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Abstract

© 2020 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim A thin-film styrene polymer–carbon
nanoparticle composite was obtained in a single-stage alternating current dielectric  barrier
discharge plasma-chemical process. The allotropic forms of the carbon nanoparticle filler were
traced by transmission electron microscopy (TEM). TEM revealed an extraordinary adhesive
encapsulation  of  the  carbon  nanoparticles  by  the  polymer.  It  was  found  that  the  corona
discharge regime provides an onion-like carbon filler that enhances the mechanical strength and
chemical resistance of the synthesized polymer–carbon nanoparticle film. Measurements of the
electrical  properties  of  the  films  implicitly  confirmed  the  uniformity  of  the  carbon  filler
distribution.

http://dx.doi.org/10.1002/ppap.201900204

Keywords

AC barrier discharges, adhesion, encapsulation, plasma-chemical synthesis, polymer–carbon
composite

References

[1] S. Stankovich, D. A. Dikin, G. H. B. Dommett, K. M. Kohlhaas, E. J. Zimney, E. A. Stach, R. D. Piner, S. T. Nguyen,
R. S. Ruoff, Nature 2006, 442, 282.

[2] A. Pantano, N. Montinaro, D. Cerniglia, F. Micciulla, S. Bistarelli, A. Cataldo, S. Bellucci, Compos. Part B Eng.
2018, 163, 52.

[3] W. Khan, R. Sharma, P. Saini Carbon Nanotubes Current Progress of their Polymer Composites (Eds: M. Berber,
I. H. Hafez), IntechOpen, Rijeka, Croatia 2016.

[4] H. S. Bedi, S. S. Padhee, P. K. Agnihotri, Polym. Compos. 2018, 39, E1184.
[5] M. Q. Tran, J. T. Cabral, M. S. P. Shaffer, A. Bismarck, Nano Lett. 2008, 8, 2744.
[6] Chemical Science of π-Electron Systems (Eds: T. Akasaka, A. Osuka, S. Fukuzumi, H. Kandori, Y. Aso), Springer,

Tokyo, Japan 2015.
[7] L. Meng, Ch. Fu, Q. Lu, Prog. Nat. Sci. 2009, 19, 801.
[8] K. C. Hwang, J. Phys. D: Appl. Phys. 2010, 43, 374001.
[9] T. Li, J. F. Shen, N. Li, M. X. Ye, Mater. Lett. 2012, 89, 202.

[10] O. Y. Bogomolova, I. R. Biktagirova, M. P. Danilaev, M. A. Klabukov, Y. E. Polsky, S. Pillai, A. A. Tsentsevitsky,
Mech. Compos. Mater. 2017, 53, 117.

http://dx.doi.org/10.1002/ppap.201900204


[11] E. A. Bogoslov, M. P. Danilaev, Y. E. Polsky, M. S. Pudovkin, F. Khim, Obrab. Mater. 2016, 2, 23.
[12] G. Raniszewski, S. Wiak, L. Pietrzak, L. Szymanski, Z. Kolacinski, Nanomaterials 2017, 7, 50.
[13] M. P. Danilaev, E. A. Bogoslov, Y. E. Polsky, E. M. Zueva, M. S. Pudovkin, Tech. Phys. 2018, 63, 857.
[14] S. B. Afanas'ev, D. S. Lavrenyuk, I. N. Petrushenko, Y. K. Stishkov, Tech. Phys. 2008, 53, 848.
[15] E. A. Bogoslov, M. P. Danilaev, Y. E. Polsky, I. R. Vakhitov, A. I. Gumarov, I. V. Yanilkin, L. R. Tagirov, Inorg.

Mater.: Appl. Res 2018, 9, 385.
[16] Plasma Polymerization (Ed: H. K. Yasuda), London: Academic, 1985.
[17] T. S. Kol'tsova, T. V. Larionova, O. V. Tolochko, N. N. Shusharina, Tech. Phys. 2015, 60, 1214.
[18] D. Kozak, E. Shibata, A. Iizuka, T. Nakamura, Carbon 2014, 70, 87.
[19] Y. K. Stishkov, A. V. Samusenko, I. A. Ashikhmin, Phys.-Usp. 2018, 61, 1213.
[20] Gas Discharge Physics (Ed: Y. P. Raizer), Springer, Berlin, New York 1997.
[21] O. A. Omarov, A. A. Rukhadze, Tech. Phys. 2011, 56, 944.
[22] A. Szabó, C. Perri, A. Csató, G. Giordano, D. Vuono, J. B. Nagy, Materials 2010, 3, 3092.
[23] A Heat Transfer Textbook (Eds: J. H. Lienhard IV, J. H. Lienhard V), Phlogiston Press, Cambridge 2001.
[24] Z. Marković, M. Kováčová, M. Mičušík, M. Danko, H. Švajdlenková, A. Kleinová, P. Humpolíček, M. Lehocký, B. T.

Marković, Z. Špitalský, J. Appl. Polym. Sci. 2019, 136, 47283.
[25] The Basic of Crystallography and Diffraction (Ed: C. Hammond), Oxford Science Publications, Oxford, 1997.
[26] K. Hirahara, S. Bandow, K. Suenaga, H. Kato, T. Okazaki, H. Shinohara, S. Iijima, Phys. Rev. B 2001, 64, 115420.
[27] J.-F. Colomer, L. Henrard, P. Launois, G. Van Tendeloo, A. A. Lucas, Ph Lambin, Phys. Rev. B 2004, 70, 075408.
[28] Symmetry Relationships between Crystal Structures. Applications of Crystallographic Group Theory in Crystal

Chemistry (Ed: U. Müller), Oxford University Press, Oxford 2013.
[29] M. Feuerbacher, M. Heidelmann, C. Thomas, Mater. Res. Lett. 2014, 3, 1.
[30] T. Kamimoto, M. Yagita, SAE Preprints 1989, 890436, 9.
[31] S. Bellucci, G. Gaggiotti, M. Marchetti, F. Micciulla, R. Mucciato, M. Regi, J. Phys. Conf. Ser. 2007, 61, 99.
[32] R. N. Jagtap, A. H. Ambre, Indian J. Eng. Mater. Sci. 2006, 13, 368.
[33] М. P. Danilaev, E. A. Bogoslov, Y. E. Polsky, I. V. Yanilkin, I. R. Vakhitov, A. I. Gumarov, I. V. Yanilkin, L. R.

Tagirov, Inorg. Mater.: Appl. Res 2019, 10, 556.
[34] Dielektrische Messmethoden (Ed: F. Oehme), Weinheim, Verlag Chemie, Germany, 1958.
[35] S. Bronnikov, A. Podshivalov, S. Kostromin, M. Asandulesac, V. Cozanc, Phys. Lett. A 2017, 381, 796.
[36] B. Marinho, M. Ghislandi, E. Tkalya, C. E. Koning, G. de With, Powder Technol. 2012, 221, 351.
[37] D. Pantea, H. Darmstadt, S. Kaliaguine, C. Roy, Appl. Surf. Sci. 2003, 217, 181.
[38] X. Liu, C. Li, Y. Pan, D. W. Schubert, C. Liu, Compos. Part B: Eng. 2019, 164, 37.
[39] Z. H. Li, J. Zhang, S. J. Chen, eXPRESS Polym. Lett. 2008, 2, 695.


