material at the time of creation. Molecules of humic substances remain flexible,
malleable composite material comprises particles capable of providing material durability and high
strength [4]. Therefore, it is rational to use sapropel with the above-mentioned properties as an
adhesive for various ecological construction materials — plaster/finishing materials and thermal
insulation materials, which could replace the traditionally used materials — stone wool and expanded
polystyrene. Adhesive properties of sapropel are important in the production of building materials, 1.
e., if cold techniques compaction and techniques with hot glue presses at elevated temperature and
pressure are applied [13].

The aim of this study is to explore different options to produce sapropel-wood fibre, sapropel-hemp
shives, and sapropel-wood sanding dust composites and to determine the optimal composition ratio of
certain raw material components and to characterize the resulting material properties.
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2. Materials and methods

2.1.  Sapropel sampling

In this research, organic rich freshwater sediments (further — sapropel) were used. Sapropel sediments
were sampled from three lakes in Latvia — Padelis, Pilcenes and Pilvelu, located in Rezekne District,
Latgale Region.

Table 1. Characteristics of the sapropel samples.

Lake Sample Nr. Moisture,% Organic matter,% Carbonates,%
Padelis Sample 1 85.97 15.27 35.57

Pilvelu Sample 2 94.99 84.51 1.26

Veveru Sample 3 97.66 86.25 1.18

Sapropel samples differ from one another in terms of moisture (%), organic matter (%) and carbonates
(%). Characteristics of the sapropel samples are shown in table 1. For example, Lake Padelis sapropel
sample contains 35.57% carbonates, moisture is 85.97%, but colour — pale gray-pink and its density is
1.24 g/enr’. Lake Pilvelis sapropel sample is dark greenish brown with homogencous and jelly-like
structure and density of 1.10 g/cm’. Lake Veveru sapropel sample moisture level is high — 97.66%, it
has low density — 1.08 g/cm’ and organic matter reaches 86.25%.

2.2. Loss on ignition

Loss on ignition (LOT) method was applied in order to estimate moisture content, content of carbonate
matter and organic matter of sediments [14]. Moisture content of sapropel was determined after drying
at 105°C, following organic matter estimation at 550°C for 4 h. The content of mineral substances was
determined after heating at 900°C for 2 h.

2.3. Fillers for composite materials

Birch wood sanding dust (also known as wood dust) and fibre (also known as wood fibers), and hemp
shives were selected as fillers for production of composite materials. Birch wood sanding dust and
fibre is industrial by-product from JSC “Latvijas finieris” — a plywood manufacturing company. Birch
wood fibre is up to 15 mm long and up to 0.1 mm thick in diameter. In addition, hemp shives
("Bialobrezeskie'") were taken from "Zalers" Ltd. Hemp shive slices were maximal 5.5 cm long and up
to 0.6 cm thick in diameter. In producing of composites, an additional thickening additive filler was
used — colloidal silica product "Aerosil". It is a filler that creates a smooth mixture, often in
combination with other fillers.

2.4. Sample preparation and curing

For the developed composite materials raw sapropel was used as a binder (adhesive). Mixing of
sapropel-filler mass was done manually until homogeneous and smooth mixture was reached at the
stage where filler was fully covered with sapropel. Sapropel was mechanically treated by mixing
together with electrical hand mixer until smooth and homogeneous material was formed. Metal mould
with dimension of 30x30 cm and with adjustable height was used for composite material production.
The mixture of raw materials was laid in by layers in mold for more dense composite material
structure, higher mechanical strength and for minimizing final product shrinkage. Sapropel-filler
samples were cured at the temperature of 80 — 105°C for 36 — 72 hours.
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2.5. Thermal conductivity test

Before the thermal conductivity test, the density of the samples was calculated by weighting the
samples and measuring the dimensions. Thermal conductivity was measured using LaserComp FOX
600 heat-flow measurer. Test settings were 0°C upper and 20°C lower plate. Automatic determination
of sample thickness was chosen for this study.

2.6. Compressive and flexural strength tests

For testing compressive and flexural strength, the samples were specially prepared (sawed in
necessary dimensions). The dimensions were 27-60%27-55%27-55 mm cubic forms for compressive
tests (parallel and crosswise to the tamping direction) and 27-60x27-55x120 mm pieces for flexural
strength tests. Mechanical tests were performed on ZWICK Z100 universal testing machine. For
compressive strength, a stress at 10% deformation was recorded, for compressive crosswise and
flexural strength — until failure. For sapropel-hemp shives, a layer of gypsum was spread over the
interfaces to ensure even pressure application.

3. Results and discussion

3.1. Thermal conductivity test results

Paying particular attention to shrinkage cracks, thermal propertics of the composite materials (wood
sanding dust and ‘Acrosil” with sample 2) were tested by heating the material in the oven. Shrinkage
cracks impacted the quality of material for further tests, but in this case gypsum was used to fill the
cracks and to do a thermal conductivity test. The measurement results also indicate a higher thermal
conductivity of the material, that is, 0.080 W/m*K. This valuc can be cxplained by the fact that all the
cracks were not sufficiently filled, gypsum also influenced the result, as thermal conductivity of
gypsum is around 0.18 W/m*K. Thermal conductivity test of sapropel — filler composite was carried
out by changing the types of sapropel and fillers. The results obtained are shown in table 2.

Table 2. Thermal conductivity of the studied materials.

Material: binder-filler Density, kg/m’ 1\;]/?3:121 condnctivity,
Sample 1 and sample 3 - hemp shives 191 0.063
Sample 1 and sample 2 - hemp shives 200 0.059
Sample 3 - wood fibre 153 0.055
Sample 3 - wood fibre 202 0.060
Sample 3 - wood sanding dust 214 0.061
Sample 3 — wood sanding dust - ‘Aerosil’ 376 0.080

According to the results obtained, the composite made from sapropel sample 3-wood fibre (density
153 kg/m’) has the best results of thermal conductivity. From visual aspect, it is a material different
from another sample 3 sapropel-wood fibre (figure 2) with density 202 kg/m’, because it has a denser
structure and it has comparatively better resistance with respect to deformation. Results indicate that
these composites have similar characteristics, thereby they have similar possibilities of use and
potential. Thermal conductivity of air-dried composites is relatively low because of the organic origin
of raw materials, detailed cellural mixed structure and homogeneous fibres with interconnected and
open pores.
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Figure 1. Sample 1 and sample 3 — Figure 2. Sample 3 — wood fibre.
hemp shives.

While sapropel-hemp shives composites (figure 1 and 4) are characterized by a heterogeneous
structure due to different size of particles, having cavities and uneven composition with weaker
inclusions, deforming more quickly. However, composite (density 376 kg/m*) made from wood
sanding dust and ‘Aerosil’” with sample 3 sapropel binder, and composite made from sample 3
sapropel and wood sanding dust (figure 3) with density 214 kg/m’, formed shrinkage cracks during
drying indicating the inferiority of the technology. Composite structure is made of densely grouped
wood sanding dust particles with a sapropel binder.

In the study of sapropel-sawdust and peat-sawdust composite materials [15], the results obtained in
thermal conductivity measurements were 0.067 W/m*K and 0.060 W/m*K. The study considered the
freezing cycles and moisture of the tested materials. It shows that sapropel-sawdust thermal
conductivity coefficient becomes lower after freezing cycles. If the composite material is resistant to
freezing cycles, this material is applicable for Latvian conditions [15]. When compared with the
results obtained, where composite’s humidity is from air - dry state and a moisture saturated material
(12%), thermal conductivity coefficient for sapropel-sawdust composite material is 0.050 — 0.060
W/m*K and for peat-sawdust composite material is 0.055 — 0.064 W/m*K, respectively, which is
very similar to the results of this research. In the study of sapropel-straw panels where composition is
similar to the composites created in this research and the samples from the study of sapropel and peat
sawdust composite material [15], the result obtained is 0.055 W/m*K and it is stressed that with
varying fillers and sapropel ratio, it is possible to produce a more effective thermal conductivity
material [16].

Figure 3. Sample 3 — wood sanding dust. Figure 4. Sample 1 and sample 2 — hemp
shives.
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In the study by Binici and colleagues on the insulation materials made from the sunflower stems,
textiles and agricultural by-products as a filler, epoxy resin was used as the binder for better fiber
strength and binding efficiency. An average thermal conductivity coefficient of 0.1642 W/m * K was
obtained. However, the thermal conductivity coefficient of the sample with less epoxy resin added and
made only from sunflower stems and sunflower stem fibers reached 0.0728 W/m*K [17]. In research
of bamboo fiber and polyester composite Mounika et al. conclude that thermal conductivity coefficient
decreases with the increase in the proportion of fiber. Thermal conductivity coefficient ranged from
0.185 to 0.196 W/m*K [18]. Literature on materials based on natural fibres from renewable raw
material resources (flax, hemp, wood, bamboo, sheep’s wool) shows that they possess very good
sound and thermal insulation properties. This is due to material’s low density and natural character of
input fibres (“airy”, lightweight material) [19], [20].

In the study about lime-hemp concrete, a variety of binders were compared, including metakaolin,
obtained by burning kaolin clay (40% by mass) at 800°C and dolomitic lime (60% by mass), produced
by “Saulkalne” Ltd. 8 different types of hemp shives were used as filler. The obtained results shows
lime-hemp concrete material has a density of 312-337 kg/m’, thermal conductivity of the material is
more diverse than its density — from 0.0718 to 0.0778 W/m*K [21].

In the research about the use of agricultural waste in sustainable construction materials, Madurwar
et al. compared the measurements of insulation materials of different origin. The results ranged from
0.046 to 0.056 W/m*K for rice husks to 0.118 to 0.240 W/m*K for oil palm leaves. The authors
concluded that there are significant similarities between the corn’s cob and the extruded polystyrene
(XPS) material in terms of microstructure and chemical composition. Materials made from rice husk
and coconut coir demonstrated the best results [22]. Previously discussed results of thermal
conductivity showed similar values comparing with the results obtained in the current study.

3.2. Mechanical resistance and stability test resulls

The results obtained from the compressive deformation test (figure 5) show that composites where
sample 3 sapropel was used as a binder with a filler of birchwood sanding dust and ‘Aerosil’ have the
best result among the analysed samples. Compressive deformation results vary from 0.724 MPa
sample 3 sapropel-wood sanding dust composite to 0.674 MPa for sample 3 sapropel-wood sanding
dust and ‘Aerosil’ as a filler, while compressive strength crosswise shows respectively 0.669 MPa and
0.760 MPa.

6
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Composites made from hemp shives and wood fibre as a filler in compressive deformation obtain
the rate of 0.221MPa for sample 3 sapropel-wood fibre and hemp shives materials 0.101 (Sample 1
and 3 — hemp shives) and 0.159 MPa (Sample 1 and sample 2 — hemp shives), while compressive
strength crosswise shows respectively 0.191 MPa, 0.066 MPa and 0.138 MPa. The aforementioned
materials have relatively lower rates due to lower intensity of filler and binder bonding. The mixing of
the binder with the filler is more complex, because for the binder it is more difficult to enter the filler
structure as its particles are larger. This was observed with wood fibre composite and sample 3 as a
binder. However, filler (birch wood sanding dust and ‘Aerosil’), which contains a mass of dust
particles, mixes with the binder evenly, entering filler’s structure. The structure of the material is
smoother and will increase the mechanical resistance of the composite. Compressive strength results
are influenced by the mode of sample preparation as they are sawn before, disrupting the structure of
the material. The use of various fillers and binders affects physical and mechanical properties of
composite materials, so changing the type of fillers and binders can induce change in physical and
mechanical properties.

Comparing to the compressive strength results, the flexural strength results (figure 6) show that the
material strength is relatively lower. It can be seen considering the results that the samples which have
been made from hemp shives show lower values, the reason could be granulometric composition, as
there are many large shives that create voids and uneven composition with weaker inclusions resulting
in faster deformation of the samples [21]. In the process of making wood fibre-sapropel composite,
the mixing of the binder with the filler is more complex, because for the binder it is more difficult to
enter the filler structure, forming tangles and air gaps. Therefore, there are voids which can reduce
mechanical strength of the obtained material.

Composites made from hemp shives and wood sanding dust as a filler in flexural deformation
strength obtain a value of 0.069 MPa for sample 3 sapropel — wood fibre and 0.164 MPa (sample 3
sapropel — wood sanding dust) and 0.203 MPa (sample 3 sapropel — wood sanding dust — ‘Aerosil’),
while compressive strength crosswise shows 0.066 MPa for sample 3 — wood fibre 0.182 MPa for
sample 3 sapropel — wood sanding dust — “Aerosil’, respectively. These results are relatively lower due
to the lower intensity of the filler and binder bonding. The mixing of the binder with the filler is more
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complex, because for the binder it is more difficult to enter the filler structure as its particles are larger,
longer (with each of different size). For all measurements, the values are higher using mix of sample 1
and sample 2 sapropel, as the reason could be higher sapropel adhesive capacity and lower amount of
moisture.

In the study of sapropel and peat sawdust composite material |15], similar composites were created
and results show that the type of filler and binder, as well as the preparation technology, change
composite compressive and flexural strength. Accordingly to the indicated results, average
compressive resistance is 0.03 MPa, but compressive resistance of peat-sawdust composite (activated
peat binder) is 0.3 MPa.

o Flexural strength parallel, Mpa Flexural strength crosswise, Mpa
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Figure 6. Flexural strengths parallel and crosswise of different composites.

Comparing the results of this work with the rescarch into sapropel-concrete, the results of the
current study show lower rates of wood fibre and hemp shives materials. During preparation 1 %
NaOH solution was added. The obtained results of the studies showed that compressive strength of
absolutely dry composite materials is 0.55 MPa, while that of air-dried — 0.56 MPa [11]. In the study
about lime-hemp concrete, a varicty of binders including metakaolin and dolomitic lime were
compared. The obtained results show that compressive strength of different lime-hemp concrete
materials ranges from 0.140 to 0.337 MPa, flexural strenght — from 0.021 to 0.059 MPa [21]. In the
study on the composite material, which was created from agricultural by-products, it was concluded
that the highest strength indicators were shown by durian peel and coconut-fiber composites, which
range from 2.9 to 36 MPa [22]. In turn, the results of the study on the composite of sunflower stems
and epoxy resin show compressive strength tests scores of 0.283 to 0.312 MPa. Flexural deformation
strength results are from 0.06 to 0.09 MPa. High porosity is the reason of low mechanical strenght of
the derived materials.

154



2nd International Conference on Innovative Materials, Structures and Technologies IOP Publishing
TOP Conf. Series: Materials Science and Engineering 96 (2015) 012026 doi:10.1088/1757-899X/96/1/012026

4. Conclusions

Using natural materials and local resources, such as sapropel, as well as industrial by-products such as
birch wood sanding dust and fibre, and hemp shives it is possible to develop environmentally friendly
composite materials for the construction industry, adjusting for the need for utilization. Granulometric
composition of the particles, surface area and other characteristics of the material used as a filler have
an effect on the binding with sapropel. Composite materials, which are made of birch wood sanding
dust, ‘Aerosil’ and sample 2 and sample 3 sapropel, are characterized by relatively high mechanical
strength, shape holding ability and easily amenable texture imprint. The composites sample 3 — wood
sanding dust, sample 3 — wood sanding dust and ‘Aerosil’ during heating formed shrinkage cracks,
thereby showing technological inferiority, as well as the need for evenly temperature raise and
reduction of moisture in sapropel samples.
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Kopsavilkums. Siltumizolacijas materiali, kuros par pildvielu
tiktu i toti vietéjie b produkti, bet par saistvielu
kalpotu dabiskas izcelsmes saistvielas, pieméram, sapropelis,
uzskatami par inovativiem un to pielietoSana sekmétu
ckologiskas biuivniecibas nozares attistibu. Sadu najumu
izstrade ir aktuala, jo Latvija ir ieverojami sapropela resursi,
kuru izmanto$anu kave to izpete un ekologiska
bavniecibas nozares intensiva attistiba. Pétljuma mérki
sapropela-kok kudras-kok il izolacija
noteikt optimilas platnes sastava attiecibas un raksturot iegato
platnu 1pasibas. Veikto pétijumu rezultata tika noteiktas
siltumizolacijas materialu paraugu mehaniskas,
siltumvaditspejas un skanas izolacijas Ipasibas un izvertetas
jas tos izmantot ckologiskaja buvniectba, ka arT veikts
Sobrid tirga esosajiem produktiem.

Atslégas vardi: Kudra, sapropelis, sapropela izmanto$anas
iespejas, ekologiski buvmateriali, siltumizolacijas materiali,
vietEjie resursi, ilgtspcjiga izmantosana.

I. IEVADS

Ieverojama dala sabiedribas resursu ir jaizmanto majokla
uztur&Sanai un apsildei, tapec 1pasi svarigi ir efektiva un videi
draudzigu siltumizolacijas materialu izstrade, izmantojot
vietgjos resursus. Ekologiskas bavniecibas materialu attistiba
un to picaugoSais izmanto$anas Ipatsvars biuvnieciba klust
arvien plasaks tapcc, ka tas dod iespgju ckonomét resursus
razofanas laika un nerada piesarnojumu apkartgja vide. Sadi
materiali ir pilniba parstraddjami, turklat sadalas relativi atri
pec to ekspluatacijas. Siltumizolacijas materiali, kuros par
pildviclu tiktu izmantoti koksnes atkritumi (skaidas), bet par
saistvielu kalpotu dabiskas izcelsmes saistvielas, pieméram,
sapropelis, uzskatami par inovativiem, un to pielietoSana
sekm@tu biivniecibas nozares konkurétspgju. Sadu risindjumu
izstrade ir aktuala, jo Latvija ir icvErojami sapropela resursi,
kuru izmanto$anu kavé to nepietickama izpéte. Sapropela
krajumi Latvija ezeros sasniedz 700 — 800 milj.m’[1], bet
purvos zem kiidras slana 1,5 miljardi m’[2]. Taja pasa laika
sapropela icguve var sckmét degradétu un aizaugus$u czeru
atjauno$anu, uzlabot saldidens resursu kvalitati, palidzet
attTstit dazadas saimniecibas nozares,  pieméram,
zivsaimniecibu, hidroenergétiku, lauku tirismu.

Sapropelis ir organogéns nogulumiczis (receklveidiga
dazadu nokrasu masa), kas ir veidojies no tdens augiem un
dzivnieku, galvenokart planktona, atliekam stavosos vai vaji
cauri tekoSos Gidens baseinos [3]. Atkariba no organisko vielu
daudzuma, tas masas veidojo$ajiecm organismiem, sapropela
mineralas dalas masas un sastava, sapropelis tick iedalits
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3 tipos: biogenais, klastiskais un jauktais. Par vértigako ar
plasam izmantosanas iesp&jam pienem biogéno sapropeli, kuru
iedala organogénaja un kramainaja sapropell. Biog€na
sapropela organisko vielu daudzums nav mazaks par 70%, un
1a organiskas masas veidotaji var but zalalges, zilalges,
kramalges, idens dzivnieki un kudras veidotajaugi [4].

Latvija ezeros apméram 80% gadijumu organiskas vielas
saturs sapropela sausna ir lielaks par 60% [5], kas norada uz
to, ka sapropela resursi Latvija ir augstvertigi un ar plasam
izmanto$anas iesp&jam.

Biogénam sapropelim ir konstatétas Itmvielas Ipasibas,
kuras raksturo — salimgjosa un hidrofobizgjosa spgja. Sim
sapropelim ir labs plastiskums, viskozitate, adhczijas Tpasibas
un adsorbecijas spgjas [6], ka arT saistigums. Lielako
ieguldfjumu sapropela lim&joSo IpaSibu izveidei sniedz
slapekli saturoSas vielas, taja skaita brivas aminoskdbes un
humusvielas. Tapéc sapropelis var buat izmantojams ka
saistviclas piedeva kokmaterialu atkritumiem, linu apstrades,
papira—kartona razo$anas rupniecibas neizmantotajiem
atkritumiem [7], kokskiedru platpu izgatavoSanai, kuras
paredzctas  celtniecibas  materialu  izstradei.  Sapropelis
izmantots arT cementa un citu saistvielu aizstasanai, icgustot
sapropelbetonu, kas ir celtniecibas materials, kuram par
saistvielu ir pemts organiskais sapropelis, bet par pildvielu
zagu skaidas un grants [8], [9]. Tiem var pievienot ar
veldzetus kalkus, smilti, lai paliclinatu mehanisko izturibu.
Sapropela saistvielas 1Ipasibas izmantojamas, izgatavojot
celtniecibai noderigus materialus, gan karsta veida (Itmspiedé
paaugstinata temperatlira un spiediena), gan arl izgatavojot tos
auksta veida - bliet€8anas pancmieni [8].

Neskatoties uz pétfjumu rezultatiem, kas tika veikti
20. gadsimta 60., 70. gados un pieradija sapropela
izmantoSanas augsto potencialu, $is pétfjumu un praktiskas
izmanto$anas virziens ncattistijas. Masdienas aktualiz&jotics
jautdgjumiem par tautsaimnieciba, kas izmanto viet&jos
dabiskas izcelsmes resursus, sapropela izpétes virziens
blivmaterialu izmantoSana klust aktuals.

Videi draudzigas buvniccibas pamata
principi:

1) konstrukcijas un apdaré jaizmanto dabiski materiali,
materiali péc &kas vai tas dalas nokalpoSanas otrreizgji
jaizmanto;

2) buvmaterialu  parstrade
nenodarot kaitgjumu dabai;
3) materialu ekonomija — materialiem jasniedz energoresursu
ekonomijas iespgjas, jaizmanto atjaunojami resursi, kur tiek

ir izstradati $adi

layj iegut jaunus produktus,
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ieklauta  izejmaterialu  ieguve, razoSana, iepakojums,
uzstadiSana, lietoSana un parstrade (utilizacija). Svarigi ir
pieminét to, ka materidli neizdala kaitigus Kkimiskos
savienojumus, ir ilgi ckspluatgami [10], [11], [12].
Materialiem ir jasniedz visas dizaina funkcijas, jabut vizuali
un estétiski pievilcigiem un elpojosiem. Svarigi ir izveleties
tadus biivmaterialus, kuriem ir labvéliga iedarbiba uz labsajiitu
un veselibu, mazs energijas paterin§ un nekaitigs razoSanas
process, regenercSanas un atkartotas izmanto$anas icspgjas,
materialiem ir jabut piemérotiem un ir jaizmanto
decentralizéta razosana [13], [14].

Svarigi ir izvairities no indigu aizsarglidzek]u un saistvielu
izmantoSanas, lai tas neraditu ekologisku kait§jumu, ja
buvmaterials nonak apkartcja vide [13]. Ilglaiciga ckonomija
un racionala buvnieciba ir iespjama, izmantojot dabiskos
buvmaterialus un attistot videi draudzigas razotnes. Vietjo
materialu izmantoSana un konkrétai vietai raksturigais
biivniecibas veids prasa minimalu transportu, un tada veida
majai nepiecieSamo buvmaterialu razo$anai pateéréto energiju
samazinatu uz pusi [11], [12].

Viens no svarigakajiem elementiem, kas ietaupa
energoresursus majokll ir siltumizolacija. Tas galvenais
uzdevums ir pasargat dzivojamas platibas no siltuma
zudumiem vai arT no sasilSanas, piem@ram, pagrabu.
Siltumizolacijas materialus izgatavo platnu, paklaju un lok$nu
veida. Visefektivakais siltumizolacijas materials ir gaiss, kur§
atrodas tieSi miera stavokli. Ir svarigi siltumizolacijas
materialu lietoSanas laika pasargat no samitrinaSanas, jo
mitrums paaugstina  siltumvaditsp&u, ka arT pazemina
mehanisko izturiba [15].

Siltumizolacijas materialus ir iespjams izgatavol no
organiskam un arT no neorganiskam vielam. Organiskos
siltumizolacijas materialus gatavo no koksnes atkritumiem,
kiidras, vilnas, salmiem, koksnes Skiedram [16], [17]. Plasak
no organiskajiem siltumizolacijas materialiem lieto fibrolitu,
kokskaidu un kokskiedru platnes. Neorganiskic materiali ir
azbests, stikl$kiedras un minerali [15]. Atkariba no materiala
izcelsmes vietas to var iedalit tris grupas — mineralu,
sintétiskie un atjaunojamie. Dazos gadijumos produkti var
saturét maisijumu komponentes, pieméram, kanpepju un kalka,
fibrolita — koka, vilnas un cementa sajaukumu [11].

Latvija viens no dabiskajiem materialiem, kuru var piclictot
siltumizolacijas materialu razoSana, ir kudra, jo kadra ir
salidzinosi 1&ts un viegli pieejams materials [18].

Petfjumu rezultati par sapropela izmantoSanu buvnieciba
liccina, ka sapropelis ir konkur€tspgjigs siltumizolacijas
materialu  izveides  komponents.  Sapropelbetons ir
izmantojams gan siltuma izolacijai (ripnicas €ku, saldétavu
sienu un parsegumu, ka arf ieri¢u un caurulvadu, gan arf slodzi
nenesoSu sienu un Skérssienu veidoSanai [19]. Gan
sapropelbetons, gan ari kadras platnes ir no pilniba videi
draudzigiem materialiem veidots, tapéc sapropela un kudras
siltumizolacijas materialu izveide ir ciesi saistita ar ekologisko
buavmaterialu nozari.

Siltumizolacijas materialu krit€rijus vai funkcijas un
kvalitates Tpasibas nosaka un regul€ likumdosSana, un tiem ir
izstradati starptautiski piemérojami standarti. Sie kriteriji ir
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izstradati, arT balstoties uz vides prasibam, liela méra pemot
vera dzives cikla ilgumu. Vacija ir izstradata Eiropas
kvalitates zime ,, Natureplus”, kas mnosaka biivniecibas
materialu standartus, kas atbilst materiala tehniskajiem
parametricm un icklauj arT ckologiska materiala kvalitates
zimi. ,, Naturplus” kvalitates zime ir pieskirta tadiem
siltumizoldcijas materidliem ka linu, kapepju, aitu vilnas,
korku un citu izejvielu materialiem [16], [20].

P&tijuma merkis ir noskaidrot icspcjas icgut sapropela-
koksnes, kudras-koksnes siltumizolacijas plaksnes, noteikt
optimalas platnes sastava attiecibas un raksturot iegtito platpu
mehaniskas, siltumvaditspgjas un skapas izolacijas Tpasibas,
ka arT to izmanto$anas iesp&ju izvertgjumu ekologisko
buvmaterialu nozarg.

II. MATERIALI UN METODES

Materiali

Kudras-kokskaidu kompozitmaterialu izveide laboratorija
tika izvelcta Balozu kudras lauka kudra ar 73 % mitruma.
Darba izmantotas kokskaidas ir 0-1,5 cm garas priedes koka
skaidas [21]. Sapropelis tika iegtits Pilvelu ezera, kas ir eitrofs
ezers, kur§ atrodas Latgales augstiené, Raznas pauguraing.
Sapropela virsgjais 30 cm biezais slanis tika iegtits ar kameras
tipa miksto iczu urbi. Materialu izgatavoSana tika izmantots
kadrains sapropelis ar pelnu saturu 11% un organisko vielu
saturu — 89%, karbonatu saturu — 0,45%. Izejas sapropela
mitrums ir 92% un blivums ir 1,11g/cm? [22].

Kompozitmaterialu izgatavoSana

Aktivetas kudras masa ar saistviclas Tpasibam tika icgita,
kadru apstradajot mehaniski — termisko lozu planetarajas
dzirnavas RETSCH PM 400. Aktivéto kiidras masu
sagatavoja, izmantojot 300 g kiuidras un ievietojot malSanas
trauka kopa ar 8 mal$anas bumbam un mal$anu veicot 30 min
ar 300 apgricziecniem  minatc.  Sapropeclis  pirms
siltumizolacijas materialu iegiiSanas netika ne mehaniski, ne
termiski apstradats, bet uzreiz sajaukts kopa ar skaidam.
Sapropela un koksnes skaidu sajaukSana (izejvielu masas
attiecibas 1:3) tika veikta manuali lidz vienmeérigas masas
icgudanai. Pec tam icguta masa tika icvictota veidne
(30x30cm ar regulgamu augstumu) un noblivéta pie
0,03 MPa spiediena 3 stundas, lai nodrosinatu blivaku
kompozitmateridla struktiiru, paaugstinatu ta mehanisko
izturibu, samazinatu galaprodukta rukumu, ka arT rukuma
plaisu  veido$anos.  Sapropela-kuidras  kompozitmateriala
plaksnes 24 h tika zavetas 25 °C un 24 h 105 °C.

Kompozitmaterialu testesana

Kompozitmaterialu test€Sanai tika sagatavoti gatava
materiala paraugi ar at$kirigu mitruma daudzumu: 0, 5, 10,
15%. Salizturibas parbaude tika veikta, plaksnes izturot pie -
18 °C 4 stundas, tad 4 stundas pic +20 °C lidz pilnigai
sasilsanai un tad atkartoti atdzesGjot. Siltumvaditspéjas un
mehaniskas parbaudes tika veiktas pec 5, 10 un 25 saldéSanas-
atkuSanas cikliem. Kompozitmaterialu paraugiem tika
noteiktas mehaniskas, siltumizolacijas un akustiskas Ipasibas,
ka arT veikta izgatavoto materialu degamibas testcSana.
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Siltumizolacijas ipasibas

Siltumvaditspja tika noteikta sausam (0%) un mitram
plamém (15%), ka arT péc saldeSanas atkuSanas ietekmju
izpetes (5, 10, 25 cikli), icgustot sakartbu starp
siltumvaditspgjas koeficientu un izstradajuma mitrumu pakapi.
Saldesanas—atku$anas ietekmju izpete tika veikta klimata
kamera (Environmental Chamber JHT Series, Model No.
YHT-100  7/07-394B.  [23]. Sagatavojot  materialus
mehaniskajam parbaudem klimata kamera saldcSanas—
atkusanas apstakli: temperataras amplitida no +20 °C lidz -
18°C, ilgums 8 stundas. Mitrums klimata kamerd pie
pozitivas temperatuiras sasniedza 95%.

Siltumizolacija tika mérita, izmantojot LaserComp FOX
600 siltumizolacijas merttaju. Tehniska informacija nosaka, ka
paraugu noteikSanas precizitate ir 0,025mm. Tests tika veikts
ar paraugu biezuma automatisko noteikSanu (parametru
intervals: biezums — 203 mm, platums — 610 mm). lericei ir
divas horizontalas platnes, kuras nodroSina nepiecieSsamo
temperatiiru no -15°C lidz +85°C. Abas ierices deveju platnes
ir iestradati jutigi sensori siltumpliismas mériSanai, un tie
atrodas platpu vidu. Ierices vaditspgjas diapazons ir no 0,001
lidz 0,35 W/mK [24].

Papildus iepriek§ minétajam metodeém, tika noteikts
kompozitmateriala siltumapmainas procesa atrums. Lai iegiitu
rezultatus starp platném, tika ievietots termometrs, kas nosaka
materiala virmas temperatiras picaugumu atkartba no laika.
Tas  tika  veikts, termometru  ievietojot  starp
kompozitmateridliem, tiem veicot saldéSanas ciklus saldétava.
Process tika vadits, izmantojot programmatiiru
Sarmalink_61_offline.

Materiala mehanisko ipasibu testéSana

Lai salidzinatu kuadras—koksnes platnes un sapropela—
koksnes platnes mehanisko izturibu sava starpa un ar citiem
siltumizolacijas materialiem, tiem tika veiktas mechaniskas
parbaudes, tos slogojot speciali paredzeta iekarta. Mehaniskas
parbaudes tika veiktas paraugiem, kuriem veikta saldéSanas
ciklgsana 5, 10, 25, 54 un 69 reizes un dazads mitruma saturs:
0, 5, 15%. Mchaniskas parbaudes tika veiktas uz 5985 Floor
Model Universal Testing System ickartas, kas paredz&ta
materialu stipribas noteik$anai statiska slogojuma, mérfjumu
precizitate ir +/- 0.5%, mérTjumi tiek nolasiti datora, kur§ ir
tie$i savienots ar ierici (Savietojams ar Bluehill ® Software).
Bitisku iespaidu uz mehanisko parbauzu rezultatiem atstaj
slogoanas atrums, testos izmantotais slogosanas atrums bija
robezas no 0,0005 1idz 1016 mm/min. Iekartas slodzes devgja
speks ir 250kN. Vertikala testa telpa ir 1430 mm, bet
augstums ir 1930 mm [25].

Paraugu mehaniska parbaude spiedé tika Istenota paraléli
paraugu formeSanas virzienam, kas tika izveléts saistiba ar
paraugu struktiiras Tpatnibam, IpaSi pemot veéra mehaniskai
parbaudei domatu paraugu sagatavosanas specifiku (paraugu
skérsgriezuma pildvielas lielakoties atrodas horizontala
plakng).
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Skanas izolacijas ipastbas

Materialiem tika veikta arT skapas izolacijas parbaude.
Iekartas standarts ir ar numuru LVS EN ISO 10534-2:2002 un
nosaukumu — ,,Akustika - Skanas absorbcijas kocficienta un
pilnas pretestibas noteikSana pilnas pretestibas caurulés”,
izmantojot parejas funkcijas metodi [26]. Tiek izmantota
4 mikrofonu metode akustiska caurulé (Briel&Kjer.
Impedance/Transmission Loss Measurement Tubes. Type
4206. The Four-microphone Method with PULSE Acoustic
Material Testings oftware — Type 7758.) [27].

Skanas izolacija ir parvades zudums jeb skanas redukcijas
indekss R (dB), ir gridas, sienas, durvju vai kada cita $kersla,
kas icrobezo skanas kustibu, efcktivitates mervieniba. Skanas
parvades zuduma mérvieniba ir decibels (dB). Jo augstaks ir
sienas skanas parvades zudums, jo labak ta ierobezo nevélamu
skanu ieklusanu [28].

Ickarta darbojas pcc principa, ka tas vida tick ievictots
paraugs starp 2 gipsa platném, bet caurules gala ir suklis, kas
absorbe skanu, lai ta neatbalsotos. Parauga diametrs, kas tika
ievietots akustiskaja caurul€ ir 98 — 99 mm, bet biezums 45 —
50 mm.

Kiidras-kokskaidu un sapropela kokskaidu un priedes koka
pasaizdegsanas rezullatu salidzinajums

Lai spriestu  par  kompozitmaterialu  degSanas
raksturlielumiem, tika veiktas vienkarSas degSanas parbaudes.
Tika noteikta temperatiira, pie kuras sakas paraugu
pasaizdeg$anas. Deg$anas cksperimentiem tika izmantota
mufelkrasns SNOL. Porcelana tigelos tika ielikti paraugi
(kadras—kokskaidas, sapropelis—kokskaidas, kokskaidas) un
ievietoti mufeli, uzstadot vienmérigu T°C pieaugumu lidz
500°C. No katra materiala mufelf tika ielikti 3 paraugi,
karse$anas procediru atkartojot 3 reizes.

III.LREZULTATI UN DISKUSIJA

Kompozitmaterialus veido viena gadifjuma aktivéta kuadra
(saistviela) un kokskaidas (pildviela), bet sapropela—
kokskaidu platnés, ka saistvielas tiek izmantots neapstradats
sapropelis, bet pildviclas — kokskaidas. Kudras—kokskaidu
platnes izgatavoSanai tika izmantota [18] izstradata metode,
bet sapropela—kokskaidu platnes izgatavoSanas metode ir
originala.

Jegutas platnes ir vieglas, porainas un viegli driipoSas.
Sapropela—kokskaidu platne ir drupenaka par kadras—
kokskaidu platni. Sapropela—kokskaidu platnei krasa ir
zalgana, gaisi briina, bet kiidras—koksnes kompozitmateriala
krasa ir tums$i briina. Izveidoto platpu augstums ir 4,5 —
5,5 cm, bet platums 29,3 — 30,1 cm. Iegito platpu vid&jais
blivums ir 234,3 kg/m’. Mingto parametru vértibas ir atkarigas
no platnes formésanas apstakliem. Platném ir sikporaina
uzbiive ar viendabigu Skiedru struktiiru ar valgjam un sava
starpa savienotam poram. Platnu izgatavo$anas procesa nav
nepiecie$ams  specials apgerbs vai citi 1pasi aizsardzibas
lidzekli — jo izejvielas nav veselibai kaitigas un izgatavo$anas
procesa neveidojas kaitigi izgarojumi. Nemot vera platpu
icguianas apstaklus, izmantota sapropela, ktidras un kokskaidu
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Ipasibu  variabilitati, ir  iesp&a  iegit  minétos
kompozitmaterialus ar plasu Ipasibu intervalu.

Tika petitas ieglito kompozitmaterialu mehaniskas Tpasibas:
noturiba pret lieces (1.tabula) un spiedes Tpasibam (2.tabula).
Laboratorijas apstaklos izveidotajiem paraugicm tika veiktas
mehaniskas parbaudes spiedes pretestibas un lieces pretestibas
noteikSanai.

Mehaniska stipriba siltumizolacijas kompozitmaterialiem
tika parbaudita, tos pirms tam (est&jot pcc sala izturibas
parbaudes nosacijumiem, pamatojotics uz N. Braksa
petijumiem par sapropelbetonu [9]. Salizturibas parbaude ir
bitiska, lai parbauditu izstradato materialu ekspluatacijas
iespgjas Latvijas klimatiskajos apstaklos. Atskirtba no
N. Braksa pétfjumicm, kad paraugi tic$i pirms mchaniskajam
parbaudem bija pilniba jaicgremdg tdent, $aja pétijuma netika
veikta $ada manipulacija. Salizturibas testéSana tika veikta
pilniba izzavétam paraugam, ka arf ar mitrumu piesatinatam
(15%), ka arT p&c saldeSanas — atkuSanas cikliem (5x, 10x,
25%).

Iegutic rezultati sniedz ieskatu par Latvija piccjamas kudras
un sapropela augsti tehnologiskas izmanto$anas iesp&am, tai
skaita ~ buavnieciba,  siltumizolacijas  materialos, ka
kompozitmaterialos saistvielas veida. Aktivétas kiadras ka
saistvielas iegliSana Jauj izmantot iesp&ju to aktivi transportet
un uzglabat ilgaka laika posma.

1.TABULA

LIECES MEHANISKA STIPRIBA ATKARIBA NO MITRUMA PIESATINAJUMA UN
SALDESANAS CIKLU SKAITA

Kiudra-koksne Sapropelis—koksne
Testetas . Lieces . Lieces
plitnes veids ITLI:';?;I stipriba, l:f:t”lil stipriba,

Mpa 5 Mpa

sauss (0 %) 112 0,153 11 0,015
mitrs (15 %) 125 0,164 18 0,021
gaisa sauss (5%) 111 0,284 n.a. na.
5X 232 0,351 20 0,028

10X 269 0,386 20 0,027

25X 341 0,409 20 0,026

Péc noradito reizu skaita (X) - sasal3anas-atkuSanas ciklu skaits.

Izmantota tehnologija [18], salidzinot ar plasi izmantotam
kadras un sapropela siltumizolacijas materialu izveides
tchnologijam, prasa mazaku cnergijas patcrinu, jo pirmkart
tiek izmantoti viet€jie resursi, bet materiala saistvielas
izveidoSanas laiks un patéréta energija ir daudz mazaka.
Svarigi ir pieminét zavésanas laiku, kas tiek pielietots daudz
mazaka mera, un tas liecina par $adas tehnologijas zemaku
energoietilpibu.

Izejvielu un gala produktu parstradajamiba atbilst ierobezotu
pasaules resursu lietderigas izmantosanas tendencém. Tiesi
runajot par sapropela izmantoSanu siltumizolacijas materialos,
mérkis ir panakt sapropela lietoSanu ar mazaku energijas
pievieno$anu parstrades laika, salidzinot ar kudras—kokskaidu
platném, pievienojot sarmu un tadcjadi iegustot augtakus
rezultatus mehaniskajas parbaudes.
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Rezultati norada, ka materials ir salizturigs, jo sasaldgjot un
atkaus€jot paraugus, to mehaniskd stipriba, ka apliecina
parbaudes rezultati uz lieci, nav biitiski samazinajusies. No
mitruma daudzuma materialos mainas platpu  spiedes
pretestiba. Sapropela—kokskaidu vid€ja licces pretestiba ir
0,02 MPa, bet kudras—kokskaidu vidgja spiedes pretestiba ir
0,3 MPa.

Lieces rezultatiem pie izvEleta paraugu mitruma rezima
mchaniskas stipribas izmainas nav bitiskas. Pec literaturas
datiem, mehanisko parbauzu licces rezultatiem atkariba no
mitruma  daudzuma  parauga  vajadz€tu  vienmerigi
samazinties, tafu iegitic rezultiti to neparada. Sadi
gatavotiem kompozitmaterialiem to mehaniskas Ipasibas
nepasliktinas uzpemot gaisa cso$o mitrumu, ka ari péc
saldcsanas—atkusanas cikliem, kas paaugstina to potencialu
izmanto$anai buvnieciba. Ievérojami mazaka mehaniska
izturtba ir sapropela—kokskaidu platném, kas ir atkarigs ne
tikai no materiala, bet arT ta sagatavoSanas, jo sapropelis
atskirtba no kudras netika apstradats, tau $adu manipulaciju
veicot arT ar sapropeli, @ mehaniska izturiba varGtu picaugl.
Jaatzimg, ka tika izmantots sapropelis ar loti augstu mitrumu
(92%), kuru samazinot varétu iegut labakas kompozitmateriala
mehaniskas Tpasibas.

2.TABULA
SPIEDES STIPRIBA ATKARIBA NO PARAUGA MITRUMA PIESATINATUMA UN
SALDESANAS-ATKUSANAS CIKLU SKAITA

Kiidra—koksne Sapropelis—koksne
Kudras— Sapropela—
Slodze skai . it
Testatas 2 kokskm:lu Slodze koksk}lvlilll
spiedé kompozita oda kompozita
platnes ic 10% " spiede . N
3 pie o stipriba e 109 stipriba spiedé
veids o s pie 10% B
defor- spiedé pie 10 | jopo s pie 10 %
macijas, | % lineiram 5 linedram
cijas, N - S
N deforma- deformacijam,
cijam, MPa MPa
sauss (0 %) 112 0,153 11 0,015
mitrs (15 %) 125 0,164 18 0,021
g“‘:g‘;:;“” 111 0,284 na. na.
5X 232 0,351 20 0,028
10X 269 0,386 20 0,027
25X 341 0,409 20 0,026

Péc noradito reizu skaita (X) - sasal$anas-atkuSanas ciklu skaits.

Rezultati norada uz to, ka materials ir sala izturigs. Atkariba
no mitruma daudzuma mainas platpu spiedes pretestiba.
Sapropela—kokskaidu vidgja spicdes pretestiba ir 0,06 MPa,
bet kudras—kokskaidu vidgja spiedes pretestiba ir 0,13 MPa.
Spiedes  pretestibas  rezultati norada uz to, ka
kompozitmateridlu stipriba ir pietickama, lai ar tiem veiktu
montazas darbus, lIm&josus savienojumus.

No icgiitajiem rezultatiem var secinat, ka nejausas spiedicna
izmainas var manami ietekmét izgatavojamo paraugu izturibu,
tadeéc §im apstaklim javelta Ipaga uzmaniba

Spiedes rezultatu variabilitati pie izv€léta paraugu mitruma
rezima un  saldéSanas ciklu skaita var€tu izraisit
kompozitmaterialu izgatavos$ana un to sagric$ana, lai noteiktu
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mehanisko stipribu. Izstradato kompozitmaterialu salizturibu . 0.062
ietekmé to izgatavosanas process, kura ir japanak homogénaka £ 0.061 b e
saistviclas un pildviclas samaisiSana. Samazinat rezultatu E 0.061
izkliedi un paaugstinat mehanisko stipribu varétu, parejot no § 0060 —5
roku maisiSanas tehnologijas uz mehanisku samaisisanu. 8% 0060 A
Ta ka viena no nozZimigam jebkura biivmateriala Tpastbam ir i § 0.059 /
to spcja izolet skanu, tad bakalaura darba ictvaros tika veikta 5 0.059
izstradato materialu skapas izolacijas 1Ipasibu izpéte E 0.058 L : :
(3. tabula). % 5 cikli 10 cikli 25 cikli
3.TABULA ciklu skaits
SKANAS IZOLACIJAS TESTU REZULTATI, IZMANTOJOT 4
MIKROFONU METODI —e—kiidras - kokskaidu platne —#—sapropela - kokskaidu platne
Testéta platne Skanas izolacija, dB 2.att. Kdras — kokskaidu platnes un sapropela — kokskaidu platnes
Kadras —koksne 30 siltumizolacijas koeficients atkariba no parauga saldésanas ciklu skaita.
Kudrgs -koksne 32 Nemot vera skanas izolacijas Tpasibas, var secinat to, ka
Sapropelis - koksne s smagaks materials ir labaks skanas izolacijas sfera. Ka labakos
Sapropelis - koksne 31 pieejamos skapas absorbcijas materialus Latvija min

Viena no butiskakajam prasibam €ku buvnieciba ir skanas
izolacija. Parlicku liels troksnis rada lielu stresa risku un
trauc¢ sarunaties, ka arf tick uztverts ka vides piesarpojums
[29].

legutie  skapas izolacijas  rezultati liecina  par
kompozitmateridla loti labam izolacijas IpaSibam. Salidzinot
ar citiem ekologiskajiem  siltumizoldcijas materialiem,
piemeram, linu $kiedru siltumizolacijas materialu, rezultati ir
sliktaki, un tie atSkiras par 14 vientbam. Linu Skiedru
materialam skapas absorbcijas rezultats p&c literatfiras datiem
ir 45 dB, bet linu — vilnas siltumizolacijas materials aiztur
40 dB skanas absorbciju [30]. Veicot jaunus p&tijumus,
rezultatus ir iesp&jams uzlabot.

0.065

0.06

°
R

Siltumvaditspéjas koeficients,
W/(mK)

0 9 10 10 12 12
kompozitmateriala mitrums, %

—f—kadras - kokskaidu platne
= sapropela - kokskaidu platne

1. att. Kadras kokskaidu un sapropela — kokskaidu siltumvaditsp&jas
koeficients atkariba no mitruma piesatinajuma kompozitmateriala.
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kokskiedru universala pielietojuma platnes, mineralas vates
blivakos paraugus un korka izstradajumus [31].

Siltumvaditspgja ir materiala sp&ja caurvadit siltumu no ta
vienas virsmas lidz otrai, ja starp tam ir temperatiiru starpiba,
un to raksturo siltumvaditsp&jas koeficients. Jo mazaks ir Sis
koeficients, jo kvalitativaks ir siltumizolGjosais materials.
Siltumizolaciju liela meéra ietekmé tilpummasa, mitrums [15]
un porainiba.

Sapropela—kiidras kompozitmateriala un kiidras—kokskaidu
kompozitmateriala platném tika veikta siltumvaditspcjas
parbaude, mainot platnes mitruma raditajus un saldéSanas
ciklu skaitu katrai platnei.

Tika mérita siltumvaditspgja gan paraugiem, kuriem ir
dazads mitrums (1.attels), gan paraugiem, kuriem ir dazads
saldcsanas ciklu skaits (2.attels).

Péc rezultatiem var spriest, ka kudras—kokskaidu materials
un sapropela— kokskaidu materials ir ar lidzigiem raditajiem,
tadejadi Siem siltumizolacijas materialiem ir Iidzigs potencials
un izmanto$anas iespcjas.

Kudras kokskaidu un sapropela kokskaidu izveidotajam
platném ir raksturiga sikporaina uzbiive ar viendabigu Skiedru
struktiiru ar valgjam un sava starpa savienotam poram. Ir
noverojams tas, ka uz materiala siltumvaditsp&ju butiska
ietekme ir mitruma daudzumam. Vidgjais sapropela—
kokskaidu siltumvaditsp&jas koeficients ir 0,067 W/(mK), bet
kitidras—kokskaidu vidgja vértiba ir 0,060 W/(mK). Kadras—
kokskaidu  platnei  veicot  saldeéSanas  ciklus, t(as
siltumvaditsp&ja nedaudz paliclinas, tacu sapropela—kokskaidu
platnes koeficients samazinas un klast labaks. To varétu
izskaidrot ar saldéSanas procesa izraisitu platnes ZziSanas
procesu un materiala eso$a mitruma zudumu, ka rezultata
kompozitmateriala poras tdens tvaiku vieta tick aizpilditas ar
gaisu, kas ir labaks izolgjosais materials. Kadras—kokskaidu
plaksnés mitrums sasniedz koksnes Skiedru piesatinasanas
punktu, talak materiala mehaniskas IpaSibas nepasliktinas un
bricSana, siltumvaditsp&ja sasniedz maksimalo vertibu un talak
nepieaug [32]. Péc pirmajiem rezultatiem, kas ir veikti ar
sapropela—kokskaidu platném, var spriest, ka to izmantoSana
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Latvijas apstakliem ir icteicama, jo saldc$anas cikli
nepasliktina materiala Ipasibas.

Papildus siltumvaditsp&jas koeficienta mérTjumiem un
saldesanas cikliem, tika noteikts siltumvaditspgjas koeficienta

rezultats platnei ar mitruma daudzumu 59%, kas bija

0,101 W/(mK). Lai gan tik augsta dabiga materiala
samitrinasanas nenotick, §ic rezultati norada uz augsto
mitruma ietekmi uz siltumvaditsp&ju, kas nosaka tas

vienlidzigas prasibas pret visiem izolgjoSajiem materialiem,
nodrosinot to izol&tibu no mitruma.

Literatara ir atrodami dati par eksperimentiem, kas ir veikti
ar sapropela — salmu platném, kas pec sastava ir loti lidzigs
sapropela—kokskaidu platnei. Salidzinot ar sapropela—
kokskaidu platni, siltumvaditspgjas koeficients ir mazaks, tas
ir 0,55 W/(mK). Darba ir uzsverts, ka mainot, sapropela un
salmu attiecibu, ir iespcjams panakt labakus rezultatus
siltumvaditspgjas  koeficientam [33]. 4. tabula minéto
kompozitmaterialu Ipasibu kopums tika vertéts, nemot veéra
izmantoto izejvielu (organiska, neorganiska), siltumvadamibas
koeficientu, biologisko noturibu, mitruma ietekmi un
ekologiskas dro§ibas pakapi. Izvert&jot siltumizolacijas
materialu siltumvadamibas koeficientus, ir skaidri redzams, ka
materiali, kuros tiek izmantotas dabiskas Skiedras, ir ar
zemaku siltumvadamibas koeficientu. Tacu pielietojot Sadus
materialus buvnieciba, atkariba no izmantoSanas veida un
saskares iespgjas, ir janoverte arT to mehaniskas Ipasibas,
produkta dzives ilgumu vai nav alergiju izraisoss.

23
18 S
13 4
8 e K fidras un
& sapropela
- 3 platne
& icoki
I — Steico koka
g -2 4 skiedra
g
g -7 A s Putup lasts
£12
17 - = = Fibrolits
222 T )
0.00 5.00 10.00 15.00
Laiks, stundas

3. att. Testéto materialu siltumapmainas procesa atrums.

Eksperimenta rezultati ar temperataras izmainu kumulativo
cfektu parada, ka no salidzinatajiem materialiem, kudras—
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kokskaidu platne un sapropela—kokskaidu platne uzrada
labakos rezultatus (3. attéls). Respektivi, kompozitmaterials
vislénak atdziest, sasniedzot -20°C 3,8 h laika, un tas arT
vienmeérigak uzpem siltumu, sasniedzot +18°C. Lidz ar to var
spriest, ka materialam ir vienmé&rigaks siltumapmainas process
un ka to izmantojot konstrukcijas, tam ir izteiktakas
termoregulacijas Ipasibas. Materials klist augstvertigaks tiesi
pasivo maju celtniccibas izmantosana, jo regulé ickscjo ckas
klimatu [39]. Pcc icgutas informacijas ickscjas virsmas
temperataras svarstibas ictckmé materialu  dazada spcja
uznemt (akumul@t) siltumu un p€c tam to atdot. Vislabakie
siltumietilpibas radnaji ir dabigam kokam. Loti butisks
raditajs ir tas, cik atri arsiena atdod saglabato siltumu, tas ir,
kads ir tas atdziSanas atrums. Ja atdzi$ana notick loti strauji,
tad paliclinas izmaksas par apkuri, jo, lai uztur€tu nemainigu
nepiecieSamo iek3$jo gaisa temperatiru, biezak jaiesleédz
apkures sistému [40]. Pateicoties tam, vasaras karstajas dienas
telpas tiek nodroinats patikams vesums, bet ziemas perioda —
majigs siltums.

Tika veikts izstradato materialu degSanas riska novertgjums
(5. tabula).

5.TABULA

KUDRAS - KOKSKAIDU UN SAPROPELA KOKSKAIDU UN PRIEDES KOKA
PASAIZDEGSANAS IPASIBU SALIDZINATUMS

Parauga veids T°C TO°C, vid. aritmét.

345

Kudras - kokskaidu platne 330 333
325
290

Sapropela - kokskaidu platne 295 296
302
345

Priedes koka skaidas 340 345
350

Uz degSanas parbaudes iegiito datu pamata ir iesp&jams
secinat to, ka kudras kokskaidu platnes paSaizdegSanas
temperatlira ir augstaka, neka sapropelu—kokskaidu platnes
pasaizdegSanas temperatira. Tas izskaidrojams ar to, ka
paraugi atSkiras péc blivuma un Skiedru izkartojuma paraugos.
Respektivi, kidras kokskaidu platnes Skiedru izkartojums ir
blivaks un starp tam ir mazak gaisa, tacu sapropela—kokskaidu
platne ir trausladka un ar ieverojami zemdku mehanisko
izturibu. Izmantojot $adu izgatavoSanas metodi, Skiedraina
struktiira, kas rodas parauga, ir ar lielaku daudzumu gaisa, un
tas samazinu temperatiru, kura paraugam  sakas
pasaizdegSanas (ir lielaka oksidétaja — gaisa skabekla
daudzumu klatbitne).
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4.TABULA

DAZADU SILTUMIZOLACIJAS MATERIALU RADITAJU SALIDZINASANAS TABULA [9], [34], [35], [36], [37], [38]

s ey Siltumvada Biologiska Mitruma Ekologiska
Radiajt Lzejvela W/m® noturiba ietekme drosiba
Ekovate Celulozes Skiedra, dabas | o35 g g4 | Nov Neietekms | Absolti nekaitiga
minerali (borati) at(istiSanos
Stikla Skiedra Smilts, kalkakmens, soda 0,047 - 0,052 Nav datu Nosezas Nav datu
»Geokars”
siltumizolacijas Kuadra, kokskaidas 0,047 - 0,08 Nav datu Neietekmé Absoluti nekaitigs
materials
ssoe s = Metalurgijas sargi, kalnu Noturiga pret Ekspluatacijas
M";‘,::lvt’.ns iezi, saistoss — fenola 0,047 - 0,084 senisu Nav datu laika izraisa
Basent spirts vai bitumens iedarbibu kaitigas vielas
Noturi et Samazinas
; Sapropelis, zagu skaidas, SLISE Dl mehaniska
Sapropelbetons E o 0,035 sénisu B
smilts, grants, mali, jedarbibu izturiba un .
siltumvaditspgja | Absolati nekaitigs
Saprope]a - samazinas
kokskaidu Sapropelis, kokskaidas 0,067 Nav datu mehaniska |\, (orati nekaitiga
latne izturiba un
P siltumvaditspeja
Kidras - samazinas
kokskaidu Kudra, zagu skaidas 0,06 Nav datu mehaniska |y, o1t nekaitiga
T izturiba un
P siltumvaditspéja
0% ir dabiod Vi
Aitas vilna 85%r dablga N 1lr.na un 0,039 Nav datu Neietekmé Nav datu
15% poliesteris
Fibrolits koka &velskaidas, 0,068 Noturigs Neietekme Dabai nekaitigs
cements un tdens materials
- vulkaniskas izcelsmes
Perlits 5 Sy 0,045 -0,05 Nav datu Nav datu Nav datu
stiklveida iezi
Sprcoo o neapstradati un
Speimati mineralizEti kagepes 0,048 Augsta Nav datu Nav datu
kanepes spali s
spali
,,Stelc(:pf‘ntect kokmaterialu atgriezumi 0,040 Nav datu Nav datu Nav datu
koka skiedras
koksnes svekainas
Arbolits skiedrasiunimiteralas 0,09-0,10 Augsta Neietekme Nav datu
saistvielas (cementa
vaimagnija oksids)
Uzpusts korkis korkozola mizas 0,032 - 0,045 Augsta Nav datu Nav datu
Lins 0,037- 0,065 Nav datu Nav datu Nav datu
Kanepju - kalka
kompozitmate- Kapepju spali, saistviela 0,0713 Nav datu Nav datu Nav datu
rials
Fibrolits e evelskejldus, 0,068 Noturigs Neietekmé Dabat nek_zullgs
cements un Gdens materials

Svarigi ir pieminét to, ka koksne ir anizotrops materials un
tas fizikalas, ka arT mehaniskas Ipasibas ir cie$a sakara ar to,
kads ir Skiedru virziens, kuras izmanto [32]. P&c parbaudeém
var spriest, ka iegiitie materiali ir ieskaitdmi degoSu materialu
grupa, jo, iedarbojoties aizdedzinaSanas avotam uz
kompozitmaterialu, tas aizdegas, gruzd vai paroglojas. Péc
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aizdedzinasanas avota iedarbibas izbeiganas tas turpina degt,
gruzdét vai parogloties. Lai uzlabotu kompozitmateriala
aizsardzibu pret uguni un paaugstinatu ugunsdrosibu, ir javeic
nepiecieSamie ugunsdro§ibas pasakumi, ka arT janodroSina
materiala izolétiba, pieméram, izmantojot gip$kartona loksnes.
Siltumizolacijas platnes uz koksnes pamata ir iesp&ams
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apstradat ar antipirénu, padarot to par griiti degoSu vai
nedegosu siltumizolacijas materialu [41], un $is pats
risin@jums ir izmantojams arf izstradatajam kudras—kokskaidu
un sapropela—kokskaidu plaksném, pieméram, pievienojot
borskabes piedevas vai citus maztoksiskus antipiretikus.

Koksnes materialus apstradajot ar pretuguns aizsardzibas
lidzekliem, tajos samazinas tadi raditaji, ka liesmas izplatiba,
degSanas jauda, uguns reakcija. Pastav divu veidu pretuguns
aizsardzibas veidi — koksnes piestcinasana un apdare.
Koksnes piesiicinasana ir koksnes virspuscja apstrade ar darba
Skidumu, to apsmidzinot [42]. Lai pilnveidotu materialu
izmantosanas iespgju, tic ir jaapstrada ar dazadiem lidzekliem,
kas uzlabo ugunsdro$ibas raditaju un biologisko noturibu, jo
tas palielina kompozitmaterialu ilgmazibu un izmantoanas
iespgjas.

IV. SECINAJUMI

Izmantojot vietgjas izejvielas (kidru, sapropeli, koksnes
skaidas), ir iesp&ams izstradat videi draudzigus
siltumizolacijas ~ materialus ~ izmantoSanai  buivnieciba.
Izmantojot sapropeli ka Ilimvielu, pirmo reizi iegiits
sapropela—kokskaidu  siltumizolacijas ~ kompozitmaterials.
Kiudras—kokskaidu un sapropela—kokskaidu kompozitmateriala
mehaniskas, skanpas izolacijas un siltumizolacijas raditaji ir
augsti un salidzinami ar tirgl piedavatajiem siltumizolacijas
materialiem. P&titos  kadras—kokskaidu un sapropela—
kokskaidu kompozitmaterialus ir iesp&jams izmantot
ckologiskaja buvnieciba ka siltumizolacijas materialu, ka ari,
paaugstinot mechanisko izturibu, par ¢cku struktaras
clementiem. Iegutic materiali teicami nodro$ina gazu apmainu
(ir “clpojosi”), to sastava cso$a kudra un sapropelis spgj
absorb&t nepatikamas smakas un ¢ka veidot antibakterialu
vidi. Pétfjuma iegutie rezultati pierada, ka sapropela—
kokskaidu platnes ir perspektivas izmantoS$anai Latvijas
apstak]os, jo ir ar augstu salizturTbu un noturibu pret izmainam
sasal$anas-atkusanas ciklos.
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Sapropel/Peat-Wood Chip Insulation Materials and Their Properties

We live in the world, where the population rapidly increases, and local municipalities and governments should think about possibilities of
providing sustainable development. The building of new constructions demands many resources. At this time when people pay more attention
to ecological building and saving energy resources, the research on local resources and their potential use is very topical, especially, when
thinking not only of new buildings, but also of the renovation of existing constructions and heat insulation. Therefore, the sustainable use of

local resources as thermal insulation materials is innovative.

In Latvia, there are quiet many peat and sapropel resources, which can be successfully used to create new innovative products. The aims of the
research are to make heat insulation materials and to establish their optimal composition and properties. In this study, we made thermal
insulation materials using activated peat, sapropel and wood chips and described their properties in comparison with the industrially produced

materials.

We tested the optimal composition of products as well as their mechanical, heat insulation and acoustic properties. Results have shown that the
obtained materials can be successfully used in constructions as heat insulation materials and elements of constructions. Materials have good
thermal insulation capability and stability in our climatic conditions. Parameters of materials and their potential applications can be used to
evaluate the development of ecological building and the use of local resources.
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Baiipa OO0yka, Anekcanap Koy Paiitiuc By Mamape Ipeiikm, Ockap Iypmannc, Kapuna CrankeBmya, Mapuc
Kusisunbu. Canponeiib- H TopgoapeBecHOCTPYKeuHbIe TEILIOH30/ISIIHOHHBIC ILIHTBI B HX CBOHCTBA

IIpu COBPEMCHHBIX TEMIIAX POCTA I'OPOACKOIO HAPOJIOHACC/ICHUS CTPOUTC/IbHAS MHIYCTPUs TpeOyeT Bee OOJIbIIE MUHEPAIBHBIX PECYPCOB M
SHEPTHH JUIS CO3JIAHUS KUIhS M MHPPACTyKTYphL. OJHOBpPEMEHHO MPUXOJUTCA Y/ENSTh BHUMAHHE SKOJIOTHYECKOMY acreKTy HKOHOMUM
PecypcoB M SHepru. B 3ToM KOHTeKCTe, BechbMa aKTyalbHBl BO3MOKHOCTH MCIIOJIB30BAaHMS MECTHBIX MHHEPAIBHBIX M OHOTOTHYECKHX
PECYPCOB 1IPU CO3/IAHUM HOBBIX CTPOMTCIIbHBIX MATCPUAIOB MM YJIyULICHHS CBOACTB CYIICCTBYIOUMX (TCILIO- U 3BYKOM3OJISILMM M JIP.).

JUis JlatBum, oGnajaronielf 3HAYMTEIBHBIMH pecypcaMy 3ajexeil Topga, camporerns H BHICOKMM YPOBHEM MCIOJIb30BaHHSA IPEBECHHBI B
CTPOUTE/IBCTBE, BEChMA aKTYaIbHO CO3IaHME HA MX OCHOBC HOBBIX MHHOBAIMOHHBIX MaTCPUAJIOB.

Tlomyyennsle MOKa3aTeNM MeXaHMYeCKMX, 3BYKOM3ONAIMOHHBIX M TeIUIOM3OJSIMOHHBIX  CBOMCTB  TOPDOPEBECHOCTPYKEUHBIX |
canpomneIbPeBeCHOCTPYKEUHBIX KOMIIO3UTHBIX IUIMT JOBOJBHO BBICOKHE M CPaBHUMBI C IIPEICTAaBJICHHBIMH Ha PBIHKE IOJOOHBIMH
MarepuagamMy. McjieloBaHHbIe Calponeb- U TOPHOAPEBECHOCTPYKCUHBIC KOMIIO3UTHBIC ILIMTBI BO3MOKHO HPUMCHHIb B SKOJIOIMYCCKOM
TPaJIOCTPOUTEITLCTRE KaK TeIUIOM3OMIATIMONHEI MaTepHal, a Takike ¢ NeNbI0 MOBLIIEHNS MeXaHnIeckoi yCTOMUMBOCTH KOHCTPYKIIT 3/TaHuii.
1lomydeHHbIe MaTepHAIBI XOPOIIO 00€CTIeUHBAIOT Ta3000MeH B IIOMEIEHHAX (CTEHBI «IBIIIAT»), Carporesb H TOp(, BXOIAIIME B COCTAB THX
1WMT a0COPOUPYIOT HCIPUATHBIC 3allaXU M 00Pa3yIOT B IIOMCIICHHSX aHTUOAKTCPUAIBHYIO CPEJLy.

Pe3ynnTaThl  MCCTeIOBaHMii  TOKA3BIBAIOT, HYTO MWCIONL30BAHME CampomneNh- M TOP(OPEBECHOCTPYKEUHBIX KOMIO3UTHBIX IUTAT B
CTPOUTEIBCTBE B YCIOBHAX JIaTBHM BechbMa MePCNEKTHUBHBI, MOCKOIbKY 0OJAaloT MOBBIIEHHON MOPO30YCTOHYHBOCTBIO M YCTOMYMBEI B
TIEPHOIBI BCETO IUKJIA IIPOMEP3aHHsA M OTTaUBAHH.
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Biodegradation studies of sapropel-based composite materials

1. Introduction

V. Obuka', O. Muter?, M. Sinka®, M. Klavins'

! Department of Environmental Science, University of Latvia, Jelgavas street 1, LV
1004, Riga, Latvia

2 Institute of Microbiology and Biotechnology, University of Latvia, Jelgavas street
1, LV 1004, Riga, Latvia

3 Riga Technical University, Faculty of Civil Engineering, Institute of Materials and
Structures, Kalku Str. 1, Riga, LV-1658, Latvia

E-mail: vaira.obuka@lu.lv

Abstract. Traditional composite materials used for construction purposes currently
face many questions regarding their sustainability — mainly because they do not
come from renewable sources and due to the problems related to their end-of-life
management. These challenges motivate companies and researchers to look at the
natural fiber composite materials with increased interest. Usually natural fiber
materials in construction are used together with mineral binders, but in this research
new organic binder — sapropel (organic rich lake sediments) is used as a binder for
natural fiber composite materials with various fillers. In previous research these
composite materials have proven their applicability in construction industry due to
their sufficient mechanical strength and low thermal conductivity. Thus, in this
research evaluation of the biodegradability of composite materials were done,
comparing them to natural fiber materials with mineral binders. As a methods
respiration intensity of microorganisms in soil and enzyme activity of
microorganisms were used. For studied materials biodegradability potential have
been examined, depending on the filler properties and presence of mineral matter
content in the obtained composite materials.

Key words: Sapropel, Composite materials, Biodegradation, Environmental
applications

One of the key questions regarding development of new construction materials is their sustainability -
mainly because industrial construction materials do not come from renewable sources and due to the
problems related to their end-of-life management [1;2]. Traditional natural fiber materials partially
answer these challenges as they use mineral binders and natural fiber fillers. In this research a new kind
of organic binder - sapropel (organic rich lake sediments) is used.

Sapropel-based composite materials can be considered to be a new natural fiber composite materials
which are cost effective, recyclable and locally produced, as sapropel is a byproduct of lake recultivation

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOL

Published under licence by TOP Publishing Ltd 1
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processes and various filler materials, which are byproducts from such industries as agriculture and
wood processing, can be used. Natural fiber composite materials should not only have properties
required by the industry, but also be biodegradable after the end of their life cycle.

Sapropel can be used in the production of composite materials for building industry, interior
functional design objects with both cold compaction techniques and hot—glue press at elevated
temperature and pressure |3, 4]. In the previous research of sapropel-based materials prospective area
of their application included creation of different composite materials: Sapropel — wood fiber, sapropel
— wood sanding dust, sapropel — hemp shives [5], sapropel — wood-chips [6]. In these composite
materials sapropel was used as a binder [5, 7, 8]. The research results showed that the use of sapropel as
a binder and various byproducts as a filler allows the finished product to be included in the thermal
insulation material category according to the technically qualitative indicators. In addition, the results
of compressive and flexural strength resistance show that the strength of the composite materials is
sufficient o be used in the industry.

Evaluation of biodegradability of various materials in soil is based mainly on the measuring evolved
carbon dioxide as a function of time [9]. Microorganisms play an important role in maintaining nutrient
cycles in soil (C, N, P, S) by recycling organic matter [10]. The activity of microorganisms depends on
soil characteristics, climatic conditions and soil tillage technologies.

Conditions with different humidity were modelled in experiments. Biotechnology often uses so-
called slurry systems [11, 12]. Slurry systems with high humidity and water content have a beneficial
effect on the activity of biodegradable microorganisms due to the better transfer of substances.

Our study was aimed at comparative evaluating of the biodegradability of ten composite materials,
which have been newly-developed from different types of sapropel and wood, hemp derived fillers.
Enzyme and respiration activity of microorganisms in soil in the presence of composite materials was
chosen as the evaluation criteria of biodegradability.

2. Materials and methods

2.1.  Sapropel (binder for composite materials) sampling.

Sapropel sediments were sampled from three lakes in Latvia — Padelis (further: carbonatic sapropel
(CS)), Veveru (further: green algae sapropel (GAS)) and Pilvelu (further: cyanobacteria sapropel
(CBS)), located in Rezekne District, Latgale Region. Loss on ignition (LOI) method was applied in order
to estimate moisture content, content of carbonate matter and organic matter of sediments [13]. Moisture
content of sapropel was determined after drying at 105°C, followed by organic matter estimation at
550°C for 4 h. The content of mineral substances was determined after heating at 900°C for 2 h.

2.1.1. Fillers for composite materials

Birch wood sanding dust (also known as wood dust) and fiber (also known as wood fibers), and hemp
shives were selected as fillers for production of composite materials. Birch wood sanding dust and fiber
are industrial by-products coming from JSC “Latvijas finieris” — a plywood manufacturing company.
Birch wood fiber was up to 15 mm long and up to 0.1 mm thick (diameter). In addition, hemp shives
("Bialobrezeskie") were taken from "Zalers" Ltd. Hemp shive slices were up to 5.5 cm long and up to
0.6 cm thick.

2.1.2. Composite material preparation and curing

For the developed composite materials three types of raw sapropel have been used as a binder, i.¢., green
algae sapropel (GAS); cyanobacteria sapropel (CBS) and carbonatic sapropel (CS). Sapropel was
mechanically treated by mixing together with electrical hand mixer until smooth and homogeneous
material was formed. Mixing of sapropel-filler mass was done manually until homogeneous and smooth
mixture was reached at the stage, where filler was fully covered with sapropel. Binder-filler mass ratio
was 6:1. Metal molds with dimensions of 30x30 cm and with adjustable height were used for composite
material production. The mixture of raw materials was laid in by layers in molds for more dense
composite material structure, higher mechanical strength and for minimizing final product shrinkage.
Sapropel-filler specimens were cured at the temperature of 80 — 105°C for 36 — 72 hours until the
constant weight was reached.
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For a reference of biodegradation tests a biocomposite materials with the same filler (hemp shives)
were used. Mineral binders developed in previous studies were used for these materials - dolomitic lime
consisting of 100% DL60 lime (Dolomite) and hydraulic lime consisting of 60% DL60 lime and 40%
calcinated kaolin clay (Clay) [14]. Binder-filler mass ratio was 2:1. Block peat ("Laflora") was also used
for composite materials biodegradation studies as a control material.

2.2.  Evaluation of the biodegradability of the tested materials

In order to compare the potential biodegradability of the composite materials tested, an experimental
scheme was developed: soil microbial enzyme activity and respiration were used as the main indicators
|15]. Considering the need for microorganisms to adapt to the substrate, 7-day incubation period was
included in the process requiring appropriate physicochemical conditions, growth factors (macro- and
microelements, nutrients, vitamins). To accelerate the biodegradation process, the composite materials
were placed in the soil amended with a substrate (molasses and a source of vitamins (plant extract)), as
well as a consortium of soil-derived microorganisms with a high hydrolytic activity [16]. Altogether /0
composite materials where evaluated.

Incubation of 0.25 mg specimen for evaluation of the biodegradability of the tested materials was
performed in the sealed 100 mL vessels containing 10 g soil at 37 + 2 °C for 7 days. The composition
of the substrate added to the specimens was the following: 10 g clay loam soil, 2 mL mineral broth, 100
uL 30% molasses, 200 uL cabbage leaf extract, 100 pL inoculum (2.0x10'° CFU/mL) and 50 mL sterile
distilled water [ 16]. The composition of mineral broth was the following, g/L: MgSO4 — 0.2, CaCl, - 0.02,
KH,PO, — 1.0, K.HPO4 — 1.0, NH4NO; — 1.0, FeCls — 0.05). Specimens were prepared in three replicates.
Soil moisture was 60% of the maximum water capacity. The physicochemical characteristics of clay
loam soil are summarized in Table 1.

2.2.1. Respiration intensity of microorganisms
The microbial respiration was tested according to [15] with some modifications. The glass with 5 mL
0.05 M NaOH was placed in the sealed 100 mL vessel as described in 2.5. The respiration was estimated
by back-titration of the unreacted NaOH using 0.05 HCI (adding 0.1% phenolphthalein indicator to the
NaOH prior to titration). Two measurements of respiration have been made for each vessel with a
sample, i.e., at the beginning of incubation and after 7 day of incubation period. Respiration assay was
performed at 23 °C for 24h in the dark.
The intensity of the SIE was calculated by the formula [17]:
(A-B)-1.1-60
SIE = ————r——
m-h

where,
A - titrated, control sample, mL;
B - titrated for the test sample, mL;
1.1 - coefficient (depends on molarity);
60 - coefficient (for conversion into hours);
m - sample weight, g;
h - trial time, min.

2.2.2. Enzyme activity of microorganisms: fluorescein diacetate hydrolysis

After 7 day incubation period, as described in 2.5., the fluorescein diacetate (FDA) hydrolytic activity
of microorganisms was tested. 100 pL specimen was transferred to 1 mL tube containing 400 pL
reaction mixture (4 mg FDA, 2 mL acetone, 48 mL 0.06M phosphate buffer, pH 7.6). The mixture was
incubated for 60 min at + 37+2 °C[18, 19]. After incubation, 500 uL acetone was added to the specimens
to stop the hydrolysis reaction. The optical density was measured at 490 nm using a microplate reader
Infinite f50 (TECAN, Swirtzeland). Calibration curve was prepared using the thermally hydrolyzed
FDA.
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Table 1. Characteristics of the soil used

Parameter Values Parameter Values
N, % 0.20 Electrical  conductivity, 0.162
mS/cm

C,% 2.06 Water capacity, % 149.47
PO.*, ng/g 4738 Na, mg/kg 14.3
P, ug/s 15.6 Mg, mg/kg 218.5
pH (IM KCI) 6.72 K, mg/kg 146.5
Redox potential, mV -24.9mV Ca, mg/kg 1802.6

The soil characteristics of the clay loam used in the experiment was determined (Table 1) using
standard soil analysis methods. The Na, Mg, K, Ca content of the specimens was determined using a
PerkinElmer AAnalyst 200 atomic absorption spectrometer. A non-clectrode discharge lamp (Perkin
Elmer) was used as a source, Na measurements were made at 589 nm wavelength, Mg at 285.2 nm, K
measurements at 766.5 nm and Ca at 422.7 nm using flame atomization. N,O, acetylenc was used as the
oxidizing gas. ANOVA (Anova: Single factor analysis) was used for statistical data processing.

3. Results and discussion
3.1.  Composite materials (sapropel sampling)
Sapropel samples differed from one another in terms of moisture, organic matter and carbonates.

Table 2. Characteristics of the sapropel samples

Lake Moisture,%  Organic matter,% Carbonates,%
Padelis (carbonatic sapropel; CS) 85.97 15.27 35.57
Pilvelu (cyanobacteria sapropel; CBS)  94.99 84.51 1.26

Veveru (green algae sapropel; GAS) 97.66 86.25 1.18

Characteristics of the sapropel samples are shown in Table 2. For example, Lake Padelis sapropel sample
contained 35.57% carbonates, moisture — 85.97%, and color — pale gray-pink. Lake Pilvelis sapropel
sample was dark greenish brown with homogeneous and jelly-like structure. Lake Veveru sapropel
sample moisture level was comparatively high, i.e. 97.66% and organic matter — 86.25%.

3.2.  Evaluation of the biodegradability

Biodegradation experiments were performed by adding the composite materials to the soil amended
with nutrients and a consortium of microorganisms with a high hydrolytic activity [16] in order to
provide favorable conditions for degradation processes.

3.2.1. Soil microbial enzyme activity after incubation in the presence of composite materials

One of criteria for evaluating the biodegradability of the tested materials could be an increase of
microbial enzyme activity, which responded to the presence of bioavailable nutrients. FDA hydrolysis
involves the activity of various enzyme groups of microorganisms, i.¢., hydrolases, proteases, esterases,
lipases, etc. [20]. As shown in Fig.1, after 7-day incubation period all composite materials added to the
soil stimulated FDA hydrolysis activity, comparing with the control set. After 7-day incubation period
in the batch system, the lowest FDA hydrolysis activity was observed in the non-composite control (Fig.
1). All tested composite materials showed a stimulating effect on the enzyme activity of the
microorganisms, with the highest mean value for [GAS-CS/Hemp shives], i.e., 2.01 £ 0.75 uM FDA h-
g dw! (Fig. 1). Comparison of the FDA hydrolysis activity showed a statistically significant (p<0.05)
difference between control and composite materials, except CS/wood fibers. Greater FDA hydrolysis
activity may indirectly indicate more intense biodegradation processes, as it depends on the availability
of nutrients, the concentration of microorganisms, and their physical, chemical and environmental
properties [20, 21].
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Figure 1. Fluorescein diacetate hydrolysis activity of microorganisms in a clay loam soil amended with
nutrients, microbial consortium and composite materials. The ratio of a compositc material to the
substrate was 0.25:10.0. The substrate was prepared as described in Materials and Methods. FDA
activity was measured after 7 day incubation period of a composite material with soil at 37 °C. GAS —
green algac sapropel; CBS — cyanobacteria sapropel; CS — carbonatic sapropel. Control — the soil
substrate without composite materials.

3.2.2. Respiration intensity of soil microorganisms in the presence of composite materials

The respiration intensity of microorganisms in the experimental batches was observed before and after
7 day incubation period at 37 °C. An increase of respiration intensity in the composite materials has
been observed. The amended batches at the beginning of incubation showed statistically significant
difference (p<0.05) and varied in the range from 31% to 70%, as compared to the control batch (Fig.2
A). The highest respiration intensity was in the soil containing CS/Wood fibers, while the lowest —
CS/Wood sanding dust, i.c., 7.68 + 0.35 and 5.92 + 0.43 pg C-CO, h! g dw’!, respectively (Fig.2 A).
Among the types of composite materials, no statistically significant differences in respiration stimulating
effect were found.

Figure 2B summarizes a second test carried out after 7 day incubation period, when readily available
substrates have been used by microorganisms. The respiration intensity of microorganisms after 7 day
incubation period was considerably lower than that at the beginning of the experiment. This can be
explained by the fact that microorganisms have already degraded easily degradable substances.
Subsequently, this data indicate the degradation statc of comparatively hardly biodegradable substances
(cellulose, hemicellulose, lignin) resulting in the original material fractionation in respect to polymer
stability. No respiration was detected in the control soil. The highest respiration intensity was detected
in CBS-CS/Hemp shives, while the lowest —in CBS/Wood sanding dust, i.e., 2.70 £0.89 and 0.70 £0.87
ug C-COzh-1 g dw-1, respectively (Fig.2B).

The obtained data can be interpreted as the potential biodegradability of the tested composite
materials under given test conditions. It shows that the materials used are biodegradable but with varying
rate. It can be seen that it is mostly dependent on the used filler, the wood sanding dust has the highest
biodegradability ratio as it shows the lowest respiration after 7 days, wood fibers and hemp shives have
lower biodegradability as they have higher respiration after 7 days. Sapropel binder shows similar
reparation as the reference lime binders, as the used sapropel is with high carbonate percentage. The
used materials demonstrate that with varying ratio all of the materials are biodegradable and can be used
to decrease the overall environmental impact of construction materials.
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Figure 2. Respiration intensity of microorganisms in a clay loam soil amended with nutrients, microbial
consortium and composite materials. The ratio of a composite material to the substrate was 0.25:10.0.
The substrate was prepared as described in Materials and Methods. Respiration intensity was measured
before incubation (A) and after 7 day incubation period (B) of a composite material with soil at 37 °C.
GAS — green algae sapropel; CBS — cyanobacteria sapropel; CS — carbonatic sapropel. Control — the
soil substrate without composite materials.

Previous studies of composite materials from peat and cellulose fibers [22] demonstrated reasonably
good resistance in respect to destruction, as after a month of incubation their biodegradability reached
20-30%. Overall, in the experiment described above, the highest biodegradation intensity was in
materials consisting of peat, 85% cellulose fiber and grape processing by-products. It is explained by
the fact that the grape processing residues are an additional filler between the fibers, reducing the fiber
content. However, the smallest biodegradation activity was shown in the mixture of peat and 100%
cellulose fiber. In turn, the results of biological activity expressed in mg CO, per 100 g of substrate
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indicate the lowest activity in studied composites with increased mineral content [22]. Also our study
demonstrate similar trend.

Patnaik and colleagues [23] have explored the biodegradation potential of thermal insulation and
sound insulation materials, from wool waste and recycled polyester. Sheep wool showed the highest
level of biodegradation over 50 days followed by sheep wool products and a control sample of cellulose
fiber. At the same time, recycled polyester showed the lowest biodegradation level. Thus, it can be
concluded that composite material, just as those developed in our study at the end of its life cycle, can
be used on agricultural land as a nitrogen fixator for plants, thus reducing the fertilizer utilization rate
[23].

4. Conclusions

Organic rich lake sediments (sapropel) — a byproduct of the lake cleaning — can be efficiently used to
develop composite materials together with other production waste materials. Sapropel of different origin
(green algae sapropel, cyanobacteria sapropel and carbonatic sapropel) at the development of
composites serves as binder, but birch wood fiber, sanding dust, hemp shives as a filler material. The
biodegradability of the obtained composites has been studied and major differences of the
biodegradability potential have been found, mostly depending on the filler propertices, but also on the
presence of mineral matter content in the obtained composites. The obtained results demonstrate
potential to use sapropel as a raw material for composites in combination with other waste materials
with potential application as construction materials and design products, to extend the life of natural
materials and achieve aims of reduction of waste streams.
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ABSTRACT

The aim of this paper was to study the microbiological stability of bio-based composite building materials, which
are made using organic-rich lake sediments (further — sapropel) with lime and magnesium cement as binders and
hemp shives as filler. The microbial stability properties of the obtained composite materials were investigated and
compared to similar composites. Because of their high organic content, these materials are prone to biodegrada-
tion; therefore, they were coated with ALINA LIFE TM organoclay coating, which helps to extend the product
life, reducing the rate of biodegradation compared to the biocides used in industry. The effect of the coating on
the resistance to decay by the Aspergillus versicolor, Penicillium chrysogenum, Alternaria alternata, Cladospo-
rium herbarum, Chaetomium sp. and Trichoderma asperellum fungi was investigated under different conditions:
relative humidity modes of 75% and 99% at 20°C for 45 days and four months. The results indicated that the
composites made of sapropel and lime have similar microbial stability propertics as lime and magnesium cement
binder composite materials. ALINA LIFE TM organoclay coating showed advanced resistance to biodegradation;
sapropel-lime composites have shown several good properties that make them suitable to be considered for use in
the construction material industry.

Keywords: sapropel; lime-hemp materials; magnesium cement; microbial stability; biocides;
organoclay additive

INTRODUCTION

There is a growing need to replace synthetic
and fossil (mostly oil- and coal-based) materials
with natural ones (Fava et al., 2015) to reduce the
impact of exhaustion of non-renewable resources
and the adverse influence of the greenhouse gas
emissions. Considering the requirements for the
application of materials in different industries,
composite materials are especially valuable,
combining different properties such as high com-
pressive strength, flexibility and low weight. In
order to advance the use of natural materials, the
properties of these composites should not be in-
ferior to synthetic ones. One of the approaches is
to develop the natural material composites that
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combine binding and structure-forming proper-
ties in one product. Organogenic lake sediments
(sapropel) are a good natural binder that can re-
place synthetic binders; sapropel is abundant in
lakes in the northern hemisphere, being a waste
material after the lake recultivation process.
Sapropel is a partially finc-grained rencwable
resource: it is an organic-rich lake sediment or
sedimentary rock, and it appcars in lacustrine cn-
vironments of inland waters (Kurzo et al., 2004).
With its high content of organic matter, sapropel
can be used in agriculture and horticulture as a
soil fertiliser and soil amendment (i.e. binder for
granules). It also has the potential to be used in
construction materials as a binder or adhesive
substance (Baléitnas et al., 2016; Obuka, et al.,
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2015). It is a valuable and available resource of
natural origin, and it is estimated that in Latvia the
reserves of sapropel in inland waters are around
700-800 million m?; furthermore 1.5 billion m?
underlic the peat layer — in total, over 2 billion m?.
Sapropel itself has a high ability to bind, as well
as shape-holding capacity, adhesive properties
and plasticity (Obuka et al., 2015). Therefore, in
this research, it was used as a binder, as has been
demonstrated in previous studies (Obuka et al.,
2015, Obuka et al., 2017; Bal¢itinas et al., 2016b).
As its usc as a binder docs not require thermal
processing, it has low embodied energy and low
CO, emissions, making it very appropriate for use
as an ccological insulation material with low en-
vironmental impact.

Diflerent natural fibres can be used as struc-
ture-forming materials. In this research, hemp
shives were used as filler materials in the devel-
opment of composites. These filler materials are
agricultural by-products that need to be recycled.
Onc of the materials that incorporate hemp shives
is hemp-lime self-bearing insulation material. Tt
has a positive environmental impact that is di-
rectly related to the CO, emissions, as both com-
ponents of the composite have sequestered CO,:
lime during hardening (carbonation) and hemp
during growth (Shea et al., 2012). Sapropel, in its
formation, has also absorbed CO, in the form of
organic substances, thus being similar to hemp-
lime materials.

In previous studies, sapropel composite ma-
terials with various fillers (¢.g. wood fibre, hemp
shives, or wood sanding dust) have shown the
compressive strength from 0.15 to 0.73 MPa, with
a density ranging from 200 to 600 kg/m?, and ther-
mal conductivity from 0.063 to 0.080 W/mxK.
These properties are similar to other bio-based
building materials, such as hemp-lime concrete
(Sinka ct al., 2015) or magnesium-hemp concrete
(Sinka et al., 2018), thus proving the potential of
sapropel composite as a self-bearing insulation
material used in construction.

One of the major problems in relation to the
development of bio-based building materials is
their microbial stability with respect to fungi and
other microorganisms. The main cause of mi-
crobial growth is excess moisture and dampness
from inadequate ventilation or leaking roofs; the
concerns regarding this growth arc worsening ap-
pearance (which leads to material replacement or
reinstatement) and loss of mechanical properties,
as well as sick building syndrome, which is caused

by spores and metabolites of microorganisms and
seriously impacts human health. These problems
show that the reasons for protection are not simply
economical but related to the health issues of the
environment at home and in the workplace (Falkic-
wicz-Dulik et al., 2015; Klamer et al., 2004).

In a study that investigated the biodegradabil-
ity of sapropel composite materials depending
on the filler used, it was concluded that sapropel
composites are biodegradable at the end of their
life cycle (Obuka et al., 2019). This biodegrad-
ability leads to concerns about the microbiologi-
cal stability of sapropel composites when they are
used as construction materials in buildings. Thus,
in this study the microbiological resistance of
these materials was tested under different humid-
ity and temperature conditions as well as com-
pared to other bio-based building materials: com-
mercially available (such as wood fibre cement
boards and hemp-lime composites), experimental
(magnesium-hemp composites) and filler only
(hemp and flax shives).

Producing the materials with microbiologi-
cal resistance would be economically beneficial
because improving indoor environments could
lower the health care costs and increase the worker
productivity, resulting in an estimated savings of
$30 billion to $150 billion annually (Dean & Do-
ris, 2014). It is safc to say that this ficld of rescarch
is important, and the benefits are not only more du-
rable materials, but human health in general.

The indoor concentration of microorganisms
depends on various factors, such as the number of
bacteria and fungi in the air, ventilation systems
(natural, mechanical or mixed), building conser-
vation conditions and indoor climate. The main
factor influencing the growth of moulds is the
moisture level; it is also influenced by tempera-
ture and the properties of the building materials.
The optimal relative humidity for human health is
40-60%, at room temperature. The critical level
for fungal growth was to be above 75% moisture.
Excessive indoor humidity can be caused by such
factors as natural disasters, construction failures,
improper maintenance of buildings, as well as
the initial moisture levels in the materials used in
building construction (Apine et al., 2015).

One of the ways to improve the micro-
biological resistance is to use biocides; in this
study, two different biocides were used as ad-
ditives to composite material mass. The first
was ACTICIDE FD (THOR Ltd.), which con-
tains a combination of active substances CIT
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(chloromethylisothiazolinone, also known as
5-chloro-2-methyl-2H-isothiazol-3-one) and MIT
(methylisothiazolinone also 2-methyl-2H-isothi-
azol-3-one) and is effective against Aspergillus
spp., Cladosporium spp., Penicillium funiculo-
sum and others. The second was BACTERICIDE
(Elvi Ltd.), containing quaternary ammonium
compounds as active substances. However, it
must be noted that, according to the EU legisla-
tion, the use of active substances in biocides must
be lowered several times; as of 1st of May 2020,
MIT is classified as allergenic from concentra-
tions as low as 0.0015% (15 ppm), according
to the European commission’s 13" ATP to CLP
(Commision Regulation (EU) 2018/1480, 2018).

Biocide leaching from bio-based materials
can be considered a problem, as it can lead to
decreased efficacy of microbial protection and
causcs cnvironmental pollution (Paijens ct al.,
2020). Therefore, it is important to consider and
also to test alternatives to traditional biocides that
arc available in the industry. The chosen alterna-
tive to traditional biocides is organoclay technol-
ogy, which is novel, environmentally friendly,
non-leaching and easy to use. As an alternative,
montmorillonite mineral material can be used: it is
specifically surface treated to change a hydrophil-
ic surface into a hydrophobic, as a result changing
the structure and functionality of the mincral. The
organoclays are a new type of additive for finish-
ing materials and paints that prevent the negative
cffects of the external environment on materials,
thereby prolonging their longevity and reducing
the use of biocides to protect materials (Kostju-
kova et al., 2017). Organoclay additive material
was uscd as an alternative to composite material
mass protection for the sapropel composites and
other bio-based building materials in this research.

MATERIALS AND METHODS

Materials

Sapropel

The sapropel sediments were sampled from
Lake Pikstere, located in Jekabpils District, Se-
lonia, Latvia. The properties of the sapropel used
have been determined in previous research using
various methods (Obuka et al., 2017). The sap-
ropel samples differ from each other in terms of
organic matter, moisture and carbonate, as well
as the ash content. The properties of the sapropel
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that was used are the following: sapropel type —
green algae; moisture — 96.45%; organic matter
content in dry matter — 82.67%; ash content of dry
matter — 17.33%; pH (water extract) — 6.89; elec-
tric conductivity — 124.75 mS/cm?; non-H density
—1.028 g/m*; H density — 1.069 g/m?; and colour
— greenish brown.

Mineral binders

In this research, four different binders were
used — formulated hydraulic lime, hydraulic lime,
magnesium phosphate and magnesium oxychlo-
ride cement. The sample designation can be seen
in Table 2. Formulated hydraulic lime (FHL)
binder consists of 60% hydrated lime CL90 (pro-
duced by Lhoist Poland Ltd.) and 40% metakaolin
that was a by-product of porous glass production
(by Stiklaporas Ltd. in Lithuania). The hydraulic
lime (HL) binder used in hemp-lime construction
in Latvia consists of 70% hydrated lime, 20% hy-
draulic lime and 10% additives. Hydraulic lime is
uscd as a stand-alone binder and as a binder with
sapropel, at a ratio by mass of 1:1.

Magnesium phosphate cement (MPC) con-
sists of 55% (by mass) dead-burned magnesium
oxide M-76 burned at 1700 °C (Integra Ltd,
Slovakia) and 45% mono-potassium phosphate
0-52-35 (N-P-K proportion) with P O, content
at least 52.1% (Praton SA Ltd). Magnesium oxy-
chloride cement (MOC) consists of caustic mag-
nesium oxide CCM RKMH-F burned at 800 °C
(RHI AG Ltd, Austria) and magnesium chloride
hexahydrate MgCl,-6H,0 (Germany) dissolved
in water (brine 1:1).

Table 1. Designation of materials and methods used

Designation

Sample types
Sapropel-lime-hemp composite SLHC
Magnesium oxychloride cement MOC
Formulated hydraulic lime FHL
Hydraulic lime HL
Magnesium phosphate cement MPC
Hemp shives HS
Flax shives FS
Wood wool WW
Wood fibre cement board wcC
Sample designations [
ALINA additive A
Biocide additive B
Fungi mixture F
Control without additive K
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Sample preparation

Mixtures of the samples can be seen in
Table 2. Sample preparation and the proper-
tics of hemp shives are described in previous
research (Obuka et al., 2017); only the sam-
ple dimensions differ. For the first stage of
the experiment, the samples were prepared in
70x70x70 mm cube moulds, wood wool (WW)
was cut with a similar surface area. For the sec-
ond stage, the samples were prepared in 40 mm
diameter and 10 mm high cylindrical forms,
with wood fibrec cement board (WF) and WW
cut with similar surface area; for the second
stage, additional samples with lowered mineral
binder amount were also produced, using 50%
and 20% of the binder amount of the first stage
with the same amount of shives, producing the
samples with less binder coverage and micro-
biological protection.

Microbiological stability tests

Two experiments were conducted to deter-
minc the microbiological stability. In both experi-
ment stages, the material samples were artificially
inoculated with six fungal strains:

1. Aspergillus versicolor MSCL 1346;
2. Penicillium chrysogenum MSCL 281;
3. Alternaria alternata MSCL 280);

4. Cladosporium herbarum MSCL 258;
5. Chaetomium sp. MSCL 851;

6. Trichoderma asperellum MSCL 309.

Aspergillus versicolor and Penicillium chrys-
ogenum belong to primary colonisers, Alternaria
alternata and Cladosporium herbarum to second-
ary, and Chaetomium sp. and Trichoderma asper-
ellum to tertiary colonisers. Primary colonisers
can develop at a relative humidity <80%, second-
ary at 80-90%, and tertiary at a relative humidity
>90% (Stefanowski ct al., 2017).

For the experiments, the fungi were grown
in Petri dishes, and a suspension of mycelial

Table 2. Mixtures of the samples

fragments and spores was prepared from each
fungus in sterile distilled water (autoclaved at
121 °C for 15 min) to obtain OD,,, 0.16. All
six fungal suspensions were mixed in equal
amounts. The analysed samples of materials
were inoculated with 3 ml or 5 ml of the mixed
fungal suspension (depending on the size of the
sample).

When the fungal growth was observed, the
fungi were identified by macroscopic and micro-
scopic (Leica DM 2000, Leica Microsystems)
features, at lcast to the generic level. The inten-
sity of fungal growth was assessed based on the
scale (shown in Table 3) according to the ASTM
C1338-96 Standard test method for determining
the fungi resistance of insulation materials and
Sfacings (Klamer et al., 2004).

After visual evaluation, 1.0 + 0.5 g material
samples were removed from the composite mate-
rial where fungal overgrowth was observed. The
samples were divided into smaller fractions with
a knife, scissors or tweezers, and placed in plas-
tic tubes. Afterwards, they were poured into | ml
of sterile distilled water (autoclaved at 121 °C for
15 min), then shaken vigorously for 5 min. The
sample suspension (0.1 mL) was then plated on
Malt Extract Agar medium (Oxoid) and the sam-
ples incubated at room temperature (20 + 2 °C)
for 5-7 days. The fungal genera were determined
with microscopic and macroscopic methods
(Klamer et al., 2004).

Incubation conditions

In the first stage of the experiment, the
analysed material samples were incubated in
two relative humidity modes —75% and 99%
RH — at a temperature of 20 °C: 75% RH was
found to be the typical operating conditions
of bio-based building materials measured dur-
ing the in-situ tests (Sinka ct al., 2018), while
99% RH represents elevated moisture that
can occur during drying or improper building

8 Formulated | Magnesium .
Hemp | Water for Hydraulic - Magnesium | MgCl, | Water for
Type shives shives Sapropel lime binder hydLai:gzrllme pr;zz]::tte oxide brine 1:1 binder
SLHC 1 - 25 25 - - - - -
MocC 1 1.25 - - - - 2 1.33 -
FHL 1 1.25 - - 25 - - - 1.25
HL 1 1.25 - 25 - - - - 1.25
MPC 1 1.25 - - - 27 - - 0.90
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Table 3. Evaluation of fungal growth on materials (average values)

InteEZglyu:f“g?cﬁ wih Characteristics Colour scale
0 No growth detected microscopically
1 Microscopically detected growth
2 Microscopically detected growth covering the whole surface
3 Macroscopic (visible to naked eye) growth present
4 Macroscopic growth covering >80% surface

maintenance. The moisture levels and tem-
perature were monitored with digital sensors.
In order to ensure 75% RH, a sodium chloride
salt solution was kept in the chamber with
the samples. In turn, to ensure 99% RH, the
samples were kept in sceparate scaled boxes
with sensors inside, and 3 ml of sterile water
was poured on the samples when a decrease in
RH level was detected. The visual evaluation
of composite materials was performed after
4 months of incubation.

In the second stage of the experiment, the
samples were kept only at an RH of 99% and a
temperature of 20 + 2°C; the visual assessment
was performed after 45 days. In order to ensure
99% RH, the samples were poured with 3 ml of
sterile water twice a week, thus maintaining a hu-
mid environment simulating rain condition.

a)

4

Fig.1. Ctrol samples of wood wool covered with 7richoderma (A) and MPC composite covered with

Additional antimicrobial protection

For the first stage of the experiment,
ACTICIDE FD — a combination of CIT and MIT
— was used for additional biological protection
tests. It was added to the composite materials in
the amount of 1% of the total mass. It is effec-
tive against Aspergillus spp., Cladosporium spp.,
Penicillium funiculosum and others (Thor, 2020).

In the second stage of the experiment, the
BACTERICIDE biocide was used as an active
substance containing quaternary ammonium
compounds. It was added to the composite mate-
rials in the amount of 1% of the total mass.

In both the experiments, the ALINA Ltd. prod-
uct ALINA LIFE TM organoclay coating was
used for additional biological protection. It was
added to the composite materials in the amount of
4% of the total mass.

b)

Penicillium and Aspergillus (B)
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RESULTS

The first stage of the experiment

Out of the 75% RH material samples, only
MPC and WW showed an overgrowth (Figure 1);
no fungal overgrowth was observed on other sam-
ples. Under such humidity conditions, only fungi
that are in the category of primary colonisers can
grow and they have low activity, which results in
small overgrowth.

At 99% RH, MPC showed intensity of
growth level 4, wood wool showed intensity of
growth level 3, and both showed macroscopic
fouling with fungi (Fig. 1); the remaining spec-
imens showed intensity of growth level 1 or an
increase in microscopically detected fungi. The
low microbiological stability of wood wool
can be cxplained by a low pH level of 4.28.
Although magnesium phosphate cement has a
high pH level of 10.45 that develops with time
as the cement hardens (Jia et al., 2019), it has
low microbiological stability, which is related
to the monopotassium phosphate that is used as
a hardener for the binder. The monopotassium
phosphate water solution has a pH lower than
7 and can also be used as a concentrated min-
eral fertiliser (Hegediis et al., 2017; Shen et al.,
2017); thus, the undissolved part of the hard-
ener can serve as a nutrient for fungal growth.

The fungal specics found in the samples of
the materials are summarised in Table 4, where
it can be seen that the main fungi that developed
in the samples were those that were inoculated
with the suspension, but others — such as Verricil-
lium, Simplicillium, Mucor and Aspergillus niger
— were also found.

As the first stage of the experiment did not
show enough fungal growth to be able to fully

compare the different materials, it was necessary
to perform the second stage of the experiment.
In the first stage, humidity was increased only
when a decrease in air RH was detected in the
samples with humidity sensors. Although micro-
scopic fungal growth was observed in most of the
samples, it can be concluded that such humidity
conditions were not sufficient to produce the fun-
gal growth large enough to be compared by visual
inspection. Therefore, in the second round of ex-
periments, the control of humidity conditions was
significantly increased by adding 3 ml of sterile
water twice a week, and the binder amounts for
mineral binders were decreased to 50% and 20%
of those used in the first stage.

The second stage of the experiment

From analysing the changes in the microbio-
logical stability of composites depending on the
concentration of the binder (Fig. 2), it can be con-
cluded that a decrease in the amount of mineral
binder decreased the microbiological stability.
For MOC, FHL, and HL biocomposites at 100%
concentration, the fouling assessment was 0-1.5,
at 50% concentration it was 1-3, and at 20% it
was 2.5-4 (Fig. 2).

The decrease in microbiological stability cor-
related with the lowering of pH in the specimens.
The lime-based binder biocomposites (FHL and
HL) showed higher microbiological stability than
the MOC biocomposites, since on the 100% bind-
er specimens fouling was not observed, while on
MOC the fouling corresponded to the levels 1-2.
At 50% and 20% specimens, this difference dis-
appcarcd. This can be attributed to the pH level,
which for the lime-based specimens was around
12 at 100% but for the MOC was 9.76, while the
reduction of binder in 50% and 20% specimens

Table 4. Detected fungi at the first stage of the experiment

Type Inoc. C A B pH
MOC F Penicillum, Aspergillus, Cladosporium | penciljum, Aspergillus 0 9.76
K Aspergillus, Scopulariopsis Chaetomium 0
F 0 Simplicillium Verticillium
FHL 11.99
K 0 0 0
F Aspergillus, Penicillium - -
MPC 10.45
K 0 - -
F Trichoderma -
Ww - - - 4.28
K Aspergillus niger, Trichoderma - -
SLHG F Aspergillus Scopulariopsis 0 12.18
K Aspergillus, Chaetomium 0 0 12.16
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Fig. 2. The second stage of the experiment. fouling depending on binder.

resulted in a similar pH and microbiological sta-
bility (Table 5).

The decrease in microbiological stability in
the MPC biocomposites was less pronounced, as
the intensity of growth at 100% concentration was
2-4, while at 20% it was 3-4. Such an increased
intensity of growth in MPC was similar to the re-
sults of the first stage of the experiment and can
be explained by the impact of the hardener, potas-
sium phosphate. Although the growth was found
on local spots, it was cvaluated as level 4; this can
be seen as a drawback of the visual assessment
method and scale used as, for example, there was
no distinction between the HL-20 (Fig. 5) and
MPC-20 samples (Fig. 6).

A comparison of the control (K) and fungal
inoculated (F) samples (Figure 2) showed that the
artificially inoculated samples had an increasc of
between 20% and 50%. Table 5 shows the diver-
sity of fungal colonies in the samples, as deter-
mined by microscopic examination of the fungi.
It can be seen from the table that the fungi found
in the inoculated samples, mainly Aspergillus
versicolor, Penicillium chrysogenum and Clado-
sporium herbarum, were almost absent in the
control samples.

The comparison of the control samples and
the samples with improved microbial stability by
organoclay additive or biocide coating (Table 5)
showed that both types of coating generally im-
proved the microbial stability. The organoclay-
added samples showed 13.8% lower overgrowth
and those with the biocide product had 9.1%
lower. However, this effect was not the same for
all formulations. The organoclay additive in HL
binder showed no improvement; neither did bio-
cide for the MOC and FHL binders.
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The microbiological stability of the bio-
composite aggregate hemp shives (HS) was
low — the intensity of fungal growth was 3.2-4
(Fig. 3). Some literature sources tend to attribute
the antibacterial properties to the hemp shives
(Ali, Almagboul, Khogali, & Gergeir, 2012),
but the experiments showed fungi fouling on
them. However, when compared with the ag-
gregate of similar origin, flax shives (FS), it can
be observed that the flax shives were completely
covered with fouling (Fig. 3) and fungal growth
started much earlier than for the hemp shives.
Thus, hemp shives have somewhat better micro-
biological resistance than flax shives, but with
the methods used in this research, they cannot be
distinguished as both had macroscopic growth
covering >80% of the surface and no evalua-
tion according to the speed of fungal growth has
been made, which limits a full interpretation of
the research results.

The microbial resistance (Fig. 3) of the refer-
ence building materials — wood wool (WW) and
wood fibreboard (WF) — was also experimental-
ly tested. The fastest growth of 7richoderma on
wood wool was due to the low pH 3.63 (Table 4),
similar to the first stage of the experiment (Fig. 1).
However, the WF samples showed very high mi-
crobial resistance and a high pH of 11.8. Only a
small amount of Paecilomyces was detected in
most samples (Table 5).

In the sccond stage of the experiment, it was
discovered that the fungi belonging to the species
of Paecilomyces and Stachybotrys were the most
common on the materials included in the research.
In some cases, Penicillium, Acremonium, Clado-
sporium, Aspergillus, Trichoderma and Mucor
were also observed, indicating that the substrates
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Fig. 3. Materials after microbiological stability tests: A) hemp shives; B) flax shives, C) wood wool;
D) wood fibre cement board.
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contained sufficient amounts of moisture and nu-
trients for the fungal development. Most of these
fungi feed by cellulose; therefore, they can be
found on cellulose-based materials (Bech-Ander-
scn, 2004; Klamer ct al., 2004).

Stachybotrys also feeds by lignin and
for this reason, it is often found on wood
and its products (Vance et al., 2016), and it
is also known as black mould (Ding et al.,
2018). Since hemp shives contain high lev-
els of lignin and cellulose, this type of fungi
can be found on a large number of specimens
(Fig. 4-7). The mycotoxins produced by these
fungi cause allergic reactions, and they are of-
ten associated with various health problems

caused by inappropriate indoor microclimate
(Hossain et al., 2004).

The environmental reaction (pH) plays an
important role in the spread of fungi and bacteria
in building materials and was measured in both
the first and second stages of the experiment. The
composite materials with pH levels up to 8 are
more susceptible to colonisation by microorgan-
isms than alkaline cement materials, which have
a pH of about 12—-14 and are therefore relatively
insensitive to colonisation in the early state of
the composite. However, over time, the carbon-
ation process lowers the pH of cementitious
alkaline materials to about 9, allowing the mi-
croorganisms to develop on the materials. Some

Table 5. Assessment of fungal colonies growth in the second stage of experiment

Type Inoc. [} A B pH
K 9.76
MOC-100
F
WiOBED K 9.55
F
K 9.55
MOC-20
F
K 0 0 0 11.99
FHL-100
F 0 0 0
K 0 9.24
FHL-50
F
FHL-20 K o.17
F
K 0 0 0 12.40
HL-100
F
K
HL-50
F
K
HL-20
F
K
MPC-100
F
K
MPC-50
F
K
MPC-20
E
K
HS
F
K
FS
E
K
ww
F
K
WF
F 0
SLHC K 0 0 0 11.99
F 0 0 0
K 0 0 0 121
SLHC-B
F 0 0 0
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188



Journal of Ecological Engineering 2021, 22(4), 296-313

b)

Fig. 4. Magnesium oxychloride biocomposites with varying binder amount: A) MOC-100, B) MOC-50,
C) MOC-20

studies have examined the accelerated carbon- DISCUSSION
ate contamination of mortars and show that their

bioavailability is significantly increased. Thus, Composite materials are especially valuable,
such composites can be a significant source of  as they reflect the requirements for the application
indoor air pollution (Verdier ct al., 2014). of materials in different industrics, by combining
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a)

g S

Fig. 5. Hydraulic lime biocomposites with varying binder amount: A) HL-100; B) HL-50; C) HL-20

various properties such as carbon neutrality and  strength properties to further develop their uses
renewable raw material source. However, they  in the market. In order to develop the use of natu-
need to gain microbial resistance and suitable ral materials, the properties of these composites
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£

should not be inferior to the artificial ones. This
study, which is a continuation of previous stud-
ies on the microbiological stability of materials,
uses a new binder — organogenic lake sediments
(sapropel) — that shows its eflectiveness in com-
parison with the building materials currently used
in the industry. Sapropel is a good natural binder
that can replace synthetic and mineral binders
and is a waste material after the lake recultivation
process that should be reused in high value-added

P — - - g
Fig. 6. Magnesium phosphate biocomposites with varying binder amount: A) MPC-100; B) MPC-50; C) MPC-20

products. With its high substance of organic mat-
ter, it can be used in construction materials as a
binder or adhesive substance (BalCitinas et al.,
2016; Obuka et al., 2015). Sapropel is a valuable
and available resource of natural origin.

The same humidity conditions, i.e. 99% RH,
were used in both test stages, but they were cre-
ated in different ways. In the first stage, the hu-
midity level was monitored by sensors and, when
it dropped below 99%, it was manually increased
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a)

b)

c)

s
L)

o.. ) ;_‘ 3

Fig. 7. Formulated hydraulic lime biocomposites with varying binder amount: A) FHL-100; B) FHL-50;
C) FHL-20

by adding 3 ml of water to the samples. In the
sccond stage, the humidity level was maintained
by sprinkling the samples twice a week with 3 ml
of sterile water, so that the samples were signifi-
cantly wetter in this part of the test. Although
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microscopic fungal growth was observed in most
of the samples of the first stage, it can be con-
cluded that such humidity conditions were not
sufficient to produce the fungal growth large
enough to be compared by visual inspection. On
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Table 6. Detected fungi and other organisms on samples

Type Inoc. C A B
MOC-100 K Paecr!omyces . 0 PaeCI'Iomyces
F Paecilomyces Paecilomyces Paecilomyces
K Paecilomyces Paecilomyces Paecilomyces
MOC-50 i f
E Paecilomyces, Scopulariopsis Paecilomyces Raecllomyces,; A§p ergillus,
Cladosporium
K Paecilomyces Paecilomyces Paecilomyces
MOC-20 Cladosporium, Paecilomyces, Asp ferglllus, i .
E e Paecilomyces, Paecilomyces, Scopulariopsis
Scopulariopsis s
Scopulariopsis
K 0 0 0
FHL-100 F 0 0 0
K 0 0 0
FHL-50 F ScopulanppSIs, Claqosporlum, 0 Scopulariopsis
Aspergillus, Paecilomyces
K Acremonium, Paecilomyces Paecilomyces Scopulariopsis, Paecilomyces
FHL-20 ; o Paecilomyces, Paecilomyces, Scopulariopsis,
5 Cladosporium, Scopulariopsis Scopulariopsis, Stachybotrys Cladosporium
K 0 0 0
HL-100 F 0 0 0
K 0 0 0
HL-50 i i
F Asp ergl/lus,‘C/adosp O, Paecilomyces, Chaetomium Paecilomyces
Paecilomyces
K Scopulariopsis, Paecilomyces Paecilomyces Paecilomyces
Paecilomyces, Chaetomium,
HL-20 Penicillium, Trichoderma, Paecilomyces. Coprinus
F Cladosporium, Coprinus VG2, SORINL: Paecilomyces, Scopulariopsis
Eamcac: comatus, Scopulariopsis
comatus, Scopulariopsis,
Stachybotrys
K Scopulariopsis Paecilomyces Paecilomyces, Scopulariopsis
MPC-100 Paecilomyces, Scopulariopsis, Paecilomyces, .
e Actinobacteria, Readeriella Scopulariopsis Fascilomyces
K Paecilomyces, Scopulariopsis Paecilomyces Paecilomyces
MPC-50 1 i
F Readerielia, Pa_ec/lqmy ces, Readeriella, Paecilomyces Readeriella, Paecilomyces
Scopulariopsis
K Paecilomyces, Scopulariopsis Paecilomyces Paecilomyces
MPC-20 F Paecilomyces, Scopulariopsis, | nematodes, Paecilomyces, Paccilomyces
nematodes, Readeriella Mucor, Trichoderma 4
Coprinus comatus, .
K Paecilomyces, Geotrichum 0 Chaetomium
HS Mucor, Cladosporium, Miicor Staehybolive Mucor, Cladosporium,
F Chaetomium, Coprinus comatus, 7 YPOUYS, Chaetomium, Stachybotrys,
Coprinus comatus :
Stachybotrys Alternaria
Scopulariopsis, Acremonium,
K : - - -
Coprinus comatus, Paecilomyces
FS Nematodes, Paramecium,
F Paecilomyces, Coprinus - -
comatus, Alternaria
K Paecilomyces, - -
i F Trichoderma - -
WE K Paecilomyces - -
F _ = =
K 0 0 0
SLHC 5 0 0 0
K 0 0 0
SLHC -B 5 0 0 0

the other hand, in the second part, increasing the
moisture level resulted in a significantly higher
level of fungal growth, which fully allowed the
samples to be visually compared with cach other.
This variation in the results suggests that there
was a difference in the conditions under which the

sample was kept, because although the RH was
99% in both test stages, the regularly moistened
samples were more favourable for fungal growth.
Such clevated humidity is uscful to assess the
differences between various materials, but it
should be noted that it represents very aggressive
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environmental conditions — the exposure to pre-
cipitation moisture — in which the tested materi-
als would not be used. Therefore, the test results
cannot be interpreted as material inability to resist
biodegradation, but only to be used for compari-
son with each other and with other commercially
available materials. Other researchers found that
using high RH (93%) and increasing the tempera-
ture to 30°C yielded the conditions favourable for
mould growth and for the comparison of diflerent
materials (Laborel-Préneron et al., 2018).

Comparing the materials, it can be scen that
the biocomposites of sapropel, lime and magne-
sium oxychloride cement binders have an equally
high level of protection against biodegradation
because at a medium level of binder they do not
show fungal growth even under high humidity
conditions. This result is equivalent to the results
of a commercially used building material with
biomass filler — wood fibreboard — and is even
better than the result of wood wool, which shows
growth cven with reduced air humidity. This
leads to the conclusion that these materials have
the potential to be used as construction materi-
als under the conditions where they are protected
from the cffects of external moisture. Magnesium
phosphate biocomposites show lower microbial
resistance, so their use in construction is pos-
sible only in combination with additional addi-
tives that would provide the protection against
fungal exposure.

The organoclay-coated samples showed
13.8% lower overgrowth and biocide products
showed 9.1% lower overgrowth. The observed
improvement is not significant, but at the same
time, it demonstrates that adding supportive coat-
ing with appropriate biocides or their alternatives
can prolong the life of natural composite materi-
als. However, this effect was not the same for all
formulations.

Considering that the organoclay additive in
HL binder showed no improvement, it could be
duc to a pH level decrease that leads to more ac-
tive microbial growth, or it may be that the con-
centration of organoclay additives needs to be in-
creased or that there is organoclay incompatibil-
ity with the HL binder. When using organoclay
as a biocide alternative, it needs to be considered
that it is not possible to substitute biocides in a
ratio of 1:1. Current testing demonstrates that the
biocides could be substituted with organoclay ad-
ditive in a ratio of 1:4, which leads to the discus-
sion of cost-effectiveness of the used alternatives
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available in the industry. The finding that the bio-
cide ACTICIDE FD BACTERICIDE with MOC
and FHL binders showed no improvement leads
to the consideration that either the concentrations
arc too low or there is biocide incompatibility
with MOC and FHL binder formulations.

The visual assessment method can be used
effectively, but only in combination with micro-
scopic methods. Studies often estimate the dis-
tribution of fungi on a plot as a percentage or
points (Table 5) and assume that if the percent-
age is high, the surface of the composite will be
discoloured. However, even if nothing can be
seen with the naked eye, the whole sample can be
completely covered with mould, which was also
proven in this study (in the first stage of the ex-
periment); therefore, microscopic methods were
also used in this study. Using only visual expert
judgment in a study can give poor insight into
the microbiological resistance and stability of the
analysed composite materials. It may also be that
a fungus with a strong cffect on the material can
give a low percentage share; strong, but heteroge-
neous, well-developed growth would yield a low
percentage (Johansson et al., 2014)

Fungi vary in their water requirements and
represent different groups in the successional
colonisation order (Johansson, 2014). Fungi are
a scries of micro-fungi belonging to various sys-
tematic categories. In their natural cycle, they act
as decomposers and their spores are found in the
air and on various types of surfaces. Under appro-
priate conditions, spores germinate, and hyphac
grow to form mycelium. This process can occur
in parts of the building structure and on internal
surfaces, with the risk of adversely affecting the
indoor environment and human health. The de-
velopment of such fungi entails significant costs
due to the need for renovation, so both econom-
ic reasons and health protection are important
grounds for reducing the mould risk of buildings.
The conditions for fungi growth include appropri-
ate nutrient availability, temperature, pH and hu-
midity. In general, the availability of water in the
material is considered to be the decisive condition
for the growth of the fungi.

Ultimately the best way to determine the sus-
ceptibility of materials to fungi is to physically
test the subject material. One of the aims of this
study was to cvaluate the susceptibility of the
materials used to mould growth under varying
conditions and methods of inoculation, using the
visual assessment and microscopic methods, and
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the set aim has been fulfilled. Because the materi-
als used in the study are of natural origin and con-
tain wood and fibre plant materials, processing is
required to ensure the antimicrobial activity and
protection (Stefanowski et al., 2017).

CONCLUSIONS

The following conclusions can be drawn from
both stages of the experiment and the analysis of
their results:

|. Lime-based binder biobased composite mate-
rial shows the highest microbiological stabil-
ity. This is attributed to the pH level, which for
the lime-based specimens is around pH 12 at
high binder concentrations. However, as the
amount of binder decreases, the pH level and
microbiological stability of biocomposites also
decreases and they become more similar to
biocomposites of other binders.

2. Magnesium  oxychloride cement biobased
composite material show slightly lower mi-
crobiological stability at high binder content,
as their pH is around 10, but as the binder de-
creases, the pH does not fall as fast as lime
binder biocomposites; thus, at lower binder
amounts, the lime-based and magnesium oxy-
chloride cement biocomposites have similar
microbiological stability.

3. Magnesium phosphate cement biobased com-
posite material have the lowest microbiologi-
cal stability among mineral binders because,
although the pH of the binder increases above
10 during curing, it does occur over time and
the monopotassium phosphate water solu-
tion that is used as a hardencr for the binder
has a pH lower than 7; it can also be used as
a concentrated mineral fertiliser; thus, the un-
dissolved part of the hardener can serve as a
nutrient for fungal growth.

4. Bio-based composite material, where sapropel
was used as a binder, shows one of the highest
microbiological stability results. In addition,
fungi and other organisms were not detected
on the samples.

5. The tested sapropel, lime and magnesium oxy-
chloride cement biobased composite materials
have a higher microbiological resistance than
the commercially used wood wool insulation;
therefore, they have the potential to be used in

construction under similar conditions, i.c. in
structures protected from external moisture.

6. Using visual expert conclusions, as in this
study, can give a modest insight into the micro-
biological resistance and stability of the stud-
icd composite materials. It may also be that a
fungus with a robust effect on the material can
give a low growth percentage share.

7. The organoclay-added samples showed 13.8%
lower overgrowth and those with the biocide
product had 9.1% lower; however, incompat-
ibility was observed with formulated hydraulic
lime (20%), magnesium oxychloride cement
(20%), hydraulic lime (20%) and magnesium
phosphate cement (100%) binders.
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The main waste generated during the thermochemical processes of biomass burning used for bioenergy pro-
duction in cogeneration plants are ash and biochar which can be used as fertilizers in forestry and agriculture.
However, several difficulties are attributed to possibilities of practical exploitation of ash and biochar due to the
transporting, handling and mode of ication. G of energy waste has been shown in some
il t-effective and envir lly friendly method. Production of granules (pellets) from
wood ash and biochar leads to improved recycling and logistics of waste as well as helps to control and avoid
undesirable environmental effects such as leaching of nutrient excess.

The aim of this study was to prepare granules from wood fly ash and biochar mixed with organic-rich
freshwater lake sediments (sapropel) used as a natural binder and a source of organic matter for enrichment of
derived granules to be applicable as a soil improver. Characterization of raw materials and derived granules
included range of physical and chemical analysis. Applied lati hnol involved h ion of
components following by extrusion and drum granulation, and the process was developed for prospective
production of soil improvers. It was estimated that the most optimal mass ratio of raw materials applicable for
the process of granulation is 67:100 (fly ash to sapropel) and 30:100 (biochar to sapropel) resulting in pro-
duction of granules 3-8 mm in diameter. Among the characteristic parameters of granules apparent density, bulk

cir as a

density, compressive strength, total element content and element content by fractions was assessed.

1. Introduction

Targets set by the climate and energy policies of the European
Union encourage the member states to increase the use of renewable
energy resources in production of heat and power [1-3]. Use of biomass
(woody energy crops, forestry residues, agricultural residues and
others) to produce heat and electric power is sharply increasing in the
Baltic States [4].

Besides the cogeneration of power and heat indispensable for in-
dustrial and household needs, the main waste generated during the
thermochemical processes of biomass burning are ash and biochar
which on the one hand can be used as a raw material, but on the other
hand can induce environmental risks if managed improperly [5]. Ashes
are a waste of biomass combustion and usually consist from bottom and
fly ash if particle precipitator systems are used to prevent emissions of
particulate matter [6]. Another waste material in case of cogeneration

* Corresponding author.
E-mail address: zane.gaile@lu.lv (Z. Vincevica-Gaile).

https://doi.org/10.1016/j.biombioe.2019.04.004

power plants, biochar or charcoal, is obtained in a process of slow
pyrolysis (carbonization) — decomposition of organic matter, for ex-
ample, wood, induced by heating in inert atmosphere (anaerobic con-
ditions) at temperature 300-800 °C [7-9]. Currently the cogeneration
power plants have to pay for utilization of waste (residual) products,
therefore, new solutions have to be invented to initiate sustainable use
of these residuals.

A number of studies have revealed that ash and biochar generated
from wood can be used as fertilizers in forestry [10,11] and agriculture
[12,13], in particular to obtain nutrient input of nutrients K and P into
soil [5]. However, several difficulties are attributed to possibilities of
practical exploitation of ash and biochar due to the transporting,
handling and mode of application [5,13,14]. If compared to soil, fly ash
and biochar are lighter and less dense which leads to their movement to
the upper layers of soil resulting in accumulation in top-soils. Subse-
quently, release of finer particles of biochar into the atmosphere can be
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caused promoted by wind or water flows [15]. This potential problem
can be prevented by adding a binder and changing the physical state of
dusty powders to granules or pellets of ash and biochar [16]. In general,
methods applied for use and processing of ash and biochar are similar to
those applied for chemical fertilizers [5]. Among them, granulation of
waste generated from the thermochemical transformation of biomass
has been shown in some circumstances as a cost-effective and en-
vironmentally friendly method [13]. As a binder in the process of
granulation various synthetic or natural substances can be applied.
Several studies have described use of hydroxypropyl methylcellulose
[16], polylactic acid [17], starch alkaline lignin and inorganic binders
such as Ca(OH), and NaOH [18], as well as ground-granulated blast
furnace slag, coal fly ash and metakaolin [19].

Potential use of organic rich freshwater sediments (such as sa-
propel) as a binder for sapropel concrete [20], sapropel/clay compo-
sites [21], sapropel/hemp shives [22] and lime/hemp/paper produc-
tion waste [23] have been studied since middle of the last century.
Sapropel (also called as gyttja or dy) is an alternative of a natural binder
as it has adhesive properties with high ability to bind as well as a shape
holding ability and plasticity [20]. The most intensive formation and
accumulation of sapropel is characteristic to the temperate zones of
Asia and Europe, and the continent of America in the Great Lakes’ re-
gion [24,25]. Sapropel is accumulating in waterbodies as a result of
natural development of lakes from oligotrophic to eutrophic with final
overgrowth with higher vegetation if recultivation is not performed. In
most of the studied lakes rich in organic sediments the depth of sa-
propel is 2.0-4.5 m, but the depth of open water < 1 m [24-27]. Thus,
the ecosystems of such lakes are of poor environmental quality. In this
case, sapropel extraction is considered as a major tool to reduce the
internal loading of nutrients and renaturalize lakes to better ecological
status. Therefore, in this respect sapropel can be considered as a waste
product remaining from recultivation of lakes. In Latvia, municipal
programs of landscape improvement and exploitation of nature re-
sources indicate sediment extraction from lakes, ponds and estuaries
exposed to overgrowth as a method that improves regional ecological
status [28-31]. From such point of view synergic effect will be obtained
if sapropel can be utilized purposefully. Total amount of sapropel that is
possible to extract from lakes of Latvia is estimated not less than 700 to
800 million m® [27]; therefore, sapropel sediments have a great po-
tential to be used in various fields of economics, currently mainly in
agriculture as a fertilizer, as well as in building industry as a binder or
adhesive substance but not exclusively [23,32-34]. Formation of sa-
propel takes place in anaerobic conditions and such GHG as methane is
released; however, no surplus GHG will be released if sapropel will be
used otherwise. Limitations of sapropel use exist due to its high water
content (80% and more), but if used for granulation with such extra dry
powders as ash or biochar, high content of sapropel's moisture can be
considered as an advantage. Thus, environmentally friendly soil
amendment in form of granules can be elaborated by combining sa-
propel and wood fly ash or biochar.

If compared to raw waste of combustion (ash, biochar) which
usually is a dusty powder with poor wettability [35], the porous
structures such as granules are expected to have better water sorption
properties and resistivity to wind erosion. Waste of wood combustion
itself is hydrophobic, and instead of absorbing water it forms droplets
with surface covered with char particles [36]. Problem of utilization,
handling and transportation applies also to other powder-type

Table 1
Short specification of energy generation waste used for granulation.
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substances, for example, bulk dried distillers grains with solubles
(DDGS) that is a major co-product of the dry-grind process, produced
millions of metric tons a year, remain to have a challenge in its reuse
due to issues concerning caking, poor flowability and segregation [37].
Thus, dusty powders in form of granules, pellets, tablets or capsules
(assessing which is technically more applicable form) provide easier
storage, transportation and handling of the product; as well as practical
application of granulated material leads to reduced health hazards [5].
Another positive point that can be mentioned is that granulated waste
of wood combustion have lower risk of spontaneous self-combustion
[38,39]. Granules as a final product need to have sufficient mechanical
strength to withstand handling of retaining their initial form. Me-
chanical strength of granules can be enhanced by increasing amount of
binder in composition. Required strength of granules to be applied as a
soil amendment is 2 MPa [16]. In general, derivation of granules or
pellets from wood fly ash and biochar leads to improved recycling and
logistics of waste materials produced during the bioenergy production
as well as helps to control and avoid undesirable environmental effects
such as leaching of nutrient excess [40,41].

The aim of this study was to find a sustainable way for utilization of
waste from bioenergy production by making granules from wood fly
ash and biochar mixed with sapropel used as a natural binder and a
source of organic matter for enrichment of derived granules to be ap-
plicable as a soil improver.

2. Materials and methods
2.1. Sampling and description of raw materials

Energy generation waste used — fly ash and biochar. Samples of
wood combustion fly ash and wood pyrolysis biochar were obtained
from commercial power plants located in Lithuania and Latvia in
September, 2016. Sample collection was performed based on the clear
sampling procedure which was developed according to literature [42].
About 2kg of ash or biochar were collected three times a day during
one week and these subsamples were mixed thoroughly. Subsequently,
seven consolidated samples (each 500 g) of ashes were obtained during
one week at every combustion power plant. Samples were collected in
plastic buckets with hermetic lids and delivered to the laboratory where
they were stored in a dry place at room temperature. Derived fly ash
and biochar samples differed due various fuel used at the energy pro-
duction plant and various thermochemical process and temperature
applied (Table 1).

To estimate characteristic parameters such as dry matter, volatile
matter, fixed carbon and ashes of energy generation waste analyses
according to standards of ASTM International were applied [43,44].
Gravimetric water (moisture) and dry matter content was detected as a
loss in weight after drying of samples at 105 °C for 2h in a drying oven
(Plus II Oven, Labassco). Content of volatile matter was determined as a
loss in weight at 950 °C under specified conditions in a muffle furnace
(Omron). Ash content was determined as a residue after burning to
constant weight at 750 °C for 6 h in a muffle furnace. To estimate bulk
density (p,) measurements in a graduated cylinder were done [45].
Solid density (ps) was estimated using pycnometer method [46]. Ma-
terial porosity (¢) was calculated as one minus division of bulk and
solid density [47].

Lake sediments used as a binder. Specific freshwater lake sediments

Type of waste (sample abbreviation) Fuel used for bioenergy production

Cogeneration power plant

Thermo-chemical process applied (t, °C)

Fly ash (Ash-FA)
Biochar (Char-BJ)
Biochar (Char-BT)

Coniferous softwood chips
Non-coniferous softwood chips
Non-coniferous hardwood chips

“0il Investment Projects’ Ltd., Lithuania
“Jekapbils Cogeneration Station’ Ltd., Latvia
‘Taurene Cogeneration Station’ Ltd., Latvia

Combustion (950)
Pyrolysis (800)
Pyrolysis (600)
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- sapropel (gyttja) — with characteristic high content of organic com-
pounds formed from remains of water plants and animals were used as
a binder of natural origin for granulation of fly ash and biochar.
Sapropel was obtained at three freshwater lakes in Latvia and Lithuania
— Lake Midulis (Lithuania), Lake Piksteres and Lake Pilvelis (Latvia);
samples were labeled as Sapro-MD, Sapro-PK and Sapro-PL, respec-
tively. Lake sediment coring was carried out in autumn, 2016, using a
10 cm diameter Russian-type peat sampler with a 1.0 m long camera
after a certain procedure [48].

Loss-on-ignition method for sapropel samples was applied in order
to estimate content of moisture, organic matter, ash and carbonates.
Moisture of sapropel was determined after drying at 105°C for 12h.
Content of organic matter, ash and carbonates was analyzed by ashing
samples sequentially at 550 °C for 4 h and at 900 °C for 2h [49]. Bulk
density for raw and homogenized sapropel were calculated and ex-
pressed as kg/m® [50]. Specific parameters of sapropel such as class and
type were detected according to the sapropel classification [26].

2.2. Preparation of raw materials

Before granulation, energy generation waste (wood fly ash and
biochar) was screened using a sieve of mesh size 1500 um. Mass ratio
assessment was performed to detect particle size distribution of raw
energy generation waste. XRD analysis using Bruker D8 Advance X-ray
diffractometer with Cu Ka radiation (A = 1.5418;&) and a LynxEye
detector was applied to determine principal constituents of fly ash and
biochar.

Homogenization of sapropel prior being used as a binder is very
important because its properties such as viscosity, size and morphology
of particles changes significantly after homogenization. Optical micro-
scopy images of sapropel suspension before homogenization revealed
big agglomerations and microorganisms (> 50 pm), while after homo-
genization of sapropel mainly de-agglomerated matter remained.
Homogenization of sapropel was prepared using a high-speed multi-disc
mixer-disperser described in literature [51]. In preliminary studies this
technology was used for preparation of such mixtures as a coal-water
slurry [52], as well as a porous ceramic and concrete material [53].
With the motor of this high-speed multi-disc mixer-disperser the rotor
shaft rotates up to 6000 rev/min. Thus, in the zone of influence of the
working elements, if a liquid medium is used, such phenomena as im-
pact, transonic fluctuations and cavitation occur at the same time. In
comparison with various commercially available rotor-stator homo-
genizers which operate mainly in batch mode, use of the high-speed
multi-disc mixer-disperser allows to process a slurry in-line which is
significant for commercial applications. Mixing of suspension of energy
generation waste and sapropel as a binder was performed using an
anchor type mixer (Clatronic, KM3350).

2.3. Process of granulation

Granules from energy generation waste and lake sediments were
derived by applying two methods commonly used for production of
granulated fertilizers, i.e., extrusion and drum granulation (Fig. 1).

Three pairs of used raw materials were processed for granulation:
Ash-FA mixed with Sapro-MD, Char-BJ mixed with Sapro-PK, Char-BT
mixed with Sapro-PL, and after drum rotation granulation following
granules were derived: AshGran, CharGranl and CharGran2 respec-
tively. During the process of extrusion following granules were derived:
AshExtr, CharExtrl and CharExtr2, respectively. Addition of binder
provide bonding of particles of energy generation waste bonded and
improve densification character of derived granules [18]. Granules
were prepared using laboratory scale granulator without a spray option
that was previously tested to obtain small batches of clay granules [54].
Fly ash (Ash-FA) with homogenized bulk binder Sapro-MD, and biochar
(Char-BJ, Char-BT) together with bulk binders Sapro-PK, Sapro-PL,
respectively, were homogeneously mixed using an anchor type mixer at
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rotation speed 50 rev/min. Sapropel was gradually added during the
process of mixing which was carried out for up to 2 min. Proportions of
substances were adjusted during the experimental process of mixing the
components to gain the best consistency of the mixture that result in
stable formation of equally sized granules.

For preparation of granules using the drum rotation granulator the
mixture of energy generation waste with the binder was transferred into
the granulator to fill not more than % of the drum volume, and ag-
glomeration was carried out during 3 min. The matter in the drums is
rotating by a centrifugal force, and the granules are formed along the
edge of the rotating cylinder, where diameter of the cylinder is 30 cm
and rotation speed 50 rev/min. Increase in rotation speed and pro-
longation of rotation period causes higher density of granules and ex-
plicit spherical shape. Diameter of derived granules may vary from 3-
5mm to 8 mm. Another benefit of drum granulation is that it does not
require an extra addition of raw material.

For extrusion, homogenized mixtures of energy generation waste
and binder were extruded through 9 mm conical nozzles. Length of the
granule depends on time of separation which in this case was every 2
seconds resulting in 9 mm long granules; the shape of the granules is
cylindrical. Derived wet granules were instantly powdered with fly ash
or biochar, respectively, to prevent sticking caused by water migration
to the surface of granules during the process of granulation. Afterwards,
granules were rounded using the drum granulator during 100sat ro-
tation 50 rev/min. If necessary, fly ash or biochar was added during the
process. This technological mode is beneficial since it provides decrease
of moisture content of granules and increase the density, therefore,
ensuring faster drying process afterwards. At the final phase of the
process of granulation, granules were dried in a drying oven (Plus II
Oven, Labassco) for 48 hat 50 °C.

2.4. Testing of derived granules

Granules were tested to investigate their physical and chemical
properties. Moisture content was determined by moisture analyzer
(Kern, MRS120-3), by 7 parallel measurements at 105°C. Moisture
absorption was determined according to the standard GOST 12730.3-
78. Surface area of granules was determined by the program
Quantachrome QuadraWin - Data Acquisition and Reduction for
QuadraSorb CA, version 5.11 2000-12 (QuadraSorb). Mechanical tests
were performed on Zwick Z100 ROELL universal testing machine, ac-
cording to the standard method [55]. The total test volume of granules
was 0.5 L. The samples were tested for compressive strength at a rate of
5 mm/min, until stress at 10% deformation was recorded. For granules
determination of density of the substance, material bulk density and
bulk density according to the standard method [55] was implemented.
Water absorption was detected according to the standard method [56].
Detection of density for each type of granules were performed for 12
parallel measurements. Other tests were conducted for 5-7 parallel
measurements or repetitions.

Microscopy images were derived using a light microscope Keyence
VHX-2000 (Keyence Corp) equipped with 54 Mpix camera and lens VH-
Z20R/Z20W (for x 20-200 times magnification).

One of important parameters detectable for granulated products is a
load-keeping ability caused by a self-weight during storing. Granulated
products must contain less than 10% of broken granules from the whole
volume. The compressive strength also was measured at 10% threshold
for compression [57]. Using the formula (1) it was possible to calculate
maximum material column with 10% of crashed granules:

H= ( Fx 101971. 62)/D, (€8]

where H - material column (m), F — compression stress (MPa), D —
material bulk density (kg/mg), 101971.62 - conversion coefficient
(1MPa = 10°N/m? = 101971.62 kg/m?).

To assess total element content in energy generation waste and
samples of binder as well as derived granules samples were mineralized
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Fig. 1. Scheme of applied granulation process.

by wet digestion using Aqua regia (1:3, concentrated HNO; and HCl,
both analytically pure, Sigma Aldrich). Theoretical concentration of
elements in derived granules was also calculated taking into account
content of moisture and mixed proportions of raw materials.
Furthermore, estimation of element bioavailability was done by ap-
plying modified 3-step sequential extraction analysis [58,59] for de-
rived granules that allowed to obtain three fractions as follows: 1)
fraction of water soluble (easily available) compounds (after dissolving
a sample in heated up deionized water); 2) fraction of weak acid soluble
compounds (after dissolving the remains from the first step in 0.11 M
CH3COOH; 3) residual fraction (after dissolving the remains from the
second step in Aqua regia). Fach analytical solution was made in tri-
plicate and, at each step, blank samples were prepared in the same
manner. Concentration of elements (Al, As, Ba, Ca, Cd, Co, Cr, Cu, Fe, K,
Li, Mg, Mn, Mo, Na, Ni, P, Pb, Sb, Se, Sr, Ti, Tl, V and Zn) in solutions
was measured using ICP-OES (iCAP 7000, Thermo Scientific) and ex-
pressed as mg/kg of sample dry matter. Quality of the analytical
measurements was ensured by the analysis of certified reference ma-
terial JAEA-336 Lichen (IAEA) containing reference values on wide
spectra of major and minor elements.

3. Results and discussion
3.1. Characterization of raw materials

Fly ash and biochar. Mass ratio assessment of particle size dis-
tribution revealed that in fly ash sample Ash-FA and biochar samples
most abundant were particles smaller than 0.25mm (39-43%), fol-
lowing by particles of size 0.25-1mm (36-39%), while particles
1-2mm and larger than 4 mm constituted only 14-18% and 3-4%,
respectively. XRD analysis revealed that the greatest part (finest frac-
tion) of energy generation waste consists of several crystalline phases
such as portlandite, lime, quartz, calcite, periclase, microcline, hydro-
Xyapatite and merwinite.

Moisture content of fly ash and biochar was less than 4%. The ash
content was higher for fly ash (> 60%) and significantly lower for
biochar samples (< 20%). Content of volatile matter and fixed carbon
oppositely was detected higher for biochar samples. Values of pH and
electrical conductivity were detected similar to all dry powders. Higher
bulk and solid density was detected for fly ash than for biochar samples,
but porosity was quite lower for fly ash than for biochar but not with a
great difference (Table 2).

Lake sediments used as a binder. All samples of sapropel belonged
to organogenic class of sapropel with content of organic matter more
than 80% and with ash content less than 20% (Table 3).

According to previous studies, positive correlation between sapropel
moisture and organic matter content in dry matter was observed due to
the colloidal structure and the ability of sapropel organic matter to bind
water [60], as the result, organogenic sapropel in fresh condition

26

always contains more than 90% of moisture. pH values of organogenic
sapropel are close to neutral as it has insignificant amounts of ash and
carbonates of dry matter (less than 30%). The bulk density of fresh
sapropel samples indicated in Table 3 increases with the content of
vascular plant remains [24].

De-agglomeration after sapropel homogenization was confirmed by
the analysis of particle size distribution (Vig. 2). Homogenized Sapro-
MD contained mostly particles of size 1-30 pm, while for homogenized
Sapro-PL and Sapro-PK average particle size was 70-400 um. This fact
could be explained by the presence of ductile non-disintegrated plant
fragments and sand-like mineral particles.

Taking into account data of micrographs and particle size dis-
tribution, it was detected that two of three samples of binder (i.e.,
Sapro-MD and Sapro-PK) were characterized by practically equal
granulometric parameters of two typical fractions — fine and coarse.
Modal parameters of fine fraction were very similar (13-15 pm) for all
three sapropel samples. After dispersion of sapropel samples, they were
characterized dually: mode of fine fraction for all samples was practi-
cally equal, but mode of coarse fraction differed among the samples
(Table 4). Sapro-MD in comparison with other samples of binder was
characterized by better properties of grindability because after homo-
genization and dispersion the course fraction was reduced to the
minimum, thus, the best result of homogenization was gained. Re-
garding the samples Sapro-PL and Sapro-PK, obtained results of
homogenization were not achieved as fully as for Sapro-MD, and that
possibly can be attributed to specific composition of organic compo-
nents which during the homogenization may form chain-type struc-
tures.

3.2. Physical characterization of derived granules

In, earlier studies [61], amount and viscosity of a binder has been
recognized as an important parameter in controlling behavior of
granulation. If an organic binder is used to make the mixture, it plays a
key role in the granulation process. Finally, content of the binder has
significant effects on mechanical properties of derived granules.

The binder was used in current study was homogenized sapropel
with average moisture content 92%, 97% and 94% for Sapro-MD,
Sapro-PK and Sapro-PL samples, respectively. Content of organic matter
which ensure binding of energy generation waste in granules after
drying are 81%, 83% and 89% for Sapro-MD, Sapro-PK and Sapro-PL
samples, respectively (as indicated previously in Table 3). If organic
rich lake sediments (sapropel) are used for granulation, it is easier to
control utilized amount of the binder due to known sapropel's water
content, and, furthermore, moisture content can be detected at every
step of the process of granulation. By controlling the water amount at
the mixing stage it is possible to ensure uniform distribution of sa-
propel. Fig. 3 illustrates moisture content of all used raw materials and
intermediate products at certain stage of the processing.
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Table 2
Properties of energy generation waste samples.

Biomass and Bioenergy 125 (2019) 23-33

Sample abbrev. Content of parameter’, % pH EC", $/m Density, kg/m® Porosity (¢), m/m*
DM M Cax Ash Bulk (py) Solid (p.)
Ash-FA 98.49 8.82 27.53 62.14 12,57 1.36 370 2430 0.84
Char-BJ 96.49 31.21 51.31 13.97 12.41 0.96 210 1970 0.89
Char-BT 98.57 30.65 48.57 19.34 12.63 1.54 190 1850 0.90
% DM - dry mass, VM - volatile matter, Cgy — fixed carbon.
® EC - electrical conductivity.
After a number of trials of granulation (for both processes, drum : PE; B——

granulation and extrusion), it was established that very narrow range of
the binder/waste ratio is eligible for production of granules, i.e., Ash-FA
with Sapro-MD at mass ratio 67:100 and Char-BJ or Char-BT with
Sapro-PK or Sapro-PL, respectively, at mass ratio 30:100. Taking into
account the mass ratio of sapropel to fly ash or biochar and content of
organic matter in each type of sapropel, the amount of added organic
binder in the mixture was equal to 12.9wt%, 11.3 wt% and 22.3 wt%
for mixtures Sapro-MD with Ash-FA, Sapro-PK with Char-BJ and Sapro-
PL with Char-BT, respectively. To assess the optimal binder content, the
bisection method was applied. Initially taken mass ratio was 100:100
(dry waste to binder), and amount of binder was decreased for a half,
but for each next iteration diapason with exceeded binder was chosen.
For example, the experiments using fly ash and sapropel resulted as
follows: 100:100 - too wet, 50:100 - too dry, 75:100 - too wet,
62.5:100 - too dry, 68.75:100 - satisfactory, but over-wetted. Taking
into account these data, 67.0% of fly ash into granulation mass was an
empirically chosen value that suited very well for granulation of raw
materials. The process was repeated using biochar and sapropel.
Unsatisfactory granulation results were not presented in this paper.

Morphology analysis revealed structure differences among the types
of granules. Granules derived by the drum granulation has explicit
porous structure in the middle of a granule while their surface layers
are denser (I'ig. 4). Extruded granules has cylindrical shape and steady
porous structure (Fig. 5). Only some scientific studies can be found
regarding investigation of inner and outer porosity/density of granules;
similar findings in comparison to our date are mentioned, but not
thoroughly investigated by other scientists [62,63], thus leaving an
area for further research.

All granules made by the drum granulation are characterized by
near-spherical shape, with smooth surface, and the process of granu-
lation process went fast and evenly. It was experimentally approved,
and it well correlated with known data. To obtain granules or pellets
both, drum granulation and extrusion techniques, have been widely
applied for decades. However, for each particular pair of dry powder
and binder as a final application for formation of granules more suitable
is only one of the granulation methods [64]. Our study included com-
parison of both techniques to estimate the best solution applicable for
industrial production of granules. Taking into account the conditions
applied for granulation, the size of produced granules was in range of
3-8 mm, but it should be noted that applied mass ratio of waste and

Table 3
Properties of sapropel used as a natural binder for granulation.

------ Sapro-PK

- =Sapro-pL

—Sapro-MD (H)
Sapro-PK (H)

- =Sapro-PL(H)

Distribution, %

1000

Particle size, pm

Fig. 2. Particle size distribution of raw and homogenized (H) samples of binder.

binder in the mixture is optimal for that particular granulation equip-
ment. It is estimated experimentally that for each couple of chosen dry
powder and binder, the process window for the nucleation growth ex-
ists; therefore, it can be considered as an ‘optimal condition’ for granu-
lation at certain circumstances [64].

According to the theory of granulation [53,54], the process of drum
granulation and the parameters of produced granules are strongly de-
pendent on the setup parameters of granulation (such as rotation speed,
drum diameter etc.). However, for commercial production scaling-up of
the technology will be necessary. Granules produced by the extrusion
are less sensitive to scaling-up of the production technology [65].

Detected parameters such as size and volume values, bulk density,
apparent density, compressive strength etc. for produced granules are
summarized in Table 5 and illustrated in Fig. 6.

Comparison of granules produced by extrusion and drum granula-
tion revealed that the main different parameter between these methods
is density. Greater compressive strength can be attributed to granules
with higher value of density. It was calculated that height of material
column (height of the storage of granules) is quite variable — extruded
granules could be safely stored at bulk conditions or in big-bags stacked
one over another in height up to about 80 m, or with safety coefficient 3
up to 27 m, but granules made by drum granulation up to 100 m and
34m, respectively, which is enough for commercial application to

Lake, location Sample abbrev. Type of sapropel Content of parameter”, % pH EC’, mS/m Bulk density, kg/m®

M oM Ash Raw H
Midulis, Lithuania Sapro-MD Peaty 91.98 81.34 18.66 7.58 9.64 1042 1066
Piksteres, Latvia Sapro-PK Green algae 96.45 82.67 17.33 6.89 12.48 1028 1069
Pilvelis, Latvia Sapro-PL Cyanobacteria 93.48 88.46 11.54 6.43 8.83 1025 1017
# M - moisture, OM - organic matter.
® EC - electrical conductivity.
¢ H - homogenized.
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Table 4
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Characteristic parameters of particle size before and after dispersion of sapropel samples.

Sample abbrev. Raw or homo-genized (H) ~Mean particle size, pm

Modal particle diameter, pm Reduction of coarse fraction

> 100 um, %
Fine fraction (dp;)  Coarse fraction (dpa)  Total (d)  Fine fraction (d;)  Coarse fraction (dp)

Sapro-MD Raw 29.7 183.7 64.8 22.0 153 211

H 18.2 106.4 25.0 128 110 3.6
Sapro-PL Raw 32.6 200.0 49.2 13.0 145 11.8

H 159 157,7 36.0 25.0 165 127
Sapro-PK Raw 343 232.7 63.6 15.0 163 242

H 20.4 178.1 66.0 25.0 200 17.3

ensure storage of granules without their collapse. Material column is
strongly dependent on the compressive strength, while safety coeffi-
cients allow to assess the height of destruction of granules in a column
at such influences as vibration, falling, compression etc. As higher the
value of the safety coefficient is, as greater amount of criteria is in-
cluded in the calculation of the material column. In order to allow
granules to be dosed, packaged, transferred and used for their intended
purposes, e.g., as a granulated fertilizer, their mechanical strength is
significant. As finer the granules are, as harder it is to transport, store
and operate them.

If granules are thought to be applied as a fertilizer in agriculture, it
is very significant to assess their mechanical properties which indicate
feasibility to prepack, dose, transport and practical use of the granules.
As crumbly or brittle granules are, as it becomes more complicated to
transport, store and utilize them. It was detected that volume of ex-
truded granules is up to 5 times greater than volume of granules from
drums, while content of moisture oppositely is lower for extruded
granules.

Water absorption differed between ash/sapropel and biochar/sa-
propel granules as for biochar-based mixture it was higher for granules
derived by the drum granulation, while for ash-based mixture oppo-
sitely significantly higher for extruded granules (Fig. 6a). Values of
specific surface area are higher for extruded granules as well as for
biochar-based granules due to more porous structure (Fig. 6b).

Relationship between the compressive strength and some other
parameters of derived granules (Iig. 6f-h) revealed that by increasing
of apparent density the compressive strength is increasing for granules
derived by the extrusion. The tendency for granules derived from the
drum granulation is opposite, i.e., by increasing of apparent density the
compressive strength is reducing. However, further studies are needed
to explain this phenomenon.

3.3. Chemical composition of raw materials and granules

Total concentration of elements in raw materials revealed that on
average fly ash have higher element content than biochar especially

Material status at certain
stage of processing

regarding such elements as Mn, Al, Fe, Na, Ti, Cu, Cd, Tl, Pb, Se, Co
(Fig. 7a). However, some elements, e.g., Zn, Ba, Sr, Li, Ni, Mo, V, Sb can
be found in biochar at higher concentration.

Differences of element concentrations in sapropel samples on
average are not variable; only regarding trace elements it was de-
termined that Sapro-MD is more rich in Co, Li, Cr, V than other sapropel
samples (Fig. 7b). Such elements as Cd, Tl, Se, Mo, Be were detectable
at very low concentration or below detection limit in sapropel. Never-
theless, taking into account proportions and moisture content of raw
materials, impact of elements constituting sapropel is negligible to
elemental composition of granules in comparison with composition of
energy generation waste. Thus, prior application in agriculture atten-
tion should be paid more on concentration of possibly harmful for en-
vironment elements that are present in fly ash and biochar.

Total concentration of elements in derived granules revealed that
theoretical calculated values are quite higher (up to 20%) than real
concentration after quantitative analysis. Therefore, calculated values
are presented in this paper as a worst case sample eligible for risk as-
sessment. On average, as it was expected higher total concentration of
elements was detected in granules made from fly ash and sapropel than
in biochar/sapropel granules. Despite the presence of potentially
harmful elements (e.g., Al, Cd, Pb, Cr, Ni), in granules they were mostly
detected at low concentration (Fig. 7c). Furthermore, assessment of
element bioavailability revealed that the greatest part of elements is
bound in residual fraction which indicate their negligible solubility and
bioavailability in environment. Among the elements that can be found
in water or weak acid soluble fractions and, thus, can be assessed as
bioavailable in environment are Ca, K, Mg, Mn, Na, Ba, Sr, Co, Li, Mo, V
(Fig. 8).

Although ash/sapropel granules had comparatively higher total
element concentration, it can be observed that element bioavailability
in lower (Fig. 8a) in comparison with biochar/sapropel granules
(Fig. 8b). In case of application of granules in agriculture it is important
that bioavailability is high for those elements particularly necessary for
plant development, i.e., essential macronutrients — N, P, K, Ca, Mg and
essential micronutrients — Mn, Fe, Cu, Zn, Co, Ni and Mo.

|

content of cor
material/product, mass%

=

Screened ash/biochar ( 5409 3.1+0.2 3.1+0.2 R
91.9%0.6 96.7£0.2 935:0.5
Mixture of raw materials 57.2+0.7 74.0+£0.3 70.2+0.2
" 553105 63.2+0.4 66.8+0.3
el abiy @ AshExtr CharExtrl CharExtr2
53.5+0.4 72.7+0.7 736104
Gianulesfrom drums O AshGran CharGran1 CharGran?|
Dried granules &3 +0.6:13.6+0.1(3.6+0.4:4.1+0.5|5.7+0.4:3.6 03

Fig. 3. Moisture content of raw materials and intermediate products at every stage of process during the granulation.
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CharGranl
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CharGran2

(a)

(b)

Fig. 4. Granules made by the drum

at x 20 times

a) common view, b) cross section.

(a)

CharExtrl

(b)

(c)

CharExtr2

Fig. 5. Optical images of granules made by from biochar by extrusion: a) common view and b) cross section both at x 20 times magnification, c) cross section at

% 200 times magnification.

Table 5
Descriptive parameters of granules.

Parameter Extruded granules

Granules from drums

AshExtr CharExtrl CharExtr2 AshGran CharGranl CharGran2
Diameter, cm 0.8 1.0 0.8 0.8 0.8 0.9
Height, cm 21 2.3 19
Volume, cm® 11 1.9 11 0.4 0.4 0.4
Material column, m 82 68 60 32 83 103
Material column with safety coefficient 3, m 27 23 20 11 28 34
Material column with safety coefficient 10, m 8 7 6 3 8 10

Results indicated that from essential elements Ca, K, Mg, Mn, Co
and Mo are present in granules in form of compounds with high or
medium bioavailability, while availability of P, Fe, Cu, Zn and Ni for
plants can be estimated as quite low. Thus, applicability of granules for
use in agriculture should be assessed considering soil composition and
properties. It should be taken into account that quite high content of Na
in granules and assessed its high bioavailability is unfavorable for
plants, therefore, use of granules in salinized soils could not provide
positive effect to soil sustainability. Regarding such essential elements
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for plants as N and P, it was estimated that total content of P content in
granules is quite high (up to 5.9 g/kg) but it is mainly bound in residual
fraction (80-95%) and only small amount could be available for plants
from weak acid fraction (5-20%). Regarding N, its content in energy
generation waste and subsequently in derived granules is quite variable
- from 94 mg/kg to 895 mg/kg. It might be important to enrich gran-
ules with a source of N and P, however, further investigation is needed.
Another important basic element is carbon, and organic carbon content
was detected in fly ash and biochar revealing that they may contain at
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least 49% of organic carbon and subsequently a little lower amount of it
can be found in granules that is favorable for soil microflora.

4. Conclusions

If organic-rich freshwater lake sediments (sapropel) are used as a
binder together with energy generation waste, prior the process of

30

strength and f) specific surface area, g) bulk density and h) apparent density.

granulation it is compulsory to perform h ion of ingredients
itself to gain maximum homogeneity of composition of derived gran-
ules. The most optimal mass ratio of raw materials applicable for the
process of granulation is 67:100 (fly ash to sapropel) and 30:100
(biochar to sapropel) resulting in production of granules (3-8 mm in
diameter) applicable for use in agriculture.

Application of rotary drum granulation allows to derive granules
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characterized with increased mechanical strength by 10-25% and bulk
and apparent density by 25-50% higher in comparison with granules
derived by process of extrusion. Resulting water absorption of granules
mainly depends on the properties of used sapropel, therefore, it is quite
variable and may reach almost 200% in case of ash/sapropel extruded
granules and a bit lower (153-185%) from drum-derived granules using
biochar/sapropel mixture. Biochar/sapropel granules obtained in the
process of extrusion together with a higher density have increased
strength parameters, however, for extruded granules by increasing the
density, compressive strength decreases. In comparison to drum gran-
ulation method, extrusion creates granules with lower moisture con-
tent, thus reducing the cost of energy needed for the drying process of
granules. Furthermore, residual heat from combined power plants can
be used for drying of granular material thereby intending more

208

sustainable exploitation of cogeneration.

Analysis of chemical composition revealed that ash/sapropel gran-
ules are richer in elements than biochar/sapropel granules, but bioa-
vailability of elements is comparatively higher for biochar/sapropel
granules. However, enrichment of granules with such essential ele-
ments for plants as N and P could significantly elevate possibilities of
use of granules in agriculture.

In general, utilization of bioenergy production waste together with
organic-rich lake sediments is one of the ways forward sustainable
reuse of waste materials as well as it leads to protect freshwater lakes
from overgrowing due to sapropel removal from lakes. Granules de-
rived from fly ash or biochar together with sapropel might be a future
product applied in agriculture in case of run out of natural resources,
e.g., shortage of peat deposits.
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