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Effect of tin oxide nanoparticles synthesized in liquid-phase plasma discharge
on the mechanical properties of dispersed reinforced composite material films
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In this work, the mechanical properties of thin films of filled ethylene-vinyl acetate copolymer
and specially synthesized tin oxide nanoparticles were studied. Tin oxide nanoparticles synthe-
sized in a plasma discharge under the treatment with ultrasonic cavitation have a size of 50—
60 nm, and under ultrasonic treatment the particle size is 30—40 nm. Using these two types of
nanoparticles (before and after ultrasonic treatment), samples of films made of composite ma-
terials were obtained and studied. The results of studies of fractures of films obtained at liquid
nitrogen temperature using scanning electron microscopy show that the structure of the mate-
rial is quite integral, there are no visible large defects or cavities. Physical and mechanical
tests were carried out on a film made of a composite material with different contents of tin ox-
ide nanoparticles: 1 and 3 wt %. Data on the values of the elastic modulus, Poisson's ratio,
proportionality limit, shear modulus, yield strength, ultimate strength and ultimate defor-
mation were obtained. The results of mechanical tests show that ultrasonic treatment of tin ox-
ide nanoparticles before their impregnation into a polymer matrix has a positive effect on the
physical and mechanical properties of films made from the studied composite material.

Keywords: nanoparticles, tin oxide, composite materials, plasma.

REFERENCES

1. Sai Krishna S. C., Krishna S. R. P. and Murthy B. S., Materials Today: Proceedings 56 (3), 1120-1128 (2022).

2. Nanda T., Singh S. D. and Mehta R., Critical Reviews in Solid State and Materials Sciences 46, 281-329 (2021).
3. Khare V., Srivastava S., Kamle S. and Kamath G. M., Procedia Structural Integrity 14, 215-225 (2019).

4. Hapke J., Gehrig F., Huber N., Schulte K. and Lilleodden E. T., Composite Science and Technology 71, 1242—
1249 (2011).

5. Prabhakar P. and Waas A. M., Composite Structures 98, 85-92 (2013).

6. Lou X. W., Yuan C. and Archer L. A., Small 3 (2), 261-265 (2007).

7. Bulychev N. A. and Kazaryan M. A., Bull. Lebedev Phys. Inst. 39, 214-220 (2012).

8. Klassen N., Krivko O., Kedrov V., Shmurak S., Kiselev A., Shmyt’ko I., Kudrenko E., Shekhtman A., Ba-
zhenov A., Fursova T., Abramov V., Bulychev N. and Kisterev E., IEEE Transactions on Nuclear Science 57 (3),
1377-1381 (2010).

9. Burkhanov L. S., Chaikov L. L., Bulychev N. A., Kazaryan M. A. and Krasovskii V. L., Bull. Lebedev Phys. Inst.
41, 297-304 (2014).

10. Bulychev N. A. and Mikhaylov Yu. G., RENSIT 15 (2), 161-168 (2023).

11. Bulychev N. A. and Kolesnik S. A., IOP Conf. Proc. 2231, 012012 (2022).

12. Kuzenov V. V. and Ryzhkov S. V., Fusion Science and Technology 79, 399—406 (2023).

13. Varaksin A. Yu. and Ryzhkov S. V., Symmetry 14 (10), 2016 (2022).

14. Kuzenov V. V., Ryzhkov S. V. and Varaksin A. Yu., Mathematics 10, 2130 (2022).

15. Ryzhkov S. V., Applied Sciences 13 (21), 6658 (2023).

16. Kuzenov V. V., Ryzhkov S. V. and Varaksin A. Yu., Aerospace 10, 662 (2023).

17. Kuzenov V. V. and Ryzhkov S. V., High Temperature 60, S7-S15 (2022).

18. Varaksin A. Yu. and Ryzhkov S. V., Mathematics 11, 3290 (2023).





