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About the Reception of the “Walden”-Inversion  
Gisela Boeck  

Institute of Chemistry, University of Rostock 
e-mail: gisela.boeck@uni-rostock.de 

 
Every student who attends lectures on organic chemistry comes across nucleophilic 

substitutions of first (SN1) and of second order (SN2). If the substitution takes place on an 
asymmetrically substituted carbon atom, the final product is exactly the enantiomer of the 
initial one in the case of SN2, or a racemic mixture in the case of SN1.  The change from one 
to the other isomer during a SN2 reactions resembles an umbrella turning upside down. This 
phenomena is called Walden inversion because it was investigated by the Latvian scholar 
Paul Walden who later became professor at the University of Rostock. In the field of 
organic chemistry this is the only instance to encounter the name of Paul Walden which is 
normally connected with electrolytes in non-aqueous systems. 

The first part concerns with a short introduction of Walden´s biography. Then it will be 
explained why Walden came about stereochemical problems. Finally, the paper deals with 
the reception history of the Walden inversion.  The following questions will be discussed: 
What do we know about the publication history? Who was interested in this stereochemical 
phenomenon? When and by whom the mechanism of this reaction was explained? 
 
References:  
1. Walden P (1974) Wege und Herbergen. Mein Leben. Franz Steiner, Wiesbaden 
2. Stradins J P,  Solovjov J I (1988) Pavel Ivanovitch (Paul´) Wal´den. Nauka, Moskva 
3. Zott R (1994) Wilhelm Ostwald und Paul Walden in ihren Briefen. Mit einem Begleittext: Paul 

Walden – Wissenschaftler zwischen den Kulturen? ERS-Verlag, Berlin 
4. Walden P (1919) Optische Umkehrerscheinungen (Waldensche Umkehrung). Friedrich Vieweg und 

Sohn, Braunschweig 
5. Walden P (1896) Ueber die gegenseitige Umwandlung optischer Antipoden. Ber Dtsch Chem Ges 

29: 133-138 
6. Fischer E (1906) Synthese von Polypetiden XV. Ber Dtsch Chem Ges 39: 2893-2931 
7. Walden P (1905) Drehungsvermögen optisch aktiver Körper. Ber Dtsch Chem Ges 38: 345-409 
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Recyclates in rotational moulding opportunities  
and challanges 

C. Kehrberg1, H. Hansmann1,2, N. Laufer1, K. Dietze1, C. Boss1, S. Ofe1 
1Institut für Polymertechnologien e. V. 

2Hochschule Wismar, FG Kunststofftechnik 
e-mail: kehrberg@ipt_wismar.de 

 
The constantly growing awareness of the challenges of the global environmental crisis is 

leading to an increasing number of plastics processors with sustainability on their agendas. 
For this reason, the demand for plastic recyclates has risen enormously in a short period of 
time. Plastic recyclates are secondary raw materials made from disposed material that are 
repeatedly fed into the economic cycle. Basically, thermoplastic polymers can be processed 
several times. 
In this way, they are a good secondary raw material source with which the ecological 
balance can easily be improved. However, the use of recycled plastics is sometimes 
associated with large fluctuations in quality, as contaminations with impurities (e.g. other 
polymers) can have a negative effect on the resulting properties. 

Rotational moulding, in which products are manufactured with relatively large material 
input, is in particular suitable for the use of plastic recyclates. Usually, in rotational 
moulding, high process times and temperature loads are applied, which is associated with a 
high thermo- oxidative load on the material. 

Within this study the influence of recyclates on the processing and the resulting producēt 
properties has been investigated. For this purpose, thermal and mechanical material 
properties of recyclates of different provenance have been characterized. A characteristic 
quality parameter for recycled materials has been evaluated on the basis of the Oxidation 
Induction Temperature/Time (OIT) analysis. Based on this, measures can be derived which 
make it possible to produce recyclate-based products with a property profile comparable to 
that of virgin material. 
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Fluorescent Nucleoside Analogues with New Properties 
for Biophysics 

Byron W. Purse 

San Diego State University, Department of Chemistry and Biochemistry 
e-mail: bpurse@sdsu.edu 

 
Biophysical probes for the study of nucleic acids are essential tools in the endeavor to 

understand the regulation and expression of the genetic code. While many capable 
fluorescent nucleoside analogues exist for these applications, it has been especially 
challenging to design analogues that maintain Watson–Crick hydrogen bonding, offer 
fluorescence brightness similar to conventional probes, and that absorb and emit at long 
wavelengths. Moreover, it is not yet possible to predict how the fluorescence of nucleobase 
analogues will respond to base pairing and stacking. Towards our goal of developing 
nucleoside analogues with new and enhanced fluorescent properties and plugging 
knowledge gaps in the relationship between base analogue structure and photophysics, we 
have designed a series of cytidine analogues with a range of structural modifications and 
studied their fluorescent responses to base pairing and stacking and the efficiency of their 
incorporation by DNA and RNA polymerases. This series of cytidine analogues shows clear 
relationships between analogue electronic properties, the electronics of neighboring bases, 
and the fluorescent responses to base pairing and stacking, including with mismatches. One 
of the analogues, DEA-tC, offers a powerful, sequence-specific fluorescence turn-on 
response to base pairing and stacking that is further enhanced in DNA/RNA heteroduplexes. 
The combination of photophysical studies, NMR structure determination of representative 
duplexes, and computational work helps to explain the observed photophysical properties 
and relate them back to cytidine analogue structure and neighboring base effects. 
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Biomass and organic waste in Germany – the role in 
the energy system, bioeconomy and climate protection 

Michael Nelles1,2, Andre Brosowski2, Andrea Schüch1, Daniela Thrän2 

1 University of Rostock (UR), Faculty of Agricultural and Environmental Sciences, Department Waste 
and Resource Management, Justus-von-Liebig Weg 6, 18059 Rostock, Germany 

2 Deutsches Biomasseforschungszentrum gemeinnützige GmbH (DBFZ), the Center for Biomass 
Research in GermanyTorgauer Straße 116, 04347 Leipzig 

e-mail: michael.nelles@uni-rostock.de; michael.nelles@dbfz.de 
 
Over the next few decades, the requirements for material and energetic utilization of 

biomass will considerably increase in the course of the energy revolution and the 
establishment of a bio-based economy in Germany. Sustainability assessments, conflicts of 
uses, the intelligent linking of value chains as well as the coupling of industrial sectors are 
just some of the fields that need to be worked on in this context. Limited resources and 
diverse demands create new challenges for the use of biomass in the energy system. 
Therefore gains importance to develop technological innovations that can utilize a broad 
range of biomass in a highly efficient and flexible manner. At the same time, these 
technologies has to meet the highest standards of climate and environmental protection and 
be competitive in the long term. 

In the last 20 years, the share of renewable energies in the primary energy consumption 
in Germany has increased to about 14% in 2018. About 60% of renewable energy is 
currently provided by biomass. Bioenergy plays a dominant role in the individual segments: 
23% of the gross electricity generation from renewables, about 86% of the renewable heat 
and 88% of the renewable fuels are based on biomass. The strength of bioenergy lies above 
all in the possible flexible and demand-based production as well as in the provision of heat 
in high temperature ranges, needed e.g. for industrial processes. In the electricity markets, 
bioenergy can cover the gaps when the fluctuating sources such as wind or solar radiation 
are not available. However, a prerequisite for this is a high degree of flexibility of the 
conversion systems. In addition, bioenergy carriers are inexpensively storable. In bio 
refineries, biomass provides continuous and climate-neutral process energy. 

In particular, the efficient use of biogenic waste and residual materials has great 
potential. An important basis for deciding on their use is a comprehensive overview of the 
available resources and their current use. Optimized utilization of residues and waste as well 
as the usage of new waste streams from biomass processing, and the closure of nutrient 
cycles open up additional value-added potential for intelligently integrated bioenergy 
processes. In 2015, as part of a meta-study, the The Deutsches Biomasseforschungszentrum 
(DBFZ, the German Centre for Biomass Research) collected, standardized and compared 
data from various sources on biogenic residues and waste. Data on the theoretical and 
technical biomass potential and their current use for 93 individual biomasses were 
evaluated. Based on this, there is a theoretical biomass residual material potential of 151.1 
million tons of dry matter. More than 70% of the residual material comes from agriculture, 
wood industry and forestry. As an important result of the study, an annual technical 
potential of approx. 1,000 PJ of biogenic waste and residual materials was identified for 
Germany. This would correspond to around 7% of today's primary energy demand in 
Germany. The expansion of the bio-based economy and the increased use of renewable 
carbon are expected to lead to increasing volumes of biogenic waste and residues. 
According to estimates, about 10 to 15% of the final energy required in Germany could be 
generated from biogenic waste and residual materials in the long term. 

mailto:michael.nelles@uni-rostock.de
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The Needs and Challenges to Reproduce Mechanical 
Properties of Articular Cartilage  

Eiva Bernotiene1, Ilona Uzieliene1, Greta Urbonaite1, Giedre Gudiskyte1, 
Jaroslav Denkovskij1, Edvardas Bagdonas1, Arkadijs Soboļevs2, Wei-Bor 

Tsai3  
1Centre for Innovative Medicine, Lithuania 

 2Latvian Institute of Organic Synthesis, Latvia 
 3National Taiwan University, Taiwan 
e-mail: eiva.bernotiene@imcentras.lt 

 
Human articular cartilage is a dense, avascular, load-bearing tissue, which is highly 

susceptible to traumas or vast, degenerative diseases as osteoarthritis. Cartilage defects have 
become a global problem to physically active or senior population, having overweight, 
metabolic disorders and traumatic injuries. Under physiological conditions, articular 
cartilage in the knee undergoes dynamic mechanical compression, resulting in matrix 
deformation, HP gradients, fluid flow, streaming potentials and currents, and 
physicochemical changes. During mechanical load, cartilage extracellular matrix 
deformation affects pericellular matrix, thus leading to cell deformation, which is important 
for signal transduction via membrane ion channels, cytoskeletal mechanotransduction, or a 
range of other putative mechano-sensitive protein activation.1,2 Those events modulate the 
intracellular Ca2+ concentration, chondrocyte viability and stimulate the synthesis of 
cartilage matrix proteins.3  

A variety of biomimetic scaffolds have been proposed for cartilage regeneration, 
however, the majority of such constructs lack mechanical stability and strength to firmly 
encapsulate the cells and correspond to cartilage mechanical compression. Those factors are 
crucial to ensure the development of functional articular cartilage tissue phenotype, capable 
to resist mechanical load in the joint. Researchers are designing protocols to apply 
mechanical stimulation in vitro, seeking to promote extracellular matrix production in 
chondrogenesis and cartilage models. 

This presentation will focus on the importance of mechanotransduction for cartilage 
homeostasis and the need to reproduce mechanical properties of articular cartilage in tissue 
engineering applications. Challenges to introduce cells and to evaluate their behavior and 
characteristics in the newly developed scaffolds should also be considered. Application of 
chondroitin sulfate-tyramine (CS-Tyr) and other types of hydrogels as well as potential to 
apply mechanical load on them will be discussed. 

 
Acknowledgements 

This research was funded by ,,Joint Lithuanian–Latvian–Chinese (Taiwanese) Tripartite Cooperation Programme“ 
No P-LLT-18-21 

 
References 
1. Grodzinsky, A. J.; Levenston, M. E.; Jin, M.; Frank, E. H. Annu Rev Biomed Eng 2000, 691–713. 
2. Uzieliene, I.; Bernotas, P.; Mobasheri, A.; Bernotiene, E. Int J Mol Sci 2018, 2998. 
3. Guilak, F.; Nims, R. J.; Dicks, A.; Wu, C.-L.; Meulenbelt, I. Matrix Biol 2018, 71-72, 40–50. 
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Polymer Triboelectrification Machanisms 
Andris Šutka1, Kaspars Mālnieks1, Linards Lapčinskis2 

1Research Laboratory of Functional Materials Technologies, Faculty of Materials Science and Applied 
Chemistry, Riga Technical University 

2Istitute of Technical Physics, Faculty of Materials Science and Applied Chemistry, Riga Technical 
University 

e-mail: andris.sutka@rtu.lv  
 
The electron transfer between contacted polymers has been believed to be the mechanism 

for contact electrification so far [1]. However, due to the absence of free electrons alone, 
electron transfer between polymer insulators is doubtful. Instead, we have proposed that 
contact electrification of polymers occurs due to heterolytic bond cleavage.  

Herein, we present a highly original part of experimental work that offers proof of actual 
contact electrification mechanisms of polymer insulators. In short, we have observed that 
the physicochemical parameters of the macromolecular compound such as cohesion energy 
and surface adhesion play the major role on polymer contact electrification and so-called 
“triboelectric series” that has been suggested to be a trustworthy tool in prognosing the 
magnitude of the contact electrification of polymer insulators is fundamentally wrong 
especially because we observe contact electrification between chemically identical polymer 
materials [2]. We also observe in order of magnitude increase in the surface charge for 
contacted-separated polymers when transferring from glassy to rubbery state. It is 
cognitively clear that this transition has a direct influence on a possible covalent bond 
cleavage and transfer of bits of material between the surface. 

In the process of proving our ideas, we have developed materials that exhibit enhanced 
contact electrification for mechanical to electrical energy conversion and by that have 
significant value in the ongoing development of triboelectric nanogenerator devices, which 
have been considered among most promising solution for mechanical energy harvesting and 
power supply for sensor nodes and portable devices. 

 
Acknowledgements 
This research was supported by the European Regional Development Fund within the project ‘‘Hybrid 
energy harvesting systems’’ 1.1.1.1./16/A/013. 

 
References 
1. Chen, J.; Wang, Z.L. Joule 2017, 1, 480. 
2. Šutka, A.; Mālnieks, K.; Lapčinskis, L.; Kaufelde, P.; Linarts, A.; Bērziņa, A.; Zābels, R.; 

Jurķāns, V.; Gorņevs, I.; Blūms, J.; Knite M. Energ. Environ. Sci. 2019, 12, 2417. 
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Polybutylene Succinate/Cellulose/Graphene 
Composites 

O. Platnieks1, N. Neibolts1, S.Gaidukovs1, V.K.Thakur2, I.Filipova3 
1Institute of Polymer Materials, Faculty of Material Science and Applied Chemistry, Riga Technical 

University, Latvia 
 2Cranfield University, United Kingdom 

 3Latvian State Institute of Wood Chemistry, Latvia 
 

 
We report herein a formulation of fully bio-based composites containing biodegradable 

components polybutylene succinate, cellulose nanofibers, graphene. Polybutylene succinate 
(PBS) is a biodegradable aliphatic polyester derived from renewable resources with 
potential being completely bio-based. While the use of nanofibrillated cellulose as a 
relatively cheap filler material has great advantage due to its availability from various waste 
products and excellent mechanical properties. Graphene can be used to improve various 
electrical properties. 

In this study the thermomechanical, dielectrical, morphological, and biodegradation 
properties were investigated on BrabenderTM mixer prepared and solvent casted 
biodegradable PBS based composite films modified with bio-based derived graphene 
nanoplatelets and palmitic acid coated nanofibrillated cellulose. 
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Analysis of curing kinetic models 
for polyester resin C-L ISO 112 G 

Endija Namsone1, Alexandr Arshanitsa2, Andrejs Morozovs3 
1Institute of Materials and Structures, Riga Technical University, Latvia  

2Latvian State Institute of Wood Chemistry, Latvia 
3COMPOR, Latvia 

e-mail: 1endija.namsone@rtu.lv; 2arshanica@edi.lv; 3andrejs.morozovs@compor.lv  
 
Pultrusion is a continuous and efficient process resulting in minimal waste materials and 

producing fibre-reinforced polymer composite profiles with a constant cross-section. During 
pultrusion the fibre reinforcements are saturated with the resin in a resin tank and then 
continuously pulled through a heated die by a puller. Inside the die the resin gradually cures 
and solidifies to form a composite part with the same cross-section profile of the die. At the 
final stage a travelling cut-off saw cuts the composite profile into desired lengths. 

For a simulation of pultrusion processes the curing kinetic model for the matrix material 
should be developed. Curing of thermoset resin is an exothermal chemical reaction, where 
the curing kinetic is characterized by the degree of cure. Using differential scanning 
calorimetry (DSC) results, the degree of cure is determined as the ratio of the amount of 
heat evolved during the reaction up to present time to the total heat of reaction. 
Traditionally dependencies of the degree of cure on time are approximated by using the 
Arrhenius relationship multiplied by a simple mathematical function that depends on the 
resin properties and varies with the resin reaction model. 

Physical parameters of the Arrhenius relationship - activation energy and frequency 
factor are determined by using an experimental data. In this case at least 3 DSC tests at 
different heating rates (usually 1…10°C/min) are required. There are many methods for a 
determination of Arrhenius relationship’s parameters. The most widely applied is the 
Kissinger method. As a simple mathematical function, the first order, n-th order, Prout-
Tompkins and Kamal-Sourours models are more frequently used for a formulation of the 
curing kinetic models. The least squares method is applied in this case to approximate the 
experimental curves of the degree of cure and to determine non-physical coefficients of a 
simple mathematical function. 

Polyester resin C-L ISO 112 G is characterized by excellent glass fibre wet out properties 
and therefore is suitable for the use in pultrusion processes. It is a highly reactive, 
unsaturated resin based on isophtalic acid. The described methodology was successfully 
applied to build different curing kinetic models for this resin. The calculated parameters of 
curing kinetic models were validated by experimental results. It is necessary to note that the 
worst approximations were obtained by using the first order model but the best 
approximations especially for high heating rates were obtained by using Prout-Tompkins 
and Kamal-Sourour models. 
 
Acknowledgements 
This work was supported by the European Regional Development Fund, project No. 1.1.1.1/18/A/053  
“An effectiveness improvement of conventional pultrusion processes”. 
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The effect of crosslinking on the electro-thermal 
properties of carbon black and ethylene-octene 

copolymer composites 
Astrīda Bērziņa1, Sintija Eglīte1, Igors Klemenoks1, Velta Tupureina2, 

Māris Knite1 

1Institute of Technical Physics, Faculty of Materials Science and Applied Chemistry, 
Riga Technical University, Latvia 

2Institute of Polymer Materials, Faculty of Materials Science and Applied Chemistry, 
Riga Technical University, Latvia 

 
Ethylene-octene copolymer (EOC) and carbon black (CB) composites exhibit positive 

temperature coefficient of electrical resistivity (PTC). The electrical resistance of PTC 
materials increases with temperature1. Materials with substantial positive temperature 
coefficient of resistivity can be used as self-regulating heating materials, especially in 
places where temperature controlling electronics are hard or even impossible to implement. 
Self-regulating heating materials when electrically heated, reach an equilibrium 
temperature, because the generated power decreases with temperature increase, thus also 
preventing overheating. 

The difference of electrothermal properties for crosslinked EOC-CB composites and 
non-crosslinked EOC-CB composites was investigated. The electrical resistance was 
measured while heating/cooling the composite as well as the temperature was measured 
while electrically heating the material by applying a voltage of 5 V. The crosslinked 
samples show a stable effect which is consistent throughout the measurements. 

On the other hand, not crosslinked EOC-CB sample electrical resistance is not stable. 
While heating it shows a linear dependence from temperature, but while holding the sample 
at a particular temperature, the resistance very notably drifts due to relaxation processes. 
 

 
Acknowledgements 
The financial support of RTU Doctoral Research Scholarship is greatly acknowledged. 

 
References 
1. Voet, A. Temperature Effect of Electrical Resistivity of Carbon Black Filled Polymers. Rubber 

Chem. Technol. 1981, 54(1), 42–50. https://doi.org/10.5254/1.3535796. 
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Relaxation polarization dependence of circular vector 
gratings in azobenzene molecular glassy films 

Andris Ozols, Peteris Augustovs, Kaspars Traskovskis, Valdis Kokars, 
Lauma Laipniece, Armands Ruduss, Karlis Balodis 
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Holographic grating recording and relaxation is studied in different azobenzene 
molecular glassy films by circularly orthogonally polarized 532 nm laser beams L and R. 
The readout was made by circularly polarized (R or L) 632.8 nm laser beam. Sandwich-type 
samples (glass-film-glass) were also studied.  

Maximum diffraction efficiency of 81% has been achieved in sandwich-type AR-173 
film. However, studies were focused on the grating relaxation peculiarities.  

The following relaxation features have been found: after reaching diffraction efficiency 
(DE) maximum no DE decay takes place; DE read out by R-polarized beam was always 
higher than that by L-polarized beam; in sandwich type samples DE decayed until zero 
when read out by R-polarization whereas DE was zero when read out by L-polarization.   

FWHM relaxation times varied from 4 to 44 minutes, and they mainly decreased when 
grating period was increased. The observed relaxation peculiarities can be understood if one 
assumes that photoinduced birefringence grating is recorded followed by surface relief 
grating (SRG) recording. R-polarization "feels" both gratings whereas L-polarization only 
SRG. At large exposures SRG dominate. 

 These results confirm the conclusion made by J.Mikelsone in her 2018 PhD thesis that 
birefringence grating recording in azobenzene materials is a neccessary condition for SRG 
appearance. 
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There has recently been a renewed interest in the photochromic properties and uses of 

TiO2 as a potential candidate for smart windows. TiO2 nanoparticle (NP) suspensions are 
capable of changing their transmittance across both the visible and near-infra red spectral 
range via irradiation with UV light1. Furthermore, this change in transmittance is fully 
reversible with exposure to air as seen in figure 1. However, the surrounding medium for 
TiO2 NPs, is of equal importance, as it facilitates hole scavenging and, in turn, the 
photochromism. This is but one of the ways in which TiO2 photochromism can be tuned. 

 

 
Figure 1. The reversibility of TiO2 NP photochromism. 

 
Another way how to control the photochromic performance of the NPs is with n-type 

doping, for example, with niobium. Nb doped TiO2 NPs have shown photochromic 
performance even an order of magnitude greater than undoped TiO2. 

Here we give an overview on the investigated impact of scavenging power on the 
photochromic properties of TiO2 as well as the impact of Nb doping on the photochromic 
properties and reversibility of TiO2 NPs. The particles themselves are studied by 
transmission electron microscopy, x-ray diffraction as well as Raman spectroscopy. The 
photochromic properties of the particles are studied via UV-Vis spectroscopy. 
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 ZnO photocatalysts have gained considerable attention recently due to their excellent 
properties and photocatalytic performance. ZnO is cheap and easy to produce, it is 
chemically and thermally stabile. Importantly, it is also non-toxic.1 ZnO is a semiconductor 
with a wide band gap (3.37 eV), and a high exciton binding energy of 60 meV. 
Disadvantage of ZnO photocatalysts is fast electron-hole recombination rate.2 
Photocatalytic activity of ZnO could be improved by addition of other metal oxides. 
 In this study ZnO photocatalysts with different loading of Eu2O3 and Sm2O3 were 
prepared via microwave-assisted hydrothermal method. The prepared samples were 
investigated by using XRD, X-ray spectroscopy. The photocatalytic activity was determined 
by degradation of methylene blue (MB) under Osram Vitalux illumination. Modified ZnO 
nanoparticles according to XRD analysis consists of ZnO with crystallite size in the range 
of 16-23 nm. Prepared ZnO photocatalysts shown high photocatalytic activity under solar 
light simulated radiation. After 30 minute of irradiation more than 95 % of initial MB 
solution was degraded. The effect of pH, methylene blue concentration and photocatalyst 
dosage was investigated. The reusability of photocatalysts was also studied. 
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Amorphous calcium phosphate (ACP) is considered to be the first inorganic phase during 

bone tissue formation. Because of this ACP holds potential to be used for bone regeneration 
purposes. Especially important is to obtain synthetic calcium phosphates with high specific 
surface area (SSA) thus approaching properties of the natural bone mineral particles. Such 
calcium phosphate nanoparticles would more closely copy performance of the natural ones 
both in vitro and in vivo in terms of solubility, ion and protein adsorption, ion exchange and 
bioactivity. 

Aim of the current research was to give an outlook on properties of ACP and to present 
findings regarding obtaining and characterization of ACP with high SSA (> 100 m2/g). 

Following analytical techniques were used to study as-synthesized and heat treated ACP 
powders: powder x-ray diffraction, Fourier-transform infrared spectrometry, BET N2 
adsorption method, differential scanning calorimetry, thermogravimetric analysis, heating 
microscopy, scanning electron microscopy and transmission electron microscopy. 

At first strategies of improving of classical synthesis process of ACP were tested in order 
to increase the SSA of the product [1]. In the classical process two components (one 
calcium and other phosphate ion bearing) are rapidly mixed together and precipitation of 
ACP occurs. However, this study showed that it was not possible to achieve higher SSA by 
changing Ca/P molar ratio of reagents and synthesis temperature and therefore new 
synthesis method was developed. The new method [2] was based on rapid rise of pH of 
solution that contains both calcium and phosphate ions in one vessel. The rise of pH 
induced ACP to precipitate. The new method proved to be successful in order to obtain 
ACP with SSA > 100 m2/g. Further impact of drying method on heat induced crystallization 
of ACP [3] and changes of physicochemical properties of heat treated ACP in temperature 
range (100-1000°C) were studied. Differences between drying method were only observed 
in phase composition of partially crystallized heat treated ACP products. Overall, new 
method for preparation of ACP nanoparticles with long term stability has been developed 
and several aspects of crystallization of such ACP were revealed. 
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Osteoporosis is a chronic, metabolic and systemic skeletal disease characterized by low 
bone mineral density (BMD) and micro-architectural deterioration, resulting in increased 
bone fragility and fracture risk. Changes in the mineral structure occur due to aging or 
because of progressive pathologic processes such as osteoporosis, as well as in both aging 
and effects of bone diseases1.  

Experimental osteoporosis was induced on twenty 10 months old female rabbits by 
ovarioectomy and methylprednisolone course i/m 6 weeks 1mg/kg. Bone defect was made 
in trochanter major region and filled with pure biphasic calcium phosphate (BCP, Ca/P 
30/70)  and granules  saturated with Stroncium 5% (Sr). In control group 6 rabbits. After 2 
months animals were euthanased and samples from different bone parts were taken. 

Average HU value of rabbits jaw premolar region in controle group - 712,66, statistically 
significant in comparison with biphasic calcium phosphate group – 0,008693 (P<.05) and 
statistically significant in comparison with Stroncium group – 0,001227 (P<.05), average 
HU value in group only of biphasic calcium phosphate granules - 437,14, but average HU 
value in group, were granules were saturated with Stroncium -  446,14. Difference between 
them was not statistically significant– 0,920543 (P>.05).  

Bone mineral density (BMD) in rabbits lower jaw premolar region, far away from 
bioceramic's implantation site on rabbits with experimental osteoporosis in comparison of 
use biphasic calcium phosphate and granules with Stroncium are statistically without 
significant difference. 
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Osteoporosis of jaws are infrequently investigated on experimental animals never with 

local application and the response of whole body. To be more close to human clinical 
situation – postmenopausal osteoporosis – we set up the pronounced mode of experimental 
osteoporosis on rabbits by ovariectomy and long-term use of glucocorticoids. Twenty two 
California female rabbits were included in this study. Bone defects were created in femur 
trochanter major region. In first group (7 rabbits) created defects were filled with granules 
of hydroxyapatite and tricalcium phosphate (HAP/TCP 30/70); in second group (7 rabbits) 
defects were filled with same granules (HAP/TCP 30/70) together with strontium (5% by 
mass). Sham surgery group consisted of 4 female rabbits with osteoporosis and identical 
bone defect, but no biomaterials were implanted. Control group consisted of 4 healthy 
rabbits. Twenty two bone samples were taken from lower jaw premolar region. Trabecular 
bone area was measured using ImagePro Plus 7 program, where three equal fields 
(0.975 mm2, 50 x zoom) of view were at random chosen in all bone samples. 

Healthy and osteoporotic bone tissues were compared. Results have shown that mean 
trabecular bone area in osteoporotic groups was almost twice less, than in control group. 
Trabecular bone area in healthy rabbit was 0.21 mm2 (0.17-0.22), in first group 0.14 mm2 
(0.12–0.16), in second group 0.15 mm2 (0.11–0.19) and in sham surgery group 0.12 mm2 
(0.08–0.14). Trabecular bone area in first, second and sham surgery group did not 
statistically reliable differ. 

Significant reduction of trabecular bone area in premolar region proves induction of 
generalized osteoporosis. Implantation (in trochanter major) of BCP granules with or 
without strontium ions remote from the analyzed region (lower jaw premolar region) did not 
show statistically significant changes in trabecular bone area. 
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Antioxidants are widely used in various areas for increasing oxidative stability of 

different products. A new type of antioxidants with recognizable free radical scavenging 
effect in different types of media are substituted Meldrum`s acids.1 In order to modify the 
properties of these antioxidants, we have focused into two directions. The first direction is 
covalent-bonding of active compounds to lipid carriers, which is well-known strategy in 
medicinal chemistry.2 It is successfully used for modification of antioxidants, too.3 
Similarly, we have attached arylmethyl Meldrum`s acids to long saturated and unsaturated 
aliphatic chains through hererocyclic linker (compounds 1). The second attractive tool for 
delivering biologically active ingredients is dendrimers.4 Such approach has been used also 
for some antioxidants, e.g., Irganox 3114 contains four phenolic units attached to the core.5 
Inspired by these examples, we obtained a few dendrimeric compounds 2 decorated with 
several 1,3-dioxane-4,6-dione moieties. 

The retrosynthetic analysis of reagents lead to similar route for both compounds 1 and 2: 
firstly, an aldehyde decorated with an alkyl chain or a core with several aldehyde units was 
obtained and, secondly, the Knoevenagel condensation and reduction of corresponding 
arylidene compound was realized. Antiradical activity of all synthesized compounds 1 and 2 
were analyzed by DPPH and GO tests.  
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Figure 1. General structures of target compounds 1 and 2. 
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In a bulk heterojunction (BHJ) transport of separated positive charge (cation radicals) 

and negative charge (electrons) takes place in domains of an organic donor material and 
fullerene acceptor, respectively. The oxidation of tetrathiafulvalene (TTF) and formation of 
its cation radical TTF+· is reversible and occurs at low potential (E = 0.34 V vs. Ag/AgCl in 
MeCN solution).1 In this report we present four novel organic dyes containing the electron 
rich TTF (dye TT-1) and dithiafulvalene (DTF) groups (dyes DT-1, DT-2 and DT-3). The 
presence of TTF and DTF groups in these materials should stabilize cation radicals and 
promote the charge transport. 

Synthesized dyes are alkyl-functionalized. This substantially increases the solubility of 
the dyes in commonly used solvents like DCM, THF and toluene. Thin, amorphous films of 
good optical quality could be easily prepared from solutions in chloroform via spin-coating 
method. The DTF based dyes have intensive absorption bands (εmax ≈ 50000 M-1∙cm-1, 
solution of DCM) with maxima ranging from 587 nm (DTF-1) to 710 nm (DTF-3). 
Compound TT-1 exhibits wide absorption band in NIR region (λmax = 774 nm) however, the 
low intensity (εmax = 9300 M-1∙cm-1) of this band is unsatisfactory for organic solar cell 
development. This could be attributed to the non-planar, non-aromatic structure of the TTF 
donor fragment. 

The effects of the substituents are reflected in the energy structure of the materials. The 
ionization potential of DT-2 is slightly decreased due to the π−π stacking. Electron affinity 
level, representing the electron transport level, is stabilized (lowered) by introduction of 
dicyanomethylene group in DT-2 (comparing to DT-1) and with an introduction of an 
additional carboxyl group in DT-3. 
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Figure 1. Structures of the synthesized dyes TT-1, DT-1, DT-2 and DT-3. 
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Recently we reported the synthesis, photophysical properties and potential applications 

of variously substituted 9-alkylpurine derivatives.1,2 Here we report the synthesis of 2/6-
(1,2,3-triazolyl), 2-imidazolyl, 2-(1,2,4-triazolyl), 2-tetrazolyl and 6-carbazolyl substituted 
purine derivatives (Figure 1). N(9) position contains a trityl moiety, which enhances 
amorphous properties3 or a carbazole moiety, which increase hole transfer capabilities. 
Carbazole moiety also acts as a strong electron donating group, other azoles act as electron 
withdrawing groups. Target compounds were obtained in 11‒54% overall yields. Their 
fluorescence was studied and the quantum yields in DCM solution reached up to 91% and 
up to 58% in the films.  
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Figure 1. Representative target compounds and their absorption-emission spectra in 
DCM solution (solid lines - absorption spectra, dashed lines - emission spectra). 
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Over the last three decades various structure modifications of 4-(dicyanomethylene)-

2-methyl-6-(4-dimethylaminostyryl)-4H-pyran (DCM) have been intensively studied as the 
light-amplification or light-emitting gain medium components in organic solid state laser 
systems. To maintain a high transparency and optical clarity of such systems, those are 
usually obtained by expensive and technologically complicated thermal evaporation in 
vacuum on the glass/indium tin oxide (ITO) substrates.  

Recently we have demonstrated that the incorporation of 2-(trityloxy)ethyl-moieties to 
the amino group of the styryl fragment instead of methyl-substituents within the DCM 
derivatives (see scheme 1) provides the ability for the designed molecules – DWK-1 and 
DWK-1TB – to form thin solid films by non-expensive solution processing. Additionally, 
spin-coated neat films of DWK-1 and DWK-1TB showed increased PLQY and notably 
lower ASE threshold energies (Eth) due to the reduced intermolecular interaction between 
the molecules in the solid state in comparison to the conventional DCM dye. 
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Scheme 1. Solution processable analogues of DCM and further synthetic modification 
possibilities of DWK-1TB: 

(1) Substitution of electron acceptor fragment; 
(2) Substitution of tert-butyl group with 4-functionalzied-styryl groups; 

(3) Modification of ethyl-oxy linkers and (4) A combination of the approaches (1), (2) and (3). 
 
Further synthetic modifications of DWK-1TB and their efficiencies will be discussed 

during the conference. Some of solid-state light-emitting systems of derivatives of DWK-
1TB are characterized with amplified spontaneous emission (ASE) maximum wavelength 
(nm), ASE energy threshold (μJ/cm2) and photoluminescence quantum yield (PLQY) (%). 
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Consumption habits and the dominant business model take-make-use-dispose with a 
focus on economic growth in the global fashion industry is generating massive pre- and 
post-consumer waste.1 In the leading traditional clothing cut-sew production system, at least 
15% of the cut off fabric is thrown away.2 To meet the required sustainability goals and 
preferences of The Waste Management Hierarchy, in order to optimize used resources in an 
efficient way, is to minimalize or eliminate waste in the production beginning.3 

The advanced design process starts from design research phase and development. Using 
close to, or zero waste approaches in clothing design with respect to aesthetics and function, 
is the way how to eliminate waste in the beginning stage. There are different ways to approach it. 

In most of the cases, the cloth is central to zero-waste design practice; the qualities as 
width and length of it needs to be taken into account. In advanced design process, minimal 
or zero waste clothing design can also start form cloth technology and production system 
perspective, for example, seamless knitting, etc.,4 experimental methods like innovations in 
making fabrics, laser cut, 3D technologies, layered woven technology 5 etc. 

Zero waste practice from pattern perspective can be seen from construction preferences - 
creative draping design, rectangular-cut, tailored patterns, or even geometrical figured.  A 
rich source of minimal and zero waste rectangular pattern shape ideas can be found in the 
ethnographic and historical costumes solutions in the existing literature: cloak, poncho, cape 
type.6 Also, 20th-century zero-waste design approaches can be found in the literature.7  

In nowadays context there are few 21st-century designer formulated methods to support 
creative zero waste practice: Tessellation method, jigsaw, embedded jigsaw, Möbius strip3, 
subtraction method. Good source and inspiration is also other practicing designers, like 
pioneers H. McQuillan and T.Rissanen; as well as online platforms templates like make/use.8 

Research shows that there are various examples that could inspire designers to create 
modern zero-waste patterns. The collected principles are a way to transform the fashion 
designer's thinking, creating new possibilities of waste minimization in the early 
development stages of costume idea. 
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The global market provides free movement of clothing goods from different parts of the 

world, the development of which can be based on a variety of sizing constructs derived from 
anthropometric characteristics specific to a particular region. Therefore, end-users of the 
target market may not always fit sufficiently into a sizing construct on which the design of the 
specific assortment is based1. When designed, the required comfort level of clothing is 
realized by material and constructive solutions, ensuring the desired level of physiological and 
physical comfort. Clothing comfort is also increasingly seen in the fit aspect, which can be 
described as the conformity of the dimensional shape (tightness or looseness) of the garment 
constructive design regarding the body dimensions of the wearer. 

In the development of sizing system, body primary dimensions are those human body 
measurements that introduce one of the size classification scales of clothing, and whose 
standardized values, both encoded and direct, are used for the size labelling of clothing items. 
They also are used for calculations of other measurements of a standard anthropometric 
figure, and thus for the development of correspondingly labelled garment patterns. For 
example, for upperwear (jacket, shirt etc.) conventionally used dimensions: bust/chest 
circumference, body height, in some cases arm length; for lowerwear (trousers, skirt etc.) - 
waist girth, body height, in some cases buttock girth (for women) and inseam length. 
Differences in classification scale structures and proportional calculations of measures are still 
various in different sizing systems, contributing to confusion in the selection of appropriate 
clothing among end-users. 

Functionally, physiologically minimal, body movement convenience (including dynamic) 
and silhouette allowances are introduced into garment constructions. The chosen body 
measurements, the volume of ease allowances and its proportional distribution in the clothing 
pattern-making methodologies can be decisive for the fit provision. Achieving and pre-
estimating fit in mass production is a challenge, considering the output of anthropometric data 
and sizing construct, end-user characteristics, the design methodologies used, and the 
approaches of manufacturers established over time. An important step in the garment design 
process is the use of objective techniques for assessment of the fit, such as ergonomic 
evaluation in case of functional clothing design2. 

At the design stage, which already includes pattern-making, it should be already clear if the 
sizing system used matches the anthropometric profile of the end-users, and that used body 
measurements, ease-allowances and constructive solutions in the pattern-making maximize 
target customers fit within sizing strategy. Missing information on anthropometric profiles 
and unreasoned sizing, as well as flaws in pattern-making methodologies, may result in 
improper product production causing the disposal and negative environmental impact as well 
as financial loss to the company. 
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The first part of this study is a compiled literature review of microbial and antibacterial 

activity with textiles. One of the reasons synthetic textiles are prone to gain sweat odor is 
the usage of lower temperatures and concentrations of detergents during washing. Bacteria 
that are common in human skin microflora and promote sweat odor are Staphylococcus sp, 
Bacillus subtilis, Corynebacterium sp, other bacteria and yeast. Microbial growth and 
chemical absorption or combination of both are the main reasons for malodor formation1. A 
sol-gel coating is the simplest method for metal oxide compound deposition onto the 
substrate 2. The second part focuses on testing the used modification and chosen substrates.  

This study aims to prevent bacterial adhesion with surface thus modification is carried 
out. FTIR analysis was applied, to observe changes on modified textile surface. Pre and post 
modification changes in comfort properties also must be taken into account. Air 
permeability was tested. Modification with silica-based coating with zinc acetate dihydrate 
was applied onto polyamide, cotton textile and yarns to ensure antibacterial activity. 
Antibacterial activity was tested against Bacillus subtilis mscL 1141 and Staphylococcus 
aurerus mscL 334.    
    

a) b) 
Figure 1. a) Petry plate with agar: ref. sample, b) sample modified with ZAD (after 

incubation for 24 h in 37 ± 2°C, and zone of inhibition. 
Figure 1, shows antibacterial activity of modified samples. Antibacterial activity and zone 
of inhibition against gram-positive bacteria b.subtilis was observed. After the modification 
air permeability decreases for synthetic textiles, as it was observed within previous 
experiment 3.   
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Aquatic pollution with pharmaceutical residues is an emerging environmental issue. 

More than 600 active pharmaceutical ingredients (API) of different therapeutic groups have 
been detected in various water matrices around the world at concentrations ranging from 
ng/l to μg/l.1  

Release of pharmaceutical residues into bodies of water cause ecotoxicological effects on 
aquatic biota and pose human health risks, like, development of antibiotic resistant bacteria, 
endocrine disruption and other toxic responses. Previous studies also highlight that, there 
could be synergistic interaction between pharmaceutical substances and other chemicals 
present in water that results in higher levels of toxicity.2 

 API, their metabolites and transformation products are emitted into the environment at 
different stages of their life cycle, including manufacturing, human and veterinary 
consumption and disposal. In order to tackle the global problem of pharmaceutical pollution 
the involvement of all relevant stakeholders along the entire life cycle of API is required. 
The main ways how to prevent, reduce, and manage pharmaceuticals entering the 
environment are presented in Figure 1.  
 

 
Figure 1. Measures to reduce pharmaceutical emissions. 

 
Raising global awareness, technical improvements, sustainable manufacturing and 

implementation of relevant legislative regulations are identified as key actions to minimise 
pharmaceutical emissions and avoid further deterioration of water quality. 
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In 2000s, depletion of raw materials and socio-economical concerns supported the direct 

recycling of waste and residues. Due increasing of greenhouse emissions, and awareness of 
the need for sustainable development in terms of safely reusing different types of waste, the 
transformation of waste to valuable materials and energy (i.e. valorization) is emerging as a 
strong trend. In previous research was shown clay-glass foam1 and ceramic hollow spheres2 
obtaining. The aim of this study is to develop industrial production scheme using circular 
principles for porous waste glass - clay multifunctional porous ceramics. 

In the paper described key properties of the multifunctional porous clay ceramics and 
their obtaining technological scheme. Proposed industrial production scheme shown in 
Figure 1. 

 
 

Figure 1. Porous waste glass - clay multifunctional porous ceramics production scheme. 
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Changes in biochemical composition are mainly dependent on the light received by the 

plant1,2. During the winter months, natural daylight at 55 ° latitude is insufficient to provide 
the necessary vegetation for fruit-bearing vegetables. The aim of this study is to investigate 
the changes in the biochemical composition of tomato fruits by using less conventional 
lighting methods, which could offer potential energy savings by providing higher levels of 
biologically active substances in tomatoes.  

The study was conducted in a greenhouse of Latvia University of Life Sciences and 
Technologies during the winter season 2018-2019, using a 16-hour photoperiod. LED, 
Induction, and High Pressure Sodium Lamps (as control) were used in the study. These 
lighting devices, with some differences, simulate daylight. Three tomato cultivars: 
‘Diamont F1’, Encor F1’ and ‘Balzano F1’were studied. The study specified the tomato 
yield and the following biochemical parameters: soluble sugars (BRIX), vitamin C, organic 
acids, lycopene, carotenoids, phenols and flavonoids.  

As expected, the yield and species-specific pigment content of tomato fruit is largely 
dependent on the genetics of the variety. On the other hand, biologically active compounds 
such as organic acids, soluble sugars, ascorbic acid and flavonoids undergo more changes 
due to the composition of the light. The obtained biochemical parameters give an 
opportunity to consider different illumination methods and the need to carry out further 
studies in order to confirm the conclusions. Significantly higher yields were observed in the 
variant with conventionally used high pressure sodium lamps. In mean time, it should be 
noted that in the variant with LED lamps, higher content of lycopene as well as phenols and 
vitamin C were observed. 
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Azobenzene chromophore is thermally and optically stable but push-pull type 

azobenzenes exhibit also non-linear optical (NLO) properties.1 High glass transition 
temperature and isolation of the chromophores can maintain the ordered glassy arrangement 
of NLO material;2 this could be achieved using dendrimers containing trityl groups. We 
have previously attempted to synthesize azobenzene core dendrimers with trityl groups at 
the periphery,3 but the used synthesis and purification method led to imperfect samples of 
several compounds with partially free hydroxyl groups, although showing expected glass 
transition temperatures and NLO properties.  

In this work, we revised the synthesis method of compound G1-Trt (Fig. 1) and obtained 
it as a pure sample which is fully functionalized with trityl groups. Thermal, optical, and 
NLO properties are investigated and discussed, the new results are compared to previously 
reported results of imperfect samples. 
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Figure 1. The structure of azobenzene core dendrimer G1-Trt. 
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Pyrolysis plays a vital role in biomass conversion as one of the most promising thermal 

conversion routes. Solid, liquid and gaseous products are obtained from biomass pyrolysis1. 
The liquid is considered as perspective fuel; however, the direct use of bio-oil as fuel may 
present many difficulties due to its high viscosity, poor heating value and relative 
instability. This creates a significant economic barrier for production of transportation fuel 
by pyrolysis process2. Catalytic pyrolysis has been widely used as a convenient method for 
the direct conversion of biomass into higher quality liquid bio-fuels3.  

Intermediate pyrolysis of cellulose (as a model substance for biomass) with or without 
catalysts was investigated using TGA-FTIR method in order to determine the influence of 
zeolite on the relative yield of the compounds.  

The addition of zeolite with medium and weak acidity increased the volatile matter of 
cellulose from 86.1% to 88.5% and 88.9% under the catalyst of MCM-41 and ZSM-5 (70). 
Zeolite with high acidity is contributing to the formation of coke and simultaneously 
causing the deactivation of the catalyst, thus decreasing the volatile matter of cellulose from 
86.1% to 83.6% and 83.2% by using H-ZSM-5 (23) and H-ZSM-5 (50). All catalysts 
showed deoxygenation activity. Zeolites had higher activity for deoxygenation of 
compounds containing hydroxyl group than compounds containing carbonyl and carboxyl 
groups. H-ZSM-5 (23) had a substantial effect on the production of monoaromatic 
hydrocarbons whereas the yield of olefins notably increased in the presence of ZSM-5 (70). 
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Carbohydrates are compounds with versatile biological significance both in pure form 

and in conjugation with proteins or nucleo bases and are widely used in the synthesis of 
natural compounds and their analogs. For synthetic modifications, various protecting groups 
for the hydroxyl groups are used, such as esters and alkyl and silyl ethers.1 Methods for 
selective O-silylation are well known and mostly imply use of strong bases and silyl 
chlorides.  

Silicon-containing carbohydrates could be used for synthetic applications, be potentially 
biologically active compounds, and used for production of modified silicon-based 
materials.2 However, there is a limited number of methods for C-silylation of such complex 
moieties.3 In our research that is focused on synthesis of silicon-containing sugars, we 
investigated a possibility of silylation of lithiated carbohydrates using chloro silanes 
(Scheme 1). 
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Scheme 1. General scheme of silylation reaction of synthons 1 and 2. 

 
Starting from D-glucose, we synthesized several substrates that could be used either for 

the lithiation-silylation or alkylation of silyl anion reactions (synthons 1 and 2, scheme 1). 
We studied the effect of the reaction conditions on the ratio of the desired and by-products. 
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Purine derivatives continue to be widely researched due to their application in medicinal 

chemistry. For example, to treat tuberculosis, cancer and other malignancies.1  
Here we report a new synthetic route for synthesis of 6-azido-2-sulfonyl purine 

derivatives. The transformation from 2 to 4 can be explained by azido-tetrazolo 
tautomerism. The latter activates purine cycle towards SNAr reaction at otherwise less 
reactive C2. Optimal reaction conditions were found: NaN3, DMSO, room temperature and 
reaction scope was investigated using different sulfonyl purine derivatives 2. A 
straightforward synthetic approach was developed using “one pot” reaction. First, sodium 
sulfinate salts were used to generated 2 intermediate in situ. After that, azide was added to 
give target product 5. 
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Figure 1. 6-Azido-2-tosyl-9-heptyl-9H-purine 
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Avenanthramides are polyphenols found in oats exclusively. These compounds 

demonstrate wide range of biological activity.1 Structure-activity relationships of various 
cinnamic amides are rather less studied. Spasova et al.2 has studied (hydroxy)cinnamic 
acid–aminoacid conjugates. Some artificial derivatives of acitretin containing cinnamoyl 
aniline moiety inhibit lipid peroxidation.3 Previously, we have studied the role of the 
substituents both in aniline and cinnamic acid residues for antiradical properties.4,5 Besides, 
antiradical properties of few compounds containing additional substituent at α-position of 
the double bond of cinnamoyl anilines were studied.5 Herein, we present results of 
cinnamoyl anilines 1 with additional arylaminocarbonyl moiety at α-carbon of the acrylate 
skeleton. The target compounds 1 were obtained through the Knoevenagel condensation 
from malonic acid dianilides 2 and various aromatic aldehydes with moderate to high yield 
(Scheme 1).  
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Scheme 1. Synthesis of target compounds. 
The antiradical activity of the title compounds 1 was analyzed by DPPH and GO tests. 

The additional substituent at α-carbon of double bond slightly reduces the antiradical 
activity of cinnamoyl aniline 3. Besides that, stereochemistry of double bond might be 
important (Fig. 1). 
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Figure. 1. Representation of the impact of substituents at double bond on antiradical 
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Purine and thiopurine derivatives are widely studied due to their broad spectrum of 

biological activity. Some of them have already been used as an effective tool in the 
treatment of cancer and autoimmune disorders.1 

2,6-Diazidopurine substrate 1 has been proven to be a valuable starting material in the 
synthesis of new arylthiopurine derivatives. Nucleophilic substitution with thiophenols can 
be mainly observed at C2 position of purine, providing 2-arylthio-6-azidopurine derivatives 
2 with yields up to 74% (Scheme 1).2 In solution these compounds exist in azide-tetrazole 
equilibrium which is dependent on several factors, such as temperature, solvent polarity and 
substituent electron donating properties. 
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Scheme 1. Synthesis of arylthiopurine derivatives and their further modification. 
 

Further CuAAC reaction and different sequence of the reactions leaded to 2-arylthio-
6-triazolyl- and 6-arylthio-2-triazolylpurine derivatives 3 and 6. Regioselectivity of 
obtained products was confirmed by NMR and UV absorbance data. Despite the location of 
triazolyl- and thiogroups following nucleophilic substitution with piperidine was observed 
regioselectively at C6 position of purine (products 4 and 7). 
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Biomass-to-Liquid Fischer-Tropsch (BtL-FT) process for hydrocarbon production from 

syngas obtained from biomass gasification is becoming increasingly substantial as suitable 
alternative for production of various high-quality fuels for different applications. BtL-FT 
process proceeds in presence of catalysts and iron oxides are economically attractive and 
highly abundant feedstock for their preparation, therefore Fe catalysts are the most 
commonly used BtL-FT catalysts1. Selection of support which stabilizes the resulting Fe 
nanoparticles is critical in determining activity and stability of the catalyst2. SiO2 is the most 
commonly used iron-based catalyst support and structure promoter3.   

In this study Fe2O3/SBA-15 catalyst was synthesized via direct synthesis method under 
acidic conditions using triblock copolymer Pluronic P123 as template, tetraethyl ortho-
silicate as a silica source and Fe(NO3)3∙9H2O as iron source. The molar composition was 
1.0 TEOS; 0.017 P123; 7.94 HNO3; 187.11 H2O and 0.327 Fe(NO3)3∙9H2O. Template was 
removed using extraction and calcination. The obtained catalyst was characterized using 
XRD analysis, UV-RAMAN spectroscopy, WDXRF spectroscopy, N2 adsorption-
desorption analysis and STEM analysis. Results of catalyst characterization showed that the 
synthesized Fe2O3/SBA-15 is mesoporous silica with 2D p6mm hexagonal mesostructure 
loaded with 15.6 wt% of Fe2O3. Homogeneous immobilization of Fe2O3 nanoparticles under 
circumstances of preparation does not disrupt the porous hexagonal structure of the support.  
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     In accordance with the Directive (EU) 2018/2001 [1] the share of renewable energy 
within the final consumption of energy in the transport sector will be at least 14% by 2030 
(minimum share) and can be provided by using fuel in the form of electricity or renewable 
liquid and gaseous transport fuels. Biodiesel is one of the three most important biofuels 
today. Biodiesel (FAME) has several advantages over petroleum-derived diesel. It is 
biodegradable, reduces the emission during combustion, is miscible with petro-diesel and 
does not require engine intake and filling station of another kind. The future of biodiesel is 
nevertheless threatened by the use of vegetable oils as the main feedstock and low value of 
the by-product glycerol, obtained by conventionally production [2]. Most part of biodiesel is 
commercially available blended with fossil diesel up to ~7% v/v FAME. Striving to produce 
biodiesel with higher yield via including products of glycerol conversion, compositions of 
biodiesel with FAME content substantially lower than required by standard EN 14214 were 
offered as blends [3]. Investigation of blended fuel characteristics by using such blends is in 
the beginning and can give new knowledge about the more effective biofuel production and 
use. We had elaborated [4] a new interesterification method with biodiesel yield above 110 
% and FAME content around 72%. Thus, the aim of this study is to ascertain how the 
properties of synthesized biodiesel - summer diesel blends depends on the content and 
composition of biofuel. Experimental investigation of blended fuels obtained using “Viada 
Baltija” summer fuel and biodiesel synthesized accordingly to [4] shows, that viscosity 
increases with increasing FAME content, but decreases with increasing triacetin (TA) 
content, however for all samples with biodiesel content below 25% remains lower than 3.2 
mm2/s. Density increases with increasing FAME and TA content in blended fuel, however 
for all samples with biodiesel content below 25% remains lower than 860 kg/m3. Carbon 
residue increases with increasing FAME content in blended fuel, however for all samples 
with biodiesel content below 25% remains lower than 0.05%. By increasing biodiesel 
content till 25% the cloud point and pour point increase by 2 K, while the cold filter 
plugging point remains unaffected. The results of investigation indicated a good potential of 
biofuel obtained accordingly to patent [4] and showed that blends containing up to 25% in 
summer diesel yielded the properties closely matching that of diesel. 
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Quinones are fundamentally important to biochemical processes. They possess unique 

photo-physical properties and are important chromophores in natural and synthetic dyes. In 
recent years, several research groups have used quinone derivatives to function as potential 
naked-eye ion sensors, which mainly contains a chromogenic fragment and a binding site 
with selective interactions to the ion. Quinone derivatives have found application in ion 
recognition and sensing for their important role in various photochemical and colorimetric 
sensor systems.1  

Previously a convenient method for the synthesis of 6,7-dichloropyrido[1,2-a]benz-
imidazol-8,9-dione and its analogs was described.2 With the aim to introduce a neutral 
receptor fragment into compound 1 reactions with benzhydrazides and thiosemicarbazides 
were carried out.  
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Scheme 1. Synthesis of 6,7-dichloropyrido[1,2-a]benzimidazol-8,9-dione derivatives 2a-h. 

 
The longer wavelength bands (602-657 nm) displayed in UV-Vis spectra by compounds 

2a-h in DMF solutions are assigned to an intramolecular charge transfer transition.  

                  
Figure 1. Solvent Effect on the UV-Vis            Figure 2. pH Effect on the UV-Vis  
spectra of compounds 2f and 2h.                        spectra of compounds 2d and 2f. 

Significant changes were observed in the UV-Vis spectra of compounds 2d and 2f upon 
addition aqua solutions of different pH, accompanied by dramatic color changes visible to 
the naked eye.  
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R = halogen atom (-Cl), hydroxyl group (-OH) or methyl group (-CH3) 
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Organic solids are able to form very wide range of crystalline structures of different 

compositions – including polymorphs, solvates, co-crystals and solid solutions. In last 
decade, research of solid solutions has increased significantly and has become common in 
crystal engineering. While analysing solid solutions and their molecular packing, more 
attention is paid to structural aspects that promote and are responsible for the formation of 
solid solutions in two-component systems1. Both geometric and chemical aspects, such as 
molecule dimensions, symmetry, and intermolecular interactions, are important in 
understanding solid-state properties of all these phases1, 2. 

Several 2-substituted 4-nitrobenzoic acid (NBA) derivatives (Figure 1) were selected as 
model compounds because of their availability and chemically similar structures, in which 
the different group/atom (R) does not significantly affect the dominant intermolecular 
interactions2. 

 
 
 

Figure 1. Molecular structure of 2-substituted 4-nitrobenzoic acid 
 

Quantum chemical calculations for lattice and intermolecular interaction energy were 
carried out to identify possible factors, which could be used in prediction of the formation 
of solid solutions in binary systems of chemically similar molecules, in this case - various 
nitrobenzoic acid derivatives2,3. While crystallization experiments were used to determine 
the experimental information about formation of solid solutions. Obtained crystalline phases 
were characterized by combined use of powder X-ray diffraction (XRPD) and differential 
scanning calorimetry (DSC)3. 
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Dihydroxybenzoic acids are small organic molecules that have the ability to form a 

variety of polymorphic forms and hydrates by forming different hydrogen bond motifs 
between COOH and OH groups1,2,3.  

 
Figure 1. Isomeric dihydroxybenzoic acids (diOHBA) used in this study 

 
In this preliminary study three isomers of diOHBA were used to test if the already 

validated computational approach to molecular self-association and dimerization4,5 can also 
be used to evaluate association with water and solvent molecules. Hydrogen bond motifs 
tested in this study were chosen based on those found in diOHBA and salicylic acids in 
Cambridge Structural Database (CSD). 

 
Figure 2. Hydrogen bond motifs and identifiers in CSD 

 
Acknowledgements 
This research has been supported by the Latvian Council of Science, project “Crystal engineering of 
pharmaceutical multicomponent phases for more efficient crystalline phase design”, project No. lzp-
2018/1-0312. 
 
References 
1. Sarma, B., Sanphui, P., Nangia, A. Cryst.Growth Des.,2010, 10,5, 2388-2399. 
2. Braun, D. E., Karamertzanis, P.G., Price, S.L. Chem. Commun., 2011, 47, 5443–5445. 
3. Braun, D.E., Karamertzanis, P.G., Arlin, J., Florence, A.J., Kahlenberg, V., Tocher, D.A., 

Griesser, U.J., Price, S.L., Cryst.Growth Des., 2011, 11,1, 210-220. 
4. Di Tommaso, D., CrystEngComm, 2013, 15, 6564–6577.   
5. Redivo, L., Anastasiadi, R.M., Pividori, M., Berti, F., Peressi, M., Di Tommaso, D. Resimini, M. Phys. Chem. 

Chem. Phys., 2019, 21, 4258-4267. 
 



Materials Science and Applied Chemistry, Riga, October 24, 2019 
 

49 
 

P-12 
Internal stresses diminishing in the Si-SiO2 system  

 
D. Kropman1, V. Seeman¹, T. Laas2, A. Medvids³, P. Onufrijevs³,  

S. Vitusevich4 
1 Physics Institute of the University of Tartu, Estonia  

2School of Natural Sciences and Health, Tallinn University, Estonia 
3Institute of Technical Physics, Faculty of Materials Science and Applied Chemistry, 

Riga Technical University, Latvia  
4Bioelectronics (ICS-8), Forschungszentrum Jülich, Germany 

e-mail: onufrijevs@latnet.lv   
 
It is known that internal mechanical stresses due to the differences in the thermal 

expansion coefficient between films and substrates and lattices mismatch appear in the Si-
SiO2 system during the process of its formation and that point defects generation and 
redistribution reduce partially the surface stress. However, the investigation of this process 
on the atomic scale has not been carried out so far. The purpose of the present work is to 
investigate the stress relaxation mechanism in the Si-SiO2 system by means of EPR, MOS 
structures CV spectroscopy and samples deflection measurements. 

It has been found that in case of a oxidation temperature 1100°C the deflection of the 
samples (h) decreases with an increase of the EPR signal intensity (E`centres in SiO2 and 
vacancy complexes in Si) while at a oxidation temperature 1200°C the deflection of the 
samples and EPR signal intensity (I) increase simultaneously. In the first case it may be due 
to the relaxation of tensile stresses in Si by generation of the point defects, in the second 
one, to the creation of point defects and broken bonds by the compressive stresses in SiO2. 
I(h) interdependence obtained at different oxidation temperature crossing point show that 
there exist an oxidation temperature that allow to prepare Si-SiO2 structures without 
mechanical stresses at the interface. 

After Si3N4 deposition on SiO2 due to the opposite sign of the thermal expansion 
coefficient of SiO2 and Si3N4 on Si, instead the compressive stresses tensile stresses appear. 
To find the samples preparation condition (temperature and time) that allow to improve the 
interface properties, samples at oxidation temperatures 1130°C and 1125°C with different 
oxides thickness (0.2, 0.3 and 0.4 µm) were prepared. It can be seen from the obtained 
results, that the charge value at the interface in structures oxidized at 1125°C is lower as 
compared with structures oxidized at 1130°C, and the influence of the oxides thickness on 
the charge value at the Si-SiO2 interface in samples with oxides thickness in the range of 
d=0.2 µm to d=0.4 µm is non-monotonous with Qmin at d=0.3 µm: Q,d=0.2µm >Q, 
d=0.3µm < Q, d=0.4µm.  Differences between the charge value in MOS and MNOS 
structures oxidized at 1125°C are absent. These results can be explained by absence of the 
internal mechanical stresses in samples oxidized at 1125°C. The obtained results are in 
agreement with the point defects generation kinetic model in Si-SiO2 system proposed in1 
and confirmed experimentally in2.  
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As the policy of green thinking is very popular all over the world, in recent years the 

biodiesel production has grown extensively, which has led to a serious overproduction of 
glycerol. The most popular studies in the field of glycerol utilisation are devoted to its 
dehydration, reforming, esterification, hydrogenolysis, as well as oxidation. The catalytic 
hydrogenolysis of glycerol yields 1,2- and 1,3-propanediol.1 Diverse heterogeneous 
catalysts are used for the liquid-phase oxidation of 1,2-propanediol with molecular oxygen 
yielding a number of different products, but noble metals are used as catalysts for selective 
obtaining of lactic acid.2,3 The main problem in the investigation of 1,2-propanediol 
oxidation by molecular oxygen is the synthesis of active and selective catalysts for 
production of lactic acid. In this work the activity and selectivity of some novel Pd and Pt 
containing catalysts were studied in the 1,2-propanediol oxidation by molecular oxygen to 
lactic acid. The novel catalysts were prepared by extractive-pyrolytic, impregnation, 
chemical deposition or microwave-assisted synthesis methods. Catalysts crystallization and 
chemical content was determined by the X-ray diffraction method. Specific surface area of 
the catalysts was measured by the BET method. 

1.25 – 5 wt% Pt/Al2O3, 1.25 – 5 wt% Pd/Al2O3, 1 wt% Pd/TiO2, 1 – 5 wt% Pd/TiO2-NF, 
1.25 wt% Pt+1.25 wt% Pd/Al2O3, 5 wt% Pt/SiO2, 5 wt% Pt/C catalysts were synthesised 
and tested in selective 1,2-propanediol oxidation by molecular oxygen. It was found that 
catalysts are active in the reaction of the 1,2-propanediol oxidation by molecular oxygen 
under atmospheric oxygen pressure in alkaline water solutions.  The main product of the 
reaction is lactic acid, by-products are pyruvic, acetic and formic acids. It was shown that 
the activity of monometallic palladium containing catalysts is higher if compared to 
monometallic platinum containing or bimetallic Pt-Pd catalysts. The conversion of 
1,2-propandiol and the yield of lactic acid depend on the content of active metal in the 
catalysts. The most active for the oxidation of 1,2-propandiol are palladium-containing 
catalysts supported on TiO2 nanofibers Pd/TiO2-NF. The highest 1,2-propanediol 
conversion (100 %) and lactic acid yield (96%) were obtained using the 5 wt% Pd/TiO2-NF 
catalyst at the following oxidation parameters: c0(1,2-propanediol) = 0.3 mol/L, P(O2) = 1 
atm, n(1,2-propanediol)/n(Pd) = 500 mol/mol, t = 60 °C, c0(NaOH) = 1.5 mol/L. 
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In this work 5wt% Au/Al2O3, 5wt% Au/TiO2 (Al2O3 and TiO2 nanopowders) and 5wt% 

Au/NF-TiO2 (TiO2 nanofibers) catalysts in the 1,2-PDO oxidation by molecular oxygen to 
lactic acid were studied. 5wt% Au/Al2O3, 5wt% Au/TiO2 catalysts were prepared by 
extractive-pyrolytic method described in.1,2 In the preparation of 5wt% Au/NF-TiO2 a 
microwave method was used.3 The characterization of gold catalysts morphology was 
carried out by means of transmission electron microscopy (TEM) (Fig.1). Crystallization 
and chemical content were determined by the X-ray diffraction (XRD) and X-ray 
fluorescence (XRF) methods. Specific surface area (SSA) of the catalysts was measured by 
the BET method. 1,2-PDO oxidation was performed in an autoclave ROTH, Model II, 
connected with a gas burette. It is shown that all catalysts are active in the 1,2-PDO 
oxidation process in alkaline water solutions. The main oxidation product is lactic acid. It 
was found that gold catalysts supported on Al2O3 and TiO2 nanopowders are more active in 
the 1,2-PDO oxidation than the gold catalyst supported on TiO2 nanofibers.The influence of 
different parameters such as catalysts specific surface area, Au particle size, 1,2-PDO/Au 
molar ratio, oxygen pressure and concentration of sodium hydroxide on the 1,2-PDO 
conversion and selectivity of products, is studied.The best result: 1,2-PDO conversion 98% 
and lactic acid selectivity 89%, were achieved using the 5wt%Au/TiO2 catalyst over the 
following oxidation parameters: c0(1,2-PDO) = 0.3 mol/L, n(1,2-PDO)/n(Au) = 4000 
mol/mol, p(O2) = 6 bar, c0(NaOH) = 2 mol/L, t = 60 oC. 

 

 
Figure 1. TEM microphotograph of the 5wt%Au/TiO2 nanocomposites and corresponding 

Au nanoparticles size distribution histogram 
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Geopolymer is known as an alkaline alumino-silicate material that has many potential 

advantages to replace for cement-based materials. Geopolymer is a green material with low 
or non-CO2 emission technology, high strength and heat resistance, high chemical 
resistance, and low energy production. Geopolymer has synthesized from activated 
alumino-silicate resources in high alkaline conditions. After formed, the geopolymer 
samples are cured in different conditions such as room temperature, drying oven 
temperature (from 40oC to 150oC), high pressure and temperature conditions of autoclave 
equipment. In this study, the paper would like to introduce a new technique for curing the 
specimens. In this one, the geopolymer samples had cured in a microwave oven set by 
various regimes of curing time. After cured in microwave conditions, the samples were 
tested for engineering properties such as compressive strength (MPa), volumetric weight 
(kg/m3), and water absorption (kg/m3). This technology is a useful solution because of 
saving time for curing the geopolymer specimens in comparison with others (normally, it 
takes time for curing in 28 days). Microstructural characteristics of the fly ash-based 
geopolymer were analyzed and evaluated using scanning electron microscopy (SEM) and 
Fourier-transform infrared spectroscopy. 

 
Figure 1. FTIR spectra of the water glass (1), fly ash (2), mixture FA and AAS (3), the 

samples cured in the microwave oven for 5 minutes (4) and 7 minutes (5) 
The samples had hardened after cured in the microwave oven for 5 and 7 minutes (the 

spectra of 4 and 5 in Fig.6). In comparison with the range of characteristic vibrations on the 
3, 4 and 5 spectra, the largest changes are the vibrations of water (3490 and 1654 cm-1) 
while other basic links are similar. In wave numbers correspond to geopolymer1,2, the main 
band at 1010 cm-1 was shifted to 1015 and 1053 cm-1.  
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The interest of the research, in particular during the last 20 years, was addressed to the 

improvement of existing polymer electrolyte membranes for fuel cells and the development 
of new ones1. One of the most used and widely considered is sulfonated poly(ether ether 
keton) (SPEEK) because of its many advantages2. Hydrogen fuel cells have attracted 
increasing interest because of their efficiency, environmental compatibility, and higher 
power density3.   

The SPEEK as compared to the non-sulfonated polymer is highly hydrophilic and at high 
degree of sulfonation (DS) the solubility in water is observed with progressively 
deteriorating mechanical properties. There are different sulfonation routes producing variety 
of cross-linked products. Therefore, the correct interpretation of the SPEEK structure is 
important. The DS was calculated using structural model. is used to the and to estimate the 
relation between the structure and material characteristics, such the proton conductivity.  

Here, we will discuss the theoretical IS spectra of SPEEK (Fig. 1) depending of the 
monomer chain length and different DS, and we will try to explain the difference between 
the theoretical and experimental spectra of SPEEK membrane. 

 
Figure 1. The optimized geometry of the SPEEK cross-linked with sulphuric atom. 
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Porous ceramics have many applications. One such material could be porous Al2O3 
ceramics. It is characterized by high mechanical properties and chemical resistance, 
including at high temperatures, resistance to aggressive and erosive environments. Porous 
Al2O3 ceramics can be used as thermal insulation materials in construction, high 
temperature furnace thermal insulation, filter materials for chemical, food and municipal 
industries (waste water treatment), laser tubes and catalyst carriers and for medical 
applications as bone implants. 

There are several ways of obtaining porous ceramics – using replica, sacrificial template 
or direct foaming techniques and others. Studies have shown that fine-grained and hence 
fine-porous structures can also be obtained using nano-sized raw material powders. 

The aim of the study is to obtain porous ceramics from nano-sized Al2O3 powder with 
different pore structure with high mechanical properties and chemical resistance for various 
applications including as a filtering material and catalyst carrier. 

Two batches of plasma-chemically synthesized Al2O3 powders with the specific surface 
area of 30 and 50 m2/g (the average particle size of 50 and 40 nm correspondingly) were 
used for ceramic production. Both nanopowders consist mainly of δ- and γ- phases of 
Al2O3. 

By sintering Al2O3 nanopowders at 1200-1700 °C in air, the sample density increases 
from 54 to 95,5 %, while decreasing the open porosity from 45 to 0%. When the sintering 
temperature rises from 1200 to 1700 °C the grain size for sample from Al2O3 nanopowder 
with the average particle size of 40 nm (SSA = 50 m2/g) increases from 0,10-0,15 µm (1200 
°C) until 0,3-0,8 µm (1500 °C) and more rapid until 3-5 µm (1700 °C). With the increasing 
of the sintering temperature the porosity decreases, but the pore size increases. This is also 
evidenced by the decrease in the specific surface area of the sintered sample as the sintering 
temperature increases. This could be due to the growth of grain and the consolidation of 
pores. The pore size distribution in the samples is quite large. For example, a pore size of at 
1500 °C obtained sample is in the range of 80 to 500 nm and the main pores are in the range 
of 150-200 nm. 

  
Fig. 1. Pore distribution curves for samples sintered at 1400 (1), 1500 (2) and 1600 °C (3). 
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The carbides of the transition metals – Ti, Zr, Nb, Ta – are important ceramic materials 
used for high-temperature applications, due to their superior mechanical and electrical 
properties at elevated temperatures. Transition metal nitrides and carbonitrides also exhibit 
high strength, good chemical, corrosion and oxidation resistance. The main application of 
tungsten carbide (WC) is the use in high wear resistance parts (e.g. cutting tools), where an 
excellent hardness combined with good toughness is necessary. 

It has been proved that in many cases properties of nanostructured materials differ from 
those for materials produced from conventional coarse-grained polycrystals with the same 
composition. One of the ways to get materials with fine-grained structure is application of 
nanoparticles as a raw component in the compacting process. 

Recently different methods of synthesis were used for production of nanopowders – 
hydrolysis, hydrothermal synthesis, pyrolysis, co-precipitation method, sol-gel method, high 
energy milling, microwave synthesis, plasma synthesis etc. 

A promising technique for obtaining fine-grained ceramics from nanopowders could be 
SPS sintering, which allows sintering in a very short period of time, thereby reducing the 
possibility of recrystallization of the grain. 

In the present study, seven refractory compounds - TiC, NbC, TaC, WC, Ti(C,N), 
(Ti,Nb)(C,N) and TiN - have been produced by plasma-chemical and carbothermal 
reduction process of a precursor prepared by sol-gel method. The phase structure, crystallite 
size, morphology and specific surface area of the synthesized powders are investigated by 
XRD, SEM and BET respectively. Spark plasma sintering (SPS) method (Toshiba 
equipment Dr. SINTER, SPS-825.CE) (up to 1850 °C, heating rate of 100 °C/min and 
dwelling time of 5 min.) are used for investigation of compacting of these carbides.  

Characteristics of the obtained ceramic materials are provided. 

   
Figure 1. Fracture surface of samples sintered by SPS: 1 – TiN; 2 – TiNbCN; 3 – WC 
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Liquid membrane technology has great potential for the removal of heavy metals from  

dilute aqueous solutions.1 It has been previously demonstrated that effective removal and 
electrodeposition of Zn(II) and Pb(II) ions can be achieved using electrodialysis with 
di(2-ethylhexyl)phosphoric acid (D2EHPA)-based liquid membranes.2  

The membrane extraction of copper(II) from hydrochloric acid solutions during 
galvanostatic electrodialysis accompanied by electrodeposition of the metal is studied in the 
present work. Solutions of D2EHPA with the admixtures of tri(n-octyl)amine in 1,2-
dichloroethane were used as the liquid membranes.  

Dilute (0.1-0.2 M) solutions of sulfuric, hydrochloric, perchloric, nitric and acetic acids 
were used as the catholytes. Compact, adherent copper electrodeposits of fine-grained 
structure are obtained from dilute sulfuric acid solutions. It is shown that the liquid 
membranes ensure practically complete extraction of copper(II) from the feed solution, 
effective transfer through the liquid membrane and electrodeposition on the cathode within 
3 – 4 h of electrodialysis (Fig. 1). A maximum stripping degree into the catholyte of 88% 
and an electrodeposition degree of 73 % are achieved in the studied systems. 

 
Figure 1. Kinetics of copper(II) transfer through the liquid membrane and 

electrodeposition (CCu = 0.01 M; i = 2.8 mA/cm2; catholyte: 0.1 M H2SO4) 
 

The increase of the current density from 1.4 to 7.1 mA/cm2 results in a rise of the metal 
extraction degree and copper(II) flux through the liquid membrane.  

The increase of CuCl2 concentration in the feed solution from 1·10-3 to 0.3 M leads to a 
rise of the metal transmembrane flux and the current efficiency, while the extraction and 
electrodeposition degrees reduce.  

The increase of hydrochloric acid concentration in the feed solution from 1·10-3 to 1.0 M 
results in a decrease of the copper(II) transport and electrodeposition rates. It is caused by a 
decrease of D2EHPA extraction ability.  
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Due to its magnetic, electrical, absorption, and emission properties, nanoscale 

gadolinium oxide is widely used in various fields, for example, as dielectric materials in 
sensors [1]. 

In this research, nanocrystalline Gd2O3 powders and films on glass substrates have been 
produced by the extraction–pyrolytic method (EPM). Method consists of two steps: 
precursor preparing by extracting gadolinium ions from aqueous solution into valeric acid 
and following thermal decomposition (pyrolysis).  

The precursor pyrolysis temperature for Gd2O3 powder production was varied from 
450ºC to 750ºC. With reference to the X–ray diffraction (XRD) data, the Gd2O3 samples 
synthesized at minimal pyrolysis temperature 550ºC display diffraction patterns specific to 
the cubic phase of gadolinium oxide (c–Gd2O3) without admixtures phases. Wherein 
increasing the pyrolysis temperature from 550ºC to 750ºC leads to an increase in the 
average crystallite size d of the product from 9 nm to 25 nm, respectively. The transmission 
electron microscopic (TEM) investigations showed that Gd2O3 powder obtained at 600ºC 
consists of rounded, coral-like agglomerates with well-defined edges. 

To determine the conditions for producing continuous films on the glass substrate, such 
synthesis parameters as the concentration of gadolinium in the wetting solution, its volume, 
coating techniques and pyrolysis conditions were varied. The XRD analysis showed that 
oriented films of c–Gd2O3 with d=10–15 nm were produced. Surface microstructure of the 
produced Gd2O3 films was characterized by scanning electron microscopy (SEM). The 
SEM investigations (Fig. 1) showed that complete substrate surface coating is achieved and 
produced films are continuous. The well-defined crystals on the surface of the film (Fig. 1, 
c) were found. 

 

Figure 1. Continuous Gd2O3 films obtained by EPM using: A–precursor without diluent;  
B–precursor diluted with ethanol; C–precursor diluted with decan.  
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In this study, the adsorption of a toxic metal such as nickel by an olive stone-
based activated carbon and improve their adsorption capacity by modification 
with nitric acid (4N). The surface chemistry was characterized by the FTIR 
spectrometry, the Scanning electron microscopy showed the development of 
the pores, determination of the point of zero charge and adsorption of iodine. 
It was found that the physical morphology of the sample is affected by the 
strength of the oxidizing agent and the operating conditions. The surface 
chemistry of the activated carbon plays a key role in pollutant adsorption 
performance. On the removal of metal, has been studied. This study is 
dependent on a few parameters such as contact time, adsorbent dose, pH, 
nickel (II) adsorption kinetics, and maximum adsorption capacity through the 
use of batch adsorption technique. Adsorbent dose (2-24 g/L), contact time 
(30-480 min) and pH (3, 5.5, 6, 6.5 and 7.12) and initial concentration of 100 
mg/L. The experimental results indicate that at a dose of activated carbon 
from olive stones treated and untreated was 4 g/L and 8 g/L respectively and 
initial concentration of 100 mg/L. Removal of nickel (II) reached equilibrium 
in 120 min for activated carbon from olive stones treated and 180 min for 
untreated activated carbon. Results of adsorption experiments showed that 
carbon modified with HNO3 is the best material for the adsorption of nickel 
(II) at pH 5.5. The maximum adsorption onto untreated activated carbon was 
25.44 mg/g and treated was 85.47 mg/g. Adsorption kinetics obeyed a second-
order kinetic model and intrapariculs diffusion. 
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Over the past decade, advanced oxidation technologies have proven effective in destroying 
pollutants. One of the most widely used techniques, heterogeneous photocatalysis, which 
allows pollutants to be degraded by irradiating a semiconductor.1 The most commonly used 
semiconductor is titanium dioxide.2  The use of TiO2 in suspension has largely proven its 
effectiveness. However, in this configuration, it is necessary to introduce a liquid-solid 
separation step in order to remove titanium dioxide from the solution. To avoid such 
separation, the Photocatalyst can be immobilized on a solid support. A microporous 
Silicoaluminophosphates carrier of type SAPO-5 was prepared by hydrothermal method. 
This solid has been used as a support for titanium oxide which has been impregnated at 
different rates. The prepared materials were characterized by various physic-chemical 
analysis techniques, such as X-ray diffraction, scanning electron microscopy, Adsorption-
desorption from N2 to 77K, UV-visible diffuse reflection (DRS). The prepared materials 
were recovered by studying their catalytic properties in the photodegradation of indigo 
carmine. The reaction is carried out at different titanium oxide levels and different initial 
dye concentrations and the study showed that the 40% titanium oxide catalyst has the best 
activity. The kinetics of dye removal was conducted using the Langmuir-Hinshelwood 
(L-H) model as shown in Figure 2 

 
Figure 1. Chemical structure of indigo carmine. 

 
Figure 2. (a) The effect of the impregnation rate in tio2 on the catalyst efficiency. 

(b) Application of the Langmuir-Hinshelwood kinetic model 
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Humic substances (HS) are the main component of soil organic matter and they play a 

principal role in the turnover of organic carbon.1 Humic substances are a general category 
of naturally occurring, biogenic, heterogeneous organic substances that can generally be 
characterized as being yellow to black in color, of high molecular weight (from <1000 until 
several millions Da), and refractory. Moreover, they are characterized by their acidic nature 
due to presence of carboxylic and phenolic hydroxyl groups.2 

Humic substances are the product of the decay of living organic matter formed in its 
degradation reactions and can be arbitrary classified as humic acid (HA), fulvic acid (FA) 
and humin depending on their solubility.3 
Humic substances strongly influences the behavior of numerous organic as well as 
inorganic contaminants, in terms of partitioning, transport and evolution. Humic acid-clay 
mineral composite materials can be considered as prospective and low-cost sorbents for 
contaminants. The aim of this study is to develop clay mineral and humic acid composite 
materials and to characterise their possible applications. For this research, three types of 
clay minerals (montmorillonite, kaolinite and bentonite) were modified with three types of 
humic substances: technical humic acid from lignite, humic substances extracted from 
raised bog peat (Latvia) and technical K humate from lignite. Obtained sorbents were 
characterized using FTIR and SEM. Batch system was used to conduct sorption 
experiments. The sorption was characterised according to the chosen clay mineral and 
humic acid type and concentration.   

Comparing the influence of clay minerals and humic substances on humic substances 
sorption, it can be summarized that the sorbed amount of humic substances are mostly 
dependent from chosen humic substances.  
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Browns algae - Fucus Visculosius by its composition is a unique raw for obtaining of 

variety substances with a wide range of consumer properties. Their composition is characte-
rized by the content of minerals, lipophilic substances (pigments, lipids), polyphenols, 
nitrogen-containing compounds (proteins, amino acids), structural (cellulose, alginic acids) 
and carbohydrates (mannitol, laminarin, fucoidan). The composition of the polyphenolic 
fraction of Fucus Visculosius is characterized by a predominant content of phloroglucinol 
polymers - phlorotaninins, which are the target compound of this study. Our studies showed 
that extracts containing phlorotaninins have a wide range of physiological activity and can 
play fundamental role in the defence of the plant against bacteria. Taking into account that 
agriculture utilizes large quantities of chemical products as fertilizers, insecticides or 
herbicides and plants growth regulators, the extracts obtained from Fucus Visculosius could 
have perspectives for valorisation in agricultural sector as green and healthy alternatives to 
these chemical stimulants/fertilizers.  

The target compounds, including phlorotannins, are generally present inter- or intra-
cellularly in an intricate microstructure formed by cells, intercellular spaces, capillaries, and 
pores. For a more complete extraction of biologically active substances, pre-treatment of 
biomass is necessary. Microwave based pre-treatment of biomass is gaining more attention 
because of being an efficient, benign, sustainable and eco-friendly technology, which 
reduces the requirement of hazardous solvents, while also implying mild reaction 
conditions, substrate specificity, industrial applicability and other numerous advantages.  

The aim of the present study was to assess the efficiency microwave based pre-treatment 
to enhance yield of phlorotannin from Fucus Visculosius. 

The microwave based pre-treatment of wet Fucus Visculosius was carried out under the 
following conditions: inert medium or vacuum, temperature 70-150°C, processing time 5 
minutes.  Extraction of phlorotannins from pre-treated biomass was carried out by single-
stage extraction using distilled water as an extractant. The pre-treatment efficiency was 
evaluated by determining the yield of phlorotannins. The obtained extracts from untreated 
Fucus Visculosius were reference extracts. The obtained results show that microwave 
treatment of Fucus Visculosius allows to increase 1.6 times the yield of phlorotannins with 
lower energy consumption compared to the reference sample. 
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Birch in the Northern hemisphere is a very widespread tree genus. It is extensively used 

in the furniture, pulp and plywood manufacture where, as a by-product, birch bark 
accumulates in the process. Instead of using as a solid fuel birch bark can be used as a raw 
material in the production of valuable chemical products. From the bark, the most valuable 
part is birch outer bark (BOB). It mainly consists of a mixture of valuable pentacyclic 
triterpenes and the biopolyester suberin. From all the triterpenes, betulin is the most 
abundant and it can be used as a biologically active additive to drugs1 or building block for 
the synthesis of novel biologically active compounds or polymer materials2. 

Triterpenes from BOB can be obtained using solvent extraction. Birch bark from a 
plywood factory was dried and milled. Afterward, it was separated by sieving, comprising 
>90 wt% BOB. The BOB was extracted with ethanol and, after solvent evaporation, dry 
extract powder containing mostly betulin was obtained. 

It was reported that alkanols such as methanol, ethanol/water azeotrope, 2-butanol/water 
azeotrope and 2-propanol/water azeotrope are suitable for BOB dry extract recrystallization, 
reaching the betulin purity up to 82 wt%3. The aim of our study was to further investigate 
several alkanols’ effects on the extract recrystallization and their suitability for industrial 
applications of betulin purification. Ethanol, 1-propanol, 2-propanol, 1-butanol, 2-butanol, 
and 1-pentanol were used as solvents. The solubility of BOB extractives at the solvent 
boiling point was determined empirically. With the increase in the carbon chain length, the 
boiling point of the solvent increases, and it was found that, consequently, the solubility of 
the extractives increased, reaching up to 486 g/L in 1-pentanol. Recrystallization yields 
reached up to 67 wt% and the purity of betulin up to 96 wt%, meaning that alkanols are 
promising solvents for betulin purification. 
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Humic substance (HS) synthesis or humification process is the second biggest native 
compounds transformation process after photosynthesis1. In peat treatment process, 
produced HS, which have big impact in agriculture, forestry, gardening areas. In this study 
developed peat treatment, where technology process was updated to sustainable 
development. Peat suspension was prepared with high speed multidispergator (HSDM). In 
study was looked HSDM treatment cycles, where can detected particle size changing in 
process. The impact of temperature treatment from 20oC to 80oC and KOH concentration 
impact from 1 to 10%. The aim of study is finding out which condition will be the best for 
HS producing include circular economy aspects.  
1 Ziechmann, W.; Hübner, M.; Jonassen, K. E. N.; Batsberg, W.; Nielsen, T.; Hahner, S.; Hansen, P. 
E.; Gudmundson, A.-L. Humic Substances and Humification. No Humic Substances; 2014. 
https://doi.org/10.1016/b978-1-85573-807-2.50006-0. 
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In this research, three ecological paints, based on linseed oil as main component, are 

characterized and investigated to optimize their properties and utilization in protection of 
wood surfaces. Linseed oil has a long tradition to be used as paint: it is classified as a drying 
oil as it contains high percentage of esters of polyunsaturated fatty acids, which can 
polymerize, thus passing from liquid to solid protective layer1, 2. The aim of this research is 
to find the suitable parameters for the application and drying of paints, which can guarantee 
a better protection of wood surfaces during outdoor utilization. Initially the three paints 
have been characterized determining some of their chemophysical parameters, such as 
density, viscosity, dry content, glass transition temperature, and then panels of pine wood 
(Pinus sylvestris L.) have been coated and exposed to outdoor weathering (OW). 

During OW color changes, hydrophobicity and formations of checks are repeatedly 
measured and monitored to evaluate the efficiency of the paints. To minimize the 
discoloration of wood substrate, paint formulations include also different type of pigments 
in their composition. 
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The recycling of paper and paperboard waste for obtaining powder cellulose has a 

positive impact on environmental and economic benefits due to its possibility to be applied 
in various fields of industry, including the fabrication of wood-polymer composite1,2.  The 
extraction of cellulose from cellulose-containing wastes can be carried out by their 
mechanical disintegration with acid or alkali hydrolysis. In comparison with the known 
method3 the proposed method can be realized under more gentle conditions. For this aim, 
recycled de-inked waste paper was cut into small pieces (d < 5 mm) which were soaked in 
0.05% hydrochloric solution at hydromodulus 1/20 (paper/water) for 2 hours at the 
intensive mechanical stirring for paper pieces disintegration. After soaking, the excessive 
water was pressed, and the disintegrated paper mass was dried, at first, at 60 oC for 16 hours 
and then at 120 oC for 2 hours. After drying, the paper mass was milled in a planetary mill 
for 15 minutes at a moderate rotation speed.  

The obtained cellulose particles were characterized by physicochemical properties. It was 
found, that obtained recycled paper particles (RPAP) had a similar contact angles with 
water compared to reference cellulose powder. However, polarity of RPAP was 20.5%, but 
of reference cellulose – 43.5%. RPAP could be characterized as more amorphous than 
cellulose because its crystallinity index was 61%, but reference cellulose powder – 81%. 
Using laser granulometry, it was found, that 99% of particles were less than 200 µm, and 
90% of particles were less than 140 µm. 
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Diatomite or diatomaceous earth (DE) is one of materials which can be used as an 

adsorbent to treat heavy metal ion from waste water, even clean the water for drinking. Raw 
DE has very low adsorption capacity because of low specific surface area. In this work, DE 
from Lam Dong province, Viet Nam was demagnetized to remove iron and activated by 
HCl solution for 3 hours with concentration of 5% at 60oC. Adsorbent capacity was 
estimated using a solution and the results show that the activated diatomite has adsorption 
capacity four times higher than that of raw DE, and the specific surface area of activated 
diatomite is increased 55%.  
The experimental processes are shown as the following diagram: 

 
 

Figure 1. The experimental diagram for using DE as absorbent of the arsenic 
contaminated water  
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Current investigation encompass a short overview of modern methods of materials 

recycling, including critical raw materials1, composites, and elastomers. Different 
processing methods such as grinding and homogenisation are combined in a single 
technique - desintegration. A special attention is given to mixed materials, including ‘crumb 
rubber (devulcanised crumb rubber) – metal powders’ mixes (Fig. 1) and electronic scrap 
(e-scrap) processing for further recycling of valuable components. 

Figure 1.  Desintegrator applications for treatmentof secondary raw materials (rubber 
and iron powders) 

E-scrap (PCB) processing by desintegration technique facilitates formation of homo-
genious powder (Fig. 2) suitable for further treatment by hydrometallurgical processes for 
metals extraction. 

Figure 2.  Milling and homogenising of printed circuit boards by means of desintegrator 
technique 
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In the recent years growing interest about sources of bioactive compounds has been 

observed. Berries are rich sources of phenolics, flavonoids, antioxidants and others 
bioactive components with antioxidant, antibacterial and anti-inflammatory properties. The 
isolation of bioactive components from chokeberry (Aronia melanocarpa) may improve 
human health [1]. 

In the research chokeberries from five different geographic regions of Latvia were 
analysed. After chokeberries were collected all samples were splitted in two parts such that 
one part of them were frozen and second part were dried. In the result were prepared 
extracts from frozen or dried berries in 70% ethanol/water or 10% glycerine/ethanol 
mixtures. Extracts were prepared by maceration lasting three weeks and ultrasound-assisted 
extraction. 

The analyses were carried out with UV/VIS spectroscopy. For obtained extracts were 
determined total phenolic content by Folin-Ciocalteu method, total flavanoid content and 
antioxidant activity by DPPH method.  

To identify and quantify the chemical compounds in the aronia berries, the analyzes were 
performed with HPLC/DAD using absolute calibration and HPLC/MS methods. 

The preliminary results show that chokeberries have different phytochemical profile that 
depends on used type of storage for berries (dried or frozen berries), extrahent (70 per cent 
ethanol/water or 10 per cent glycerine/ethanol mixture) and type of used extraction 
(maceration or ultrasound assisted extraction). Higher content of bioactive compounds are 
in chokeberries which extracts were prepared by using dried berries and 70 per cent 
ethanol/water mixture were used by extrahent. Results shows that ultrasound assisted 
extraction are more effective than maceration. 

 
Figure 1. Total phenolic content (GAE) of chokeberries after 3 weeks maceration   
ultrasound assisted extraction for dried berries in 70% ethanol/water mixture 
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The photobioreactors should ensure strict light and temperature regime. Light source 
efficiency is defined as generated light per energy unit that is necessary to generate light 
(lux/W). The light emitting diodes (LEDs) are most effective common light sources 
therefore new construction types of photobioreactors (PBR) can be designed. The aim of 
this study was to analyze internally illuminated bubble column PBR temperature regime 
dependency of light regime and some construction variations. 

For calculations it was assumed that light intensity should be approx. 1000 µmol·m2·s-1 
in middle between darkest and brightest points. Light absorption coefficient Ka was 37 m-1 
for red (~650 nm) light. The biomass used for experiments was A.Platensis with µ 0.44 D-1 
and inoculum concentration B(t) 0.35 g·L-1. Using Eq 1. it was found that  

    (Eq.1.) 
where Iz – light intensity in distance z from light source, µmol·m-2·s-1; I0 – light intensity at 
light source, µmol·m-2·s-1; B – concentration of biomass, g·L-1. 

It was found that light intensity was dropped from 2100 µmol·m2·s-1 near light source 
(approx. 6200 lum)  to 600 µmol·m2·s-1 8 cm from light source if concentration is 0.35 g·L-

1 and till 400 µmol·m2·s-1 for 47 g·L-1. 
Assuming that average LED 80% of energy transform to heat, we conclude that chosen 

65W LED give 54W as heat. 30 L reactor will rise temperature for 9 degrees in 6 h if losses 
are neglected. However real construction of PBR is more complicated. Water immersible 
LEDs are several times more expensive than regular LEDs. Therefore, LED should be 
inserted in an insulated tube. To conduct LED heat away LED strip was wrapped around 
copper tube. It was calculated that still air in tube will let LED temperature to rise till 
114°C if water outside tube was 30°C, that is not acceptable for appropriate LED work. By 
adding copper wire with diameter 0.001 m and total surface 0.065 m2 the temperature was 
rising only till 43°C. For outer tube wall various bubbling modes was compared, that will 
be not described here due to limited paper length. However, in Fig.1. it is shown, that 
calculated and experimental data on time and temperature relation are with high 
coincidence. 

 
Figure 1. Calculated and experimental data on time and temperature relation in PBR. 

 
The conclusion is that it is possible to mathematically predict temperature regime in 

PBR and LED is more efficient light source, but still it is also a powerful heat source. 
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Microalgae – cyanobacteria Arthrospira with commercial name Spirulina has found to be 

valuable foodstuff. Spirulina market is growing rapidly with 10% CARG. Over 128,000 
tons of spirulina was globally consumed in 2016 and 321 000 tons will be demanded in 
20261. To cultivate any plant or microalgae heat, light and nutrients are necessary. 
Recycling of growth media is important to reduce production costs and increase 
sustainability of process as resources are used more effectively. Growth media can be up to 
25% of production costs. The main reason for this high cost is the relatively low efficiency 
of the conversion of nutrients to algal mass2. The aim of this study was to summary growth 
media recipes and the effect of growth media recycling.  

The recycling in traditional pond technology mostly is limited due to increasing 
contamination from large opened surface2. In closed system where contamination is 
restricted nutrient depletion or metabolized substances can affect spirulina growth and 
amount of fragmented trichomes that pass filter also are in increased number. It was found 
that A.platensis mostly produce organic matter (mostly polysaccharides) that is released in 
growth medium and also the content of sugars increase in A.platensis cell from 7.7% in 
fresh media up to 24.8% in recycled media while protein and Phycocyanin amount is 
reduced3.  Depraetere et al.3 found that the growth rate remarkably decreased with 15th day 
of recycling and after 35th day the growth rate in recycled media was half of that in fresh 
media.  

The most commonly spirulina is cultivated is Zarrouck media, however various 
modifications are developed1. In our study we used semi-periodic cultivation technology. 
Microalgae Arthrospira Maxima and Arthrospira Platensis were cultivated in Spirulina 
medium2. According to our data 22.5 g of salts are necessary for 1 L growth media but 
average microalgae yield is only around 1.5 d.w.g/L. Recycling of growth media is possible 
up to 5 times afterwards the culture becomes yellowish. The yellowish color usually is a 
sign that some essential nutrients are absent. So further research is necessary to increase 
recycling times. 
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The worlds growing population demands more food and creates more waste. 

Economically viable and environmentally friendly would be to use sewage sludge for 
agricultural production. There are several limitations for this use, such as heavy metal 
content, pathogenic microorganisms, helminths etc..1, 2 The different methods of treatment 
of sewage sludge helps to overcome this problem3. 

The aim of the study is to find the effects of treated sewage sludge on the growth of 
maize and changes in soil biological activity.  

Experiments were carried out with dry treated sewage sludge powder in the following 
combinations 1) Sewage sludge preparation mixed with loamy soil (SS1), 2) Sewage sludge 
preparation mixed with supplemental phosphorus and potassium fertilizers (SS2), 3) 
Sewage sludge preparation and mineral fertilizer mixed with loamy soil (SS3). Control 1- 
loamy soil without additional fertilizer (C1). Control 2 (C2)- loamy soil with mineral 
fertilizer (Kristalons 18:18:18). All variants (excluding Control 1) had equal amount of 
nitrogen, phosphorus and potassium (excluding (SS1 and C1). Maize (Zea mays var. 
saccharata ‘Elan F1’) was grown.   Experiments were arranged in 1L vegetation containers 
placed in open area with additional watering.  Plant growth parameters and soil enzymatic 
activity was detected. 

Results showed that maize grown in variants SS3 and C2 had significantly (p<0.05) 
higher weight, larger number of leaves and stem diameter.  There were no significant 
differences between plant parameters grown in variants SS1 and C1.  Addition of treated 
sewage sludge to the soil significantly increases its enzymatic activity. 

 
Acknowledgements 
Research is being conducted based on agreement signed between SIA “Earth Revival” and SIA 
“ETKC” (Centre of Competence for Energy and Transportation) within the framework of project Nr. 
1.2.1.1/18/A/001 co-funded by the European Regional Development Fund. 

References 
1. Delgado Arroyo, M. M.; Porcel Cots, M. A.; Miralles De Imperial Hornedo, D et al. Rev Int. 
Contam, Ambient, 2002, 18(3), 147-150. 
1. Singh, R.P.; Agraval, M. Waste Management, 2008, 28, 347-358. 
2. Kelessidis A., Stasinakis A.S. Waste Management, 2012, 32(6), 1186-1195. 

 

 

mailto:alaila.dubova@llu.lv
mailto:b%20nauris.cielava@llu.lv,,%20cviktors.vibornijs@gmail.com
mailto:drimkus.alinaa@gmail.com
mailto:natalyastr@yandex.com
mailto:foleg.kassien@earth-revival.com
mailto:eina.alsina@llu.lv
mailto:holga.mutere@lu.lv
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kelessidis%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22336390
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stasinakis%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=22336390


Materials Science and Applied Chemistry, Riga, October 24, 2019 
 

72 
 

P-36 
Evaluation of sewage sludge for further nutrient 

conservation 
Viktors Vibornijs1a*, Alīna Rimkus1b, Laila Dubova2c, Dmitrijs Bekkers3d, 

Natalya Strunnikova3e, Oleg Kassien3f, Ina Alsiņa2g, Olga Muter1h 

1University of Latvia, Institute of Microbiology & Biotechnology, Latvia;  
2Institute of Soil and Plant Sciences Latvia University of Life Sciences and Technologies, Latvia;  

3Earth Revival, Ltd, Latvia 
e-mail: aviktors.vibornijs@gmail.com, brimkus.alinaa@gmail.com, claila.dubova@llu.lv, 

dinfo@earth-revival.com, enatalyastr@yandex.com, foleg.kassien@earth-revival.com, 
gina.alsina@llu.lv, holga.mutere@lu.lv  

  
Sludge disposal is problematic and expensive, reaching up to60 % of total operating 

costs of wastewater treatment plants1. Conversion of organic-containing sludges to a high 
value fertilizer is considered to be a rational solution from a recycling point of view1. 
Before convertion of sludge to a fertilizer, it should be stable and sanitized. The degree of 
stability is defined as the extent to which readily biodegradable organic matter has 
decomposed2. Chemical indices (e.g., amount of loss on ignition and total organic carbon) 
do not provide information on how much an organic substance is susceptible to 
biodegradation3. Aerobic respiration could serve as an indicator of stability and maturity. It 
is measured as the cumulative oxygen consumption within a particular time period, used to 
aerobically degrade an organic substance3. 
 The aim of this study was to compare a respiration intensity of two sewage sludge (SS) 
samples, obtained from different wastewater treatment plants, i.e., „D” and „J”. The SS-D 
and SS-J were characterized at the initial stage of treatment, alone and with amendments. 
The pressure drop curves in the OxiTop™ device had similar maximum values (≅200 hPa) 
for SS-D and SS-J during each 4-days cycle, while the curve shapes considerably differed. 
Thus, the pressure drop in the bottles with SS-J was faster, then with SS-D, reaching the 
plateau already at the 2nd day of incubation. Addition of peat and wheat straw to SS resulted 
in differences of respiration intensity, as well as bacterial enzymes activity. Combination of 
SS and peat showed a synergistic effect with an increased respiration intensity, while this 
effect was SS-specific. Physico-chemical parameters of two tested SS samples were used 
for analysis of the differences in respiration intensity. 

The obtained results represent a methodical approach for characterization of raw SS in 
order to evaluate the amount of aerobically degradable organic substances and intensity of 
their oxidation.     
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Recently the modern green wall (GW) systems with active air circulation, higher plants 
and optimized growth media are becoming increasingly more efficient for indoor air 
biofiltration. GWs combine a green interior, biofiltering, and automatic irrigation to purify 
indoor air from pollutants1,2. However, these systems need further development for 
becoming competitive with standard indoor air filters. Optimization of filtering medium 
and nutrient composition, selection of plant species, as well as engineering solutions 
represent the great potential for improving the efficiency of GWs3. In this respect, the role 
of airborne microorganisms harbouring the GW, is not studied enough. Further 
characteristics of microbial diversity and activity in the GW will bring new knowledge in 
different aspects, i.e., increasing removal of volatile organic compounds and a potential risk 
factor for various health concerns4. 

The aim of this study was to test the distribution of microorganisms among different 
levels of the GW, which has been installed and continuously operated for four months in 
the office room. The module is a rectangular metal box (dimensions 135 cm x 103 cm x 35 
cm) that holds permeable boxes containing ceramic granules and plants. Drip-irrigation 
water was dispensed from a tube running along the open top-face of the module (for 1 min 
every 20 min). Ventilation regime was 10 min on/10 min off. Five plant species represented 
the “botanical” part of the GW, with a prevalence of Epipremnum aureum. 

Microbial abundance on the surface of ceramic granules has been evaluated by the 
number of culturable heterotrophic bacteria, as well as enzyme activity, i.e., fluorescein 
diacetate (FDA) hydrolysis and potential ammonium oxidation (PAO). Different pre-
treatment types of granules, i.e., grinding and sonication, showed significant (p<0.05) 
differences in FDA and PAO activities. Comparison of PAO on ceramic granules, which 
were sampled from boxes on five height levels with Epipremnum aureum, did not show any 
differences, while the PAO activity in the boxes with Chlorophytum comosum decreased on 
the upper part of the GW, compared with the lower height levels. The impact of GW on the 
concentration of microorganisms in the air was also tested. Physico-chemical factors 
affected the plant growth and microbial viability in the GW should be discussed. Further 
experiments will be focused on the GW performance in terms of biodegradation of volatile 
organic compounds. 

 
Acknowledgements 
The research was financed by the Project „Research and developement of bioremediation-based indoor 
air biofiltration system”, agreement with Competence Center of Energy and Transport 
No.1.2.1.1./18/A/001. 
References 
1.  Mikkonen A, Li T, Vesala M, et al. Indoor Air 2018. doi:10.1111/ina.12473 
2.  Torpy F, Irga P, Clements N, et al. Air Qual Atmos Heal 2018. doi:10.1007/s11869-017-0518-4 
3.  Pettit T, Irga PJ, Abdo P, Torpy FR. Build Environ. 2017. doi:10.1016/j.buildenv.2017.09.004 
4.   Zhai Y, Li X, Wang T, Wang B, Li C, Zeng G. Environ Int. 2018. 
doi:10.1016/j.envint.2018.01.007 

mailto:amarcuks102@gmail.com
mailto:balise@lafivents.lv
mailto:calvis@lafivents.lv
mailto:colga.mutere@lu.lv


Materials Science and Applied Chemistry, Riga, October 24, 2019 
 

74 
 

P-38 
Effect of isothiocyanates on the activity of Lactobacillus 
plantarum exposed to irradiation and hydrogen peroxide  

 

K. Kalneniece1a, T. Kusins2,3b, I. Balode3c, L. Mazkalnina2d,  

K. Shvirksts1,2e, M. Grube1f, G. Kizane4g, V. Bankovskis5h, A. Grinbergs2i, 
O. Muter1k* 

1University of Latvia, Institute of Microbiology and Biotechnology, Latvia; 2Kodolmedicīnas klīnika, Ltd., 
Latvia; 3Riga East University Hospital, Oncology Centre of Latvia, Latvia; 4University of Latvia, 

Institute of Chemical Physics, Latvia; 5Biosan, Ltd., Latvia 
e-mail:akristine.kalneniece@inbox.lv; bkusins.toms@gmail.com,cbalode_inga@hotmail.com, 

dlm14061@lu.lv, ekshvirksts@gmail.com, fmara.grube@lu.lv, ggunta.kizane@lu.lv, hscience@biosan.lv, 
iandrejsg2@inbox.lv, kolga.mutere@lu.lv 

 
Two isothiocyanates, i.e., sulforaphene (SFE) and sulforaphane (SFN), are suggested to 

be used as an alternative chemopreventive diet1. SFN (1-isothiocyanato-4-methylsulfinyl-
butan) for the first time was isolated from broccoli in 1992 as an inducer of phase II 
detoxification enzymes2,3. Particularly, SFN is effective against various types of malignant 
tumor cells4. SFE ((E)-4-isothiocyanato-1-methylsulfinylbut-1-ene) is found in a relative 
high abundance in radish seeds and considered to be a novel natural broad-spectrum small 
molecule inhibitor for cancer, e.g., lung cancer5. SFE is a hydrolyzate from glucosinolates 
by myrosinase, thus, SFE production by myrosinase-positive bacteria has been also 
documented6. At the same time, SFE can possess the antimicrobial activity5. In this respect, 
the data related to the effect of SFN and SFE on probiotic bacteria could bring new insights 
in the development of chemopreventive diets.  

The aim of this study was to compare the physiological response of Lactobacillus 
plantarum ATCC 14917 to 2 mM H2O2 and irradiation (2-20 Gy) in the presence of 
SFA and SFE. As was shown earlier, bioactive isothiocyanates induce detoxification 
enzymes such as quinone reductases (QR)7. Therefore, the QR activity has been chosen as a 
criterion for evaluation of the bacterial activity. The obtained results showed, that the QR 
activity of non-irradiated bacterial cells grown in medium with SFA or SFE was not 
affected, compared to the control. However, irradiation of bacterial cultures in the presence 
of SFA or SFE increased the QR activity, yet this metabolic response was strongly 
dependent on the culture pre-growth cultivation conditions, irradiation dose and H2O2. The 
results of this study demonstrated the important role of the physiological state of the 
bacterial culture in its response to the combined environmental stressors - irradiation and 
oxidative stress, as well as the role of SFA and SFE in these processes. 
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One of the main goals of the forest policy in Latvia is to preserve and increase the 
amount of the forest land areas. After deforestation soil nutrient reserves and the buffer 
capacity reduces, resulting soil acidification and deterioration of growing conditions. 
Acidification process increases the solubility of toxic elements, resulting leaching of these 
compounds to the deepest soil layers and water reservoirs. To prevent these processes and 
to improve forest growth condition, wood ash is used as a fertilizer1. Wood ash is a 
biological residue produced by the combustion of wood or their products (chips, sawdust, 
etc). They are rich with macro- and micro- nutrients but have relatively low nitrogen 
content. 

The use wood ash as a fertilizer allows to solve two important problems: ensures efficient 
utilization and disposal of wood ash from industrial areas, improves tree growth conditions 
in the forests2.  

The aim of this research is to evaluate the influence of wood ash in the forest and its 
impact on the metallic elements content of the soil and blueberries (Vaccinium myrtillus L.). 

For the metallic element analysis, we have chosen two different types of samples: 
blueberries (Vaccinium myrtillus L.) and soil at two depth levels (0-10 cm, 10-20 cm) which 
was collected in early autumn 2018. 

For sampling sites, we have chosen two forest areas which were fertilized with wood ash: 
Skultes parish (bottom ash) and Valgundes parish (fly ash) in Latvia. The amount of wood 
ash for fertilization was approximately 3 tons per one hectare. For each area two different 
types of sampling plots were selected: fertilized and control. 

Significant differences were observed between fertilized and control plots for K and Ca 
content. The results have shown that regardless of the soil depth, elemental content in the 
fertilized plots are ~2-2.5 times higher than in the control plots. Similar tendency can be 
observed for the content of Ni and Cu (~2 times). The results show that the content of 
metallic elements in blueberries in every area are similar and does not depend on the type of 
sampling plot.   
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Synthetic hydroxyapatite (HAp) has been widely used for biomedical applications, in 

particular as a bone substitute and coating for implants, due to its similarity to the inorganic 
component of human bone. The chemical composition and final structure of synthetic HAp 
can be tailored by adjusting the chemical formulations and precursors of HAp precipitation 
reaction. Dual ionic substitutions are considered as a promising strategy to improve the 
physicochemical and biological properties of synthetic HAp on the basis of the vicarious 
ions kinds and amounts1. Moreover, with increasing rate of antibiotics resistance, many 
studies have tried to develop new and effective antimicrobials2. Unlike antibiotics, Ag is a 
non-specific bactericide and exerts bactericidal activity on a broad spectrum of fungal and 
bacterial species3. Although superb antibacterial efficacy of Ag(I) ions have been reported, 
they have no stimulating effect on human bone cells. Although rarely studied, it is 
suggested that Ti(IV) ions containing HAp have bioactive potential4. Thus, the strategy of 
combining Ag(I) with Ti(IV) ions is a potential way to promote bone-implant integration, 
with reduced bacterial infection and enhanced bioactivity. Moreover, combination of both 
metal ions may result in reduced risk of local cytotoxicity linked to the accumulation of the 
high concentration of released Ag(I) ions at a localized site. 

In this study, series of HAp co-substituted with two metal cations (Ag and Ti) has been 
synthesized by means of the precipitation method using CaO, H3PO4, Ag2O and TiO2 as 
reagents. The synthesized samples have been characterized using Fourier transform infrared 
(FTIR), X-ray diffraction (XRD), scanning electron microscopy (SEM), N2 absorption etc. 

All as-synthesized samples prepared using up to 1 wt% of Ag(I) and 2 wt% of Ti(IV) 
ions were identified as nanocrystalline HAp, though did not follow the expected reaction 
stoichiometry and substitution ratios. The co‐substitution promotes the formation of 
biphasic calcium phosphates after high temperature treatment, with variable HAp/β‐TCP 
ratios, on the ground of the substitution level. 
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In this study, the experimental design was established by Taguchi method, for 
optimization of the physicochemical parameters such as: initial dye concentration, 
contact time and pH of solution, affecting the adsorption process of an industrial dye 
onto a biomaterial (crushed almond shell). 

The percentage contributions of each parameter on the removal of the textile dye 
were determined using ANOVA, the results showed that that the most effective 
parameters are initial concentration of dye and pH of solution with 67,19 et 19,37% 
respectively for raw material, and 68,70 et 19,38% respectively for modified material. 
While the contribution values of contact time and temperature were found to be 
relatively less than 3% for both materials. Under the optimized parameters condition, 
the amount predicted by Taguchi design method and the value obtained experimentally, 
showed good closeness (more than 80 %). In addition, the combined effect of the 
studied parameters revealed that the quantities removed of textile dye increased with 
decreasing of the pH of solution and increasing of initial concentration, contact time 
and temperature. 

The adsorption efficiency obtained for proposed methods indicates that the 
biomaterial used in this study is capable to remove significant amounts of Rhodamine B 
and Malachite green from environmental water samples. 
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In recent years, fabrication of hydrogels and composite hydrogels mimicking both the 

natural extracellular and inorganic matrix of the bone has attracted research interest in the 
field of hydrogel-based bone regeneration [1]. The antibiotic resistance is becoming a 
global problem in bone tissue engineering, and therefore an ideal biomaterial would also 
provide antibacterial action. The aim of this study is to develop novel hydrogels and 
composite hydrogels based on bioactive nanosized hydroxyapatite (nHAp) and natural 
biopolymers: antibacterial ε-polylysine (ε-PL) and intrinsic biocompatible hyaluronic acid 
(HA). 

The hydrogel systems based on ε-PL and HA (mass ratio of ε-PL and HA is 65:35 wt%) 
were in situ synthesized via chemical cross-linking using 1-ethyl-3-(3-dimethylamino-
propyl)carbodiimide (EDC) and N-hydroxysuccinimide (NHS) crosslinking agents (molar 
ratio of EDC and NHS is 1:1). The composite hydrogels were synthesized using in situ 
precipitation of nHAp into crosslinked ε-PL-HA hydrogel copolymer matrix (mass ratio of 
HAp/ε-PL-HA is 50:50, 70:30 wt%). The molecular structure, phase composition and 
morphology of all synthesized hydrogels and composite hydrogels were evaluated using 
Fourier transform infrared spectroscopy (FTIR), X-ray powder diffractometry (XRD) and 
scanning electron microscopy (SEM). Hydrogel properties were studied by gel fraction 
analysis and swelling behavior. 

FTIR spectra indicated interaction between ε-PL and HA and successful formation of 
cross-linked structure via amide bond linkage. SEM micrographs of the freeze-dried ε-PL-
HA hydrogels and nHAp/ε-PL-HA composite hydrogels revealed highly homogenous and 
porous structure and interconnected porosity. XRD results demonstrated formation of nHAp 
phase which incorporates in copolymer matrix. The obtained hydrogels and composite 
hydrogels were successfully sterilized by autoclave sterilization. The evaluation of gel 
fraction analysis and swelling behavior measurements showed typical for hydrogels properties.  

In the present study, hydrogel and composite hydrogel systems based on nanosized 
hydroxyapatite, ε-polylysine and hyaluronic acid were prepared and characterized. The 
results suggest that the developed hydrogel and composite hydrogel systems can be 
considered as promising antibacterial biomaterials for bone tissue engineering. 
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Repair and healing fractures caused by osteoporosis remains a major clinical challenge 

in orthopedic surgery [1]. In recent years, fabrication of inorganic-organic composites 
mimicking the nanostructured composite nature of bone has attracted research interest in 
the field of bone regeneration [2]. Strontium ranelate (SrRan) is a drug used to treat 
osteoporosis that acts by reducing bone resorption and increasing new bone formation. The 
aim of this study is to develop novel multifunctional composites based on nanosized 
hydroxyapatite (nHAp) and synthetic biopolymer poly(vinyl alcohol) (PVA) loaded with 
the antiosteoporotic agent strontium ranelate (SrRan) for local osteoporotic bone fracture 
healing and evaluate the drug release kinetics.  

SrRan loaded (theoretical drug load 2.05%, 5.9%, 17.3% wt) nHA/PVA composites with 
phase ratio of 70:30 wt% close to the composition of natural bone were fabricated using in 
situ biomimetic synthesis of nHAp in SrRan and PVA containing media and freeze-drying 
process. SrRAN release profile in DI water was performed up to 30 days and UV/VIS 
spectrophotometry for the determination of SrRan content in release media was developed. 
SEM micrographs revealed that the freeze-dried SrRan loaded nHAp/PVA composites 
consist of homogeneous layered structure RD results and FT-IR analysis demonstrated 
formation of nanocrystalline hydroxyapatite which incorporates the PVA macromolecules. 
It was found that the release kinetic depends on the SrRan content in the composites. In the 
first 30 days composites containing 2.05%, 5.9% and 17.3% wt of SrRan showed 29.31%, 
9.91% and 12.67% release of drug in the DI water, respectively. 
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Core-shell electrospinning technique resolves the limitation in the traditional drug 

delivery methods allowing to load a higher number of therapeutic agents per unit mass of 
the polymer. Encapsulating the drug in the fibre core provides protection and prolonged 
drug release. The controlled drug release profile improves the effectiveness of drug therapy 
and can be tuned to meet the specific clinical application by modulating a variety of 
parameters, such as the drug to polymer ratio, fiber diameter, morphology, and porosity. 
The high surface area per unit volume and core-shell configuration of electrospun nanofiber 
mat has a potential to deliver drug nanocarriers with adsorbed drug molecules or 
therapeutic agents on surface. 

In the present study mats of core-shell nanofibers were successfully formed by the 
coaxial electrospinning process, where a coaxial spinneret composed of an outer and inner 
needle is used.  Further, composite nanofiber mats were developed with drug carrier 
introduced in fibre core as potential drug delivery system. The visible light responsive drug 
carriers were incorporated in fibre core to provide non-invasive drug release on demand. 
Light as an external stimulus for smart drug-delivery systems is advantageous for a number 
of reasons including its noninvasive nature, high spatial resolution and temporal control, 
and convenience and ease of use [1].  

Here we demonstrate a system based on photothermal strategy where the adsorbed 
photon energy is dissipated as heat. The observed results show a potential for practical 
application as a visible light triggered drug release system. Reported phenomenon could 
open new possibilities to provide novel perspectives in wide range of applications for 
controlled drug delivery. 
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Bioadhesives are polymeric matrices that can adhere to a tissue after the cross-linking 
and they are an essential element in nearly all surgeries worldwide [1]. Hydrogels are 
widely used in biomedical applications, such as drug delivery vehicles, encapsulation 
materials for immunoisolation-based cell therapeutics, wound dressings and tissue engineered 
scaffolds [2]. 

Silk fibroin (SF) and hyaluronic acid (HA) solutions were used as the starting material. 
Sodium tripolyphosphate (TPP) and glutaraldehyde (GTA) were used as cross-linking agents. 
Preparation of SF and HA solutions. SF solution is obtained by boiling 3 g of silk fiber or 
cocoons at 110°C in 0.02 M Na2CO3. The fiber/cocoons are dried and dissolved in 
CaCl2:H2O:C2H5OH (1:8:2). The resulting solution is dialyzed in water on a cellulose 
membrane and filtered. 1% HA solution is prepared by mixing 0.2 g HA with 20 mL H2O. 
Hydrogel synthesis. Preparation of samples was carried out according to Scheme 1. The 
synthesized samples were characterized by stereomicroscopy, FT-IR, SEM, water absorption. 

The cross-linking SF reaction with TPP was faster at 60 °C than 37 °C temperature. In 
the case of GTA, however, no cross-linking was observed at 60 °C and 37 °C, the samples 
only cross-linked at 25 °C. Based on the results, it can be concluded that SF and HA cross-
linking with GTA is specific to temperature. At 25° C, SF cross-linking of fibers was 
observed as early as 3 days in the presence of GTA and 21 days for silk cocoons. At 37 °C, 
fiber derived SF crosslinking was observed from day 5 and cocoons derived SF from day 14 
in the presence of TPP. At 60 °C, fiber derived SF crosslinking with TPP was observed 
from day 1 after the preparation, while in cocoons derived SF, no crosslinking was 
observed. Crosslinking occurred faster for silk fiber derived SF.  

                                                       
Scheme 1. SF/HA hydrogel synthesis. 
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Recently amorphous calcium phosphate (ACP) has attracted increasing interests as new 

third generation biomaterial for its excellent properties. It shows high solubility and 
excellent remineralization ability, good bioactivity and biodegradation compared with other 
CaP materials. ACP plays a critical role in the process of the tissue mineralization1. 
Suggested that ACP serves as precursor in the formation of biological hydroxyapatite 
(HAp)2,3.  

Various synthesis routes of ACPs affect structure and properties of ACP. ACP with an 
atomic Ca/P ratio of 1.5 and the chemical formula Ca3(PO4)2*nH2O, is most widely found 
in amorphous precipitates obtained in alkaline media (pH range 9–11). At Figure 1 it is 
shown typical ACP X-Ray diffraction (XRD) pattern, with characteristic wide diffraction 
hump at 30 ° 2Theta, correspond to the structure of ACP published by Eanes4. ACPs can be 
obtained by two main routes: wet or dry, including wet-precipitations, sol-gel, precipitation 
from simulated body fluid, spray drying, hydrothermal method and flame spray pyrolysis. 
The Ca/P ratio that can be obtained is in ranging from 1 to 25. Most widely used route is 
wet-precipitation where in alkane conditions pH>7 two solutions containing Ca2+ and PO43- 
ions are mixed and leading to precipitation of ACP.  

 
Figure 1. X-Ray diffraction patterns of amorphous calcium phosphate 

 
Synthesis routes have many process variables such as reagents used and its 

concentration, supersaturation of the solution, pH, the reaction temperature and duration. 
All these parameters can affect properties of ACP - Ca/P molar ratio, specific surface area 
and crystallinity. The long-term instability of ACP limits the development of new materials 
with controllable chemical and physical properties of the products.  
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Hyaluronic acid (HA), is a linear anionic polysaccharide, which is a major component of 

an extracellular matrix. Several strategies have been developed to modify HA-based 
composites for drug delivery. Recent studies have shown a high biocompatibility of system 
made of HA and poly-L-lysine (PLL)1. PLL is polycationic poly-amino acid with a wide 
range of antimicrobial spectrum against Gram-negative and Gram-positive bacteria. The 
electrostatic attraction between negatively charged HA and positively charged PLL can be 
used to fabricate films1, polyelectrolyte complexes2 and hydrogels (Fig.1).  

 

 
Figure 1. Applications of hyaluronic acid/polylysine composites. 

 
The layer-by-layer (LbL) technique of polymeric film preparation is the most commonly 

used and described method for HA/PLL composites. It allows to coat the biomaterial 
surfaces with thin polymeric layer. Native HA/PLL films behave like a physical gel, their 
mechanical properties and biocompatibility makes them viable for local drug delivery 
systems. Fully crosslinked HA/PLL films behave like a chemical gel and can be used for the 
systems like resistant coatings and microcapsules1. Polyelectrolyte complexes (PEC) 
formed using oppositely charged HA/PLL biopolymers forms a tunable core-corona 
structure. Possibility to modify these structures makes formed complexes as potential 
candidate for the development of controlled drug delivery vehicles2. PEC phenomenon can 
be used to control the drug delivery from the hydrophilic drug loaded HA microgels through 
building an impermeable PLL shell around the gel3.  

Systems composed of HA/PLL are promising biomaterials for modifications with drugs, 
nanoparticles and microcapsules for local drug delivery. In contrast to previously described 
applications, little attention has been paid to HA/PLL hydrogels as a drug delivery system.   
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Biphasic calcium phosphate ceramic granules produced in the RTU, Riga Rudolph 
Cimdins Biomaterials Innovation and Development Centre were used for filling the bone 
loss on 26 patients with peri-implantitis. After 5 years at the minimum (8 patients with 10 
years follow up) clinical and 3D cone beam computed tomography control was done. 

A dental implant is considered to be a failure if it is lost, mobile, or shows peri-implant 
bone loss of greater than 1.0 mm in the first year and greater than 0.2 mm a year after. Peri-
implantitis can result in bone loss around the implant and eventual loss of the implant.1 

Regenerative treatment of peri-implantitis also is a growing problem. The optimal result of 
peri-implantitis treatment is regeneration of hard and soft tissues supporting the loose dental 
implant.2,3,4,5 

In the peri-implantitis treatment together with operative and conservative treatment bone 
substitutes are often used to replace the bone defect, one of the materials is biphasic calcium 
phosphate (BCP). Calcium phosphates, such as hydroxyapatite (HAp), β-tricalcium 
phosphate (β-TCP) and a combination of HAp/β-TCP are used since they do not evoke 
adverse cellular reactions and, in time, the material is either replaced by bone or integrated 
into the body, depending on the degradation properties.6,7,8  

The aim of study is to analyze the results of peri-implantitis treatment, where in addition 
to the classical surgical technique, the bone defect around the dental implant was filled with 
BCP bioceramic granules.  
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Nowadays sustainability as a concept has become a main slogan for every aspect of 

human existence and textile and clothing sector is no exception. The textile and clothing 
industry is one of the major contributors to pollution right after oil and gas sector, creating 
negative environmental and social impact. The number of times a garment is worn before it 
ceases to be used keeps decreasing each year, more so around one third of all produced 
garments end up in landfills without ever being purchased [1,2]. Reasons behind such 
actions are different, as some of the most significant should be mentioned – overproduction, 
poor quality, irrational planning, lack of functionality, fit problems, wrong choice of 
materials etc. 

Choosing the right material for a garment is one of the most important steps of product 
development and its’ overall lifecycle. Textile material/or set of materials along with design 
(in terms of patternmaking) and processing technologies define the garments’ ability to 
protect wearer (the main purpose of the garment), to provide functionality, comfort and fit 
[3,4]. Therefore, it is essential to maintain a sustainable approach since the very early stages 
of product planning and production. 

 
Figure 1. Possible lifecycle of clothing 
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In this paper are shown that a three-dimensional hollow weaving technique enables the 
development of textile pressure sensors in one process. Based on the multilayer fabric 
principle, the hollow woven fabrics can be created by connecting adjacent distinctive layers 
of fabrics according to certain rules. An appropriate fabric structure has been selected and 
the three-layer weaving technique was used to make a textile pressure switch. The fabric 
structure is selected to ensure that the top and bottom layers are kept at a distance from each 
other. Conductive tracks were embedded in the hollow structure of fabric in bottom and 
middle layers.   

 
Figure 1. Hollow structure of fabric with conductive tracks 

 
Three conditions must be fulfilled in order to create a textile switch: (1) the fabric in 

normal condition keeps the shape required, i.e. the conductive tracks are located at a 
distance from each other; (2) when the fabric is compressed, electrical conductive tracks are 
in contact, i.e. the switch is turned on; (3) after loading the fabric returns to its original 
position, i.e. there is no electrical contact. The behavior of the electrically conductive yarn 
and conductive tracks were tested in various ways. The stainless steel yarn woven in 
particular way can be used to create woven conductive tracks.  

 

 
Figure 2. Cross section of woven fabric example 

 
Example of application: pressure sensitive woven rug, the whole area or part of which 

acts as a pressure sensor. Pressure sensors in floor coverings can turn on alarm systems or 
indicator lamps in floor or wall coverings for guidance systems in public buildings. 
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The efficiency and performance of Diatomite were well investigated and elucidated for 

the removal of hazardous textile dye from aqueous solution. The simultaneous adsorption 
influence of different physicochemical parameters such as initial dye concentration, pH of 
solution and contact time was investigated and optimized by artificial neural network 
(ANN). The differences between observed and predicted values is filtered back through the 
system and is used to adjust the connections between the layers, thus performance 
improves. The coefficient of root mean square error (RMSE) is the main criterion to 
evaluate the performance of ANN. The statistical quality of the ANN modeling for the three 
training, test and validation sets was then evaluated using the squared correlation coefficient 
R, absolute error AE and average absolute error AAE. Under the optimized parameters 
conditions predicted by ANN, the root mean square error (RMSE) correspond to test data 
was 1,66 e-6. The modeling quality was found to be 1 for R2; 1,63 % for AAE; 0,0011 for 
AEmin and 13,52 for AEmax. A maximum adsorption capacity of 18 mg/g was observed at 
conditions set at: 500 mg/L at pH 1,8 following mixing and stirring for 180 min. 
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Thin film coatings on fingernails and toenails are used for aesthetic reasons or to 

strengthen fragile nails [1]. Coating disintegration is one of the most important 
characteristics of short-term coatings [2]. All previous industry studies have been conducted 
mainly to obtain long-lasting coatings, but this application requires specific requirements: 
both good adhesion during use (2-4 weeks) and rapid disintegration and loss of adhesion in 
solvent media (3-5 minutes) [2]. 

The aim of this research was to investigate adhesion test methods for UV-cured urethane 
acrylate coatings. Adhesion was measured using pull-off adhesion test and coating 
removability was measured after coating soak-off in solvent media with cross-cut tester. 
Systems with four different monomers in 2 concentrations was evaluated. Results are 
presented in Figure 1. 

Figure 1. Correlation of adhesion with adhesion loss time for systems with different 
concentrations of mono functional monomers 

All systems show a strong correlation of adhesion with the time of disintegration. There 
have been found also the correlation with gel fraction and conversion rate of unsaturated 
links.  
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The modulus of elasticity of a natural nail at a moisture content of 55% is 2 320 MPa [1]. 

In order to provide good adhesion for natural nail coatings and to avoid loss of adhesion 
between the substrate and the coating, the mechanical properties of the coating should be 
close to those of the substrate. For the purposes of this study, the requirements for coatings 
was E from 200 MPa to 2,000 MPa. 

Polymerized coatings were tested with monomer concentrations of 30% and 40%. The 
tensile strength properties of the polymerized coatings were determined 3 hours after 
polymerization. Results are presented in Figure 1.  

 
Figure 1. Monomer type and concentration effect of un-polymerized system viscosity 

and modulus of elasticity of polymerized coating. Toned areas shows the required values of 
characteristics for thin film coatings of natural nails 

Tolymerization T and conversion rate of unsaturated links to find the best monomer for 
natural nail coatings was also studied. 
 
Acknowledgements 
The research was supported by CFLA project No 1.2.1.1/18/A/007 “UV light curable coatings 
containing polymer microbeads”. 

 
References 
1. L.Farran. J.Biomech. 2009, 42,1230. 



Materials Science and Applied Chemistry, Riga, October 24, 2019 
 

90 
 

P-54 
On the development and characterization of rheological 

and mechanical properties of polylactide blends with 
polybutylene adipate terephthalate 

Artūrs Nesaule1, Elīna Didrihsone1,2, Remo Merijs-Meri1, Oskars Grīgs2, 
Jānis Zicāns1 

1Institute of Polymer Materials, Faculty of Materials Science and Applied Chemistry, Riga Technical 
University 

2Institute of Wood Chemistry 
e-mail: remo.merijs-meri@rtu.lv   

 
Development of environmentally sound polymer composite materials with controlled 

biodegradation is becoming increasingly important due to global solid waste problem. On 
this score, polylactide (PLA) has gained certain attention due to its high modulus and 
strength. Brittleness of PLA, however, constitutes a serious problem to extend application 
range of the polymer, limiting also applicability of PLA for manufacturing of industrially 
attractive high-performance and highly-biobased composite materials, reinforced with 
biomass derived lignocellulosic fibres. Toughening of PLA by means of blending with other 
biodegradable polymer, such as polybutylene adipate terephthalate (PBAT), is supposedly 
most promising way for further development of perspective high-performance composite 
materials for broad range of engineering applications. 

Within the current report the first results of the upcoming multi-stage research cycle on 
the development of high-performance environmentally friendly PLA/PBAT blend based 
composite materials are presented; namely, development and basic characterization of 
PLA/PBAT blends at various wt.-to-wt. ratios of the base polymeric components is 
performed. PLA/PBAT blends have been obtained by using twin-screw extrusion. Structural 
features of the obtained polymer blend compositions have been revealed by means of 
Fourier transform infrared spectroscopy. Rheological properties of the obtained polymer 
blend compositions have been characterized by means of capillary rheometry. 
Crystallization behavior of the obtained polymer blend compositions have been 
characterized by means of differential scanning calorimetry. Thermal stability of the 
obtained polymer blend compositions has been studied by using thermogravimetric 
analysis. Mechanical behavior of the obtained polymer blend compositions has been studied 
by means of both quasistatic (in respects to tensile and flexural properties) and dynamic 
tests (impact resistance).  
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Wood plastic composites are perspective and widely used material in different  branches 

of industry. One of them is usage of WPCs as coating of plywood. The adhesion problems 
of the bonding of veneer and plywood are touched in our previous works1-3. It was showen 
that for birch veneer bonding successfully can be used hot melts based on polyethylene, 
polypropylene and recycled poliolefins. These laminated materials have excellent adhesive 
strength and water resistance1-3. Specimens endure all the tests which necessary to carry out 
of plywood2. Our investigated composite (industrially produced sheets from PP+45 wt. % 
PSD) plan to use as the coating of birch plywood but adhesive activity of this adhesive 
against plywood was not enough. Thereby to improve of the adhesive interaction between 
the WPC melting component - PP and the plywood surface in the same way as in the bulk 
of WPC materials the coupling agent MAPP was used (1-4 wt.%). Evaluation of the 
bonding quality experiments were done according to the European Standard EN 311:1992. 
The measurements of bonding strength show positive influence of the MAPP on adhesive 
strength of the laminated systems PP+40 w.t.% PSD/birch plywood. Bonding strength 
increases from 0.68 MPa (without MAPP) up to 1.51 MPa (1 wt.%), 2.47 MPa (2 wt.%), 
2.74 MPa (3 wt.%) and 2.72 MPa (4 wt.%) of the MAPP respectively. The samples also 
were prepared with different depth of scratches on protective WPC (PP+45 wt.% PSD). 
That scratches usually form during of the usage process–shuttering systems for construction 
industry (average use is 7-15 times). The experimental results of adhesive strength 
presented in the Table 1 show that average bonding strength between WPC (PP+45 wt.% 
PSD) overlays and for plywood was higher than between plywood layers.  

Table 1. Samples bonding strength after usage. 
Damage deep Non-used 

[N/mm2 ] 
1 time 

[N/mm2 ] 
3 times 

[N/mm2 ] 
5 times 

[N/mm2 ] 
10 times 
[N/mm2 ] 

0 microns 2.79 2.70 2.77 2.72 2.66 
50 microns 2.81 2.66 2.72 2.74 2.80 
100 microns 2.68 2.79 2.69 2.67 2.76 
150 microns 2.73 2.75 2.68 2.78 2.79 
250 microns 2.67 2.80 2.74 2.69 2.71 
500 microns 2.72 2.69 2.78 2.66 2.29 
 
References 
1. J. Kajaks, G. Bakradze, et.al. Mechanics of Composite Materials, 2009, 45(6), 643-650. 
2  J. Kajaks, U. Grīnbergs, et.al. Proceedings of Estonian Academy of Sciences, 2012, 6(3), 207-211. 
3. J. Kajaks, K. Kalnins, et.al. Progress in Rubber, Plastics and Recycling Technology, 2014, 30(2), 67-
82.  

mailto:2karlis.kalnins@finieris.lv
mailto:juris.matvejs@finieris.lv


Materials Science and Applied Chemistry, Riga, October 24, 2019 
 

92 
 

P-56 
FTIR Spectroscopy Analysis of Hemp Fibres  

Reinforced PLA Bio-composites 
Anete Smoca1 

1Institute of Design Technologies, Faculty of Material Science and Applied Chemistry,  
Riga Technical University, Latvia  

e-mail:aneteu@gmail.com  
 
In the development of a sustainable economy, more and more emphasis is put on the 

development of new materials based on natural resources. Hemp fibers are one of the most 
environmentally friendly natural fibers with high tensile strength, retain moisture strength 
and other properties that make them suitable for a wide variety of industrial products. The 
advantage of extracting hemp fibers is that it is possible to use all parts of the plant at the 
same time for the production of different products - hemp seeds, their shells, hemp shives, 
thus maximizing the value added of this resource (the concept of sustainable development). 
Industrial production based on non-renewable resources, increasing demand in the 
consumer sphere, rapidly growing population and density puts increasing pressure on 
planetary resources.  

The sources analyzed above show that there are several advantages to Polylactide (PLA) 
potential as a matrix for bio-composites: PLA is one of the most advanced biopolymers in 
terms of its commercialization, PLA has excellent mechanical properties similar to 
polystyrene properties and it can be processed with standard processing equipment below 
the temperature at which natural fibers begin to degrade. 

In this study, FTIR spectroscopy of hemp fibers reinforced PLA bio-composites has been 
analyzed. Thermoset treated polylactic and hemp fiber bio-composites have high 
mechanical properties, which allow to reduce the amount of materials in the product. The 
developed bio-composite can be used both as a slab material and for molded parts of 
furniture, etc. 

 Three samples of bio-composite materials with different proportion of hemp fibers in the 
PLA matrix were compared. Bio-composite hemp and polylactide (PLA) fibres were evenly 
blended using carding technology.  

 The obtained material is biodegradable during the composting process, which improves 
the ecological assessment (Life Cycle Assessment) of the product and reduces the 
environmental impact. Annually renewable hemp fiber resource has the potential to create 
new products and develop the hemp industry in Latvia. 
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Effects of tensopermittivity1 and piezopermittivity2 in composites based on natural 

rubber (NR) matrix and carbon black (CB) filler have been observed. These effects have 
been explained by changing distances among CB particles (aggregates and agglomerates) in 
the NR matrix during deformation1,2. 

In this work, the permittivity change mechanism was proposed based on simultaneous 
fragmentation and densification process of CB particle agglomerates, and mathematical 
fitting of our piezo- and tenso- permittivity measurement data was accomplished. The 
relative permittivity of a NR/CB (6 phr CB) composite during compressive and tensile 
deformation is shown in Figure 1. 

 

 
 

Figure 1. The relative permittivity of the NR/CB (6 phr CB) composite during 
compressive and tensile deformation. 

 
The continuous lines were obtained by the mathematical nonlinear curve fitting 

considering the above mentioned mechanism. 
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Composite films and natural coatings are edible films applied for food products, play 

an important role in protecting them from risks of mechanical, physical, chemical and 
microbiological impacts. Factors influenced to formation of the films as well as 
characteristics of HPMC/beeswax edible composite films were researched and analyzed 
based on experimental results and previous studies. In this study, there were new solutions 
for combining the properties of the natural polymers used in the composite structure. The 
HPMC/beeswax edible composite films were created based on the components included 
HydroxyPropyl MethylCellulose (HPMC-5% w/v), Glycerol plasticizer (Gly-2% v/v), 
BeesWax (BW-5% w/v); Oleic Acid emulsifier (OA-1% v/v). Characteristics of the 
composite film were evaluated via the analytical techniques as known Sensory, Tensile 
Strength (TS), Elongation at Break (EB), ThermoGravimetric Analyzer (TGA), Scanning 
Electron Microscope (SEM), Fourier Transform InfraRed (FTIR). HPMC/beeswax 
composite films are the application in preserving seedless limes. Evaluations of preservation 
processes were based on effects of characteristics such as Sensory evaluation, Respiratory 
intensity, Weight loss, Vitamin C content, Total acid of before and after fruits preservation. 
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Recycling of used vehicle tires must be considered as very important way to unload the 

environment from non-degradable waste1. Production of composite materials2 is one of 
most perspective ways for the reuse of scrap tires. The produced composite materials can be 
used in a wide range of applications3. 

In our previous investigations optimization of composition, functional properties and 
technology of the composite material’s production from mechanically grinded scrap tires 
and polyurethane type binder were realized4,5. The special objective of this work is to 
investigate correlation between selected mechanical properties of the composite material 
based on the polyurethane type binder and rubber particles size.  

Grinded at room temperature, fractioned rubber crumb (two fractions of rubber particles 
a and b with size intervals - fine fraction a –from 0,5 till 3,0 and coarse fraction b-from 2,0 
till 10 mm in different ratio – a/b: 0/100; 25/75; 50/50; 75/25; and 100/0) were mixed with 
polyurethane type polymer binder with defined reactivity (C-CNO 8 - 10 %). Composite 
material samples were prepared by mechanical mixing (at 18-220C) of required components 
(Cpol.= 8,5 mass%), moulding of samples in specific moulds and hardening of samples under 
definite conditions (T = 1550C; 15 min; P = 490 kPa).  

Apparent density AD (kg/m3), Shore C hardness (ISO 7619-1; ISO 868), compressive 
stress at 10% deformation σ10 at static loading mode, tensile strength, elastic modulus and 
elongation at break (EN 826) in the correlation with rubber particle size were investigated. 
The properties and optimization possibilities of composite material consisting of rubber 
particles with different sizes or fractions and polyurethane type binder were investigated. 
Some correlations were found between particle size of the rubber granules included in the 
composite material and selected individual qualities of the material. 

It was shown that composite material with a ratio 1:1 from fine and coarse fraction mixture of 
rubber granulate has highest tensile breaking strength, elastic modulus and tensile elonga-
tion at break, but the compressive strength at 10 % deformation were higher than expected, 
while the hardness according to experimental data is relatively low. These differences must 
be explained by different structure of composite material depending on rubber particles size 
and their mutual arrangement in material. 

Depending on field of practical application these data can be considered as advantage for 
composite material. The obtained results may have a significant impact on industrial 
production of scrap tire rubber composite materials providing the opportunity to forecast 
and optimize qualities according to requirements of the consumers, by changing the size and 
quantity of rubber granulate in the composite material. 
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Perovskite-like compounds are widely known as model systems for studying the 

relationships between crystal structure and physical properties. Among them, magnetically-
ordered ferroelectric oxides have attracted much attention in recent years. Such materials 
combine spin and electric dipole ordering in the same phase, thus providing the 
technologically important possibility to control magnetism with an electric field. While 
BiFeO3 is the most thoroughly studied magnetic ferroelectric compound, the properties of 
its solid solutions remain a matter of intensive debate. In this work we show how variation 
in the chemical composition of Bi1-xAExFe1-xTixO3 (AE= Ca, Sr, Ba) multiferroics affects 
their crystal structure and magnetic behavior. The polycrystalline samples have been studied 
by X-ray diffraction, neutron powder diffraction, VSM-magnetometry, electron microscopy, 
and scanning probe microscopy techniques. It has been found that Ca/Ti and Sr/Ti 
substitutions suppress the cycloidal antiferromagnetic structure specific to the parent 
compound, thus stabilizing a weak ferromagnetic and ferroelectric state. The Ba/Ti-doped 
solid solutions retain the magnetic behavior characteristic of the pure BiFeO3. The 
composition-driven changes in the magnetic properties of the Bi1-xAExFe1-xTixO3 
perovskites correlate with the structural evolution, confirming the existence of a tight 
coupling between the type of magnetic ordering and electric polarization/magnitude of 
oxygen octahedra tilting in these materials. The magnetostructural correlations reflect the 
pattern of chemical substitution-induced changes in the polarization- and oxygen octahedra 
rotation-related components of the Dzyaloshinskii-Moriya interaction affecting the 
magnetic structure. The investigation sheds light on the conditions favoring the coexistence 
of spontaneous magnetization and polarization in BiFeO3-based multiferroics. 
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Modern composite materials, such as carbon-fiber-reinforced polymers (CFRP) have 

unique physical and mechanical properties. Their lightness, high strength, durability, 
reliability, longevity, and different other characteristics ensure extensive engineering 
applications in various industries. However, composite materials also have a number of 
disadvantages. External mechanical loads, repetitive cyclic stresses and impulsive loads 
lead to the appearance of various defects, such as rupture of fibers or delamination in the 
material. These damages are invisible on the surface of composite elements, which can lead 
to a serious weakening of the structure and tragic consequences. Therefore, the non-
destructive inspection for the identification of the cracks and delamination of composite 
elements is required. 

Currently, there are various methods of non-destructive inspection, which make it 
possible to monitor the technical condition of composite elements. These methods include 
optical methods (thermography, shearography), acoustic emission, computer tomography, 
traditional ultrasonic testing, ultrasonic examination and the electrical resistance method 
[1].  

The electric resistance method is used by various researchers to detect the internal 
delamination in composite material, since this method does not require expensive tools, and 
is applicable to various structures. The main idea of this method implies that the damage, 
for example, fiber breakage or delamination between layers in a CFRP composite material, 
leads to a decrease in electrical conductivity in the damaged area, and results in a change in 
electrical voltage. 

This study shows a method for measuring the electrical resistance changes in 
unidirectional carbon fiber-reinforced plastic (CFFRP) for detection an internal 
delamination. The results of the numerical solution have been obtained by using the four 
probe method of measurement of the electrical resistance. The effect of distance between 
electrodes on the delamination detection efficiency has been investigated. The problem has 
been solved by the method of planning of the experiment and response surface method by 
using 2-D finite element model. The distance between the electrodes and the delamination 
width have been selected as the parameters of the research. Dependence between the inner 
and outer electrodes for the effective detection of the delamination has been determined. 

The research shows that the electric resistance percentage change is dependent on the 
distance between the internal and external electrodes used for the resistance measurement. 
Maximal value of electrical resistance percentage changes achieves when distance between 
all electrodes is minimal - 20 mm and the length of crack is maximal 40 mm.  

The results of surface resistance shows that a decrease in the distance between the 
internal and external electrodes has a greater effect on the detection of the delamination in 
compare with the change in the distance between the internal electrodes.   
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This paper presents an extension of an existing vibration correlation technique for 

cylindrical shells. The classical approach for Vibration Correlation Technique (VCT) is 
based on the fact that natural frequency of the structure subjected to axial buckling loading 
decreases with load approaching actual buckling load and becomes zero at buckling point 
(Fig. 1a). The next iteration of the basic approach was introduced to improve sensibility and 
ability to predict actual buckling load on early stages of loading (before approaching 
buckling) based on frequency relation to the applied axial load. Two of the first improved 
normalized approaches were introduced by Souza et al. [2] (Fig. 1b red line) and Arbelo et 
al. [3] (Fig. 1b yellow line). The basic difference between the two improved approaches was 
in the degree of normalization of relation of frequency to applied axial load. Based on 
analyses of both approaches, this paper considers a new variation of normalization (Fig. 1b 
green line). Furthermore, during experimental investigations, a shift of modal shape was 
observed when approaching buckling load. Analysis of the shift was performed using 
Modal Assurance Criterion (MAC). This paper proposes a new VCT normalization 
approach based on relation of the natural frequency to the shift of the modal shape during 
loading (Fig. 1c). 

 

   
 a b c 

Figure 1. Schematic of predicted buckling load determination using VCT 
a) Classical idea [1]; b) Natural frequency idea [2, 3]; c) Natural mode idea 
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Requirements for the safety of personnel, involved in manufacturing, and for the safety 
of the end-user, are established by the National Drug Agency. According to good 
manufacturing practice, synthesis can be done in class B or class C environment and vial 
dispensing in class A environment [1]. A simple method allowing both microbial and 
radiation safety demands to be met, during the manufacture of radiopharmaceuticals, was 
developed based on multi-layer sealing bag system.  

The system includes a three-layer microbial contamination protection: the outer 
enclosure, acting as the transporting layer, and the mid and the inner enclosures, both filled 
with inert media – N2 gas – and the latter of which containing a before-hand prepared 
evacuated vial. The mid and the inner enclosures were prepared from ethylene–octene 
copolymer (EOC) with addition of 38 wt% 1-octene comonomer content. 

The mid- and inner enclosures with the vial inside were sterilized by gamma irradiation 
at 50 kGy. Afterwards the enclosures were put into the outer enclosure and the space 
between the outer and the mid layer was decontaminated by hydrogen peroxide dry mist.  

The microbial safety validation was performed based on two weeks testing of the control 
and the sterilized samples with sterility test markers (Thioglycolate medium and Tryptic 
Soya Broth) – all the tests confirmed successful microbial sterility of the sealing bags, 
compared to non-irradiated control samples.  

Gel fraction, infrared spectra and mechanical property analysis of the mid- and the inner 
enclosures prior and after sterilization indicated microgel (<2%), low increase in signals of 
trans-vinyliene group (around 966 cm-1) due to low level self-crosslinking in EOC branched 
groups. Tensile tests also indicated no changes in E100, E500 modulus, maximum strain at 
rupture and reverse deformation compared to non-irradiation material samples. 
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Nowadays the building industry has accounted for almost half of total energy 

consumption (in general it is about 40 %). More and more modern materials are being 
developed and produced, trying to optimize the production process and resources.1  

Lightweight concrete with moderate strength and good insulation properties is one of the 
modern materials used in building sector.2 Foamed concrete is a universal material and its 
main features are simple casting and production technology, good mechanical properties.3 

In this experimental study the mixing process was done using planetary ball mill PM 400 
(“Retsch”), which serves as mixer, grind and has a function of homogenization. Mixing 
times were set differently: 1, 2, 3 and 4 minutes. 

The object of experimental research – foamed concrete, which represents a modern type 
of cementing composite materials. By improving the composition of the foamed concrete 
mix and stabilizing the microstructure, a higher efficiency can be achieved, comparing to a 
traditional autoclaved aerated concrete. 

 

 
Figure 1. Cross section microstructure view of foamed concrete, mixing time 1 min. 
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The demand for efficient construction has become more important in recent years, 

because the building domain has obsessed a significant role of the energy consumption. The 
building sector accounts up to 40 % from all worlds' use of energy. 1 The European Union 
has a number of public documents and guidelines aimed at reducing pollution and CO2 
emissions up to 20 % by 20202 , up to 40 % by 20303 and by the end of 2020 all new 
buildings need to be nearly zero-energy (required by the energy performance of Buildings 
Directive) .2 In this context, there is an increasing focus on environmentally friendly 
building materials that meet high energy efficiency requirements.4 

The use of magnesium binding materials could be one of the solutions to reduce energy 
consumption. Magnesium –based cement has been identified as low-CO2 emission material 
and has been used industrially more than 150 years. Comparing to the calcination 
temperature of Portland cement, to produce this type of cement, the lower temperature is 
required. In recent years the interest both academic and commercial of magnesium-based 
materials has increased and MgO-based types of cement are made as a centurial to the 
future of eco-friendly cement production.5 

This research is devoted to composites based on magnesium binders using caustic 
magnesia and raw materials and calcinated products. The possibility of obtaining high 
performance, low-CO2 emission and eco-friendly material, based on local materials was 
researched. In this framework physical, mechanical, thermal properties of magnesium 
binders were compared.  

 

    
Figure 1. Samples prepared using caustic magnesia. 
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To counter the problem of aquatic ecosystems pollution, the Algerian industries 

minimized the damage by treating their wastewater, and this to meet the standards 
(detergent = 2 mg / L) dictated by the law of July 13 regulating industrial discharges1. These 
physicochemical purification stations, by solving the problem of liquid discharges, have 
created another; it is solid waste called sludge. The process used in the plant is based on the 
coagulation-flocculation process using aluminum sulphate and lime as coagulants. The 
sludge, in the current state, is spread on a field without any precaution. It is for this reason, 
and knowing that mineral materials have a considerable affinity towards organic pollutants2, 

3; we proposed to try a valuation of this waste by treating it to be able to be used as an 
adsorbent support in order to eliminate toxics issued from industries: in our case surfactants. 
The pollutant removed is an anionic surfactant used to prepare powdered detergent. The 
material thus exploited undergoes heat treatment at 100, 250 and 500°C. 

We performed the heat treatment of the sludge at different temperatures (100, 250 and 
500°C corresponding to the materials A, A250 et A500) in a temperature-programmed 
muffle furnace (Nabertherm D-2804 Tmax = 1200°C). The physical analysis methods used 
are: X-ray fluorescence, X-ray diffraction and FTIR spectroscopy. The anionic surfactant 
used is widely used in the Algerian detergent industry; it is the Linear Alkyl Benzene 
Sodium Sulphonate (LABSNa). 

The adsorption experiments were carried out in batch system. And the COD of samples 
was determined. 

The results clearly show forms of type I isotherms, which suggest a monolayer 
adsorption of LABSNa. A step seems to appear beyond the point corresponding to initial 
concentrations greater than 300 mg / L. adsorption capacities of 15 and 17 mg / g are 
recorded for the two materials A250 and A500 respectively. 

This study allows considering the use of the aluminum-based waste as an adsorbent of 
surfactant as a complementary treatment to the current one. 
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