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Based on renewable plant raw materials, the leaves of „Yucca gloriosa“, a woody plant of the lily 
family, a health-safe bioorganic composite material were obtained, where the binder is one of the 
world's industrial plastics, secondary isotactic polypropylene powder. By mixing the binder and 
crushed ”Yucca gloriosa” fiber, using the hot pressing method, the samples were modified with 
tetraethoxysilane liquid. For the resulting composite, its own weight, water absorption, compressive 
strength, and impact strength were determined. Modification of composites has improved their 
mechanical properties. Тhe modification of materials reduced the rate of water absorption by 1.5-2 
times, and the compressive strength improved by 10-15%. At 60 wt% filling, a high impact strength 
index of ‒12.5 kJ/m2 was observed, which is 2-3 times higher than the strength of polypropylene of 
the same filling with Tungo oil production waste ‒ Tungo box shell flour, thereby proving that Yucca 
gloriosa fiber is a reinforcing ingredient of the biocomposite. The microstructure and chemical 
composition of bioorganic composite materials were studied using an optical biological microscope 
and infrared spectroscopy (FTIR). © 2024 Bull. Georg. Natl. Acad. Sci. 
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Carbohydrates are important representatives of na- 
tural macromolecules and perform various func- 
tions: they are the structural basis of living 
organisms (cellulose, chitin), a source of energy 
(glycogen), and sensitive receptors of cell mem- 
branes (glycoproteins). These properties are due to 
the presence of hydroxyl groups (inter- and 

intramolecular hydrogen bonds) in the carbo- 
hydrate molecule. Carbohydrate products (S-, N-, 
Si-, Br- glycosides) are widely used in various 
fields of pharmaceutical technology, agriculture, 
and industry. This is due to their membrane 
permeability and biocompatibility with living cells 
[1-3].  
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The virtually inexhaustible resources, chemical 
structure, unique properties, and biodegradability 
of bipolymers are of constant interest to scientists 
and technologists [4-8]. Environmentally friendly 
and renewable biopolymers are used in almost all 
sectors of the national economy. In this regard, 
researchers have a growing interest in bioorganic 
composite materials [9-12]. The properties and 
benefits of various cellulosic materials make them 
promising alternatives for environmental appli- 
cations [13].  

In recent years, global pollution has prompted 
humanity to take action to preserve nature against 
various threats. These threats include air pollution, 
which contributes to global warming, water pollu- 
tion, and the depletion of natural resources. 
Developing and utilizing eco-materials is essential 
to achieving sustainable development and reducing 
the impact of human activities on the environment. 
Researchers focus on composite materials rein- 
forced with natural fibers, as these composites 
combine good mechanical properties with low 
density [14].  

Around the world, bioorganic composite mate- 
rials are produced based on various types of plant 
cellulose fibers and thermoplastic polymers. Bio- 
composites are characterized by low cost, lightness, 
environmental friendliness, and high performance 
properties. The homopolysaccharide cellulose en- 
ters the cells of higher plants and serves as a natural 
structural material, providing high mechanical 
strength and elasticity to plant tissues. Researchers 
are focusing on composite materials filled with 
natural cellulose fibers because these composites 
combine good mechanical properties with low 
density, which in the future will allow industrial 
polymer materials to be converted into materials 
with biodegradable properties [15].  

The polymer matrix may be a primary or secon- 
dary polymer, such as polyethylene, polypropylene, 
polystyrene, polyvinyl chloride, polyvinyl alcohol, 
and others. Wood flour is mainly used in biopo- 
lymer composites, the grain size of which is 

standardized and made from non-resinous wood, 
such as spruce. In many countries, it is made from 
rice husk flakes and hazelnut shell flour. It should 
be noted that in Asian countries, other types of plant 
fibers are used to fill them. Table 1 presents the 
chemical composition of various plant cellulose 
fibers, showing that “Yucca gloriosa” contains as 
much cellulose as hemp, second only to cotton, 
which is classified as a seed plant fiber rather than 
a cultivated leaf fiber. Their chemical composition 
is different: sisal, kenaf, flax, hemp, etc., types 
whose technological and physical-mechanical 
properties are close to those of composites filled 
with wood flour [16].  

 
Table 1. Chemical composition of natural fiber 

Fiber Cellulose 
% 

Hemicellulose 
% 

Lignin 
% 

Yucca 
gloriosa  

72-80 10-12 8-10 

Bamboo 26-43 20.5 21-31 
Cotton 83-90 4 0.75 
Flax 62-72 14-20 2.5 
Hemp 81 14-22 4-13 
Jute 59-72 12-20 17-21 
Sisal  60-73 11-14 8-11 

 
With natural organic and inorganic fillers, rein- 

forced bio-composite materials have a great capa- 
city to replace synthetic fibers” with “natural 
fibers”. Thanks to their low cost, lightness, ecologi- 
cal advantages, and high efficiency, they are produ- 
ced based on various types of plant cellulose fibers.  

Industrial polymer selected as a binder: secon- 
dary isotactic polypropylene is a universal plastic 
material and one of the lightest and cheapest poly- 
mers. It is impact-resistant, does not undergo defor- 
mation during bending, is chemically resistant, 
wear-resistant, and has good electrical insulation 
properties.  

Phenolformaldehyde resins found in commer- 
cial wood burbushell tiles are classified as carci- 
nogens because they contain formaldehyde [17,18]. 
World health experts have found that small concen- 
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trations of this substance in the human body cause 
headaches, shortness of breath, depression, and 
damage to the central nervous system. Today, the 
world has adopted standards to eliminate formalde- 
hyde from the use of composite materials [19,20].  

Our research team has proposed a new, cheap 
and accessible method for producing biocompo- 
sites based on renewable plant raw materials, in 
which phenolic resins are replaced with a non-toxic 
polymer material, secondary isotactic polypropy- 
lene, and high-strength “Yucca gloriosa“ fibers 
containing a large amount of fiber.  

A very original method of obtaining fiber from 
the leaves of „Yucca gloriosa“ using sodium alkali 
is described in [21], where long, uncut fibers 
without lignin are obtained from its leaves, from 
which various products are made.  

 
Experimental Materials 

The powder of the secondary isotactic polypro- 
pylene was delivered from the city of Rustavi 
(Georgia), by the firm “Tomara“, the grain size of 
which was 15-300 μm. Tetraethoxysilane (TEOS) 
was purchased from Aldrich. Filler: “Yucca glo- 
riosa” thrives in Georgia, in Tbilisi.  

 
Methods of obtaining a biocomposite. Long 
pointed Yucca leaves were cut into small pieces and 
dried in the sun, then crushed to obtain fiber, then 
mixed (3-5 minutes) with 40, 60, or 80% polypro- 
pylene powder in a propeller mill. Test samples of 
composites were prepared by hot pressing method 

[22] in appropriate forms at a temperature of  
170°C and a pressure of 100-120 MPa with a 
holding time of 10 minutes. The resulting samples 
were measured for bulk density, water absorption, 
compressive strength, and volumetric impact 
strength (toughness).  

The water absorption of samples of any size was 
measured according to the ISO 62 2002 standard. 
The flexural strength was measured for specimens 
with a diameter of 10 mm and a height of 20 mm 
according to the ISO 604 2002 standard. Impact 
strength was measured using the “Izod method” 
according to the ISTM D256 standard on a “Dins- 
tant“ instrument with 15x10 (1.5-4.5) mm size 
samples. 

FTIR spectrometric research was carried out on 
a SHIMADZU “IRSPIRIT” device, wavelength 
4000-600 cm-1, mode UATR. The microstructure of 
the biocomposite was studied using an optical 
biological microscope (A16.2603-T2) and a digital 
camera (Euromex ME 2665). 

 
Results and Discussion  

In order to improve the physico-mechanical 
properties of the resulting composites, they were 
modified as an adhesion modifier with tetra- 
ethoxysilane which is a colorless, odorless liquid 
and it is used as a highly effective changing additive 
in the production of polymer composites. 

Figure shows the difference between the 
unmodified and modified surfaces of “Yucca 
gloriosa” cellulose fiber. If microscope light clearly 

       
                              a              b 

Fig. Surface of unmodified (a) and modified (b) “Yucca gloriosa” cellulose fiber 5 wt%  
with tetraethoxysilane, of 100 times magnification. 
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shows the surface structure of an unmodified fiber, 
then after modification, this structure is not visible 
since the light is reflected by tetraethoxysilane, 
which forms an apex on the surface of the fiber. 

In the FTIR spectrum of sample 4 (cm-1, γ, 
m.n.), a characteristic absorption bond of the OH 
group can be observed in the region of 3000-
3500 cm-1. The absorption band in the region of 
2851-2920 cm-1 is characteristic by the valence 
bond of the –CH2– group; for the valence vibrations 
of the C=O bond, a small absorption band is 
observed in the region of 1739 cm-1 (for non-
substituted polysaccharides, this peak appears in 
many cases); 1000-1149 cm-1 region is 
characteristic of the (C-O-C) bond; 1419, 1598 cm-

1 (C-H deformation); 1241-1316 cm-1 mixture of 
aliphatic and aromatic nitriles. 

In the FTIR spectrum of the sample 5 (cm-1, γ, 
m.n.), a characteristic absorption band of the OH 
group can be observed in the region of 3000-
3500 cm-1. The absorption band in the region of 
2839, 2874 cm-1 is characteristic of the valence 
bond of the –CH2– group (standing at the C6 carbon 
atom). The absorption bond at 2948 cm-1 is 
characteristic of the vinyl group (-CH=CH2). 
1373 cm-1 (a mixture of aromatic amine); 1454 cm-1 

(-CH2-propylene); 1620 cm-1 (C=C); Due to the 
substitution of the aromatic group, an overlap has 
occurred, so the absorption band of the (C=O) 
group is not visible. Nitrile impurities are observed 
in the regions of 2339 and 2362 cm-1. In the region 
of 1155 cm-1 a characteristic absorption bond of the 
(Si – O) bond is observed. 

In Table 2, the resulting samples of the 
developed biocomposites are characterized by 
lightness (from 991 to 1178 kg/m3), high 
compressive strength (41.2-76.6 MPa) and 
relatively high impact strength (7-12.5 kJ/m2). It 
should be noted that the impact strength of 
composites filled with tung waste flour from the 
production of tung oil [23] does not exceed 
5.5 kJ/m2, which confirms that in our case, “Yucca 
gloriosa” fibers are a reinforcing element. With 
high filling, the water absorption of materials is 2-
5%. Modification of these materials with 5 wt% 
tetraethoxysilane liquid reduced water absorption 
by 1.5-2 times, and the compressive strength 
improved by 10-15%. Because of the introduction 
of 5 wt% powder from the extraction of Chiatura 
mining and processing waste (sludge), the physico-
mechanical properties of the composite were 
preserved, the density increased slightly at high 

Table 2. Physico-mechanical characteristics and water absorbtion of PP+YGF* composites 

№ Composite Relative density, 
kg/m3 

Compression 
strength, Mpa 

Impact viscosity, 
kJ/m2 

Water 
absorption, % 

1 PP + YGF*1 40 wt% 991 66.0 8.8 0.1 
2 PP + YGF 60 wt% 1090 53.5 9.5 2.0 
3 PP + YGF 80 wt% 1175 41.2 7.7 6.5 

4 PP + YGF 40 wt% modified 
with TEOS 5 wt%  1010 76.6 12.0 0.1 

5 PP + YGF 60 wt% modified 
with TEOS 5 wt%  1054 56.3 12.5 1.2 

6 PP + YGF 80 wt% modified 
with TEOS 5 wt%  1170 45.4 8.9 5.1  

7 PP + YGF 35 wt% modified 
with powder* 5 wt%  998 62.5 8.2 0.1 

8 PP + YGF 55 wt% modified 
with powder*2 5 wt%  1060 52.2 8.8 1.5 

9 PP + YGF 75 wt% modified 
with powder 5 wt%  1178 42.1 7.5 5.0 

Notes: *YGF - Yucca Gloriosa Fiber;  
**Powder obtained as a result of leaching of the residue (sludge) of the Chiaturi mining and processing industry. 
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filling, and water absorption slightly decreased. But 
a technological effect appeared: reducing the 
mixing time to 1 minute. This is explained by the 
presence in the specified powder of more than 
50 wt% crystalline silicon dioxide, which 
accelerates the grinding of strong cellulose fibers 
obtained from yucca leaves when mixed.  

 
Conclusion 
The introduction of 60 wt% of “Yucca glorious” 
fibers into the polypropylene composition doubled 
the impact strength, compared to a polypropylene 
composite filled with the same amount of flour 
from tung wood box waste. The new bio-composite 

materials are derived from free formaldehyde, 
using renewable plant fibers from great yucca and 
secondary isotactic polypropylene. They have 
enhanced physico-mechanical properties, are 
highly environmentally friendly, and have an easy 
production process that meets modern international 
standards for similar materials. 

The addition of great yucca fibers to secondary 
isotactic polypropylene reinforced the composition 
and doubled its impact strength. The bio-
composites produced through appropriate methods 
and technologies will be used to make com- 
paratively low-cost building materials and various 
components for the automotive industry. 
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მრავალტონაჟიანი თერმოპლასტიკური პოლიმერების გადამუშავების სფეროში მეტად აქტუა-
ლურ საკითხს წარმოადგენს პოლიმერული ბიოკომპოზიტების შემუშავება განახლებადი 
მცენარეული ნედლეულის ბაზაზე. ერთდროულად მოხდება ორი ეკოლოგიური ‒ განახლე- 
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ბადი მცენარეული ნედლეულის ნარჩენებისა და მეორეული პოლიპროპილენის უტილიზა-
ციის საკითხების გადაწყვეტა. სამუშაოს მიზანს წარმოადგენს „იუკა დიდებულის“ ფოთლების 
ბაზაზე ჯანმრთელობისთვის უსაფრთხო ბიოორგანული კომპოზიციური მასალის დამზა- 
დება, სადაც შემკვრელი არის მსოფლიოში ერთ-ერთი სამრეწველო პლასტმასის, მეორეული 
იზოტაქტიკური პოლიპროპილენის ფხვნილი. შემკვრელისა და დაქუცმაცებული ,,იუკა 
დიდებულის” ბოჭკოს შერევით, ცხელი დაწნეხვის მეთოდით ნიმუშები მოდიფიცირებულ 
იქნა ტეტრაეთოქსისილანის სითხით. მიღებული ბიოკომპოზიტისათვის განისაზღვრა კუთრი 
წონა, წყალშთანთქმა, სიმტკიცე კუმშვისას და დარტყმითი სიბლანტე. მასალების მოდიფი- 
კაციამ გააუმჯობესა კომპოზიტების მექანიკური თვისებები, შეამცირა წყალშთანთქმის სიჩ- 
ქარე 1,5-2-ჯერ, ხოლო სიმტკიცე კუმშვისას გაუმჯობესდა 10-15%-ით. 60 მას.% შევსებისას 
დაფიქსირდა დარტყმითი სიმტკიცის მაღალი მაჩვენებელი 12,5 კჯ/მ2, რაც 2,3-ჯერ მეტია 
ასეთივე შევსების პოლიპროპილენის სიმტკიცეზე ტუნგოს ზეთის წარმოების ნარჩენების ‒ 
ტუნგოს კოლოფის ნაჭუჭის ფქვილით, რითაც მტკიცდება, რომ „იუკა დიდებულის“ ბოჭკო 
წარმოადგენს მაარმირებელ ინგრედიენტს ბიოკომპოზიტში. ბიოორგანული კომპოზიციური 
მასალების მიკროსტრუქტურა და ქიმიური შემადგენლობა შესწავლილ იქნა ოპტიკური ბიო- 
ლოგიური მიკროსკოპისა და ინფრაწითელი სპექტროსკოპიის (FTIR) გამოყენებით. 

REFERENCES 

1. Sidamonidze N. N., Tabatadze L. V., Vardiashvili R. O., Nutsubidze M. O., Iremashvili D. J., Chachua E. I., 
Shengelia N. G. (2023) Hydrosulphurisation reactions of allyl derivatives of altropyranose with mercaptans.  
J. Oxidation Communications, 47(2):337-344. https://scibulcom.net/en/journal/0209-4541/issue/2023-46-2/ 

2. Tabatadze L. V., Sidamonidze N. N., Pirveli N. O., Gakhokidze, R. A. (2005) Synthesis of certain S-containing 
disaccharide derivatives. J. Chemical Natural Compounds, 41(5):592-593. https://doi.org/10.1007/s10600-005-
0215-7. 

3. Tabatadze L. V., Gakhokidze R. A., Lomtatidze Z Sh., Sidamonidze N. N., Sabauri N. A. (2007) Synthesis and 
antimicrobial activity of sulfur-containing glycosides. J. Pharmaceutical Chemistry. 41(8): 407-408. 

4. Yıldızhan S., Çalık A., Özcanlı M., Serin H. (2018) Bio-composite materials: a short review of recent trends, 
mechanical and chemical properties, and applications. J. European Mechanical Science, 2(3):83-91. 
https://doi.org/10.26701/ems.369005. 

5. Pachulia, Z., Shengelia, N., Tabatadze, L., Gakhokidze, R. (2016) Modeling of the synthesis of sulfanilamide 
monoglucoside by quantum-chemical method. Bull. Georg. Natl. Acad. Sci., 10(4): 33-36. 
http://science.org.ge/bnas/t10-n4/05-Pachulia.pdf. 

6. Sidamonidze N.N., Tabatadze L.V., Vardiashvili R.O. (2022) Condensation reactions of 1-chloro-2,3,4-tri-O-
acetyl-ɑ-l-arabinopyranose and 1-Chloro-2,3,4-tri-O-acetyl-ɑ-L-rhamnopyranose with α-pyrrolidone and ε-
caprolactame. Oxidation Communications, 45(4): 628–634. 
https://scibulcom.net/en/article/iDO5QnqHP0kPfatsbXE1. 

7. Sidamonidze N.N., Gakhokidze R.A., Vardiashvili R.O., Gelovani T.D., Tabatadze L.V. (2023) Synthesis and 
biological activity of some derivatives of N-glycosylamines. Oxidation Communications, 46(1): 87-95. 
https://scibulcom.net/en/article/68tkrjXr3gCY4TLLSZhI. 

8. Enciso B., Abenojar J., and Martinez M. A. (2017) Influence of plasma treatment on the adhesion between a po-
lymeric matrix and natural fibres. J. Cellulose, 24(4):1791-1801. DOI:10.1007/s10570-017-1209-x. 

9. Islam M. R., Beg M. D. H., Mina M. F. (2013) Fibre surface modifications through different treatments with the 
help of design expert software for natural fibre-based composites. J. of Composite Materials, 48(15):1-13. 
Doi:10.1177/0021998313491515. 

10. Lebedev V., Miroshnichenko D., Pyshyev S., Kohut A. (2023) Study of hybrid humic acids modification of 
environmentally safe biodegradable films based on hydroxypropyl methyl cellulose. J. Chem. & Chem. 
Technol., 17(2): 357-364. https://doi.org/10.23939/chcht17.02.357. 

11. Mukbaniani O., Tatrishvili T., Kvnikadze N., Makharadze T., Petriashvili G. (2023) Bamboo-containing 
composites with environmentally friendly binders. J. Chemistry & Chemical Technology., 17(4): 807–819. 
DOI:10.23939/chcht17.04.  

12. Jadhav A., Thangaraj Mohanraj G., Gokarn A., Mayadevi S. (2018) Synthesis of biomass waste derived 
activated carbon-NBR composites for automobile application. J. Chemistry & Chemical Technology, 12(2):135-
278. https://doi.org/10.23939/chcht12.02.236. 

https://scibulcom.net/journal/0209-4541/authors/N.%20G.%20SHENGELIA
https://scibulcom.net/en/journal/0209-4541/issue/2023-46-2/
https://doi.org/10.1007/s10600-005-0215-7
https://doi.org/10.1007/s10600-005-0215-7
https://www.scopus.com/authid/detail.uri?authorId=55275399600
https://www.scopus.com/authid/detail.uri?authorId=7801607182
https://www.scopus.com/authid/detail.uri?authorId=16429864900
https://www.scopus.com/authid/detail.uri?authorId=11240984500
https://www.scopus.com/authid/detail.uri?authorId=23095595800
https://doi.org/10.26701/ems.369005
https://www.scopus.com/authid/detail.uri?authorId=34168302300
https://www.scopus.com/authid/detail.uri?authorId=57201450639
https://www.scopus.com/authid/detail.uri?authorId=55275399600
https://www.scopus.com/authid/detail.uri?authorId=7801607182
http://science.org.ge/bnas/t10-n4/05-Pachulia.pdf
https://www.scopus.com/authid/detail.uri?authorId=11240984500
https://www.scopus.com/authid/detail.uri?authorId=55275399600
https://www.scopus.com/authid/detail.uri?authorId=12769984200
https://scibulcom.net/en/article/iDO5QnqHP0kPfatsbXE1
https://www.scopus.com/authid/detail.uri?authorId=11240984500
https://www.scopus.com/authid/detail.uri?authorId=7801607182
https://www.scopus.com/authid/detail.uri?authorId=12769984200
https://www.scopus.com/authid/detail.uri?authorId=58292928700
https://www.scopus.com/authid/detail.uri?authorId=55275399600
https://scibulcom.net/en/article/68tkrjXr3gCY4TLLSZhI
https://link.springer.com/article/10.1007/s10570-017-1209-x
http://dx.doi.org/10.1177/0021998313491515
https://doi.org/10.23939/chcht17.02.357
https://www.scopus.com/authid/detail.uri?authorId=58581029200
https://www.scopus.com/authid/detail.uri?authorId=6507091582
https://www.scopus.com/authid/detail.uri?authorId=58854930500
https://www.scopus.com/authid/detail.uri?authorId=35275482000
https://www.scopus.com/authid/detail.uri?authorId=6701775690
http://dx.doi.org/10.23939/chcht17.04.
https://doi.org/10.23939/chcht12.02.236


144 Mariam Mtchedlishvili, Lali Tabatadze, David Gventsadze … 

Bull. Georg. Natl. Acad. Sci., vol. 18, no. 4, 2024 

13. Femina C. T., Kamalesh P., Senthil Kumar R.., Hemavathy Gayathr R. (2023) A critical review on sustainable 
cellulose materials and its multifaceted applications. J. Industrial Crops and Products,  203 (1) 117221p. 
https://doi.org/10.1016/j.indcrop.2023.117221. 

14. Elfaleh I., Abbassi F., Habibi M., Ahmad F., Guedri M., Nasri M., Garnier Ch. A. (2013) comprehensive review 
of natural fibers and their composites: an eco-friendly alternative to conventional materials. J. Results in 
Engineering, (19) 101271p. https://doi.org/10.1016/j.rineng.2023.101271. 

15. Shalwan A., Yousif B. F. (2013) In state of art: mechanical and tribological behaviour of polymeric composites 
based on natural fibres, J. Mater. Des., (48):14-24. https://doi.org/10.1016/j.matdes.2012.07.014. 

16. Kamarudin S.H., Basri M. S. M., Rayung M., Abu F. et al. (2022) A review on natural fiber rein-forced polymer 
composites (NFRPC) for sustainable industrial applications. J. Polymers, 14(17), 3698p. 
https://www.mdpi.com/2073-4360/14/17/3698. 

17. Jadhav S. A., Suchithra P. S., Narute S. T., Patil Sh. Sh., Abitha V. K., Rane A. V. (2015) Polymer particle 
board: a sustainable substitute to wooden boards. Moroccan Journal of Chemistry, 3(4):723-729. 
https://www.academia.edu/es/73284784/Polymeric_Particle_Board_A_Sustainable_Substitute_to_Wooden_ 
Boards. 

18. Salthammer T., Mentese S., Marutzky R. (2010) Formaldehyde in the indoor environment. Chem. Rev., 
110(4):2536–2572. https://pubs.acs.org/doi/10.1021/cr800399g 

19. Hamad K., Kaseem M., Deri F. (2011) Effect of recycling on the rheological and mechanical properties of poly 
(Lactic Acid)/Poly-styrene polymer blend. Journal of Materials Science, 46(9):3013-3019. doi:10.1007/s10853-
010-5179-8. 

20. Idris U. D., Aigbodion V. S., Gadzama R. M., Ahmed T. Y. (2012) Suitability of maize cob particles and recyc-
led low density polyethylene for particleboard manufacturing. Materials Science, MSAIJ, 8(1):34-37 
https://www.tsijournals.com/articles/suitability-of-maize-cob-particles-and-recycled-low-density-polyethylene-
for-particleboard-manufacturing.pdf. 

21. Moghaddam M. K. & Karimi E. (2020) The effect of oxidative bleaching treatment on Yucca fiber for potential 
composite application. Cellulose, (27):99383-9396. https://doi.org/.10.1007/s10570-020-03433-x 

22. Turkadze Ts., Gventsadze D., Mumladze T., Gorgodze G., Bochoidze I. (2023) Characterization of 
polypropylene composite reinforced on bio-waste from the production of tungo oil. Environmental Research, 
Engineering and Management, 79(4):29–38. ISSN: 1392-1649. 
https://erem.ktu.lt/index.php/erem/article/view/33393. 

23. Kvatchadze V., Bairamashvili I., Mikeladze A., Gventsadze D., Mestvirishvili Z., Chkhartishviili L. (2023) 
Boron carbide based ceramics for dry friction units. (2023) Solid State Sciences, (142): 107244. 
https://www.sciencedirect.com/science/article/abs/pii/S129325582300136X?via%3Dihub. 

Received June, 2024 
 

https://www.sciencedirect.com/journal/industrial-crops-and-products
https://www.sciencedirect.com/journal/industrial-crops-and-products/vol/203/suppl/C
https://doi.org/10.1016/j.indcrop.2023.117221
https://doi.org/10.1016/j.rineng.2023.101271
https://doi.org/10.1016/j.matdes.2012.07.014
https://sciprofiles.com/profile/1251212
https://sciprofiles.com/profile/809645
https://sciprofiles.com/profile/79840
https://sciprofiles.com/profile/1440355
https://www.mdpi.com/2073-4360/14/17/3698
https://www.academia.edu/es/73284784/Polymeric_Particle_Board_A_Sustainable_Substitute_to_Wooden_Boards
https://www.academia.edu/es/73284784/Polymeric_Particle_Board_A_Sustainable_Substitute_to_Wooden_Boards
https://pubmed.ncbi.nlm.nih.gov/?term=Salthammer%20T%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Mentese%20S%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Marutzky%20R%5BAuthor%5D
https://pubs.acs.org/doi/10.1021/cr800399g
https://www.tsijournals.com/articles/suitability-of-maize-cob-particles-and-recycled-low-density-polyethylene-for-particleboard-manufacturing.pdf
https://www.tsijournals.com/articles/suitability-of-maize-cob-particles-and-recycled-low-density-polyethylene-for-particleboard-manufacturing.pdf
https://doi.org/.10.1007/s10570-020-03433-x
https://erem.ktu.lt/index.php/erem/article/view/33393
https://www.sciencedirect.com/science/article/abs/pii/S129325582300136X?via%3Dihub


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



