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BJINSITHUE MOAUPOBAHUS YIJIEPOJHBIX HAHOJVUCIEPCHBIX
HAINIOJIHUTEJEN HA MEXAHUYECKUE CBOVMCTBA

M DJEKTPOIIPOBOJHOCTH KOMIIO3UTOB HA OCHOBE
COINOJIUMEPA STUJIEHA U BAHUWIALIETATA
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DnekmponposooHbie NoauMepHbie Mamepuaibl UMem 0O0IbUON NOMEHYUAT NPUMEHEHUS 8 PA3TUYHBIX
OMPACAAX NPOMBIULIEHHOCMU, HANPUMED, KAK IAeKMPOoObl KAMOOHOU 3auiumyl, HacpegamenbHbvle dNeMeHmbl,
9neMeHmbl 2UOKOU U HOCUMOU SJIeKMPOHUKU, 3AUUMa Om 31eKMpPOMASHUMHBIX NoMeX, OUOCEeHCopbl, cucme-
Mbl 011 00CMABKU JIeKAPCM8, U MHO20€e Opy2oe.

Lenv pabomer — uccnedosanue 6nUAHUA cMecell YenepoOHblX HAHOCMPYKMYPHLIX HANOAHUmMenel ¢ pas-
JUUHBIMU pakmopamu opmul (MHO2OCmeHHbLe YeaepoOoHbie Hanompyoku (MYHT) u epagern) 6 ucxoonotl u
2aN102eHUPOBAHHOU (YOPMAX HA NPOYHOCMHbIE XAPAKMEPUCUKU U ILEKIMPONPOBOOHOCHb CONOIUMEPA IMU-
nena u sununayemama (COBA).

B pamkax nacmosiwyezo uccredosanusi Memooom 8anvbyesanus Obliu U320mosieHbl KOMNO3Umvl Had OC-
Hose COBA, HanoineHHo20 pa3HbiMu COYeMAaHUAMU K8A3UOBY- U OOHOMEPHbIX HANOIHUmMenRell 8 UCXOOHOU U
2a/102eHUPOBAHHOU (POPMAX U NOKA3AHO, YMO NpU CPABHUMENbHO 8bicokux konyenmpayusx MYHT & 601b-
wietl cmenemu, N0 CPAGHEHUIO C 2PADEHOM, CHUICAIOM 2NACTMUYHOCHIb U HE3HAYUMENbHO VIYYULAOmM NOKA-
samenu npounocmu. Omuocumenvroe YOIuHenue npu paspvlée cHudxicaemcs opuenmuposouno ¢ 1200% oo
650%, paspywarowee nanpsycenue npu pacmaxcenuu sospacmaem ¢ 9 MIla 0o 11 MIla). Hooupoeanue 6
HebObUWIOU CmeneHy YXyouiaem MexanuiecKkue ceolucmed, HO Nogvluiaem 31eKmponpo8oOHOCHb KOMIO3U-
mog. Cpagnenue 31eKmpuieckux C60UCme KOMNO3UmMOo8, HanOJIHEHHbIX UOOUPOBAHHBIM U UCXOOHBIMU Y2liepoo-
HbIMU HAHOMAMEPUALAMY, NOKA3bIEAEM, YO 0OWULl Xapakmep 3a6UCUMOCHIU ITAEKMPONPOBOOHOCHIU OM KOH-
yenmpayuu 0151 UCXOOHBIX U UOOUPOBAHHBIX (hopm HanoaHumens coxpausemcs u onst MYHT, u ona epaghena,
HO 00wull yposeHb NPoBOOUMOCHIU NPU MOOUPUYUPOSAHUU UOOOM 6o3pacmaem Osl 6CeX KOHYSHMpAayuil.
Haubonvuwuii s¢pgpexm nosviuienuss npogoouMocmu npu 66e0eHuUl 2a102eHUPOBANHBIX HANoaHumenel, ooiee
uem Ha 08a nopsoka npu codeprcanuu MYHT + epagpen + 1100 10 mac.%.

Honyyennvle mamepuanvl MO2ym NPUMEHAMbCIL 8 KAYeCmee NACMUYHbIX HACPeBAMETbHbIX JJIeMEHMO8,
Kaxk awmucmamuyeckue 000asKu, 05l NOLYYEeHUs INeKMPOOHLIX MAMEPUALO8 O INEKMPOXUMULECKUX CU-
cmem npeobpaz0eanus U XpaHeHus SHepeuu u 8 Opyeux 001acmsx.

KaroueBrblie ciioBa: COIIOJIMMED OTHUJICHA C BUHWJIALICTATOM, MHOT'OCTCHHBIC YTIJICPOJAHBIC HaHOpr6KI/I, I‘pa(l)GH, I\/’IO,I[,
DJICKTPHUYICCKass HPOBOANMOCTD.
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THE EFFECT OF IODIZATION OF CARBON NANODISPERSE FILLERS
ON MECHANICAL PROPERTIES AND ELECTRICAL CONDUCTIVITY
OF COMPOSITES BASED ON THE COPOLYMER OF ETHYLENE AND
VINYL ACETATE
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Electrically conductive polymer materials have great potential for use in various industries, such as
cathodic protection electrodes, heating elements, elements of flexible and wearable electronics, protection
against electromagnetic interference, bio-sensors, drug delivery systems, and more.The purpose of the work
is to study the effect of carbon nanostructured fillers filled with mixtures with various shape factors (multi-
walled carbon nanotubes (MWCNTS) and graphene) in the initial and halogenated forms on the strength
characteristics and electrical conductivity of the ethylene and vinyl acetate copolymer (SEVA).

In the framework of the present study, composites based on EVA filled with different combinations of
quasi-double- and one-dimensional fillers in initial and halogenated forms were fabricated by rolling method
and it was shown that at relatively high concentrations of MWCNTs to a greater extent, compared to
graphene, reduce elasticity and slightly improve strength parameters. Relative tensile elongation decreases
from 1200% to 650%, tensile failure stress increases from 9 MPa to 11 MPa). lodization deteriorates
mechanical properties to a small extent, but increases the electrical conductivity of the composites.
Comparison of electrical properties of composites filled with iodized and initial carbon nanomaterials shows
that the general character of electrical conductivity dependence on filler concentration after iodization of
initial and iodized forms of filler is preserved for both MWCNTs and graphene, but the general level of
conductivity at modification with iodine increases for all concentrations. The greatest effect of conductivity
increase at introduction of halogenated fillers, more than on two pore-docs at is reached in the
systemscontaining MWCNT + Graphene + iodine 10 wt.%.

The resulting materials can be used as elastic heating elements, as antistatic additives, to produce
electrode materials for electrochemical energy conversion and storage systems and in other fields.

Keywords: ethylene copolymer with vinyl acetate, multi-walled carbon nanotubes, graphene, iodine, electrical con-

ductivity.

Hocmynuna 6 peoaxyuro 30.04.2024

© K. B. IIpokonosud, W. H. Bypmuctpos, P. A. Cromspos, B. C. Sry6os, 1. A. Bapssa, H. B. Boponnos, 2024

Just HpI/I06peT6HI/I$I IIOJIHOI'O TEKCTa CTAaThH, 06pamaI7ITeCL B PEAAKIIMIO KypHaJia
Full text of articles can be purchased from the editorial office

Anpec pepakuun: yi. Kuposa, 32a, 246050, r. 'omens, benapycs
Tenedon/paxc: +375 (232) 34 06 36 / 34 17 11

Address: Kirov St., 32a, 246050, Gomel, Belarus
Phone: +375 (232) 34 06 36. Fax: +375 (232) 34 17 11

E-mail: polmattex@gmail.com
Web: http://mpri.org.by/izdaniya/pmt/

OO0pa3zen HUTUPOBAHUS:

Ipokomnosuu K. B., Bypmuctpos 1. H., Cronspos P. A., Ary6os B. C., Bapesin U. A., Boponnos H. B. Biusiaue
HOAMpOBaHMSL YITIEPOAHBIX HAHOAUCIEPCHBIX HAMOJHUTENEH Ha MEXaHUUYECKHE CBOICTBA U ANEKTPONPOBOIAHOCTH

KOMIIO3UTOB Ha OCHOBE COIIOJIMMEpA 3THUJICHA U BUHWJIALICTATa // HOJ’II/IMepHLIG MaTepuraibl U TEXHOJIOTHU. 2023. T.
10, Ne 2. C. 55-62. http://doi.org/10.32864/polymmattech-2024-10-2-55-62


http://mpri.org.by/izdaniya/pmt/
mailto:polmattex@gmail.com
http://mpri.org.by/izdaniya/pmt/

Brusinue tioouposanus yenepoonvix HaHOOUCNEPCHbIX HANOIHUMeNel Ha Mexanudeckue ceoUcmea u 31eKmponpogooHocms 57

Citation sample:

Prokopovich K. V., Burmistrov I. N., Stolyarov R. A., Yagubov V. S., Var'yan I. A., Vorontsov N. V. Vliyanie yodiro-
vaniya uglerodnykh nanodispersnykh napolniteley na mekhanicheskie svoystva i elektroprovodnost' kompozitov na
osnove sopolimera etilena i vinilatsetata [The effect of iodization of carbon nanodisperse fillers on mechanical
properties and electrical conductivity of composites based on the copolymer of ethylene and vinyl acetate]. Po-
limernye materialy i tekhnologii [Polymer Materials and Technologies], 2023, vol. 10, no. 2, pp. 55-62.
http://doi.org/10.32864/polymmattech-2024-10-2-55-62

JIureparypa

1. Antunes R. A., de Oliveira, M. C. L., Ett, G., Ett, V. Carbon materials in composite bipolar plates for polymer electrolyte membrane fuel
cells: A review of the main challenges to improve electrical performance // Journal of Power Sources, 2011, vol. 196, no. 6, pp. 2945-2961.
doi: 10.1016/j.jpowsour.2010.12.041

2. Burmistrov 1., Gorshkov N., llinykh 1., Muratov D., Kolesnikov E., Yakovlev E., Mazov ., Issi J.-P., Kuznetsov D. Mechanical and electri-
cal properties of ethylene-1-octene and polypropylene composites filled with carbon nanotubes // Composites Science and Technology,
2017, vol. 147, pp. 71-77. doi: 10.1016/j.compscitech.2017.05.005

3. Larsen Th., Larsen T., Andreasen S. J., Christiansen J. D. C. Pressure-independent through-plane electrical conductivity measurements of
highly filled conductive polymer composites // International Journal of Hydrogen Energy, 2023, vol. 48, is. 33, pp. 12493-12500. doi:
10.1016/j.ijhydene.2022.11.318

4. Burmistrov |., Gorshkov N., llinykh 1., Muratov D., Kolesnikov E., Anshin S., Mazov l., Issi J.-P., Kusnezov D. Improvement of carbon
black based polymer composite electrical conductivity with additions of MWCNT // Composites Science and Technology, 2016,
vol. 129, pp. 79-85. doi:10.1016/j.compscitech.2016.03.032

5. Mohd Radzuan N. A., Sulong A. B, Somalu M. R., Abdullah A. T., Husaini T., Rosli R. E., Majlan E. H Rosli M. I. Fibre orientation effect
on polypropylene/milled carbon fiber composites in the presence of carbon nanotubes or graphene as a secondary filler: Application on
PEM fuel cell bipolar plate // International Journal of Hydrogen Energy, 2019, vol. 44, is. 58, pp.30618-30626. doi:
10.1016/j.ijhydene.2019.01.063

6. Mohd Radzuan N. A., Yusuf Zakaria M., Sulong A. B., Sahari J. The effect of milled carbon fibre filler on electrical conductivity in
highly conductive polymer composites // Composites Part B: Engineering, 2017, vol. 110, pp. 153-160.
doi: 10.1016/j.compositesbh.2016.11.021

7. Junpyo Hong, Jisung Kwon, Dohyun Im, Jeonggil Ko, Chae Yun Nam, Hyeong Gyu Yang, Sun Ho Shin, Soon Man Hong, Seung Sang Hwang, Ho
Gyu Yoon, Lee A. S. Best practices for correlating electrical conductivity with broadband EMI shielding in binary filler-based conducting polymer
composites // Chemical Engineering Journal, 2023, vol. 455. doi: 10.1016/j.cej.2022.140528

8. Yao Riwu, Liu Xingchen, Jiang Weili, Shang Ningtao, Zheng Jinyang, Drechsler K., Shi Jianfeng. Simulation Studies Underlying the Influ-
ence of Filler Orientation on the Electrical Properties of Short Carbon Fiber Conductive Polymer Composites: Implications for Electrical
Conductivity Regulation of Micro/Nanocomposites // ACS Applied Nano Materials, 2023, vol. 6, no. 11, pp. 9757-9767. doi:
10.1021/acsanm.3c01450

9. Payandehpeyman J., Mazaheri M. Geometrical and physical effects of nanofillers on percolation and electrical conductivity of pol-
ymer carbon-based nanocomposites: a general micro-mechanical model // Soft Matter, 2023, vol. 19, is. 3, pp.530-539. doi:
10.1039/D2SM01168A

10. Juréa M., Vilgakova J., Goralik M., Masat M., Ponizil P., Kazantseva N., Foulger S. H., Sdha P. Reduced percolation threshold of conduc-
tive adhesive through nonuniform filler localization: Monte Carlo simulation and experimental study // Composites Science and Technolo-
gy, 2021, vol. 214. doi: 10.1016/j.compscitech.2021.108964

11. Al-Mufti S., Almontasser A., Rizvi S. J. A., Kottiyath V. K. Innovative Approach to Fuel Cell Bipolar Plate Using Conductive Polymer
Blend Composites: Selective Localization of Carbon Fiber at the Interface of Polymer Blends // Journal of Inorganic and Organometallic
Polymers and Materials, 2023, vol. 33, pp. 2618-2635. doi: 10.1007/s10904-023-02681-1

12. Burmistrov ., Gorshkov N., Anshin S., Kolesnikov E., Kuskov K., Ilinykh 1., Issi J.-P., Vikulova M., Kuznetsov D. Enhancement of Perco-
lation Threshold by Controlling the Structure of Composites Based on Nanostructured Carbon Filler // J. Electron. Mater., 2019, vol. 48, pp.
5111-5118. doi: 10.1007/s11664-019-07287-3

13. Radzuan N. A. M., Sulong A. B., Sahari J. A review of electrical conductivity models for conductive polymer composite // International
Journal of Hydrogen Energy, 2017, vol. 42, is. 14, pp. 9262-9273. doi: 10.1016/j.ijhydene.2016.03.045

14. Taherian R., Hadianfard M. J., Golikand A. N. A new equation for predicting electrical conductivity of carbon-filled polymer composites
used for bipolar plates of fuel cells // Journal of applied polymer science, 2013, vol. 128, is. 3, pp. 1497-1509. doi: 10.1002/app.38295

15. Cai W. Z,, Tu S. T., Gong J. M. A physically based percolation model of the effective electrical conductivity of particle filled composites //
Journal of composite materials, 2006, vol. 40, is. 23, pp. 2131-2142. doi: 10.1177/0021998306062312

16. Taborowska P. Stando G., Sahlman M., Krzywiecki M., Lundstrém M., Janas D. Doping of carbon nanotubes by halogenated solvents //
Scientific Reports, 2022, vol. 12. doi: 10.1038/s41598-022-11162-3

17. Perveen S., Khan M. I. Halogenated graphene derivatives as an absorber layer for solar cell applications: A DFT study with vdw correction
/I Computational Condensed Matter, 2023, vol. 37. doi: 10.1016/j.cocom.2023.e00851

18. Zheng P., Zhuo H., Zou Y., Guo W., Wu H., Li Z. Highly-Conductive Stretchable Electrically Conductive Composites by Halogenation
Treatment and Its Application in Stretchable Electronics // 2018 IEEE 68" Electronic Components and Technology Conference (ECTC).
USA, 2018, pp. 1744-1750. doi: 10.1109/ECTC.2018.00262

19. Karlicky F., Datta K. K. R., Otyepka M., Zbofil R. Halogenated graphenes: rapidly growing family of graphene derivatives // ACS
nano, 2013, vol. 7, no. 8, pp. 6434—6464. doi: 10.1021/nn4024027

20. Blokhin A., Stolyarov R., Burmistrov I., Gorshkov N., Kolesnikov E., Yagubov V., Tkachev A., Zaytsev I., Tarov D., Galunin E., Offor P.,
Kiselev N. Increasing electrical conductivity of PMMA-MWCNT composites by gas phase iodination // Composites Science and Technolo-
gy, 2021, vol. 214. doi: 10.1016/j.compscitech.2021.108972

21. Bo Li, Lin Zhou, Di Wu, Hailin Peng, Kai Yan, Yu Zhou, Zhongfan Liu. Photochemical chlorination of graphene // ACS nano, 2011, vol., no. 7, pp.
5957-5961. doi: 10.1021/nn201731t

22. Sebastian J., Thachil E. T., Mathen J. J., Madhavan J., Thomas P., Philip J., Jayalakshmy M. S., Mahmud S., Joseph G. P. Enhancement in the
electrical and thermal properties of ethylene vinyl acetate (EVA) co-polymer by zinc oxide nanoparticles // Open Journal of Composite Ma-



58

K. B. Ilpoxonosuu, U. H. Bypmucmpos, P. A. Cmonsapos, B. C. Hzyb06, U. A. Bapvan, H. B. Boponyos

23.

24.

25.

terials, 2015, vol. 5, no. 3. doi: 10.4236/0jcm.2015.53011

Azizi S., Ouellet-Plamondon C. M., Nguyen-Tri P., Fréchette M., David E. Electrical, thermal and rheological properties of low-density poly-
ethylene/ethylene  vinyl  acetate/graphene-like  composite //  Composites Part B: Engineering, 2019, wvol. 177.
doi: 10.1016/j.compositesh.2019.107288

Kucenes H. B., Boituernko E. A., Aptioxos /I. 1., Metnenkun /1. A., Bypmuctposuu W. H. HccnenoBanrue BO3MOKHOCTH MPUMEHEHUS JJIEK-
TPOJOB Ha OCHOBE COIIOIMMEpa dTHICHA M BUHMIIANETATa Il TEPMODIEKTPOXUMHUECKHX cUcTeM // IlepcrieKTHBHBIE MOIMMEPHBIE KOMIIO-
3UIMOHHBIC MaTepHabl. AllbTepHaTHBHBIC TexHoJorHu. [lepepadotka. [Ipumenerune. Jxonorus. : cOopHUK MaTepranoB [X MexayHapoa-
HOI KoH(epeHmy, DHrense, 2527 oktsiops 2022 roxa. Caparos : CI'TY umenu 'arapuna 10. A., 2022. C. 225-230.

Tonkaues 5. M., SIryoos B. C., Bypmuctpos U. H., Tkaues A. I'., Ipstuxosa T. I1., Tapos . B., Cromsipos P. A., Yanakcos H. A., [Ipoxyaun
K. A. DnekTponpoBosinye KOMIO3UTH Ha OCHOBE XJIOPOIPEHOBOIO KayuyKa MOAU(UIHUPOBAHHbBIE HOAUPOBAHHBIMU YIJICPOAHBIMH HAHO-
Tpyokamu Taynut-M // CocTosiHUE U IIePCIIeKTUBEI Pa3BUTUSI COBPEMEHHOH HayKH IO HampapleHHI0 «HoBble MaTepuaibl H SJHEpreTHKa B
BC P®» : cOopHUK cTaTell HAyIHO-TeXHHUIECKOH KoHpepennnn, Anama, 20 anpens 2022 roga. Anana : ®T'AY, 2022. C. 173-177.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

Antunes R. A, de Oliveira, M. C. L., Ett, G., Ett, V. Carbon materials in composite bipolar plates for polymer electrolyte membrane fuel cells: A
review of the main challenges to improve electrical performance. Journal of Power Sources, 2011, vol. 196, no. 6, pp. 2945-2961.
doi: 10.1016/j.jpowsour.2010.12.041

. Burmistrov 1., Gorshkov N., Ilinykh 1., Muratov D., Kolesnikov E., Yakovlev E., Mazov ., Issi J.-P., Kuznetsov D. Mechanical and

electrical properties of ethylene-1-octene and polypropylene composites filled with carbon nanotubes. Composites Science and Technology,
2017, vol. 147, pp. 71-77. doi: 10.1016/j.compscitech.2017.05.005

. Larsen Th., Larsen T., Andreasen S. J., Christiansen J. D. C. Pressure-independent through-plane electrical conductivity measurements of

highly filled conductive polymer composites. International Journal of Hydrogen Energy, 2023, vol. 48, is. 33, pp. 12493-12500. doi:
10.1016/j.ijhydene.2022.11.318

. Burmistrov 1., Gorshkov N., llinykh I., Muratov D., Kolesnikov E., Anshin S., Mazov ., Issi J.-P., Kusnezov D. Improvement of carbon black

based polymer composite electrical conductivity with additions of MWCNT. Composites Science and Technology, 2016, vol. 129, pp. 79-85. doi:
10.1016/j.compscitech.2016.03.032

. Mohd Radzuan N. A., Sulong A. B, Somalu M. R., Abdullah A. T., Husaini T., Rosli R. E., Majlan E. H Rosli M. I. Fibre orientation effect

on polypropylene/milled carbon fiber composites in the presence of carbon nanotubes or graphene as a secondary filler: Application on PEM
fuel cell bipolar plate. International Journal of Hydrogen Energy, 2019, vol. 44, is. 58, pp.30618-30626. doi:
10.1016/j.ijhydene.2019.01.063 ???

. Mohd Radzuan N. A., Yusuf Zakaria M., Sulong A. B., Sahari J. The effect of milled carbon fibre filler on electrical conductivity in highly

conductive  polymer  composites. =~ Composites  Part B:  Engineering, 2017, vol. 110, pp. 153-160.
doi: 10.1016/j.compositesh.2016.11.021

. Junpyo Hong, Jisung Kwon, Dohyun Im, Jeonggil Ko, Chae Yun Nam, Hyeong Gyu Yang, Sun Ho Shin, Soon Man Hong, Seung Sang Hwang,

Ho Gyu Yoon, Lee A. S. Best practices for correlating electrical conductivity with broadband EMI shielding in binary filler-based conducting poly-
mer composites. Chemical Engineering Journal, 2023, vol. 455. doi: 10.1016/j.cej.2022.140528

. Yao Riwu, Liu Xingchen, Jiang Weili, Shang Ningtao, Zheng Jinyang, Drechsler K., Shi Jianfeng. Simulation Studies Underlying the Influ-

ence of Filler Orientation on the Electrical Properties of Short Carbon Fiber Conductive Polymer Composites: Implications for Electrical
Conductivity Regulation of Micro/Nanocomposites. ACS Applied Nano Materials, 2023, vol. 6, no. 11, pp. 9757-9767. doi:
10.1021/acsanm.3c01450

. Payandehpeyman J., Mazaheri M. Geometrical and physical effects of nanofillers on percolation and electrical conductivity of polymer car-

bon-based nanocomposites: a general micro-mechanical model. Soft Matter, 2023, vol. 19, is. 3, pp. 530-539. doi: 10.1039/D2SM01168A
Jur¢a M., Vil¢akova J., Goralik M., Masai M., Ponizil P., Kazantseva N., Foulger S. H., Saha P. Reduced percolation threshold of conduc-
tive adhesive through nonuniform filler localization: Monte Carlo simulation and experimental study. Composites Science and Technology,
2021, vol. 214. doi: 10.1016/j.compscitech.2021.108964

Al-Mufti S., Almontasser A., Rizvi S. J. A., Kottiyath V. K. Innovative Approach to Fuel Cell Bipolar Plate Using Conductive Polymer
Blend Composites: Selective Localization of Carbon Fiber at the Interface of Polymer Blends. Journal of Inorganic and Organometallic
Polymers and Materials, 2023, vol. 33, pp. 2618-2635. doi: 10.1007/s10904-023-02681-1

Burmistrov 1., Gorshkov N., Anshin S., Kolesnikov E., Kuskov K., llinykh 1., Issi J.-P., Vikulova M., Kuznetsov D. Enhancement of Percola-
tion Threshold by Controlling the Structure of Composites Based on Nanostructured Carbon Filler. J. Electron. Mater., 2019, vol. 48, pp.
5111-5118. doi: 10.1007/s11664-019-07287-3

Radzuan N. A. M., Sulong A. B., Sahari J. A review of electrical conductivity models for conductive polymer composite. International
Journal of Hydrogen Energy, 2017, vol. 42, is. 14, pp. 9262-9273. doi: 10.1016/j.ijhydene.2016.03.045

Taherian R., Hadianfard M. J., Golikand A. N. A new equation for predicting electrical conductivity of carbon-filled polymer composites
used for bipolar plates of fuel cells. Journal of applied polymer science, 2013, vol. 128, is. 3, pp. 1497-1509. doi: 10.1002/app.38295

Cai W. Z,, Tu S. T, Gong J. M. A physically based percolation model of the effective electrical conductivity of particle filled composites.
Journal of composite materials, 2006, vol. 40, is. 23, pp. 2131-2142. doi: 10.1177/0021998306062312

Taborowska P. Stando G., Sahlman M., Krzywiecki M., Lundstrém M., Janas D. Doping of carbon nanotubes by halogenated solvents. Sci-
entific Reports, 2022, vol. 12. doi: 10.1038/s41598-022-11162-3

Perveen S., Khan M. |. Halogenated graphene derivatives as an absorber layer for solar cell applications: A DFT study with vdw correction.
Computational Condensed Matter, 2023, vol. 37. doi: 10.1016/j.cocom.2023.e00851

Zheng P., Zhuo H., Zou Y., Guo W., Wu H., Li Z. Highly-Conductive Stretchable Electrically Conductive Composites by Halogenation
Treatment and Its Application in Stretchable Electronics. 2018 IEEE 68th Electronic Components and Technology Conference (ECTC).
USA, 2018, pp. 1744-1750. doi: 10.1109/ECTC.2018.00262

Karlicky F., Datta K. K. R., Otyepka M., Zbofil R. Halogenated graphenes: rapidly growing family of graphene derivatives. ACS nano, 2013,
vol. 7, no. 8, pp. 6434-6464. doi: 10.1021/nn4024027

Blokhin A., Stolyarov R., Burmistrov ., Gorshkov N., Kolesnikov E., Yagubov V., Tkachev A., Zaytsev I., Tarov D., Galunin E., Offor P., Kiselev N. In-
creasing electrical conductivity of PMMA-MWCNT composites by gas phase iodination. Composites Science and Technology, 2021, vol. 214.
doi: 10.1016/j.compscitech.2021.108972

Bo Li, Lin Zhou, Di Wu, Hailin Peng, Kai Yan, Yu Zhou, Zhongfan Liu. Photochemical chlorination of graphene. ACS nano, 2011, vol. 5, no. 7, pp.
5957-5961. doi: 10.1021/nn201731t

Sebastian J., Thachil E. T., Mathen J. J., Madhavan J., Thomas P., Philip J., Jayalakshmy M. S., Mahmud S., Joseph G. P. Enhancement in the electrical
and thermal properties of ethylene vinyl acetate (EVA) co-polymer by zinc oxide nanoparticles. Open Journal of Composite Materials, 2015, vol. 5, no. 3.
doi: 10.4236/0jcm.2015.53011



Bausanue iioouposanus yenepoonvix HAHOOUCHEPCHBIX HANOTHUMENel HA MeXaHu1ecKue c8olCmed U 2AeKmponposooHocms 59

23. Azizi S., Ouellet-Plamondon C. M., Nguyen-Tri P., Fréchette M., David E. Electrical, thermal and rheological properties of low-density poly-
ethylene/ethylene  vinyl  acetate/graphene-like ~ composite. ~ Composites  Part B:  Engineering, 2019, wvol. 177.
doi: 10.1016/j.compositesb.2019.107288

24. Kiselev N. V., Bojchenko E. A., Artjuhov D. I., Metlenkin D. A., Burmistrovich I. N. Issledovanie vozmozhnosti primenenija jelektrodov
na osnove sopolimera jetilena i vinilacetata dlja termojelektrohimicheskih system [Studying the possibility of using electrodes based on a
copolymer of ethylene and vinyl acetate for thermoelectrochemical systems]. Perspektivnye polimernye kompozicionnye materialy. Sbornik
materialov L.X Mezhdunarodnoj konferencii «Al'ternativnye tehnologii. Pererabotka. Primenenie. Jekologija» [Proceedings of the IX Inter-
national Conference “Promising polymer composite materials. Alternative technologies. Recycling. Application. Ecology”]. Saratov :
SGTU imeni Gagarina Ju. A. Publ., 2022, pp. 225-230.

25. Tolkachev Ja. M., Jagubov V. S., Burmistrov I. N., Tkachev A. G., D'jachkova T. P., Tarov D. V., Stoljarov R. A., Chapaksov N. A., Prokudin
K. A. Jelektroprovodjashhie kompozity na osnove hloroprenovogo kauchuka modificirovannye jodirovannymi uglerodnymi nanotrubkami Taun-
it-M [Electrically conductive composites based on chloroprene rubber modified with iodized carbon nanotubes Taunit-M]. Sbornik statej nauchno-
tehnicheskoj konferencii «Sostojanie i perspektivy razvitija sovremennoj nauki po napravleniju “Novye materialy i jenergetika v VS RF”» [Collection
of articles of scientific and technical conference “State and prospects of development of modern science in the direction of “New materials and ener-
gy in the Armed Forces of the Russian Federation™”]. Anapa : FGAU Publ,, 2022, pp. 173-177.




