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JIEJEKTPAYHI BJIACTUBOCTI ENOKCHIHAX KOMITO3UIIMHAX
MATEPIAJIIB HAITOBHEHUX HAHOJIUCIHEPCHOIO CAKEIO
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DIELECTRIC PROPERTIES OF EPOXY COMPOSITE MATERIALS FILLED
WITH CARBON BLACK NANOPOWDER

Ha cporomni momiMepHi KOMIIO3MINIMHI Martepiaqd € 00’€KTOM IHTCHCHBHHUX
nociikeHb. ABropamu [1-3] ocobnauBOi yBaru BiBEACHO AOCHIIKEHHIO €IeKTPO(I3NIHUX
BJIACTUBOCTEH MarepiamiB. TpaauiiitHO, MOTIMEPH BBaXKAIOTHCS CICKTPUYHO 130JISAIIIHHUMH
MarepiajaMi 4epe3 HH3bKY KOHIEHTpAIlil0 y IX CKIaai BUIBHHX HOCIiB 3apsmy. OmHak
EJIEKTPUYHI XapaKTePUCTUKHU MOJIIMEPIB MOXKYTh OyTH MOJIMIICH] NUIIXOM BKIIOUEHHS JI0 iX
CKJIaqy eJEKTPOIPOBITHOrO HamoBHIOBa4ya. OTpHMaHi, TaKMM YHHOM, €JIEKTPOIPOBiIHI
MOJIIMEPHI KOMIIO3UTH MOEJHYIOTh Y COO1 MOJIMIIeH] MeXaHIYHI BJIACTUBOCTI Ta MPOCTOTY
nepepoOKH 3 YHIKaIbHUMHU €JIEKTPUYHUMH BIACTUBOCTSMHU MPOBIAHUX YacTHHOK. [lomimepHi
KOMIIO3UTH, SIKI MICTSATh €JEKTPONPOBIIHUN HANOBHIOBAY MAalOTh BEJIUKUN MOTEHIan Jis
3aCTOCYBaHHA B pI3HHX OONACTSAX, HANPUKIAA, CTBOPEHHS pPI3HOMAaHITHHX CEHCOPIB,
AQHTUCTAaTMYHOI'O €KpaHyBaHHS, 3aXMUCT Bijl €JIEKTPOMArHiTHOIO BUIPOMIHIOBAHHS, @ TAKOX B
EJICKTPOHIIII Ta aePOKOCMIUHINA MMPOMHUCIOBOCTI. J[JI1 BUTOTOBJICHHS MTOJIIMEPHUX MaTepialiiB 3
HOJINIIEHUMH (DI3MKO-MEXaHIUHUMHM Ta EJIEKTPONPOBIIHUMH BJIACTUBOCTSMH IE€PEBAKHO
BUKOPHCTOBYIOTh BYTJICIICBI HAITOBHIOBAYI, TaKl SIK BYTJICIICBl HAHOTPYOKH, pynepeHu, rpadeH,
BYIJICLIEB] BOJIOKHA Ta HAHOMIOPOIIKM aKTUBOBAaHOIro BYruLIs. JlJii CTBOPEHHS MOJIMEpHUX
MarepiajiiB i3 BUCOKOIO JIJIEKTPHYHOIO MPOHHUKHICTIO MEPCHEKTHBHUM € BUKOPUCTAHHS
TEXHIYHOT caXi SIK HaroBHIOBaYa. Ha BiMiHY BiJl KepaMiYHIX HAIOBHIOBAYIB, K1 TPAAUIIIIHO
BUKOPHUCTOBYIOTHCSI JUIsI CTBOPEHHS MOJIIMEPHUX MarepiajliB 13 BHCOKOIO J1€JIEKTPUYHOIO
NPOHUKHICTIO, BUKOPUCTAHHS CaXl IMOJIIIIYE MEXaHIYHI BJIACTUBOCTI TaKMX MaTepialliB Ta
JIO3BOJISIE PO3IIMPUTH 001aCTh iX 3acTocyBaHHs. 115t 3a0e3eueHH s YaCTOTHOIT 1HBAp1aHTHOCTI
Ta BUCOKHMX 3HAY€Hb MIIEJIEKTPUYHOT MPOHMKHOCTI JOLUIBHO BHKOPHCTOBYBAaTH YAaCTHHKH
HAllOBHIOBa4Ya 13 MEPEeXIJHOI CTPYKTYypOro, 1100 CTBOPUTH MIHIMAJIbHUN T'pagi€HT
BJIACTUBOCTEH M HAllOBHIOBAYEeM Ta MOJIMEpPHOIO MaTpHiero. [luM BUMoOraMm BiANoBiAa0OTh
YaCTUHKW HAHOJUCIIEPCHOI Caxi, Ki MAIOTh CTPYKTYPY THITY «SIIpPO-000JIOHKA», 1€ SAPOM €
BYTJIEIlb, @ 000JIOHKOIO — Pi3H1 (PYHKII0HAJIbHI TPYIIH, K1 PO3TAllIOBAH1 HA TOBEPXHI YaCTUHKHU.
Jlanuii HamoBHIOBaY Ma€ BIJHOCHO HEBEIUKY €JNeKTPOIPOBIAHICTh, IO PpOOUTH
NEPCIEKTUBHUM 1X BUKOPUCTAHHS JIJIsi CTBOPEHHS MaTepiajiB 13 BHUCOKOIO J1€JIEKTPUYHOIO
HNPOHUKHICTIO.

Came TOMy, MeTOI0 [aHOi PpodOTM € — BHUBUEHHS BIUIMBY KOHIEHTpALii
HAHOMCIIEPCHOI CaXki Ha JIIEJEKTPUYH] BIACTUBOCTI €MOKCUIHUX KOMIO3ULIHHUX CUCTEM Ta
OIlIHKAa TEpPCINEeKTUBHOCTI JaHMX CHUCTEM [JIsi CTBOPEHHS MaTepialiiB 13 BHCOKOIO
JeNIeKTPUYHOIO TIPOHUKHICTIO.

Metoauka gocainzkenHst. OCHOBHUM KOMITIOHEHTOM /IS 3B’ A3yBaya Mpu (opMyBaHH1
NOJIMEpHUX MartepialiiB BUOpaHO enokcuaHuil nianoBuit omiromep mapku EJ[-20 (I'OCT
10587-84), sxuii 3mmBanu TBepAHUKOM mnorieTminenmnomiaminoM (ITETTA) (TY 6-05-241-202-
78). B sKocTi HanmoBHIOBaua BUKOpHCTOBYBalach HaHomucnepcHa caxxa CARBON BLACK
mapku PowCarbon 2419G (CAS No.: 1333-86-4, EINECS No.: 215-609-9) BurortoBnena
kommaniero «Black Diamond Material Science Co., Ltd.», KuTaii. Po3amip yacTuHOK nopomky
BCTAaHOBJIEHO 32 JIONIOMOIOI0 METOAY EJIEKTPOHHOI MIKPOCKOMIl SIKUH CTaHOBUTH 24+2 HM.
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[TuToMa TIIOIIA TIOBEPXHi YaCTHHOK CTaHOBUTH 145+20 M?/r. HamoBHIOBaY HAHOMWCIIEPCHY
caxy (HAC) BBogumu B kinbkocTi Big 0,1 1o 29,00 mac. % (nani %).

Hocnimxenus BrumBy kinbkocti HJIC B emokcuaHomMy ojiroMepi Ha Ji€JIEKTPUUYHY
MIPOHMKHICTD IMOKa3aJIH, 110 JiliCHA YaCTHHA JICJICKTPHUYHOI MPOHUKHOCTI (&) KOMIO3UIIIHHUX
MartepiajiB IpakTUYHO TMOCTiHA B IIMPOKOMY Aiama3oHi yacTtoT. Takuii epekrt, WHMOBipHO,
MOB's3aHUH 13 CTPYKTYporo yacTuHOK HJIC, siki MaroTh ByrJieneBe sSapo Ta 000JOHKY 13 PI3HUX
(GYHKIIOHATFHUX TPy Ha TOBEPXHI, MPU IIbOMY CTBOPIOETHCSA MIHIMAJIBHUA T'paai€HT
JieNIeKTPUYHOI MMPOHUKHOCTI MIXK MATPHIICI0 Ta HaloBHIOBaueM. IlapanenbHO BCTaHOBIIECHO,
10 MiJBUINECHHSIM KOHIICHTpaIlli HaHOMO0ABKH, 10 MaKCHMMajbHOro 3HaucHHs (29 %), B
€MOKCHUTHUH 3B’ A3yBad, MOKA3HUKH JIIHUCHOI 1IeIEKTPUYHOT TPOHUKHOCTI P13KO 301IBIITYOTHCSI.

BBakanu, 1o Take pizke 3pocTaHHs (QyHKIii &'(@)31 3pocTaHHAM BMICTy HAlOBHIOBAaYa y

CHCTEMI TOSICHIOETHCS (POpMYBaHHAM Y MOJIIMEPHIA MAaTpHIl pO3TalyKEHOTO Kiacrepa i3
YACTUHOK HaHOCaxi. BaiauBy ponb y 3pOCTaHHI i€NIEKTPUYHOI MPOHHMKHOCTI BIIIrpae
Maxwell-Wagner-Sillars (MWS)-nonsipu3ariiis, ska BHKIHKaHa MEPEKEI PO3ralyKeHUX
€JIEKTPOINPOBIIHUX KIIACTEPIB 13 YACTHHOK CaXi, SIKi 111 HE YTBOPHIIM NEPKOJISALIHHUI KacTep.
Mo nopory nepkouisuii, Biactanb Mixk yactuakamu HJIC HenocTaTHsI, a TAKOX JUIsl IEPECKOKY
3apsiB abo Juis iX TyHemoBaHHS. [Ipy HakiagaHHI 30BHIIIHBOTO €JIEKTPUYHOrO IOJIS, HA
noBepxHsaX cycigaix gactuHok HJIC, siki po3aisiieHi HEMpOBiIHOIO IMOJIMEPHOI MAaTPHIICIO,
HAKONUYYIOTBCS TPOTWICKHI 3a 3HAKOM 3apsau. [Ipy 1mpoMy 1O BCbOMY 00’eMy
HaHOHAIOBHEHOI CHCTEMH YTBOPIOIOTBHCSI BEIMKa KUIBKICTh MaJleHbKUX KOHJIEHCATOpIB, SIKI
pOOIIATH 3HAYHUH BKJIAJ Y NI€IEKTPUYHY TPOHUKHICTH CUCTEM.

Bapro BigmiTuTH, MmO TpU BMICTy HamoBHIOBada 29 %, oTpuUMaHUN Matepiai
XapaKTepU3yeThCsl BUCOKUM 3HAUYEHHSM J1€JIEKTPUYHOI IMPOHUKHOCTI, SIKA y YAaCTOTHOMY
iatepBaii Bix 100 I'm mo 100 kIt Bapiroetbes Big 4680 mo 4000. Taki 3HaYCHHS € BULTUMU 3a
3HA4YeHHs OTPUMaHI JUIsl aHANoOTiyHUX cucteM. Hampukman, Macutkevic Ta iH. g cuctemu
eHOKCHI-caXka oTpuManu MakcuManbHe 3HaueHHs = 100 [1], Abdelaziz Ta iH. qusa cuctemu
nosikapoonar-HaHocaxa otpumany = 250 [2], a Xu Ta iH. IS CHCTEMH EMOKCHIHA CMOJa-
caxxa orpumanu = 2300 [3].

VY pesynbTaTi mpoBeaeHoi poOboTH OyJI0 BCTAHOBJICHO BILJTUB HAHOJMCIIEPCHOT Caxi Ha
JIieNIeKTPUYHI BIACTUBOCTI MOJIIMEPHUX KOMITO3UTHUX CUCTEM Ha OCHOBI €ITOKCHIHOI CMOJIM Ta
BHUBUYEHO OCOOJIMBOCTI II€JEKTPUUHOI MPOHUKHOCTI JTOCI1)KyBaHUX MaTepiaiiB. [TokazaHo, 110
JlieNIeKTpUYHa MIPOHUKHICTh CHCTEM ETIOKCH/I-HAaHOCaKa Maiike He 3MIHIOETBCS Y YaCTOTHOMY
miamazonmi 10°-10°T1, mo TOB’A3aHO 3i CTPYKTYPHHUMH OCOGIMBOCTAMM YaCTHHOK
HalOBHIOBaYa, $Ki 3a0e3MedyloTh ICHYBaHHS MIHIMAJIbHOIO TPAJIEHTy JieNeKTPUYHOI
NPOHUKHOCTI MK MaTpPHIICIO Ta HAIOBHIOBaYeM. BHSBIEHO, IO MPH BMICTY HallOBHIOBadYa
29%, oTpuMaHuN MaTepial XapaKTepU3YeTbCS BUCOKMM 3HAYEHHSM J11€JEeKTPUYHOT
MPOHUKHOCTI, sika CTaHOBUTH 4680. OTXe, BITHOCHA YaCTOTHA 1HBapIaHTHICTh Ji€JIEKTPUYHOI
MPOHUKHOCTI Ta ii BHCOKE 3HAUYEHHS JI03BOJISIE BUKOPHUCTOBYBATU OTPHUMaHI CHUCTEMH SK
MaTepiajy 13 BUCOKOIO J1€JIEKTPUUHOI0 MPOHUKHICTIO JJIsl €JIEKTPOTEXHIYHUX MPUIIAIIB.
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