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NEW ECO-FRIENDLY MATERIALS FOR VARIOUS FUNCTIONAL PURPOSES 

Vladimir AGABEKOV, Alexandr ROGACHEV, Evgeniy KARPINCHIK, Vladimir TARASEVICH 
 

Institute of chemistry of new materials, National Academy of Sciences of Belarus, Minsk, Belarus 

The development of environmentally friendly materials is an urgent area in agriculture and industry. New eco-

friendly sorbent for cleaning the water surface from oil and oil products (KNOP) was developed. It is 

produced from a mixture of polyacrylonitrile, polyester and wool fibers, which are a waste of textile 

production. This sorbent doesn‘t have flowability, which almost excludes its elimination. KNOP structures the 

liquid hydrocarbon into a three-dimensional compact mass, which can be easily separated and practically does 

not retain water.  

Novel protective masks with high bacterial filtration efficiency have been developed. For their design, non-

woven polymeric materials from polypropylene produced by OJSC ―SvetlogorskKhimvolokno‖ (SpanBel, 

Aquaspan, Meltblown) was used. The developed masks are 3-layered nonwoven fabric (SpanBel – Aquaspan 

– SpanBel) with upper modified surface layer, which allows to achieve a bacterial filtration efficiency up to 

98.6%. 

Biodegradable composites based on polylactide (PLA) are promising materials for various applications. The 

developed PLA-based 3D printing rod are of great interest for educational and medical purpose. PLA-based 

sheets and films with micro- and nano-fillers (thickness – 0.05 -0.6 mm, width – up to 60 cm) can be used for 

making biodegradable packaging and consumer goods (folders, boxes, etc.). Adding carbon fiber to PLA-

based tape can strengthen the parts of complex shape, and adding lignin is important for the coatings exposed 

to direct sunlight.  
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The extraction efficiency of bioactive compounds (CBA) can be increased by using the pulsating electric field 

(PEF) due to the electroporation phenomenon, which influences the permeability and rupture of cell 

membranes. This phenomenon facilitates the extraction of soluble intracellular compounds without significant 

increase in temperature, without chemical or physical changes in the plant matrix. The aim of the research was 

to establish the influence of PEF and extraction temperature (t) on tannins content extraction (CT), antioxidant 

activity (AA) and the composition of red grape seed extracts (EtOH, 60% (v / v). 

It has been shown that PEF parameters, especially the voltage (U) have influenced the rate of tannins 

extraction, due to the increased permeability of cell membranes. The number of pulses (n) had a lower 

influence than U. The t had a synergistic effect with the PEF parameters on the tannins yield, as it significantly 

influenced the fluidity and stability of the cell membrane in the grape seed matrix.  At 30°C the phospholipids 

are packaged in a gel-like structure and their order of extraction decreases with increasing t of the extractant. 

At 65 ° C the structure of phospholipids changes from the gel phase to a liquid crystalline structure, affecting 

the stability of the cell membrane. Extraction at 65ºC assisted by PEF (U = 165 V, n = 900) contributed to the 

increase of tannins yield 2.45 times compared to the conventional extraction method. 

The AA of grape seed extracts corresponds to the extraction yield of tannins and constitutes 80.13 – 92.70%  

of inhibited DPPH. The correlation between CT-AA is R
2
 = 0.928, demonstrating that the evolution of AA 

depending on the PEF and t extraction parameters is synergistic with the tannins extraction rate. Phenolic 

compounds extracted from grape seeds   were identified and quantified (HPLC). Experimental data show the 

presence of 10 identified phenolic compounds: vanillin, resveratrol, qercetin and cinnamic acids, p-

hydroxybenzoic, floretic, vanillic, gallic, p-coumaric and caffeic. Another 7 present phenolic compounds could 
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not be identified. The presence of catechin and epicatechin, as well as conjugated polyphenols and their ester 

derivatives were not attested in this study. Resveratrol (0.047mg/g) was also extracted from grape seeds. The 

predominant compounds, in descending order, are: vanillic acid – 0.413 mg/g; caffeic – 0.183 mg/g  and gallic 

acid- 0.107 mg/g. This composition reflects a high biological activity of phenolic compounds in grape seeds. 

In order to establish the combined influence of t, n and U on CT and AA, the sensitivity analysis was used by 

applying the first-order Sobol index. Temperature has the greatest influence on CT and AA, n and U is lower 

than t. The three factors (t, n and U) have more influence on CT and AA at low temperatures (here at 30°C). 

According to the results of the study, PEF technology presents a promising alternative for CBA extraction 

from grape seeds, compared to the conventional extraction method. 
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The valorisation of vegetable waste from various economic activities, becoming one of the major concerns in 

many countries around the world. They are trying to develop green and sustainable methodologies for 

utilization of these important sources of bioactive components that belong to various groups of natural 

compounds. 

A special place in the range of biologically active natural compounds is occupied by diterpenoids and 

triterpenoids. The products or active principles obtained from them are widely used in perfumery, cosmetics, 

agriculture, tobacco industry, pharmaceuticals and other fields of human activity. 

Researchers from the Institute of Chemistry of Moldova have accumulated a rich experience regarding the 

isolation and chemical transformation of terpene compounds from vegetable waste, including local ones. 

Using known or new processes, here were isolated diterpenoids – (-)-sclareol from concrete of Clary sage 

(Salvia sclarea L.), ent-trachilobanoic and ent-kaurenoic acids from sunflower wastes and triterpenoids – 

ursolic and oleanolic acids from lavender wastes and apple pomace. 

The research was focused on the development of original methods for the preparation of new functionalized 

bicyclic nitrogen-containing diterpenoids based on the available natural diterpenoid – sclareol and designing of 

natural chiral molecules of interest to the pharmaceutical industry. Bicyclic di- and sesquiterpenoid 

functionalization was performed both in the lateral chain and in the C-7 position of the B cycle, producing 

lactams and derivatives containing an amino group, or azine, hydrazide, dihydrazide and guanidine fragments, 

as well as heterocyclic units. 

Experimental work included extraction methods such as Soxhlet or ultrasound-assisted, column 

chromatographic separations, thin layer chromatography (TLC), gas chromatography-mass spectrometry (GC-

MS) and high-performance liquid chromatography (HPLC) analyses. Chemical transformations of starting di- 

and triterpenoids were performed by conventional and non-conventional (microwave, photochemical, 

electrochemical) methods of synthesis. The structures of synthetized compounds were proved by spectral 

methods (IR and NMR), mass-spectrometry and X-rays analysis on single crystal. 


