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BILJIMB HEIOHOTEHHOI MOBEPXHEBO AKTUBHOI PEHOBUHU TPUTOH X-305
HA OCHOBHI ®I3UKO-MEXAHIYHI BJACTUBOCTI KOMIIO3UTHUX MATEPIAJIIB
KEPAMIKA-HAHOIIVIACTUHKU I'PA®ITY

Ipoananizoeano meopemuuni acnexmu cmeopenns komnosumnux mamepianie (KM) na ocmnosi
euxiono2o kaoniny ma nonioucnepcnux nanonnacmunok 2epagpimy (HIII). Ha ocunosi ananisy
JimepamypHux 0xcepell 8CMAHOBIEHO, WO NpU 801020My smiutysauui xaoniny ma HIII mae micye
ymeopenns cemepoghasnoi ciopoginvrno-ciopogobnoi cucmemu kaonin-HIIT. ['omocennuii po3nooin HIII
8 KAoNIHO8I Mampuyi OJisi MaKoi CUCMeMU 3aIeXCUMyb 8i0 Napamempie, wo pecyitoloms 6HECOK PI3HUX
Munie MIinCuacmuHKOBUX 83aeMOO0Ill. [ pecyito8anHs MIncuacmuHkogoi 83acmoolii kaoniny ma HIIT,
6y10 GuUKOpUCMAHO HeloHo2eHHY nosepxheso axmueny pevosury (HIIAP) Tpumon X-305 ma sminy
sHauennss pH Oucnepcitinoco cepedosuwa. HIIIT 6ynu eucomosneni yibmpasgykogow 00pobKow
mepmivno pozwupenozo cpapimy (TPI). Jocnidxceno ocnosni enacmusocmi ompumanux HIII' ma ix
Kopensiyiio 3 MexHonociMHuMu pexcumamu  euzomogientsi. Cnocobom Haniecyxozo npecysanHsi ma
nooanvuto2o cnikanusi eucomosneno KM na ocnosi euxionozo xaoniny ma HIII. ExcnepumeHmanbHo
docniooceno ennue cmabinizayii cucmemu xaonin-HIII™ 3a donomozorw HIIAP Tpumon X-305 na ocrnosni
Gyuxyionaneni enacmusocmi KM. Bemanosneno, wo zacmocysannss HIIAP Tpumon X-305 3a inuwiux
PIBHUX YMO8 npu3800ume 00 3nudicenns: nopucmocmi na 1,5-2 %, niosuwenns erexmponpogionocmi na
20 % ma niosuuyenns mexci miynocmi na cmuck 8 cepeonobomy Ha 9 %.

Kniouosi cnoea: romnosumui mamepianu, HAHONAACMUHKYU 2pag)imy; NOBEPXHEBO AKMUBHI
PEUOBUHU; MINCUACMUHKOBA 83AEMOOIS, elleKMPUYHA NPOBIOHICMb.

Beryn. Y ramy3sX  HapoAHOTO TOCMOZApCTBA TOCTPO  TOCTAE  HEOOXIHICTh  BUKOPHUCTaHHS
€JIEKTPOTNIPOBITHAX ~KOMIIO3UIIIMHNX MarepialiB 3 TOKpameHUMH (YHKIIOHATFHAMHA BIIACTHBOCTSMHU.
EnextpornpoBinHi KM BHKOpUCTOBYIOTBCS Uil BUTOTOBJIEHHS €JIEKTPOIIB, €JNEKTPUYHMX KOHTAKTIB i3
MIiHIMaJTbHOI CXWJIBHICTIO 10 eJeKTpoeposii Ta MOKpalleHNMH KOMYTaTHBHUMH BJIaCTHBOCTSAMH (CTIHKICTh 10
EJNIEKTPUYHKUX PO3PSIIiB, TaCIHHA IYT'H TOIIO), BUCOKOYYTIMBUX TEH30METPUUHHUX €JEeMEHTIB, TEpPMOPE3NCTOPIB,
HarpiBHMX e€leMeHTiB 3 edekramu camocrtadinizauii Ttowo. I[loegHaHHA y KOMIIO3ULIKO BYIJIEUEBUX
HaIOBHIOBAYiB sIK €JIEKTPONPOBIIHOr0 HAarNOBHIOBaYa Ta KepaMikW sIK HECIBHOIO €JieMeHTa Marepiany Hajaae
MEBHI MepeBaru nepej KOMIMO3UTAaMM 3 METaJle€BUM HANOBHIOBAYEM, HANPUKIAA, HU3bKA BapTICTh, LIMPOKUMN
JianasoH 3MiHu enexTpuuHoi nposianocti 10 100 (Om-M)™!, BigTHOCHO BUCOKI MiLHICHI BNaCTUBOCTI NPy 3HAYHO
MEHIUi/i nmuTOMil Ba3i, 3Ha4Ha KOpo3iliHa CTiliKiCTb Ta iHEPTHICTb MO BiJHOLIEHHIO 1O OararboxX XiMi4HO
arpeCcMBHUX CEepPEA0BHULI, BUCOKA TEPMOCTIHKicTh [1].

BukopucTaHHS HAaHOPO3MIpDHHX €JEKTPONPOBITHUX HAMOBHIOBAa4iB 103BONMWIIO oTpuMath KM 3
TIOKpAIEHUMH BJIACTUBOCTSMU: BHILOK €JIEKTPO- Ta TETJIONMPOBIAHICTIO, BHULIO MEXaHIYHOI MILHICTIO Ta
OiMBIIOI YYTIMBICTIO PE3UCTHBHUX BIACTHBOCTEH MO 30BHIMHIX ()aKTOpiB BIDIMBY (3MiHM TeMIEepaTypH,
Hanpy>keHo-1e(opMoBaHOTO cTaHy TOIIO) [2].

Enextpodiznuni BnactuBocti KM Ha OCHOBI MOJiMEpPHHMX MaTpullb BUBUYEHI AOCHTH AeTanbHO [3], a
BJIACTUBOCTI KOMIIO3UTIB Ha OCHOBI MiHEpaJbHMX MaTpulb BUBUYEHi 3HaA4HO MeHIue [4]. Xoya KM Ha OCHOBI
MiHepaibHUX (KE€paMiuHMX) MaTpulb MalOThb Psj IepeBar: BUCOKY TEPMOCTIMKICTb, MIiUHICTb, JKOPCTKIiCTb,
XiMi4HY CTiliKiCTb B arp€CUBHHUX CE€PENOBUIIAX, €KOJOTIYHICTh Ta EKOHOMIUHICTb [1].

ToMy o0HUM i3 NEPCNEKTUBHUX HAMPSMKIB NOCIiIKEHb € po3p00Ka Ta BUBYESHHsI BIACTUBOCTEM KepaMidyHUX
esiexTponpoBinHux KM 3 HaHOPO3MipHUMU BYyTJIELIEBUMY HANIOBHIOBAYaMMU.

IMocranoBka mnpoGsemu. Ha cporomHi 3a TeHAGHUIl A0 3MEHIUEHHS BiJICOTKOBOrO  BMICTY
€JIEKTPOTPOBi THUX HATIOBHIOBAUiB Ta MOKpaIleHHs (YHKIiOHATBHAX BlacThBocTe KM 3Ha4Ha KiNbKicTh pooiT
TIpUCBSYeHa PO3po0Ili HAHOKOMITO3UTHHUX MaTepiani. Taka TeHIEHIlis BUKJIWKaHA 3/1e0iNbIIOTO HETaTUBHUM
BIUITUBOM  €JIEKTPOTMpPOBIZIHOTO HANMOBHIOBaYa HAa MeEXaHIuHI BJIACTHBOCTI KOMMO3WUTY BukopucranHs
HAaHOPO3MIPHUX HATOBHIOBAYiB, IO MAlOTh BEJMKY MUTOMY IUioiny nosepxHi (~70 M%*/T), a Takok 3HaAYHUM
CTIBBiTHOIIEHHSIM PO3MipiB, JO3BOIWIO CYTTEBO 3MEHIINTH BiICOTKOBHUI BMICT HAallOBHIOBaYa MpU 30epekeHH|
OCHOBHHX (DYHKLIOHAIBHUX BIACTUBOCTEA.

Ol ST, Ol MERAEN AT KM 3 HaHOpo3MipHMMU HAamOBHIOBAuaMU 3aiekaTb He JulE Bix
BJIACTUBOCTEH iHAMBIdyanbHUX KOMIIOHEHT, ajne Takox Big mopdoorii a3 ta mixdaznnx nosepxons. Benuka
MOBEPXHS KOHTAaKTy MaTpulli Ta HAHOPO3MIPHMX HAMOBHIOBAYiB € KJIIOYOBMM MOMEHTOM B pPO3poOlui
HaHOKOMIO3UTIB 3 MOKpalleHHMK BiaacTuBOCTAMM [3]. 30kpema KIHOUYOBMM YHMHHUKOM HAaHOKOMIIO3MTIB €
MDKYaCTUHKOBA B3a€MOJIiSi HAHOPO3MIPHUX E€NEKTPOMPOBIAHMUX Ta Mi€NEKTPUUHUX YACTUHOK. 3 ypaXyBaHHSM
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TOrO, 10 HAHOMATEpialM MAalOTh 3HAYHY MUTOMY Moty mnoBepxHi (~70 M*r) i mae wmicue 3HauHa
MDKYaCTMHKOBA B3a€MOJis, Ui 3a0e3MeveHHs sIKiICHOTO 3MillyBaHHs KOMMOHeHT KM BHKOPHCTOBYIOTH pi3Hi
npuiioMmu. 30kpema y psai poOiT mjisi OTpUMaHHSA HAHOKOMIIO3MTIB Ha OCHOBi pi3HMX Marpuupb i HIIT 3 Ginbiu
OJIHOPiTHOIO CTPYKTYpPOIO [OCJiJHUKK MPOMOHYIOTh [5] 3acTOCyBaHHS TakKUX CHOCOO0iIB, SK MOMEpenHs
Moaudikallis HAHOHAOBHIOBAYa OPraHiuHUMU CIIOJIYKaMH, 3aCTOCYBAaHHS MOJIIMEPIB 3 LICMJICHUMH NOJAPHUMU
rpynamu Ta OTPUMaHHS KOHLIEHTPATiB, IUIs MOAAJbLIOr0 BBEASHHS 1X B MAaTPUUIO KOMIO3UTY. Moaudikauis
YaCTMHOK HAHOHAMOBHIOBaua MPU3BOAMTb 10 3HWKEHHsS 1X MOBEPXHEBOI €HEprii, WO CHpuse ae3arperauii
HAHOYACTOK.

Bapto 3azHaumtH, mo Jio¢oOHiI (rizpodoOHi) komoimm (HIII) € TepMomuHamMiuHO HECTaOiTbHUMHU i
CXWJIBHUMU 710 arperauii. IlIBuakicTe mpoueciB arperatii Ta ctaGinbHICTh KOMIMO3ULIHUX KOJNOIZHUX CHUCTEM
MOJKE peryioBaTHCS pi3HUMHU (i3UKO-XIMIYHUMH (aKTopamMH, TaKMMH, SK TeMIepaTypa, KOHLEHTpaLis
eNIeKTpOJiTy, pH, HasBHICTE MOBEPXHEBO aKTMBHUX pEeYOBHH, ToisimepiB Tomo. OcobnuBe 3HaueHHs Mae pH
CepelOBHINA, 3 OTJISIAY Ha OCOOIMBOCTI TUCTIEPTYBaHHS KAOJiHY.

MiX4aCTHHKOBI ~ TeTepoB3aeMOJii CyTTEBO BIUIMBAIOTh Ha TMpOTiKaHHA TIPOILECiB  arperaiii,
pecTpykTypu3auii, koaryasiuii KOJIOITHMX 4YaCTMHOK B JAUCIEPCHUX CUCTEMAxX, a TAKOXK Ha CTPYKTYpYy,
(dbpakranbHi i nepKoJIsALIKHI BAACTUBOCTI OCaiB, 10 YTBOPIOIOTHLCS il YA€ TAKUX MPOLIECIB.

Takum uvHOM moctae mnpobsema sikicHoi mucneperauii HIII' B kepamiuHiii maTpuui (BUXiaHUN KaoJiH
AlO3-Si0,-2H,0) npu BurorosienHi KM.

MeTo podOTH € TeOpeTUYHE OOTPYHTYBAaHHS Ta €KCIEPUMEHTaJbHE IOCJIMKEHHsS BIUIMBY cTalimizauii
MOBEPXHEBO-aKTUBHUMU pe4OBHMHAMU cucTeMu KaoJiiH-HIII Ha ocHOBHI ¢i3uko-mexaHiuHi BiactuBocti KM.

Amnani3 JitepatypHux mkepen. B psani po6it [1, 6, 7] Oynu mocnimkeHi OCHOBHI (i3MKo-MexaHiuHi
BIIACTHUBOCTI Tpadit-kepamigamx KM, copMoBaHUX HamiBCyXuUM MpecyBaHHAM Ha OCHOBi KepaMidyHOI MaTpHiIi
(BuxinHoro kaominy AlOs-SiO2-2H,0) T1a TtepmiuHo posmupenoro rtpadity (TPI). Ananis orpumaHux
pe3yJbTaTiB MOKa3aB, L0 Marepiaqd MaroTh 3HAYHY aHi30TPOMil0 BIACTHMBOCTEi B3MOBX Ta BIOMEPEK OCi
TpecyBaHHs, MO TOB’si3aH0 3 (opMyBaHHAM IUIACKMX crnpecoBaHmx mapie TPIT B Hampsmky,
NepHeHAUKYJISPHOMY OcCi IpecyBaHHsA. B po6ori [8] o0rpyHTOBaHa NOUiIbHICTb MOKPAlEHHs OCHOBHUX (Di3uKO-
MXaHiYHMK BnactuBocteit KM Ha ocHOBi kepamiuHol Matpuui (BuxigHoro kaoniHy AlxOs-SiO;-2H,O) ta TP
1IAX0M 3amiHu octaHHboro Ha HIII. Ane nns 3abe3neueHHs siKicHOro 3MilnyBaHHs kaoJiiny ta HIII' HeoOxinHO
BpaxoBYBaTW MiKYaCTMHKOMY B3a€EMOiI0 Ta arperaiil0 4acTUHOK B KojoigHiii cucremi kaonin—HIII. ToOGro,
ycrmiliHe 3MillyBaHHS MOJXJIMBE 3a YMOB BiJICYTHOCTI MpOLECIB arperauii Ta «3JMIOaHHSI» CKIaI0BUX
komnoHeHTiB KM.

MiX4aCTHHKOBI TeTepOB3aeMOlii BAHUKAIOTh BHACIIIOK MPUCYTHOCTi y KOMIO3HUIifHIl CHCTEMi YaCTHHOK
pi3HOTO PO3Mipy i THITy, CTyNleHs aHi3oTpomii (popMH, pizHOTO cTymeHs Jiodinizanii moBepxHi. Kaomia—HIIT"
siBJIsie c00010 AUCTePCHY KOJOTnHy rinpodinbHo-riapodgobHy cuctemy. Taka cuctema Oyna pocnimxkeHa B [5], ne
IUIsS peTyINOBaHHS arperanii riipo}oOHUX 4acTHHOK KonoimHOTro rpadity y BOmHIN mucmepcil Ta crabimizamii
CHCTEMU BUKOPHUCTOBYBaJIN HEiOHOTEeHHY ITAP (Tpuron
X-305, CH3-C(CHj3),-CH»-C(CH3),-C¢Hs-O-(CH2CH20),H, ne n = 30, Rohm & Haas, USA) 3 KoHIIeHTpali€t0
C = 0,00001-0,0005 monw/n. Ilicis 3mimryBaHHS KOMIIOHEHTIB, cycneHsii oOpoOnsin Ha yJibTpa3ByKOBOMY
nucnepratopi (Y3H-2T, Pocis) nponosx 60 c. Yactota 06pobku cknanana 22 kl'u, BuXinHa notyxHicts — 350
Br.

3HaueHHs pH kaoniny perystoBanocs 3a nonomorot no6asok HCl ta Na;SiOs. Jlns BuBueHHs edexkty pH
4yacTka KOXKHOrO JMCIEProBaHOr0 KOMIIOHEeHTa B OiHapHiii rpadit kaosiHiToBiii cycnensii Oyna 0,1 %
(MacoBuif).

B o6nacti Bucokux koHueHtpauii HITAP arperauisi 4acTMHOK MpakTUYHO BiACYTHS i BimOyBaeTbCs
OCamKeHHsI OKpEMHX 4acTHHOK rpadirty (puc. 1) [5].

Ilpn nmomaBanHi HeBenukoi KinbkocTi HITAP arperamiss B cycneHsii mocnabiieHa, KOMMAKTHICTh OCamy
30iBITYETHCS, & EJIEKTPOTIPOBITHICTh Ocaly TpU CeANMEHTAallil 3MiHIOEThCSI clTab0, OCKITbKYA YaCTUHKHU TpadiTy
TOYMHAIOTH BKPUBATHCS LIAPOM 3 €JIEKTPOHENPOBIIHUX MOJIEKYJI.

Takum 4rHOM, B po0OOTi [5] BOanocs mocarTy sKiCHOro 3MillyBaHHS KaoJliHy Ta KojoigHoro rpadity 3a
paxyHok cTabimizamii cuctemu 3a momomoroto HITAP.

Hnsa sikicHoi aucneperauii HIII B kaoniHOBi# MaTpuli npy BOJIOroMy 3MilllyBaHHi HEOOXiqHO BpaxoByBaTu
€JIEKTpUYHI 3apsanu yacTMHOK. Takok HeoOXinmHO BpaxoByBaru 3apsn yactuHok HII Ta kaosiiHy y BOOHOMY
po3uMHi. 3apsn MOBEPXOHb KaojliHy BW3HAYa€ TUI i IHTEHCUBHICTb MiXKYaCTHUHKOBUX B3a€MOiil, iOHHOrO
00MiHy # ancopOuito. Y BOJAHOMY CEpeloOBUIIi MJIACTUHKU KAOJiHITY MalOThb HETaTMBHO 3apsUKeHi Oa3zaibHi
noBepxHi. binbmicTs gocnigankis [9, 10] Bka3yoTs Ha Te, MO 3apsa 0a3albTHUX TUIOMIMH He 3aeXUTh Bix pH.
Haiiuacriiie HeraTuBHuUit 3apsa 6a3anbTHUX IJIOLWIMH OB’ s3aHUM 3 i30MOp()HUM 3aMillleHHSM B T€TpaeApUUHii
citui Si** na M. 3apsn Giunux rpaneii 3anexuts Bin pH i € No3UTMBHUM Npu HU3LKUX 3HadeHHax pH [9]. Lle
NOB’S13aHO 3 TUM, IO 3aJIe’KHO Bif 3HaueHHst pH mMoxke BinOyBaTHcs MPOTOHALSt UM AenpoToHauis. biuni rpani €
KpalioBUMHU [ITHKAMHM KPHCTaliB y Micusx po3puBiB 3B’s3kiB  Si—O—Si ta OH—A1V—OH 1pu
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HEeIOHaCMYEeHMX KPaloBMX aTOMIB KHUCHIO a00 TiIpOKCWILy BiIMOBIZHO KpeMHieM i amoMiHieM. Tomy oOMiHHI
peaxiii y 4aCTOK KaoJIiHITy BiI0OYBalOTHCS JIUIIIE TI0 CKOJIaX KPHUCTANIiTHOT PEIiTKH.

a)

P 0% cocce e oA N

Konuentpauus HIIAP, Cypyap

I I
Cmono CKKM

Puc. 1. Modenv sminu cmpykmypu ocady npu 36ineuienni konyenmpayii HIIAP Cypap [ 5]

Yepes kpucTanoximMiuHi 0cobauBOCTi Oy10BU INIMHUCTUX MiHepasliB npu 3MiHi pH po3unHy cniocTepiraeTbest
nepesapsijka TOPUEBUX MJiNSHOK TJMHUCTMX 4YacTUHOK. JlaHuii edexT mnoB's3aHuii 3 aM@POTEpHUMU
BJIACTUBOCTSIMM OOKOBOI'O BiJIKOJIy OKTaeapU4YHOI CiTKM, sIKU Beae cebe moaibHO 10 riApOOKUCY allloMiHilo. Y
KHUCJIOMY CEPEOBUILL CKOJI OKTaeAPUYHIOT CITKM JUCOLIIIOE 3a JIy)KHUM TUMoM [9]:

Al(OH); = AI(OH),* + OH'.
VY JIy’)KHOMY CepenOBHIIIi CKOJI OKTaePUIHIOT CITKH AUCOIIIOE 33 KACTIOTHUM THUTIOM:
Al(OH); = AI(OH), O + H*.

VY pesynbTati mpOro TMporecy OivHIl CKON MIMHUCTOT YACTHHKU B KUCIOMY i HEHTpaJbHOMY CepenoBHIIAX
3apsKAEThCSl TIO3WTUBHO, @ B JIY’)KHOMY — HETaTHBHO. 3MiHa 3apsay Ha TOPLEBUX iISHKAX TIWHUCTUX
YaCTHHOK TIPU3BOIUTH 10 POpPMYBaHHS B JYKHUX YMOBAX OJHONMEHHO 3aps/KEHNX, a B KUCITHUX i HeUTpambHUX
— 3nako3MmiHHux [1EII [9]. To6to, mpu Hu3bKkOMY 3HaueHHs pH (kucne cepenoBulle) HaIIUIIOK MPOTOHIB MOXKe
KOMIIEHCYBAaTHU HEraTUBHUI 3apsn 0a3anbTOBUX MOBEPXOHb TTIMHUCTUX YACTHHOK.

BuknaneHne Buile no0pe y3romKyeTbCsl 3 3arajibHON TeOpicto mpuiaunaHHs, po3putoro b.B. Ilepsrinum,
3rilHO 3 SKOK KoaryjsuifiHe 34eryieHHs 4YacTOK 3IiMCHIOETBCS TI0 OKPEeMUX IisiHKAX HaklMeHMIol
rigpo¢inbHOCTI, IKUMU € MicLig HAHO1IbIIOT KPUBU3HU — KYTH Ta pedpa 4acToK.

Bapro Takok 3a3HauMTH, IO KaoJiHW 30arau€Hi MOKPUM CHOCOOOM YacTO MICTATh 3aJMILKOBI XiMiuHi
peareHTH, MO0 BUKOPUCTOBYIOTHCS B Tpoleci 30aradeHHs. AIcOpOIisi OCTaHHIX CTPYKTYPOYTBOPIOKOUUMH
iHTpeNieHTaMu KepaMiqHAX Mac TPU3BOIUTH 10 ii HEMPOTHO30BAHOI TIOBENIHKHM B TEXHOJOTIYHOMY TIPOIIECi Ta
CYTTEBO TOTIpIIye eKCIUTyaTawiiiHi BmacTuBocTi HamiBdabpukary [9]. Tomy B maHiit poOOTi BUKOPHUCTOBYBaBCS
KaoJTiH cyxoro 30araueHHs Mapku I11.

BukJiaieHHs OCHOBHOT 0 MaTepiajy. EkcnepiMeHTa/IbHA YacTHHA.

Buzomoenennus HIII™

Burorosnenns HIII™ 3aiticHioBanocs 06po6koro yabrpazBykom TPI' B cepenoBuiii BOaU Ta i30MPOMiJIOBOro
CrupTy y chiBBinHoOleHHi 65:35 BignoBimHo. OOpoOka yJbTpa3BYKOM 3IiHiCHIOBAjacs Ha YJbTPa3ByKOBOMY
nucneperartopi Y31-500.

O06pobka ynbTpa3BykoMm 3aificHioBanacs mpu 100, 250 ta 350 Bt 3 yacom 06pob6ku 4, 8 ta 16 roauH. [Ticas
rondH oOpoOku ynbrpazBykom TPIT Oy edekruBHo ¢parmenroBanuii Ha HIII. Pesynbratu ckaHyro4oi
enekTpoHHoi Mikpockonii (CEM) BurotosseHi npu 16 roxa. i 350 Bt nokazaHi Ha pucHky 2. CTpyKTypHuUit
ananiz HIII" 3xificHIOBaBCsS CKaHyIOUYOIO €NeKTPOHHOI0 MiKpockorieto, BukoHaHoto Ha LEO-SEM 1530 mpu 10
kV.

PesynbraT aHaNizy MiKpOCKOMil TIOKa3ylOTh, IO TOBIIKWHA OoTprMaHWX 4actuHOK HIII Bapitoe Big 10 mo
300 HM, a cepenHiif miaMeTp YacTHHOK 3HaXOOWThCsA B niama3oHi Bim 0,3 mo 2 mxMm. Po3smoxmin po3mipis HIIT
BH3HauaBcs 3a nonomoroto Centrifugal Particle Size Analyzer Model SA-CP3 (Shimadzu, fInowis). Pesynstatn
cuaeMmeHTauilinoro aHanizy HII[, BUrorosjaeHux 3a pi3HUX YMOB, NIOKa3aHi Ha pucyHky 3. JludepeHuianbuuii ta
iHTerpanbHU PO3MOALT MOKA3YIOTh SBHE 3MilIEHHS €KCIEPUMEHTaJbHUX KPUBMX B 00J1aCTh MajiuX IiaMeTpiB
YaCTUHOK 31 301JIbLIEHHAM MMOTYXHOCTI yJIbTPa3BYyKy i yacy.
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Puc. 2. CEM mikposnivku ompumanux HIII

a) B) 6)

Puc. 3. Posnooin vacmunox HIII nicisi o6pobku ynempazeykom
3a piznux napamempax (Yac, NOMYAHCHICMBb)

OuiHovHe BU3HAYEHHS MATOMOT TUTOIII TIOBEPXHi 3AilicHIOBaNOCs 3a qornoMoro SA-CP3. B ninomy nuroma
oA TOBEPXHI 3HaXOAWThes B Mexkax 20-75 m*r i 3pocrae 3i 36inblueHHsM TpuBanocti o6poOku Ta
TIOTYKHOCTi 0OpOOKH.

ITlincymoByto4m, chiag 3a3HauMTH, 1O OTpUMaHi B paHiii po6ori HII[T MarwoTb OCHOBHI CTPYKTYpHi
XapaKTePUCTUKU Ha PiBHI OTPUMAHUX MarepialliB MPOBiAHUMHU AOCTiAHUKAMMU B wiii chepi [11-13].

Buxioni mamepianu ma sucomosiientsi 3pasxis

3a BUXiJHY CUPOBUHY /JIi BUTOTOBJIEHHS €JIEKTPONPOBiAHUX KOMIIO3UMUIHHUX MaTepiajiB B AaHiii poboTi
BUKOpUCTOBYBaiu Kaojin Tta HIII. ByB Bukopucranuii kaoniH Mapku II-1 [nmyxiBeubkoro ripHu4o-
306arauyBanbHOro komOiHaty. HIII" Burorosneni npu 315 BT Ta 16 roa. ynbTpa3BykoBoi 00OpoOKH.

[Nopansima miaroroBka cymimi nonsrana y nosysanHi HIII' Ta xaoniny y mexxax koHueHrtpauiit HII 3-5 %
(mac.). 3MmilyBaHHsA NPOBOAMJIOCA i3 JOAABaHHAM OUCTWIbOBaHOI Boau ~20 %. Crabinizauis rigpodinbHO-
rizpododHoi cuctemu kaomin-HIII' 3xilicHroBanacs BBeneHHsIM HeioHoreHHOO I[IAP (Tpuron X-305, CHs-
C(CH3),-CH»-C(CH3),-C¢Hs-O-(CH2CH»0),H, ne n= 30, Rohm & Haas, USA) 3 konuentpanieto C = 0,0005
MoJib/il. OTpuMaHy CyMmill BUCYLLYBajiu Yy ejieKTpuuHii wadi npu temneparypi 110 °C npotsarom 20 ron.

®opmyBaHHS BHpPOOIB 3iliCHIOBANOCS HAMIBCyXWM TpecyBaHHAM Tipu Tucky 75 MIla. IlpecyBaHHs
npoBoaunocs crymingacto — 10, 30, 50 ta 100 % Big MaKCHMaabHOTO THUCKY 3 METOK 3MEHIIEHHS
3anpecoBYBaHHS TOBITPs

CriikaHHSI MPOBOAMIIOCS 13 PO3MILIEHHAM 3pa3kiB y crierpopmi B MyQenbHiit enexTponedi 3a TeMnepatypu
1150 °C y 3axucHiii atmoc¢epi. TpuBanicTs criikaHHs 2 TOLI.

Pe3ynbTaTn ekecnepumMeHTaJbLHUX Aocaigxess KM

Iopucmicmo
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BusHaueHHA 3Ha4eHHA MOPUCTOCTI mpoBommiocs 3rimHo 3 ['OCT 7025-91. OtpumaHni pe3yJbTaTé
TIpeAcTaBieHi Ha PUCYHKY 4 (a).
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Puc. 4. 3aneaxcnicmoe nopucmocmi KM gio emicmy HIII 0o ma nicisi mepmoodpobku

3 aHaslizy pUCYHKY 4 MOKHA 3pOOMTH HACTYIHI BUCHOBKHU:

— 3pa3Ku A0 TepMOOOPOOKU MarOTh MOPUCTICTh B Mexkax 34-36 % mnpu BiacotkoBomy Bmicti HIII™ 3-5 %
(mac.). 3acrocyBannsi [IAP Tpuron X-305 npu3BoAnTb 10 3HWKEHHS MOPHUCTOCTI K 10, TaK i MICNs CTiKaHHA
(~1,5-2 %), mo Bkazye Ha popMyBaHHS IIJTbHIIIOT CTPYKTYPH;

— 3aJIeXHiCTh TOpHUCTOCTI B BMicTy HIII € ckmagHOMO: 10 4 % ( Mac.) BUCXi/IHA 3aJIeXHiCTh, a 3 4 % ( Mac.)
o 5 (Mac.) — HM3XiaHa;

— 3pPOCTaHHS TMOPUCTOCTI TICIs TepMOOOpoOKH ckiano ~8 %, a MakcUManbHe 3HAYeHHS CTaHOBUTH ~44 %.
ITopiBHIOIOYM OTpUMaHi pe3yJibTaTu 3 pe3yibTaramu poOiT [1] MoxkHA KOHCcTaTtyBaTH, o 3amiHa TPI na HIIT
JI03BOJIMJIA OTPUMATU MaTepiajiv 3 BUILOK ILIJbHICTIO Ta MEHWMWM Ha 7—8 % 3pOCTaHHSAM MOPUCTOCTI MicCJs
TEpMOOOPOOKHU.

Enexmpuyna nposionicme ompumanux KM

BumiptoBaHHS NpoBOAMIM 3a JAONOMOIOK aHajoroBoro mneperBopioBaya HM8118 LCR Measurement
Bridge.

Pe3ynbraT eKCIepUMEeHTaIbHOTO JOCIiKeHHs eJeKTPOIPOBITHOCTI 3pa3KiB, C()OPMOBAHUX HAIMIBCYXUM
TIpecyBaHHSM, TIPEJICTaBIIeHI Ha PUCYHKY 5.

3 ananizy rpadidHoi 3anexHocTi (prc. 5) 0YEBMOHO, L0 MUTOMA eJNEeKTpUYHA MPOBIAHICTH 3pa3KiB 0 Ta
TCnst TepMOOOPOOKH 3MIHIOETBCSI HE3HAUHO (3pocTae Ha ~7 %) s Beix koHueHTpanii HIII. 3i 36inbmeHnsam
Bmicty HIII' enexkTpomnpoBifHicTh 3pa3kiB, BurotoBneHnx 6e3 HITAP, 3pocrae. B Toii sxe wac HITAP HeniHiliHO
Jlie HA eJeKTPOIpOBinHiCTh, 30imbmenHs Bmicty HIII 3 3,3 mo 4,7 % (00’em) MpU3BOOUTH JO 3POCTaHHSA
npoBiaHocTi Ha ~82 %, nonanbiue 30inbiieHHs Vumr (%) n0 5,5 NpuU3BOOUTbH 10 HE3HAYHOrO 3POCTaHHs
npoiaHocTi Ha ~20 %. Taki pe3yabratu noB’s3aHi 3 BrvBoM HITAP Tta 3HauenHs pH aucnepciiiHoro
cepeloBMIlla HAa CEeIMMEHTaUiliHi npouecu y KOMIO3WTHiM aucnepcii rpadity 1 KaoniHiTy Ha
€JIEKTPONPOBIAHICTL OCaiB i mpouecu iX pectpykrypusauii. Ciin 3a3Hauuty, wo BBeaeHHss HITAP Tpuron X-
305 3 xonuenrpauiero C = 0,0005 mouaw/n 3ailicHroBanu y kojoinauii po3zuud HIII, ne HIII € nucnepcHoro
(dazoro cucremu, a aucnepciiiHuM cepenoBuiieM € cymil 35 % i30MponuiaoBro cnupty i 65 % AucTUILOBaHOT
Boau. [licns monmaBaHHS HeioHoreHHuX HITAP BimOyBamack mucnepuramis Ha Y3/[-500 mpoTsrom 15 xB. mipu
315 kBT1. OcHoBHa ¢yHKuis HIIAP B manmomy BUmanmky mossrae B aacop64uii Ha gactumHkax HIII. 3rigHo 3
pesynbratamu [5] xonnentpauis HITAP C = 0,0001 monb/n Mae 3a0e3meunTH MOKPUTTS YaCTHHOK Tpadity
MoHomrapoM HITAP, a kornentpamis C = 0,0003 Momb/1 BiAOBi1a€ KpUTHYHIM KOHIEHTPAIIil MilleJIOy TBOPEHHS
HITAP y BomHOMy pozumHi. B po6oti [5] BukopucTOBYBanu mpupoaHiii rpagit 3aBaqbeBCHKOTO pOIOBHINA
(Vkpaina) mapku C-0 3 po3mipom uyacTuHOK 1-10 MKM, BMicT OCHOBHOro mpoaykry 99,98 % ta nutomoro
nosepxHero 20 M%/r. OCKillbKY B JaHOMY BMNAAKy AMCNEPCHICTL rpadiTy micis yabsTpa3ByKOBOi pOGOTH 3HAYHO
Ginbwa (~70 M%/r), 6yn0 BUKOPUCTAaHO 30ibiueny koHueHTpauio — C = 0,0005 monb/n.

3 aHanizy rpagivHoT 3aeKHOCTI (pUC. 5) MOXKHA 3pOOMTH BUCHOBKHU:

— BBeaeHHss HITAP migBuuiye enekTpornpoBinHiCTh, B cepenHbomy, Ha 20 %. [IpuuuHa Takoro epekry B
TOMY, W0 NpU 30iJbIIEHHI KOHUEHTpaLii BeJUKUX ad0 MajluX YaCTMHOK y CUCTEMi BinOyBaeTbCs 3POCTAHHS
po3Mipy 3B'I3HUX KJIACTEPiB MU YaCTHHOK TIEBHOTO COPTY, a AoaaBaHHs HITAP cnpusie nucnieprysannto HIIT i
TUM caMuM 3abe3mnedye GopMyBaHHs OiIbII eNEKTPOTPOBiTHOT CTPYKTYPH;

— HaliOinbmmii eext Bin BBeneHHs HITAP Tputon X-305 npu Hu3bkux 3HaueHHsX BMicty HIII™ (BmicT 3,3
%),
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— 3acTocoBaHi 3axoau (MiABWINEHHS TUCKY (opMyBaHHS, miaBuuIeHHs ph Ta BBeneHHs HITAP) no3sonunn
JOCSTTH 3HAYHO BHIIMX 3HAYSHb MPOBIAHOCTI KOMMO3WLIHHMX MaTepianiB, mopiBHAHO 3 KM 0e3 BUKOpHCTaHHS
HITAP.

Puc. 5. 3aneaxcnicme ma numomoi enexkmpuynoi npogionocmi KM 6io emicmy HIII
00 ma nicist mepmooopooOKu

Mexaniuni enacmusocmi ompumarux KM

Pe3ynbTaTy BU3HAUECHHS 3aJI€KHOCTEH MEXi MiLIHOCTI Ha CTUCKAaHHSA Gcr 3pa3KiB KM 3aiexHo Bin BMicTy Bif
BMmicty HIII" mpencraBneHo Ha pucyHKy 6. Mexy minHocTi Ha ctuck BusHavanu 3a JJCTY B.B. 2.7. — 61:2008.
['panumo MIIHOCTI Ha CTUCK BW3HAUYANHM Ha IIiJloMy BHpoOi. BupiBHIOBaHHS OMOPHUX TIOBEPXOHB 3pa3KiB
3aiticHioBanocs mtidyBaHHsIM. 3pa3oK pO3TAIIOBYBAdW B LEHTPI Mpecy Ta MPUTHCKAIM BEPXHBOH TUTUTOO
MamuHd. 1lIBunkicTe HapocTaHHs HaBaHTaxeHHA 5—10 xH/c. I'panmmio minHocti mpu ctucky Rer, Mlla
(krc/cM?) BU3HAYaNy Tak:

P
R =, ()

ne P — MakcumanbHe HaBaHTAXKEHHsI, 33 AKOro 3pa3oK pylHyeTbcd, Krc; F — cepenHe apudmeTrnyHe 3HaYEHHA

IIO1Li NOBEPXHi BEPXHbOT Ta HUKHLOI rpaHel 3paska, cM2.

3 aHaJlizy OTpUMaHUX 3aJeXKHOCTEH (puc. 6) MOXKHA 3pOOUTH BUCHOBKHU:

— MOPIiBHIOKYH Ger, po3podnieHi KM, 3 o¢r 3pa3kiB, po3pobneHux B podorax [6, 14], MOXXHa KOHCTAaTyBaTH,
mo 3amida TPI' HaHOTIacTHHKaMU TpadiTy TpH iHIONX pPiBHAX yMOBaX I03BOJISE OTPWMATH MaTepiand 3
migsumeHoto Ha 20-30 % rpaHWIeto MIiITHOCTi Ha CTUCK;

— 3pOCTaHHS O Tpu 3aMiHi TPI' HaHomymacTWHKamMu TpadiTy TOB’si3aHe 3 TUM, WO Ui 3abe3TmedeHHs
BiJIMIOBITHOTO pIiBHS €JNEKTPOIMpPOBIAHOCTI MOCTATHHO MEHIIOro BimcoTkoBoro Bwmicty HIII, mopiBHSHO 3
BigcoTtkoBuM BMicToMm TPT;

— HIII" 6inbl1 piBHOMIPHO OUCHEPEryOTbCA B KEpaMiuHili MaTpuili Ta HE YTBOPIOIOTb BEJIMKUX arperaris,
110 J03BOJIsIE OTPUMATH MATPULIIO 3 MEHLIMMM i Oijiblll PIBHOMiIpHO PO3MOAIIEHUMHU ITyCTOTaMMU;

— 3poctaHHsi BigcoTtkoBoro BMicty HIIIT mpu3BOOuTL 10 3HUIKEHHS Gcr, WO IOB’SI3aHO 3i 3pOCTaHHIM
nopuctocTi npu 36inbweHHi Bmicty HIIT .
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Puc. 6. 3anexcnicmo mesici miynocmi na cmuckannsi KM 6io emicmy HIIT

BucHoBKu:

1. BukopucTaHHs HAaHOPO3MipHMX BYIJIELEBUX HAMOBHIOBaYiB 103Bosisie oTpuMard KM 3 mokpaumeHUMH
BJIACTUBOCTSIMM, IO MOB’SA3aHO 3 MacluTaOHUMU eheKTaMHu Ta 3HAUHUM CIiBBiZHOLIEHHSIM PO3MipiB YACTMHOK
HaHomarepianiB. [IepcreKTUBHUM HAIMPSIMKOM € CTBOPEHHsI HAHOKOMIIO3MTIiB HA OCHOBi KepaMidHOi MaTpulli Ta
HIII'. Inst cTBOpeHHS TaKuX KOMII03uTiB Oynu urorosneHi HIII™ ynbpTpa3BykoBoro 06pobkoro TPI'. PesynbraT
CKaHYIYOi eJeKTPOHHOI MIiKpOCKOMii Ta CeIWMEHTAIiifHOTO aHali3y TMOKa3yTh, IO TOBIIMHA OTPUMaHUX
vactuHOK HIII™ Bapitoe Big 10 no 300 HM, a cepenHiii niaMmeTp YaCTHHOK 3HAXOIUThCA B HiamazoHi Big 0,3 mo 2
MkM. JludepeHmianpHuil Ta iHTerpambHUil po3momin dactuHOK HIIIT moKa3yloTh sSBHE 3MileHHS
eKCMIepUMEHTATbHAX KPUBUX B 00NIaCTh MalluX 3HAYEHb JiaMeTpiB 3i 30iNbIICHHSM TIOTYKHOCTI yIBTPa3BYKY i
yacy 00po6ku. Otpumani HII[" maroTh OCHOBHI xapakrepucTtuku Ha piBni HIII [11-13].

2. BurotoBneHHss KM 3 HaHOpo3MipHUMHU BYTJIELEBUMHU HamoBHIOBauamu, 30kpema 3 HIII', moB’s3aHo 3
TpynHowamu aucnepryBands HIII B marpuui, a came:

— npobJsiemMa IucnepryBaHHs YaCTMHOK KaoJliHy Y BOJHHUX AMCIEPCisX TNIMHUCTOrO MiHEpaly 3 METOK ix
SIKICHOTO 3MilllyBaHHs 3 HAIIOBHIOBAYaMHu, 1O BU3HauYaTuMe €(pEeKTUBHICTh BUKOPUCTAHHS OCTaHHIX;

— mnpobjema MiXYaCTUHKOBOI B3a€EMOMii KaoJiHy Ta HAHOIJIACTMHOK TIpadiTy 3 NO3ULil YHUKHEHHS
3TTUTAaHHS YaCTHHOK JUTS 3a0e3MedeHHs SKiCHOTO 3MillTyBaHHSI.

B 3B’s3Ky 3 MM B JaHiil poOoTi s 3abe3nedeHHs roMoreHHu po3noxiny HII B xaomiHOBi#t MaTpui
Oyno 3abesmedyeHo cnabo Iy)KHe CcepemoBWINE Ui JWCIieperamii YacTWHOK KaojiHy, Ta cTabijizoBaHO
rizpodinsHO-TinpodobHy cuctemy kaomin-HIII™ 3a nomomoroto HITAP Tputon X-305.

3. Crabimizanis cuctemu kaomin-HIII 3a momomoroto HITAP no3onmia oTpuMaTH 3pa3Kél 3 HUKUYOK Ha
1,5-2 % mopucrTictio, Bumo Ha 20 % eNeKTPOMpPOBITHICTIO Ta MiJBUIIEHOK MEXEK MIIIHOCTi Ha CTHCK B
cepenHboMy Ha 9 %. [IpuumnHa Takoro eekty Mnop’s3aHa 3 TUM, 11O NpH 30iblICHHI KOHLUEHTpaLii BeJUKUX abo
MaJjiuX 4acTUHOK y cuctemi kaonin-HII[T BinOyBaeTbCsi 3poCTaHHs pO3Mipy 3B'SI3HUX KJIaCTEpiB AJIsi YaCTMHOK
neBHOro copry, a noaasaHHs HITAP cnpusie nucneprysandto HIII i Tum camum 3a6e3neuye popmyBaHHs Oifiblil
HIJILHOT CTPYKTYPH 3 BKJIFOUYEHHSIMHM MEHLLIOT0 PO3MIipY, L0 PiBHOMIPHO PO3MOAiJieHi o 00’ emy.

Crnucok BUKOPUCTAHOI JIiTepaTypu:
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Meabanuyk ILI1., Measauk O.J1. BruinB HeioHOTeHHOI MOBEpXHEBO akTHUBHOI pedyoBuHHM TputoH X-305 Ha
OCHOBHI (Di3MKO-MEXaHIUHi BIIACTHBOCTI KOMIIO3UTHUX MaTepiajliB KepaMika-HaHOTIACTUHKY rpadiTy
Menbuuuyk ILII.,, MeabHuk A.JI. Bausinue neuoHoreHHoii ITAB TpurtoHn X-305 Ha OCHOBHbIE (PU3MKO-
MEeXaHU4YECKUE CBOWCTBA KOMIO3UTHBIX MAaTEPUAJIOB KEPAMUKA-HAHOMIACTUHKY rpadura.

Melnychuk P.P., Melnyk O.L. Influence nonionic surfactants on basic physical and mechanical properties of
composite materials ceramics-graphite nanoplatelets.

VK 620.168:621.763:661.666.2

BinsiHHe HEMOHOTE€HHOT0 MOBEPXHOCTHO AaKTHBHOrO BeiecTBa Tputon X-305 Ha ocHOBHBIE (pU3HKO-
MEXaHHYECKHEe CBOMCTBA KOMMO3HUTHBLIX MAaTE€pPHA/IOB KepaMHKa-HaHomIacTuHku rpadgura / ILIL
MenbHnuyk, A.JI. MeJIbHHK

IIpoaHanu3upoBaHbl TEOPETUUYECKUE ACTEKTbl CO3AaHUA KOMIMO3UTHbIX MarepuanoB (KM) Ha ocHoBe

WCXOJHOTO KAaoJIMHA ¥ TIOJUAKMCIIEPCHBIX HaHOMIacTUHOK rpadura (HII). Ha ocHOBe aHann3a JIHUTEpaTypPHBIX
HWCTOYHUKOB YCTAHOBJIEHO, YTO NPU BIAKHOM cMewuBaHuM kaonuHa u HIII uMeer mecto oOpa3oBaHus
retepodaszHaoit runpodunbHo-ruapodobHaoii cucrembl kaonuH-HIII. T'omorenHoe pacnpenenenue HIII B
KAaOJIMHOBOM MaTpuLle JUlsl TAKOW CUCTEMbl 3aBUCUT OT MAPaMETPOB, PETYJUPYIOLLUMX BKJAaJ Pa3jJUMuHbIX TUIOB
MEXXUYaCTUYHbIX B3aumoneiicTBuil. J{na perynupoBanus MeK4acTUUHOTO B3aumoneiicteus kaonuHa u HIIT™ Obuio
KCIIOJIb30BAHO HEMOHOTeHHbIe MOBEpXHOCTHO akTuBHOE BewecTBo (HITAB) Tpuron X-305 u u3MeHeHUE
3HaueHuss pH nucnepcuonHoi cpenbl. HII ObliM M3roTOBJIEHBI YJbTPA3BYKOBOH 0OpabOTKOM TEpMHUYECKU
paciiuperHoro rpagura (TPI'). MccnenoBanbl ocHOBHbIe cBoiicTBa mosyueHHbIX HIII v ux koppensuus c
TEXHOJIOTHYECKAMHU peXAMaMi u3roToBlieHUs. CrmocoboM TIONycyXoro TpeccoBaHWsS W TOCIEOYHMIEeTo
criekaHusi u3rotoeneHsl KM Ha ocHOBe ucxogHoro kaoiauHa u HIII'. DkcniepuMeHTalbHO UCCIIEN0BAHO BIUSHUE
crabmnmmsanun cucteMbl kaonmuH-HIII ¢ momomeio HITAP Tpuron X-305 Ha OoCHOBHBIE (DYHKIHOHAIIBHBIE
coiictBa KM. YcranoBneHo, uto npumenenne HITAP Tpuron X-305 mpu npo4ux paBHBIX YCIOBUSIX MPUBOAUT
K CHWKEHUIO MOPUCTOCTH Ha 1,5-2 %, MOBBILIEHUIO 3JEKTPONpPOBOAHOCTH Ha 20 % W MOBBIILEHUIO Npenena
MPOYHOCTU HA C)KATUE B CpeaHeM Ha 9 %.

KnarloueBble c¢j10Ba: KOMIIO3UTHBIE Marepuaibl; HAHOMJIACTUHKU rpaduTa; MOBEPXHOCTHO AaKTHUBHOE
BELLECTBO; MEKYACTUYHOE B3aUMOAEHCTBUE; IJEKTPUUECKAs IPOBOJUMOCTb.

YK 620.168:621.763:661.666.2

Influence nonionic surfactants on basic physical and mechanical properties of composite materials
ceramics-graphite nanoplatelets/ P.P. Melnychuk, O.L. Melnyk

Theoretical aspects creation of composite materials (CM) based on the original kaolinite and polydisperse

graphite nanoplatelets (GnP) were analized. Based on analysis literary sources were found that during wet
mixing of the kaolinite and GnP creation the heterophasic hydrophilic-hydrophobic system kaolinite-GnP takes
place. The homogeneous allocation GnP in kaolinite matrix for such system dependents on the parameters which
regulates different type of interparticle interactions. To regulate of interparticle interactions beetwen the kaolinite
and GnP were used nonionic surfactant Triton X-305 and changing pH value of the dispersed environment. GNp
powder was produced by sonication from thermally expanded graphite (TEG). Main properties of the produced
GNp powder were investigated and were found correlation with technological modes manufacture. The way of
moist pressing and subsequent sintering CM based on the original kaolin and GnP. The influence of stabilization
of kaolinite-GNp by using nonionic surfactant Triton X-305 on the main functional properties of CM were
experimentally investigated. It was found that to use of the nonionic surfactant Triton X-305 ceteris paribus leads
to lower porosity on 1,5-2 % increases conductivity by 20 % and increases border compressive strength by an
average of 9 %.

Key words: composite materials; graphite nanoplatelets, surfactant; interparticle interactions; electrical
conductivity.
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