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KuiBchkuii HalliOHAJILHUM YHIBEPCUTET TEXHOJIOTIH Ta qU3aiiHy

BUKOPUCTAHHA YJbBTPA3ZBYKY B ITIPOIECI BUT'OTOBJIEHHA
EJIEKTPOITPOBIIHUX ITIOKPUTTIB HA OCHOBI
BYI'VIEIEBUX MATEPIAJIIB

Mema. Po3pobumu 0cHO8U MEXHONI02Ii 00epIHCAHHA eNeKMPONPOGIOHUX NOKPUMMIE 3 BUKOPUCHIAHHAM
VIbMPA38YKOBO20 OUCNEP2YBAHHS 8Y2lleyeqUX Mamepiais.

Memoouxa. B pobomi euxopucmani memoou. yIvmpasgyKo8020 OUCNEP2YEaHHs MAMEPIanie, ONMuYHOI
MIKPOCKONiT, YOMUPbOX e1eKmpOOHUll MEeMOoO GUMIPIOBAHHS eleKMPONposiOoHocmi nokpummis. Bumipiosanns
3AXUCHUX 8IACMUBOCEN MAMEPIANi6 8i0 BUCOKOUACMOMHO20 eleKMPOMASHIMHO20 BUNPOMIHIOBAHHS NPOBEOeH]
8i0nogiono 0o cmanoapmy ASTM D4935. Onpayrosanns pesyiomamis O00CHi0JNCeHb 30IUCHIOBANU 3
BUKOPUCTHAHHAM KoMn tomepHux npoepam Microsoft Office Excel ma ImageJ.

Pesynomamu. B pobomi winaxom YyiempaszgyKy npogedeHa o00pobKa 8yeleyegux mamepianie 3
PO3GUHEHOI0 NUMOMOI0 NOoGepXHelo. Bcmanoenenuii ennug ynempaszgyxkogoi ob6pobku Ha eghexmusHicmy
oucnepeysanHs MmMexHiuHo2o @yeleyrd 6 emaHoni. Busnaueni napamempu npoyecy pYUHYSAHHS YACMOK
npupoonoco epagimy nio Oicio 0OpPoOKU VibMPaA38yKOM. 3anponoHO8aHUll MeXauizm CMpPYKmypoymeopeHHs
nics Oii 06poOKU YIbMPA38yKOM KOMINOHEHMI8 KOMRO3UMHO20 Mamepiany. Bcmanosnenuil npoyec ghopmysanis
nPOCMOPOBOI  eleKMpPONPOBIOHOI CImKU 6 CYCneH3ii oucnepeosanozo mexHiuHozo eyeneyw. Iloxaszano, wo
3ACMOCYBAHHA  YIbIMPA38YKOBOI 00pOOKU, NpU 00epHCAHI KOMHOZUMHUX Mamepianie O 3axucmy 6io0
eNeKMPOMAZHIMHO20 BUNPOMIHIOBAHHS, 00380JIAE 00EPHCAMU OPIEHMOBAHT YACUHKY 8Y2/eYe8020 KOMHOHEHM)
6 NOMIMepHil Mmampuyi HOCis [ 00epicaHi 3pasKu Marms GUCOKY NOBEPXHEEY eleKMponpogioHicmb ma
eqhekmueHicmv eKpaHy8aHHsI.

Hayxoea Hoeuzna. Bcmanoseneno eniue ynompasgykosoi 00pobKu eyzneyesux mamepianié Ha
3AKOHOMIPHOCII 00ePIHCAHHA, CIMPYKMYPY mMda 81ACMUBOCHI PO3POONIEHUX eNeKMPONPOGIOHUX NOKPUMMIE 0.4
3axucmy 8i0 eneKmpoOMAeHIMHO20 GUNPOMIHIOBAHHSL.

Ilpakmuune 3nauennn. Po3pobneno ocHosu mexHonoz2ii 00epicants KOMNOUYIUHUX Mamepianie Ol
3axucmy 6i0 eleKmpOMACHIMHO20 BUNPOMIHIOBAHHA HA OCHOBI Gy2leyesux Mmamepianie nonepeonsbo
OUCNEP2OBAHUX 3 BUKOPUCMAHHAM YIbMPO36yKo6oi 00pobku. OOIpYyHMOBAHO ONMUMANbHI napamempu
VALMPA38YKOBOT 00POOKU 8y 2eyeaux Mamepianie 015 00epIHCAHHA KOMNO3UMIB.

Knwouosi cnosa: ynsmpaszeyk, oucnepzyeamts, eKpamyioui noxpumms, epagim, mexuiunui eyeneyv,
e1eKmpOonpoBIOHICMb, eleKMpPOMASHIMHE GUNPOMIHIOBAHHSL.

Beryn. BinnosinHo 110 BHCHOBKIB BceecBiTHROI oprasizaiii OXOpOHH 370pOB'S €JIEKTPOHHHI
«CMOT» B JaHUN yac TMEpeBHINy€e MPUPOAHUN (GOH Yy COTHI ThUcAY pasiB. Llg opranizamis BBaxae
MATAHHS 3aXUCTy HACEJICHHS BiJ €JIEKTPOMArHITHOTO BUIIPOMIHIOBAHHS OUTBIII BAXKJIHMBOIO MPOOIEMOIO
HaBITh Y MOPIBHAHHI 3 TPOOJIEMOIO 3aXUCTy BiA pasiarii [1].

MeraneBi ekpaHH, SKi 3aXUIIAIOTh B €JICKTPOMArHITHOTO BHUIPOMIHIOBAHHS, B HaIll 4Yac
€(EeKTUBHO 3aMIHIOIOTHCS EJIEKTPONPOBITHUMHU TOJIMEPHUMH KOMITIO3UTAMH Ha OCHOBI BYTJICIIEBHX
MmatepianiB [2,3]. Bimomo, 0 eIeKTpOMAarHiTHI XBWJII B 3HAYHIA Mipi BiIOMBAIOTHCS HABITH BiJ
HAQ/ITOHKOT'O MeTajieBoro MmokputTs. OHaK MoJiMepHi KOMIIO3UTH Ha OCHOBI BYIJICIIEBHX MartepialliB
MaroTh psiJ TiepeBar: BOHU JICIIEBII, JIETT, He KOPOAYIOTh, IM MPOCTillle HaJaBaTH MOTPIOHY (popmy.
KpiMm TOro, mnomiAMCHepCHICTh BYIJICIEBHX YaCTOYOK CIPHUSE PO3CIIOBAHHIO Ta TMOTJIHMHAHHIO
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€JICKTPOMArHiTHUX XBWJIb. HaWmpocTimi Taki KOMIIO3UTH CKJIAIalOThCS 3 TPhOX KOMITOHEHTIB:
MpPUPOTHOTO TpadiTy, TEXHIYHOrOo BYTJEI0 1 MmojiMepHoro 3B'szytouoro [4]. OcHoBHa poJib
BIIBOMUTHCS Tpadity: Bix QopMu, po3Mipy 1 OpieHTamii HOro dYacTOYOK CYTTEBO 3aJICKUTH
€JIEKTPOIPOBIIHICT KOMIIO3UTY [5, 6].

BpaxoBytoun mpocTOpOBY aHI30TPOIIIO0 €JIEKTPOIPOBITHOCTI YaCTOYOK rpadiTy, B KOMIIO3UT
JIOJJAI0Th TEXHIYHUN ByrJelb. 1o eneKTpompoBiIHOCTI BiH MOCTyMaeThes rpadiTy, ajge B NOJIMEpHIi
MaTpulll 37aTeH (OopMyBaTH MPOCTOPOBY CITKY, SKa IOKpAally€ eNeKTPUYHUA KOHTAKT MIX
MPU3MATHYHUMH TPaHsSIMH 4YacTo4ok Tpadity. s yTBopeHHsS €dEeKTHBHOI €IEKTPONPOBITHOI CITKH
MIPOMHUCIIOBUMA TPaHYIbOBAaHUN TEXHIYHUU BYTJIEIh JTUCIEPTYIOTH 10 YaCTOUYOK HEOOXITHUX PO3MIpPiB
[7, 8,]. Cepen pi3HMX METOMIB IUCIIEPTYBaHHS TBEPIUX TUI 3aCIyTOBYE YBaru yJIbTPa3BYKOBHI METO]T
[9], ssxuit MO3BOJISIE HE TUTBKHU JOCTATHHO YITKO KOHTPOJIOBATH IMPOIIEC, ajie i BUAAIATH aicopOoBaHi
BYTJICLICBUMH YaCTOYKAMHM HHU3BKOMOJIEKYJISIpHI ~PEYOBHMHH, SKI HETaTUBHO BIUIMBAIOTH Ha
€JIEKTPOIPOBIAHICTE KOMITO3UTY. KpiM Toro, aucnepryBaHHS NPOXOAMTH B CYIUIBHOMY piAKOMY
CepeIoBUILl], 1110 MEePEUIKOKAE€ OKHCICHHIO JUCTIEPrOBAHNX YaCTOUYOK.

ITocTaHoBKa 3aBAaHHA. 32 METy POOOTH IMOCTABJICHO JOCITIJKEHHS BIUIMBY YJBTPa3BYKOBOL
O0poOKHM BYTIJICIEBUX MaTepialiB s OACpPKaHUX 3aXMCHUK KOMIIO3UTHHX TOKPUTTIB BiJ
€JICKTPOMArHiTHOTO BUIIPOMIHIOBAHHS; BUSBJICHHS BIUIUBY PEKHUMIB YJIbTPa3BYKOBOi OOpOOKH Ha
CTPYKTYpY Ta XapaKTePUCTHKHU MOJIMEP-BYTIIEIEBUX KOMITO3UTIB.

MeTtonmoJorisa  gocaigxenb. Y poOoTi Oynau IOCHTIKEHI HACTYMHI BYIJICIICBI MaTepialu:
akymymistopauid rpadit AK (BAT «3aBammiBcekuii rpadit», YKpaina), rpaHyJibOBaHa alleTHICHOBA
caxxa « VULCAN P» (Cabot Corporation, CIIIA). Jlns oTpuMaHHs 1OJIiMEP-BYTJIELEBUX KOMITO3UTIB B
SIKOCTI 3B'13yI040r0 BUKOpHUCTOBYBaBcs 10%-uit ciupToBuii po3urH nomniiHinOytupamo (I1Bb).

JlucriepryBaHHsl KOMIIOHEHTIB IPOBOMIIOCH 13 3aCTOCYBAaHHSAM YJIbTPa3BYKOBOI'O JUCIIEpraTopa
(Y3) mapku Y3/JH-A1200T 3 BUKOpUCTaHHSM HaKOHEYHHKA AiaMeTpoM 20 MM B TOBCTOCTIHHOMY
CKIITHOMY UWJIIHAp1 miametpoM 4,5 cM 3 mapaboiaiyHuM JHOM. B skocTi pobouoi piawHH
BUKOPHUCTAHUM 130MPOMNUIOBHNA cnHpT abo AuCTHiIbOBaHa Boaa o0’emom 40 miu. B mpormeci
YIBTPa3BYKOBOI 0OpOOKH AUCTIEPTYBaHHS FUTIHJIP OXOJIOHKYBABCS BOJOK0. MaKkcUMallbHA MOTYXHICTh
yIbTPa3ByKoOBOro reHeparopa cranoBmia 1200 Bt. Ctpykrypa 3paskiB AOCTIIKEHA B MPOXITHOMY,
BiZIOMBalOYOMY 1 3MIIIAHOMY CBITJIi METOJaMM ONTHUYHOI MIKPOCKOMIi 3 BUKOPUCTAHHSAM ONTHYHHUX
mikpockoniB MBI-15Y42 ta MBC-9.

Opneprkani cycrieH3ii HAHOCHIIMCS pakeIbHUM METOJOM arulikaropoM i3 3a3opom 300 MkM 3a
nornomororo npuiany kommanii TMAXCN ma mamip miimbmictio 120 r/cm?. Topmmua mapy
KOMITO3UTHOTO MOJIiMEP-BYTIEIEBOTO MOKPUTTA ckiangana 80-150 mxm.  IluTtomuit  omip  3paskiB
BU3HAYCHUI YOTHPHOXEIECKTPOTHUM METOIOM 3a formoMororo komipku ST2558B-FO1 [1].

EdexTuBHICTh €KpaHyBaHHS BHCOKOYAaCTOTHOTO BHUIIPOMIHIOBaHHS KOMIIO3UTIB BH3HAYCHA
BiMOBIHO 70 ctanmapty ASTM D4935. [locmimkeHHs MpoBeaeH] 3a JOMOMOTOI0 BUMIiPIOBAIEHOTO
koMmruiekcy ¢ipmu Keycom Corp. (Amonis). Kommekt obnagHaHHs BKJIIOYaB BEKTOPHUN aHATI3aTop
enlekTpuuHuX JaHiorie. MS46122B-020 1 cnemiamizoBanuit Habip TEM-komipok (Transversal
ElectroMagnetic Cell) [10].

131



ISSN 1813-6796 print
ISSN 2617-9105 online
BICHUK KHYT]] Ned (148), 2020

Ximiuni ma oiopapmayeemuuni mexnonocii
Chemical and Biopharmaceutical Technologies

PesyabTaTt gocaigxenHsi. ExcnepumenTanpHo Bu3HaUeH1 xapaktepuctuku caxi « VULCAN
P»: cepenniii po3Mip 4acTHHOK Ta iX po3mojina, pH BOMHOI BUTSIKKH, 30JIbHHM 3aiHIIOK. Brazanuit
3pa30K Ma€ HU3bKY HacHIHY imbHicTh (0,273 T/cM’) i BHcOKy MacmoemHicTs (4,2 ma/r). Cnabokucia
peaxiiist BogHoi BUTsDKKM (pH=5,8) Bka3ye Ha He3HAUHE OKHCIEHHS OO MaTepiary. AHali3 30JbHOTO
3aIUIIKy, oTpuMaHoro npu temneparypi 1050 °C mporsrom 3 roauH, BKasye, M0 BiH MEPEBAXKHO
CKJIQIA€ThCS 3 APIOHOAUCIIEPCHUX KPHUCTATIB OKCHY 3aii3a (puc 1).

Puc. 1. MikpodoTorpadisi 3016H0r0 3a1umKy nicjas trepmiunoi 00podkn caxi «VULCAN Py

['panynu mpoMHUCTIOBOT allETHIIEHOBOI Ca)Xi MaloTh OJIM3BKY A0 KyJenoaionoi popmy. [ToBepxHs
UX TPaHyJ JOCTAaTHbO Tiagka. Po3Mmip TrpaHyn - Bia IECATKIB 10 COTeHb MikpometpiB. Ilix miero
30BHIIIHBOTO HABaHTAKEHHS BOHU KPUXKO PO3KONIOIOTHCS 13 YTBOPEHHSM YacTOYOK 3 IIOCKUMH
TpaHsMHU 1 TOCTPUMH KyTaMH.

B poborti gocnimpkenuit pexxum aucrepryBanns. OOpoOka 3pa3Ky MpH pi3Hil MOTYXHOCTI Y3
reHepaTopa CTaHOBHJIA 2 C., Tay3a -2 C., 3arajibHa TPUBAIICTh 00poOku - 30 xB. Bigomo, 1m0 3HaYeHHS
MOPOTY TEPKOJIALIi JJisi KOMIIO3UTIB Ha OCHOBI Pi3HUX 3pa3KiB aIleTHJICHOBOI Ca)Ki 3HAXOAWTHCS B
niana3oHi 12-25%. MakcuManbHy €IeKTpPOIPOBIIHICTh MaIOTh KOMIO3UTH 3 BMicToM caxi 70% [7, 8].
I3 3pazkiB caxi « VULCAN Py, mo npoiimnum yiasTpa3ByKoBy 00poOKy, OyJIM BUTOTOBJICHI KOMITO3UTHI
Marepiaiau i3 3B’s3ytounM y criBBigHomeHH1 1:1. [TuTomuit omip oxep)aHuX MarepialiB HaBelICHA Yy
Tabu. 1.

Tabauys 1
3ajeKHiCTh MUTOMOIO ONOPY 3Pa3KiB BiJl iIHTEHCHBHOCTI yJIbTPa3BYKOBOI 00pO0KH 3pa3Ky caKi

3 %
Horymaiers ¥34% 1 120 | 240 | 480 | 720 | 840 | 960 | 1080
ITuTomuii omip, B 1306 507 290 188 620 1376
Om-cm

*- [lomyacuicms yiompazeykogoeo eenepamopa (Y3/])

Bianosigro no Ta6a. 1, mpu 30imbpIieHH] TOTYX)HOCTI TeHeparopa no 840 Bt muromuii omip
3pa3KiB 3MEHIIYETHCSA, a MOJAJbINE IMiJBUINCHHS MOTYXHOCTI Y3/[ mpu3BOAUTH 10 MOTIPIICHHS
XapaKTEePUCTUK. BigoMo, M0 eNeKTPONPOBIAHICT, TEXHIYHOTO BYIJICIIO 3aJICKUTh BIJl CTYIICHS

132



ISSN 1813-6796 print
ISSN 2617-9105 online
BICHUK KHYT]] Ned (148), 2020

Ximiuni ma oiopapmayeemuyni mexmnonozii
Chemical and Biopharmaceutical Technologies

opranizariii oro nepBuHHOI CTpykTypH [11, 12]. PyiiHyBaHHS Takoi CTPYKTYPH MOKE TPHU3BOIUTH 0
3MEHIICHHS EJICKTPOIPOBIAHOCTI IMOJIIMEPHOTO KOMIIO3UTY, & BIIIMOBITHO /O 3POCTAHHS MHUTOMOTO
OTIOpY TOKPUTTSI. 3MEHIICHHIO €JIEKTPOINPOBITHOCTI CIPUSE TAKOXK 301IBIICHHS KOHTAKTHOTO OMOPY
MK BHCOKOAMCIIEPCHUMH 4YacTOYKaMH. BpaxoByrouum ofepikaHi pe3yiabTaTd, MOTYXHICTh Y3
re"eparopa Oyna oomexxena 840 Br.

EdexTuBHICTD qHCTIEpryBaHHs TEXHIYHOTO BYTJICIIO MOKHA OLIIHUTH 3a MOBEIIHKOIO YyTBOPEHOI
cycrmeHsii mpu BIJKIIOUEHHI reHepatopa. Ha modaTkoBHX CTalisiXx IUCHEpPryBaHHS BiOYBa€ThCA
CeMMEHTAIlisl YacTO4YOK B cycrensii. [IIBuakicts ceaqumenTaltii o00yMoBiIeHa po3MipoM dacTodok. [Ipu
3MEHIICHHI PO3MIpy YacTOUYOK, CYCIEH31sl MOCTYIIOBO NMEPETBOPIOETHCS B Tellb, SIKUA Yy CHOKIHHOMY
CTaH1 yIIUIBHIOETHCS 3 YTBOPEHHSIM YiTKO1 TPaHUIIL 3 PiIUHOIO.

Puc. 2. O6'emu resro yepe3 neBHuUii yac micJsi gucneprypanusi:a) 10 xs.; 0) 30 xs

O06’em renro yepe3 (PiKCOBaHUHM yac MicCHs QUCIEPTyBaHHS TOB'S3aHUN 3 PO3MIPOM YacCTOUOK
caxi. IIporec yTBOpeHHS Telt0 AOCTIHKEHUN MIKPOCKOMIYHMM MeTojoM. Ha ckio 3 BBIrHYTOMO
MOBEPXHEI0 HAHOCHUJIACch po30aBiieHa CycCIleH3is AucneproBaHoi caxi. Ha moyatkoBux eramax qocmiay
3a JIOTIOMOTOI0 ONTHYHOTO MIKPOCKOIIAa MOYKHA CIIOCTEPIraTé XaOTUYHUH PyX €JIEMEHTapHUX YaCTOUYOK.
YacTOuKH 9acTO CTHKAIOTHCS OHA 3 OAHOIO, 3MIHIOIOUH IIPU IIbOMY HAmpsAM pyxy. TakoX 3ITKHEHHS
NPU3BOIUTH A0 3’€AHAHHS YacTO4YOK. He BHKIIOYWEHO, M0 MDK HHMH 32 pPaxyHOK HECIapeHUX
CJICKTPOHIB, SIKI YTBOPWJIUCh TIPU PyHHYBaHHI TpaHyJ, BUHUKA€ XIMIYHHH 3B'S30K. TakuM 4uHOM,
MOCTYTIOBO YTBOPIOIOTHCA THYYKI JIHINHI 1 po3ranyskeHi JaHIoxkku. [1o Mipi pocty iX pyximBicTh
3MEHIIY€EThCsA. B mporieci BUnaproBaHHs PiMHU 13 BBITHYTOTO CKJIA, JAHIIOKKH HAOIMKAIOTHCS OAMH
JI0 OJTHOTO 1 YTBOPIOIOTH MOpUCTI 00'eMHi arperatd. Ha HacTynHili cTanii BUNApIOBaHHS DPiIWHH
(bopMyeThCS TPOCTOPOBA MAIOPYyXOMa CTPYKTypa remto. ETanu reixeyTBOpeHHs NpeACTaBiIeHI Ha pHC.
3.
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Puc. 3. MikpodoTtorpagii yrBopeHHsI rejieBoi CTPYKTYPH: a- IOYATOK eKCIIEPUMEHTY; 0- yepe3 7 ¢.; B-
yepe3 12 c.; r- yepe3 17 c.; 1 —1epe3 22 c.; e - yepe3 30 ¢

[ToBHe BUCyIIyBaHHS TeN0 TMPU3BOIUTH 1O YTBOPEHHS JOCTATHHO IIITBHOI TOPHUCTOI
CTPYKTYpH Caxi, 10 MOTpeOdye i1 JOJATKOBOTO AHMCIEPTYBAHHS IMPU BUTOTOBJICHHI KOMITO3HUTHUX
Marepiais.

Axymynstopauii  rpadgit  ['AK  BimHOCHTBCS 10  KPYMHOIMCIIEPCHUX  TpadiTiB.
ExcrniepuMeHTabHO BU3HAYEHO, 110 OCHOBHA KUIBKICTh 4acTO4oK Mae po3mipu Bix 100 mo 200 MkwM,
ajie 3yCTpIvaroThCs YaCTOUYKH, Po3Mip skux gocsarae 500 mxm. dopMa 4acTOUOK MOXKe OyTH SIK TBOX-
BUMipHA TaK 1 TpbOX-BUMipHa (puc.4).

Puc. 4. ®opma yactouok rpagirty: a) 1Box-BuMipHa, 0) TPLOX-BUMipHa

ToBmMHA ABOX-BUMIPHMX YaCTOYOK BiJl J0JI MIKPOMETpa J0 JAEKUIBKOX MIKpoMmeTpiB. Tpbox-
BUMIpHI 4aCTOYKH rpadiTy B OUIBIIOCTI BUIAAKIB YTBOPEHI aHCaMOJieM OLIbII JpiOHIMNX YacTOYOK 3
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Pi3HOI0 MPOCTOPOBOIO Opi€HTAI€l0. BOKOBI rpaHi YAaCTOYOK YacTO 3aOKpyrieHi. MIMOBipHO, mo B
mporieci mepepoOku pyau BinOyBaeThes nedopmartis nepudepiitHux AUITHOK rpadenoBux mapis. Ha
0a30BUX TIOBEPXHSIX BEIMKUX YaCTOUYOK MOKHAa OauyuTH 3HAYHY KUIBKICTh JIPiOHO-IUCTIEPCHHUX
4acTOo4oK. OCKIJIBKM pO3MIp JBOX-BUMIPHMX YAaCTOYOK 3HAYHO MEPEBHILY€E TOBIIMHY MOKPHUTTIB, TO
OYEBHUJIHO, 110 MPH HAHECEHHI KOMIIO3UTY Ha TBEpAY IOBEPXHIO BOHU OPIEHTYIOTHCS MapajelbHO
NOBEpXHI. 3BHYAiHO, IO Taka Opi€HTAllll MOBHHHA CHOPUATH MiABHIIECHHIO IOBEPXHEBOI
eJIEKTPONPOBIAHOCTI. BpaxoByioun MpoCTOPOBY aHI30TPOIII0 MEXaHIYHUX BIACTHBOCTEH KpPUCTAIIiB
rpadiTy, MOXHa Mepen0aduTH, IO YIbTPa3BYKOBE AUCIIEPTYBaHHS CIPHUSE PO3IICTUICHHIO iX YaCTOYOK
mo rpad)eHOBUX IMapax 1 30UIBIMIEHHIO 3arajibHOI IUIONII MOBEPXHI IbOro matepiany. JlilicHO, mpwu
JIMCTIEPTYBAaHHI CIIOCTEPITa€ThCs PO3IMICIUICHHS YacTOYOK TpadiTy 1o MIDKrpadeHOBUM ILIOIIMHAM
(puc. 5a) 1 yacTkoBe apoOaeHHs rpadeHoBuX mapiB (puc.50).

Puc. 5. YacTouku qucneproBaHoro yjisTpa3ssykom rpadiry FAK

TakoMy npoOJEHHIO CHPUSIOTH BHYTPILIHI JEPEKTH y BHUIJIAAI MIKPOIOPOKHUH 1 JpiOHHX
MiHepanbHUX BKIoueHb. Ilicna mucnepryBanHsa rpadity npotsroMm 30-TH XBHIMH CEepelIHil po3mip
YacTOYOK 3MeHIMBCS mnpubnuzHo Ha 40%. XapakrepHo, o JIpiOHOJUCIIEPCHI YacTOUKU
JIucrieproBaHoro rpadity B Cycrensii 3aaTHi (opMyBaTH JOCTaTHRO CTIHKI 00'€MHI CTPYKTYPH.

Jist Toro, mo0 3’sCyBaTH MOXJIMBUN BIUIMB 3MIHHM CTPYKTYpHUX 3MiH B rpadiTi Ha HOro
€JIEKTPOIIPOBITHICTh, OyJIM BUTOTOBJICHI 3pa3Kyd HA OCHOBI BUXITHOTO 1 Y3 AMCIEProBaHOTO IpadiTy.
[ToBepxHeBuii omip 3pa3kiB 3 rpadiTom, MO TigAaBaBcs Y3 TUCMIEPTYBaHHIO, BUSBHUBCS B CEPEIHBOMY
Ha 30% HIHKYUM.

Takox ynbTpa3ByK 3[IHCHIOE BIUIMB 1 HA MaKpOMOJIEKYJIH 3B’s3yl040oro. Metoa BicKO3uMeTpii
MoKa3as, 1m0 B’s3KICTh 10%-ro po3unny [IBb micns n1ecaTUXBUIMHHOTO AUCIIEPTYBaHHS Y BHOpaHOMY
pexxumi 3MeHmmiIach npubim3Ho B 1,5 pasu. 3rigHo omyONiKOBaHUX JAaHUX, NMPH il HA PO3UMHH
HOJIIMEPiB yIBTPa3BYKy BiIOYBAa€ThCS JECTPYKIIi MAaKPOMOJIEKYJT 3 YTBOPEHHIM Makpo-pajaukaiis [13,
14].

TakuM YMHOM BCTAHOBJIEHO, IO YJIBTPa3BYK 3/aT€H BIUIMBATH Ha BCl KOMIIOHEHTH, fK1
BUKOPHUCTOBYIOTHCS TTPH BUTOTOBJICHHI €JIEKTPONPOBIAHMX KOMIIO3UTIB [15,16]. OueBuaHO, 110 pO3puB
XIMIYHUX 3B’SI3KIB Y MPOIECi pyHHYBaHHS KOKHOTO KOMIIOHEHTA € MPHYMHOIO YTBOPEHHS BIIBHUX
paJuKaiB.

135



ISSN 1813-6796 print
ISSN 2617-9105 online
BICHUK KHYTJ]] Ne4 (148), 2020

Ximiuni ma oiopapmayeemuuni mexmnonocii
Chemical and Biopharmaceutical Technologies

Jns 3’sicyBaHHS BIUTMBY Y3 0O0pOOKM BHUXITHUX MaTepiajliB Ha BJIACTUBOCTI BUTOTOBJICHHX 3
HUX TIOKPUTTIB, OYJIU JOCTIIKEHI KOMIIO3UTH, OTPUMaHI B HACTYITHUX yMOBaX:

Nel — o TexHosori1i 6€3 BUKOpHCTaHHS Y3 00poOKH;

Ne2 — 3 monepenHim Y3 mucniepryBaHHIM BYTJICIIEBUX KOMIIOHEHTIB.

BnacTuBOCTI IMX KOMITO3UTIB MpEACTaBIEHI B Ta0MI. 2.

Tabnuys 2
BaacTuBocTi KOMIO3UTIiB, BUroToBjeHux 0e3 (Nel) i 3 Bukopucranusam (Ne2) Y3 o0podoku
3pasku | IloBepxHeBmii onip, Om:cm ExpanyBanus EMB, dB
Nel 3.0 -32
Ne2 2.5 -36

Bceyneped Hammm OdiKyBaHHSM, IO CyMICHE IUCIIEPTYBAaHHS YIBTPa3BYKoM Tpadity 3
PO3UMHOM 3B’SI3yIOUOT0 TPU3BEJEC A0 3MCEHILICHHS EJNEKTPONPOBIIHOCTI TMOKPUTTS 3a pPaxyHOK
YTBOPEHHS 130JIIOI0OYUX MOJIMEPHUX IIapiB HABKOJIO BYIJICIIEBHX YaCTOYOK, EJIEKTPOIPOBIIHICTDH
3pocia B TOpPIBHSHHI 3 MOKPUTTSAMH, OTPUMAHMMHU 3BHYAHHM IIE€PEMIITyBaHHSIM IHCIIEPrOBAHUX
BYTJICLIEBUX KOMIIOHEHTIB 3 PO3UMHOM 3B’S3yI040ro. Take MOKPUTTS BUABUIIOCH OUIBIN INIJIBHUM, 03
BUAMMEX HedekTiB. VIMOBIpHO, 10 B IbOMY BHIAAKy Y3 He TIIbKM CIPHSE OUYMIICHHIO ITOBEPXHI
BYIJICIICBUX YaCTOYOK 1 IX TOMOT€HHOMY PO3MOJITY B KOMITIO3HUTI, @ TAKOXK 3ITMBAHHIO KOMITOHEHTIB y
CyMIiIlIi 3a paXyHOK YTBOPEHHUX BUTBHUX PaJUKAIIB.

BucnoBku. VY pobGori Oymu  gocCiiJpKeHi
MOTIBIHUIOYTHPAJTI0, HAOBHEHUX BYTJICIIEBUMH MaTepiajiamu, IO IMiJIaBAIUCA YJIBTPa3ByKOBOMY
mucriepryBanHio. [lokazano, mo mnapamerpamu (moTyxHicte Y3I' Ta uacoBi mepiogun oOpoOKH)

BJIACTUBOCTI KOMIIO3UTIB Ha OCHOBI

yJIBTPa3BYKOBOTO IMPOIIECY MOXKHA KOHTPOJIOBATH Ta JOCSITTU ONTUMAIBHOTO CKIIATy KOMIIO3HTHOTO
MaTtepiairy. 3anpornoHOBaHUH pPeXHUM YJIbTPa3BYKOBOI 0OpOOKH JJa€ MOXKIIMBICTD JOCATTH €(h)EKTUBHOTO
JTUCTICPTYBaHHS ~ BYTJICIICBUX  MaTepialiB, KepyBaTH  IPOIECOM
€JICKTPOIPOBITHOT CITKM B CyCIHEH31i Ta MPOBECTH OYMINEHHS TMOBEpPXHI TpadiTy Bix amopdHOro
BYIUICIIO Ta JApiOHWX yacTHUHOK. lle mo3Boiisie ofep)KyBaTH KOMITO3MTHI MOKPHUTTS 3 TMONIMIICHUMH
EICKTPUYHUMHU 1 3aXMCHUMH BIJIACTUBOCTAMH. B poOOTI ofiep>kaHH1 KOMITO3UTHI MaTepiaiu 3 BUCOKOIO

e(eKTUBHICTIO eKpaHyBaHHs (10 36 1b) BUCOKOYACTOTHOTO BUITPOMIHIOBAHHSI.
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NCITIOJIB30BAHHME YJIBTPA3BYKA B IIPOLHECCE U3I'OTOBJIEHUSA
JEKTPOITPOBOISAIINAX MOKPBITUI HA OCHOBE YIJIEPOJIHBIX MATEPHUAJIOB
BYJIbKO O. B., BYTEHKO O. A., XOMEHKO B. I'.,, TBEPZIOXJIEb B.C.,
BAPCVYKOB B. 3., YEPHBIIII O.B.

Kueeckutl nayuonanonulil ynugepcumem mexHoao2utl U Ou3aina

Ilens.

Paspabomamv  ocnogul

mexHoiocuu

NONyueHUs  IIeKMponposoosuUx  NOKPuIMull ¢

UCTIONB308ANHUEM YIbMPA3BYKOBO20 OUCNEPSUPOBAHUSL Y2NePOOHBIX MAEPUAOS.

Memoouxa. B pabome ucnonv3osamvl memoovl. YIbMpPa3gyKo8020 OUCNEPLUPOBANU MAMEPUANOS,
ONMUYECKOU MUKPOCKONUU, Yemblpex OSJeKMPOOHbLL Memoo0 UBMePeHUs. IAeKMPONPO8OOHOCU NOKPLUMULL.
Hsmepenue 3auummubix Cc80OUCMSE OM BbICOKOUACMOMHO20 INEKMPOMASHUMHOZ0 USTYYEHUSI NPOBEOeHbl 8
coomeemcmeuu co cmanoapmom ASTM D4935. Obpabomxa pe3yromamos ucciedos8anuil OCyWecmensiu ¢
UCNONIL30BAHUEM KOMNbIomepHblx npoepamm Microsoft office Excel u ImageJ.
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Pezynomamot. B pabome nymem yiompazeyka nposeoeHa 00pabomka yeaepooHbiX MAMepuanlos ¢
Ppazeumoil yOenvHol No8epxXHOCMbIo. Y Cmano8ieHo elusHue YIbmpa3eykoeol oopabomku Ha 2¢ppexmusrnocmo
OUCnepeupo8aHuUss MeXHUYecKo2o yenepooa ¢ amarone. Onpedenenvl napamempuvl NPOYecca paspyueHus Yacmuy
npupoonoeo  epaguma nod  Oeticmeuem  obpabomxu  yibmpazeykom. IIpeonooicennvlii  MmexaHusm
CMPYKMYypooOpaz0eanuss nocie 6030eUcmeusi 00pabomKy  yibmpazeykom KOMNOHEHMO8 KOMNO3UMHO20
Mamepuana. Ycmanosnenuvill npoyecc Gopmuposanus NPOCMPAHCMEEHHOU 2NeKMPONPO8oosujell cemKku 8
CYCneH3uU OUCNEPeUPOBAHHO20 MeXHUYecko2o yeaepooda. lloxazamno, umo npumenenue YibmpazeyKoGou
0bpabomku npu NOIYYEHUU KOMNOZUMHBIX MAMEPUAnos OJis 3awumsl Om INEKIMPOMASHUTNHO20 U3LYYeHUs
NO36051€M  NOAYYUMb OPUEHMUPOBAHHbIE YACMUYbL V2NePOOH020 KOMNOHEHMA 6 NOIUMEPHOU Mampuye
HOCUmesl U NOJYYEeHHbIE 00PaA3Ybl UMEIOM 8bICOKVIO HOBEPXHOCIHYIO IeKMPONPOBOOHOCHIb U I hekmusHoCcmb
IKPAHUPOBAHUSL.

Hayunas noeusna. Ycmanogieno iusiHue yismpaszeykosot 0opadbomxu yeiepooucmvplx Mamepuaiog Ha
3AKOHOMEPHOCMU NOJYYeHUs, CHMPYKMYPY U CE0UCMBA PA3PAOOMAHHBIX IIEKMPONPOSOOSYUX NOKPLIMULL OJisl
3aUUMbL OM INEKMPOMASHUMHO20 U3TYYEHUSL.

Ilpakmuueckoe 3nauenue. Pazpabomanvl OCHO8bL MEXHONO2UU NOAYHEHUS  KOMNOZUYUOHHBIX
mMamepuanog Ol 3AWumsl OmM  IIEKMPOMASHUMHO20 U3IYYEeHUS, HA OCHO8e YelepOOHbIX MAmepuanos
npeosapumenbHo  OUCNEPeUPOBAHHBIX ¢ UCNONB308AHUEM  VIbMPO38YK0GoU obpabomku. OO0CHO8aHHbI
ONMUMATbHbIE NAPAMEmMPbl  YAbMPA38YKo8oU 00pabomKu  yenepooucmsix Mamepuaios Ons NOAYYeHUs
KOMNO3UMOS.

Knwouesvie cnosa: yiompaszeyk, oucnepeuposanie, s3Kpanupyiouue noKpulmus, epagum, mexuuyeckuil
Yenepoo, 91eKmponpo8oOHOCIb, INEKMPOMASHUMHOE U3TYUeHUe.

APPLICATIONS OF ULTRASOUND IN MANUFACTURING PROCESS OF ELECTRIC
CONDUCTIVE COATINGS BASED ON CARBON MATERIALS
BUDKO O. V., BUTENKO 0.0., KHOMENKO V.G., TVERDOKHLIB V.S.,

BARSUKOV V.Z., CHERNYSH O.V.
Kyiv National University of Technologies and Design

Purpose. Development of the basics of technology for obtaining electrically conductive coatings using
ultrasonic dispersion of carbon materials.

Methods. The following methods were used in the work: ultrasonic dispersion of materials, optical
microscopy, four-electrode method of measuring the electrical conductivity of coatings. The shielding
effectiveness of materials was performed following ASTM D4935. The research results were processed using
computer programs Microsoft office Excel and ImageJ.

Results. The ultrasound treatment of carbon materials with a high specific surface area was performed.
The influence of ultrasonic treatment on the efficiency of dispersion of carbon black in ethanol was established.
The parameters of the process of destruction of natural graphite particles under the action of ultrasonic
treatment arve determined. The mechanism of structure formation into the composite material after ultrasonic
treatment was proposed. The process of forming a spatial electrically conductive grid in a suspension by
dispersed carbon black was established. It was shown that the use of ultrasonic treatment in the production of
electromagnetic shielding materials allows to obtain oriented particles of the carbon component in the polymer
matrix of the carrier and to get samples with high surface conductivity and shielding efficiency.

Scientific novelty. The influence of ultrasonic treatment of carbon materials on the fabrication process,
structure, and properties of shielding materials was established.

Practical significance. The basics of the technology of the manufacturing process of shielding materials
based on carbon materials pre-dispersed using ultrasonic treatment were developed. The optimal parameters of
ultrasonic treatment of carbon materials for manufacturing shielding materials were substantiated.

Keywords. ultrasound, dispersion, shielding coatings, graphite, carbon black, electrical conductivity,
electromagnetic radiation.
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