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Hocnioaceno enue cknady eiopudnux opeano-weopeaniynux komnosumie (I'OHK) na ocnogi cucmemu
2-ciopoxcuemuamemaxpunam (I EMA) — mempaemoxcucunan (TEOC) na ixwi ghizuxo-ximiuni i Mexaniuui
81aCMUBOCMI Ma HA NApamempu iXHboi MOAEKYIAPHOI cmpykmypu. /lani, ompumani npu 6ue4eHHI
MIKpOMEEPOOCHi MEPMOMEXAHTUHUX Ma MEPMIYHUX 1ACMUBOCTEl KOMNO3UMIB, 000pe KOperombCs
Midie coboro. 3’sicosano, wo 3a manux 006a6ok HeopeaHiunozo komnonenma (2,5 i 5,0 % 06.) tioeo
Gasza, axa ymeoproemucsy Uil HAHOYACMUHOK, OLIbUL CYMICHA 3 PA3010 OP2AHTUHO20 KOMNOHEHMNA

I KOMRO3UM MAa€ NOKPAwjeHi 6aacmueocmi.

KirouoBi ciioBa: opraHo-HeopraHi4HUN KOMITO3UT, (OTOIHIIIHOBaHA MoJliMepU3allisi, TePMOMEXaHIYHUN aHai3,

nepuBarorpadiqHU aHaNTi3, MIKPOTBEPIICTb.

[IpoTsrom ocTaHHIX POKIB IHTEHCHBHO TOCTIHKYETHCS
HOBHI KJIac (PyHKIIOHATBHIX MaTepiajliB 0araTomiTb0BOrO
BHUKOPHUCTAHHS — TIOPHUIHI OpraHO-HeOpraHiyHi KOMIIO3H-
i (TOHK). Taki cucteMu MaroTh HOBI YHIKaITbHI BIIACTH-
BOCTI BHACIHIIOK GpopMyBaHHS crienn(igHOl CTPYKTYpH,
AKi MOKHA BapilOBaTH B IMHPOKHX MeEXKax 3a paxyHOK
mia0opy OpraHiYHUX i HEOPTraHiYHUX KOMITOHEHTIB CHCTE-
MU Ta YMOB IIPOBECHHS cHHTE3Y. L1i MaTepianu moegHy-
FOTH BJIACTHBOCTI HEOPTaHIYHUX YACTHHOK (MEXaHIdHY
MIIIHICTh, MOAYJb TPY>KHOCTI, TETIOCTIHKICTh, CTPyMO-
TIPOBIHICTB TOIIO) 3 BIACTUBOCTAMHE OPTaHIYHHUX ITOJIIMEp-
HUX MaTpUIh (3MATHICTIO A0 IepepoOKH, B’ I3KOTIPYKHIC-
TIO, TEPMOCTIHKICTIO, CTIHKICTIO TO arpeCUBHUX CEPeIo-
BHII, OITUYHOIO Tpo3opicTio Tomo) [1-6]. TOHK mepc-
TIEKTHBHI K 3aXHUCHI HOKPUTTA [ 2], TOTIMEpHi eIeKTPOIITH
[3], memOpanu [4] m1st BAKOpHCTAHHS X B MEJUIIMHI, OTI-
THi [5], B MikpoenekTpoHiti [6] i T.1. OqHak, B3a€MO3B’ -
30K BUXITHIX KOMITOHEHTIB i3 BITaCTUBOCTSIMI HAHOKOMITO-
3UTYy Ma€ iHANBITyaTbHUH XapakTep i moTpedye ekcrepu-
MEHTAJIEHOTO BUBYCHHSL.

OpnuH i3 BiIOMHUX METOIiB OTPUMAaHHS OpraHo-Heopra-
HIYHIX HAHOMATepiaJliB — 30JIb-T'eJIb TEXHOJIOT 1S 3 BUKOPHC-
TaHHSAM SIK IPEKYPCOPIB AIKOTOJIATIB 200 1HIHX ITOX1THIX
Ti, Si, Al, Zr, Zn, Sr, Ge [ 7] Ta iHO#BiAyaTbHAX TOIIMEPIB SIK
opraniyHoi MaTpwuili [ 1—7]. 307b-Ters MeTox CHHTE3Y Mpoc-
TUH 32 METOIMKOI0, 0a3yeThCsl Ha JOCTYIHIHM i pi3HO-
MaHITHil CHPOBHUHI, He TOTPeOy€e BEMUKNX EKOHOMITHHX

Ta EHEPreTHYHHX 3aTpaT MPH TEXHOJIOTIYHOMY (opMy-
BanHi. @opmyBanust [OHK, B sikux HeopraHiuHHUI KOMIO-
HEHT BOYJJOBY€ThCS B IOJIIMEPHY CITKY, 1a€ 3MOT'Y OTpH-
MaTH MaTepiaiiy 3 OUIbII PEryssipHOIO CTpYKTypoto. Ciizg
3a3HaYUTH, 110 B TAKHX CHCTEMax MOKHA MOAU(DIKyBaTH
SIK OpraHiyHy, TaK 1 HEOpraHI4YHY CKJIaJI0Bi, 0 6E3yMOB-
HO BIUIMBAc Ha popmyBanHs cTpykrypu [OHK [8].

VY pobori [9] HaMu MeToaMu 30J1b-TeJIb CHHTE3Y Ta
¢oroininiiioBanoi momiMepusalii OTpUMaHO TMOJIMeEp-
KpeMHE3eMH1 KOMIIO3UTH Ha OCHOBI CUCTEMH 2-T'1IpOKCH-
erumerakpwiaT ([EMA) — terpaetokcucuian (TEOC) y
HIMPOKOMY Jlialta3oHi 3MiHU CKJlaay cucteMu. Jlocimke-
HO KiHeTHKY (OTOIHIIIH0BaHOT MoTiMepH3allii OTpUMaHNX
KOMTIO3HUTIB JI0 THOOKHMX KOHBEPCIii 3aIe)KHO Bijl yacy re-
neyTBopeHHs Ta BB ckiany I'OHK Ha nepe0ir npore-
cy. BcranosneHo, 1o cHTE30BaHi MOTIMEPHI KOMITO3UTH
cucremu 'EMA-TEOC, ne3anexHo Bij CIiBBIIHOIIEHHS
KOMITOHEHTIB, MPO30pi, MII[HI, €ITaCTUYHI, OTHOPIIHI 3a
CTPYKTYpOIO, MaIOTh BUCOKY aJIr€3il0 J0 Pi3HUX MaTepi-
aJliB Ta €JEKTPOIPOBIAHICTH (MiCiIs JOIyBaHHS 3pa3KiB
10 %-Bum pozunnom H, PO, Bpos10B:x rofuHm), mpocri Ta
JIETK1 TIPY BUTOTOBJICHH] MaTepiaiB 3a1aHoi (opMu i Mo-
JKyTb OyTH BUKOPUCTaHI B PI3HUX raly3sX IPOMHUCIOBOCTI
(Bl MEIMITUHU [0 TEICKOMYHIKAI[IIHHUX TEXHOJIOTIH).

Tomy 3aBnaHHsM 1ii€1 pOOOTH € TOCTIHKCHHS BIUTABY
CKJIaJTy CHHTe30BaHMX kommo3uTiB cuctemu [ EMA-TEOC
Ha iXHi (hi3MKO-XIMIYHI 1 MEXaHI4YHI BIACTUBOCTI Ta apaMeTpH
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Puc. 1. Tepmorpamu 3paskis / (a) 15 (6)

iXHBOI MOJIEKYJISIPHOI CTPYKTYPH.

Jng mociifkeHb BHUKOPHCTOBYBAJIH: MOHOMED
2-rinpokcuerunmerakpmwiat (FCEMA) mapkn “x.4.”
(Aldrich); dotoinimiarop 2,2-mumerokcu- 1,2-mudeHizeTan-
1-or IRGACURE 651) mapku “x.4.” (Fluka); TerpaeTok-
cucunan Si(OC,H,), (TEOC) (3AT “EKOC-17, Pocis, TY
2637-059-444493179-04); eranon Mapk# “X.9.”’; opTodocop-
HY KUCJIOTY MapKH “X.4.”.

3pa3ku 1 (i3UKO-XIMITHIX 1 MEXaHITHHUX JIOCIIIKEHDb
rotyBand i3 Buxigaux piakux cucreM [EMA : TEOC 3a
CITiBBiTHOIIIEHb BUXiTHUX KOMITOHEHTIB (% 00.): YuCTHiA
I'EMA+IR 651, 2 % mo. (3pazok 1); 97,5:2,5 (3pa3ox 2);
95:5 (3pazok 3); 90:10 (3pa3ok 4); 80:20 (3pazok 5) [9]. Cro-
YaTKy TOTYyBaJIA KOMITO3HIIiF0 MOHOMEp + (hoToiHimiaTop,
2 % wmon. OKpeMO TOTyBadu 30Jb-T€Ib CHCTEMY 3a
cruiBignomenns (mi.) TEOC:H,0:C,H,OH:H,PO, =
2,2:0,36:4,08:0,0072. [Totim 3MinTyBam OTpAMaHi CHCTe-
MH, TIEPEMIITyIOYH 33 JOMOMOTOI0 MarHiTHOI MIIIaIKA
BIIpooBkK 20 XB. 32 KIMHATHOI Temriepatypu. OTpuMaHy
(hOTOKOMIIO3HITITO JO3yBaJIH HAa KEPaMivHY ITiIKIa Ky, 3a-
KPHUTY BiJI TOCTYIy KUCHIO MTOBITPS IIOKPHUBHUM CKJIOM, 1
mignasany GoToiHinioBaHil momimMepu3arii 3a iIHTEHCHB-
HocTi YD-onpominerns 48 Bt/mM? 10 TIOBHOTO 3aBepIIicH-
HJ TIpoliecy moniMepu3antii. OTpuMaHi 3pa3Ku BUTPUMY-
BaJM y cymwibHIN madi 3a 7= 40 °C BIpoIOBXK TIKHS
JUTS TIOBHOTO TIEpe0iry 3071b-Tellb MPOIIECiB Y OTIMEPHIi
MAaTpHIIi Ta MOAPiOHIOBAIIN 10 TOPOIIKONOAIOHOTO CTaHy
3a TormoMororo Biopartiitaoro mumaa MLIIT KM1.

TepMmidne H0CITiPKEHHS TOPOIIKIB KOMITO3UTIB CHCTE-
M [ EMA-TEOC npoBoawmi Ha ieprBaTorpadi Q-1500D
cuctemi F.Paulik, J. Paulik, L. Erdey 3 peectpartieto anasi-
TUYHHAX CHTHAJIIB 32 JJOTIOMOT'0F0 KOMIT F0Tepa B JMHAMITHO-
MY PEXUMI 31 IMBUIKICTIO HArpiBaHHSA KOMIO3UTIB 5 °C/XB B
armocepi moitpst. Maca 3pa3ka cranosmia 200 mr. ETa-
JIOHHOIO PEUOBHHOIO OyB OKCH almoMiHito. Jlocmimken-
HS IPOBOAMIIH B iama3oHi Temmepatyp 20 — 600 °C. Pe-
3yIBTaTH TEPMOII3y ULl MPUKIIAAy TOAaHi Ha puc. 1.

Tepmorpamu —11e cykynHicts kKpuBux TL, JITT 1 JITA.
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Kpusi TT" i ATT BimoOpaxkaroTs 3MiHy BTpaTy Macu 3pa3ka
Ta MIBHIKICTH 11 3MiHM, a KpuBa I TA — 3MiHy pi3HUIII TeM-
mepaTyp 3pa3Kka Ta iHepTHOI peUYOBHHH 1 XapaKTEePH3Y€E THII
Ta BENMYMHY TerioBoro edekrty (puc. 1). Ha puc. 21 3
HaBeneHo nopiBHHHA Kpusux 1T, ATT i ATA mocmimxke-
HUX 3pa3KiB.

CXO0XWif BUIVIST KPUBHX CBIAYUTH MPO MOIIOHICTH Me-
XaHI3MY TEpMOJTI3y TOCTIIKECHNX 3Pa3KiB.

VY temmneparypraomy iatepsaii 20-205 °C Ha KpuBHX
JTA 3’aBnsi€THCS eHOOTEPMIUHIH e(peKT, KU CyIpoBOI-
JKY€TBHCS] HE3HAUHOIO BTPATOIO0 MACH 3Pa3KiB 1 BiIOBiae
BU/IUICHHIO JIETKMX KOMIIOHEHTIB, 1[0 BXOASATB JI0 CKJIALy
KOMIIO3HUTIB, Ta II0YaTKy pO3M’IKIIeHHs 3pa3kiB. [Tpu mp0-
My B 3pa3kax 2 i3 ekcrpemymu Ha kKpuBux [ TA 3MimieHi B
00JIaCTh BUIIIX TEMIIEPATyp, IMOBIPHO, 32 paXyHOK OLITBIII
PIBHOMIPHOTO pO3IIOILTY OPTaHIYHOT i HEOPTaHIYHOI CKJIa-
JIOBUX KOMIIO3UTIB, YTBOPEHHS IONATKOBUX BY3JIiB 3IIHBaH-
HS Ta 301TbIIEHHS IITFHOCTI YITAKOBKHY MOJTIMEPHOT MaT-
pwi.
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Puc. 2. Iopiusins kpuBux TT ta JITT 3paskis
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Puc. 3. IlopiBusnus kpuBux J{TA 3paskiB

IaTeHCHBHA BTpaTa MacH 3pas3KiB, SIKy CIIOCTEpIraii Ha
kpuBux TT'y Temmeparypraomy intepsaii 190-305 °C, cym-
POBOIKYETHCS MTOSIBOI0 OCHOBHOTO €KCTPEMYMY Ha KpH-
Bux JITT Ta BiAmoBizmae ogHOYAaCHOMY ITepe0diry mporecis
TEePMIYHOI i TEePMOOKHCHOI ISCTPYKIIii OpraHigHOI CKIIa-
JIOBOT KOMIO3HUTIB. 3pa3ku 2 i 3 3 HEBEIUKUM BMiCTOM He-
oprasiqHOi ckn1anoBoi (2,5 15,0 % 00.) mopiBHAHO 3 iHIIN-
MH 3pa3KkaM¥ BiA3HAYAIOTHCS MiABHUIICHOIO TEPMO-
cTifiKicTro. TeMIiepaTypa mo4aTKy JeCTPYKIIii ITIX 3pa3KiB
i MakcumyMmu ekctpemyMiB kpuBnx JITT 3paska 2 (227 °C)
Ta 3paska 3 (226 °C) 3mimieHi B 007acTh BUIIUX TEMITEpa-
Typ. 3a Temnepartyp, Bume 250 °C, na kpuBux TT BTpara
macu 'EMA crae meHmmoro, Hix y kommosurax 3 TEOC, 3a
PaxyHOK TOTO, IO HeopraHidHa ()aza He BUTPAYa€ThCS.

Taxwuit xapakTep BIUIMBY HEOpraHigHOi (pa3u Ha Biac-
tuBocTi kKomno3utiB cuctemu  EMA-TEOC mosHa, Ha
HAaIlly TyMKY, HOSICHATH TaK 3BaHUM €(EKTOM MaJHX J0-
6aBok [ 10], cyTb SIKOTO MOJIATa€ B TOMY, IO TIPH BBEICHHI
HEe3HAaYHUX KUTBKOCTEH HAIIOBHIOBaYa HOTO YaCTHHKH PO3-
TTOIIJISIOTHCS B TIOJIMEPHIN MaTpHIli B MiKpooOIacTax 3
MEHIIIOIO MIUTBHICTIO — Ie(DeKTHUX 1 CIIAOKO3IIUTHX 30HAX.
e mpuBOANTE 10 TOHMKEHHS ACPEKTHOCTI IMOJIIMEPHOT
MAaTpHIIi 32 PaXYHOK “TOBIOPSAKYBAHHS ~ Ne(QEKTHIX 30H,
X YIIUTBHEHHS 1, IK HACTIIOK, IO TIOKPAIIeHHs TePMITHIX
1 (hi3MKO-MEXaHITHIX BIACTHBOCTEH koMmo3uTy. [Togais-
11e 301UTbIIIeHAS KOHIICHTPallii HeopraHigHo1 (a3u B cHC-
TeMi IPU3BOIUTS 0 PO3PUXIIEHHS CTPYKTYPH KOMITO3HTIB
1 TIOTipIIIEHHS IXHIX BIIAaCTHBOCTEH.

3a remmeparyp, Bumux 272 °C, BigOyBa€eThCs 3ropaH-
HS 3QJTUIIKIB TEPMOOKHCHOT AECTPYKIIii 3pa3KiB 1 mipoiti-
TUYHHAX 3QJIAIIKIB KoMITo3uTiB. Llei mpomec cympoBoa-
JKY€TBCS TIOBHOIO BTPATOIO MacH 3pa3KiB (Ta SCKpaBUMHU
ex3oedexramu Ha KpuBux [ TA).

C1i1 TaKOK BIIMITHTH, 1110, 3r1HO 3 manumu TT, moBHOT
JECTPYKIIii 3a3HAIOTH 3pa3ku 1 i 2, JocATaroun TeMIIepary-
pu 5001550 °C BigmoBigno. Tomi sk ams 3pas3kiB 3,415y
MeXax IIbOTO TEMIIEPaTyPHOTO iHTEPBaTy CTYIiHb AECT-
pykii cranoBUTE ~ 98 %.
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Puc. 4. TepmomMexanigHi KpuBi 3pa3kiB. st Ou1bmmoi
HAITBSITHOCTI KPHBi 2—5 3MiIIeHi 1o 0ci aOCIC MO0 KPUBOT
1 Ha BenmuuuHy A

J11s1 BUBYEHHS TePMOMEXaHIYHHUX BIIACTUBOCTEH KOMITO-
sutiB [EMA : TEOC 3pa3ku BUTOTOBIISUTH IUTSIXOM TIPECy-
BaHHJ [TOTIEPETHRO TporpiToro y mpecgopmiza 7= 110 °C
TTOPOIIKOIIOIIOHOTO OPTaHO-HEOPTaHITHOTO KOMITO3UTA
mix TickoM 150 ar™ 1 3aiMImIany i OXOJIODKEHHS 10
KiIMHATHOI TemriepatypH. [t 3HATTS BHYTPILIHIX HATIPY-
JKEHB 3pa3KH ITicIs IpecyBaHHI BUTPUMYBaIIX B madi 3a
T=280 °C mpotsirom 10 ro.

TMA-kpuBi 3HIMaIHM Ha MOAX(IKOBAHOMY TIPHIIA I IS
BHU3HaYEHHS TeruiocTiitkocti momimepis (Heckert, H/IP) y
peXuMi OTHOBICHOTO CTHCHEHHS ITiJl HABAHTAKEHHSIM
5,3-10°H/m? 3a mBuarocTi HarpiBanst 1,5 °C/xB. 3pasok st
BHUMIipIoBaHHS MaB (opMmy IuTiHApa giamerpoM 9,0 MM i
Brucororo 10,0 M. Jlehopmarriro 3pa3ka BU3HAYAIHN 32 J10-
TTOMOTOI0 Hy/b-iHAMKaTopa 3 TouHicTio 0,01 MmM. Temrre-
paTypy 3pa3Ka I 9ac eKCIIepIMEHTY BUMipIOBAJIH 32 J10-
TTOMOTOF0 CTaHIAPTHOI ManoiHepuiitHoi Tepmonapu TXK.

Ha puc. 4 mokazaHo pe3yiasTaTH TePMOMEXaHITHOTO
ananizy komno3utie TEMA”TEOC y BUITIAI 3a1€KHOCTI
BimHOCHOI Aedopmartii £ (E=Ah/ ho, ne A — nedopmartist
3paska; /1, — MOYaTKOBHH pO3Mip 3pa3Ka) BiJl TeMIepary-
pH.

Ha TMA-KpHUBHX TOCTIIKEHAX OpTraHO-MiHEpaTbHAX
KOMTIO3HUTIB YiTKO iIeHTH(]IKyETHCSI TUIIOBA ITS TIOJTIMEPiB
ITOYaTKOBA KPyTa BUCXiHA AUTAHKA, SKa BiIIOBIA€ CTPYK-
TypHOMY IIepPEeX0y MOTIMEPHOTO KOMIIO3HTA 31 CKIOMO-
IIOHOTO Y BHCOKOCTACTHYHHN CTaH — O-pelaKcamiiHui
TIPOIIEC, i TOB’sI3aHA 3 PO3TAIBMYBAHHIM PYXJIMBOCTI KiHe-
TUYHAX CETMEHTIB TOJTIMEPHOI MATPHIII ITi]T JI€F0 TEMIIe-
patypu [11]. Exkcrpanmomnsmiero miei ginsakn TMA-kpuBoi
Ha 7-BiCh MOXXHA BU3HAYHUTH OJIHY i3 BAXKIIMBUX CTPYKTYp-
HO-peNaKCaIlifHuX XapaKTePUCTHK NOJTIMepy — TeMIlepa-
Typy ckiyBanss (T, ). Temmeparypy mepexomy B BHCOKO-
enacTHIHUA cTa (7, ) BU3HAYANM SK TOYKY NMEPETHHY
MIPSAMOIHIHHOTO BiApi3Ka, KU 30iraeThes 3 IUTTHKOIO
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Tabnuus. TepMoMexaHiuHi BIACTUBOCTI Ta CTPYKTYPHO-MOJIEKYJISIPHI TapaMeTpH KOMITO3UTiB, CHHTE30BaHUX Ha

ocHosi cuctreM  EMA-TEOC

5 3 3

Kommo3suiii, % 006. ng’ ]:fé" E;’I/II\?Q i ]1‘"/5;41)?15’ MI(J)HIS/Mg
TI'EMA:TEOC=80:20 74 110 2,22 5,362 0,188
T'EMA:TEOC=90:10 64 105 2,43 4,817 0,207
I'EMA:TEOC=95:5 65 38 3,34 3,329 0,300
I'EMA:TEOC=97,5:2,5 65 86 3,12 3,564 0,282
T'EMA-+IR 651, 2 % Mo 67 91 2,72 4,122 0,242

TEPMOMEXaHIYHOI KPUBOT, 10 BiATIOBIA€ TIEPEXOY TOITi-
Mepy 31 CKIIOITOAIOHOTO CTaHy Y BUCOKOETACTHIHUH, 3 TIPS~
MOITIHITHUM BiIpi3KOM 00JIacTi BUCOKOENACTUYHOCTI.
Tounicte oninku 7, Ta T, cranoButh + 2 °C.

Kpim xapakrepuctnannx remnepatryp 7, i 7, moi-
Mepy, Mmetoq TMA nae 3MOTY OIIIHATH TaKOX (i3uKo-Me-
XaHIYHI Ta CTPYKTYpPHO-MOJIEKYIISIPHI XapaKTePHUCTHKH IOJTi-
Mepy Y BUIVIAII PIBHOBaYKHOTO MOZYJISI BHCOKOEIACTHY-
Hocri (E_, H/M?), MOJIeKyIIpHOT MacH KiHETHYHOTO Cer-
MeHTa (BiIpi30K MaKpOIaHIIIOTa MiXK BY3JIaMH CTPYKTYPHOT
citku) nosimMepy (M, I/MOJIb) Ta KOHIIEHTPAIIIO e(EKTHB-
HHX BY3JIiB 3IIMBAHHS B OMMHHIL 00’ eMy (U, MOITB/M?). 3Ha-
YeHHS WX ITapaMeTPiB pO3PaXxOBYBAIH SIK OTIMCAHO PaHi-
me [9]. OTpuMaHi 3HaYCHHS XapaKTEPUCTUIHUX TTapa-
METpiB AOCTIHKCHUX OpraHO-MiHEpPaIbHUX KOMIIO3HTIB
HaBEJIEHO B TA0JIHIII.

Amnaiz TM-KpHBHX 1 BUBUSHHS 3aJI€KHOCTI TEpMOMe-
XaHIYHUX BrnactuBocTel ogepkannx ['OHK Bix BMicTy He-
opranigaoro koMnoHeHTa B ciucteMax  EMA-TEOC (mus.
puc. 4, TabnuIsA) Ja€ CynepewInBi pe3yabTaTi. 3a MaIux
KOHIICHTpaIliif HeopraniqHoro komroHenTa (2,515,0 % 00.)
E_ xoMIo3uTa 3pocTae, 10 MOB’SA3aHO 31 3MEHIIECHHAM
MOJIEKYIAPHOI Macu KiHETHYHOTO cermenTta (M) i
301TBIICHHSIM KOHTIEHTpartii U. OJHaK, 32 BUIINX KOHIICHT-
pauiit HeopraniuHoi kommoreHTH (10120 % 06.) B KOMIIO-
3WTIi IPOCTEKYEThCS TMPOTHIIEKHA cuTyamis. Ll cyre-

2,69 | = TEMA+IR 651, 2% wmon. |
2,44 = "
n ] L] | |
NE n
T 2,2
5
3
2,01
1,84 a

0 20 40 60 80 100
G,H
Puc. 5. 3anexxHicTh MIKPOTBEPAOCTI Bijl HABAHTAKEHHS
JUIst 3paska /

PEUHICTh, OY4EBHTHO, CBITYUTH PO TE, IO 33 MAITUX J00a-
BOK HEOpPraHiyHOTO KoMIoOHeHTa (2,5 1 5,0 % 00.) i#oro
(a3a, sika yTBOPIOETHCS Y BUIIISA/II HAHOYACTUHOK, OUTBIII
cyMicHa 3 (a3010 opra-HIi9HOTO KOMITOHEHTA, 110 MiATBep-
JUKYI0Tb 1 aBTopH [7, 10, 12, 13]. Toni siK y BUnaaKy OuibImx
KOHIIeHTpalii HeopraHiyHoro komnoneHnTa (10120 % 006.)
(hazu, 110 YTBOPIOIOTHCS, CTAIOTH MEHII CyMICHUMH, BHAC-
JIJJOK YOTO BiI0YBAETHCSI MIKPOTETEPOTeHI3allisl KOMITO3UIIIT
3 OpMyBaHHSIM CHCTEMH JIBOX B3a€EMOIPOHUKHUX CITOK
opraHiyHoi (1oiMepHOi) Ta MiHepabHOI Tpupou [ 14].
Hnst nocmimxenns BumBy Bmicty TEOC Ha Mikpo-
TBEPiCTh Horo koMmno3uTis 3 'EMA 3pa3ku rotysanu y
¢dopmi mmminapa 9,0 x 10,0 MM, aHATIOTIHHO SIK 115 TEPMO-
MexaHiuHoro aHainizy. /leopmariiiHi BTacTHBOCTI KOMITO-
3UTIB OLIHIOBAIA BU3HAYECHHAM MiKpoTBeprocTi (F, H/M?) iz
pizHuMHu HaBaHTaXeHHsIMH (G, H) 3a 101IoMOroro KOHCHCTO-
Metpa Xemmiepa [ 15] 1 po3paxoByBaiu 3a hOpMYIIO0:
40G'00*
(s +0,02)

ne: G — HaBaHTaXeHHs Ha KoHyc, H; S — mmbnHa npoHuk-
HEHHs KOHYCa Y 3pa3oK, CM.

3riiHO 3 PO3paxOBaHUMH TaHUMHU, Oy1yBau rpadid-
Hy 3asexHicTh F = f{G). [ToxuOka BUMipIOBaHb HE IEPEBH-
myBaia S5 %. TuroBa 3anexHicTb MiKpOTBEPIOCTI YHCTO-
ro 'EMA +IRGACURE 651, 2 % Mou1. BiJi HaBaHTa)KCHHS
JUIS IPUKJIay 300paxceHa Ha puc. 5.
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Puc. 6. 3amexHiCTh MIKPOTBEPAOCTI Bif CKIamy
KOMTIO3UTIB TP CTaJIoMy HaBaHTakeHHI G =49 H
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Di3uK0-XiMiYHI Ta MEXaHIYHI BIACTHBOCTI OPraHO-HEOPTaHIYHUX KOMITO3HTIB

3 pUCYHKa BUIHO, IO TP 301TBIIICHH] HABAHTAKCHHS
Ha 3pa30K KOMITO3UT 3a3Ha€ TUTBKH MPYKHOI aedopmarii,
sIKa TIOBHICTIO 3HHUKAE ITiCIIsl 3HATTS HaBaHTaxxeHHs. L5 ne-
(hopmartist IpsIMO TIPOTIOPIIiiHA Nit0Yii Hanpy3i (HaBaH-
Ta)KEHHIO), 1110 BUpaXKaeThcs 3akoHOM ['yka:

o=E Al EL%,
/

Jie: O— Halpy>KeHHSI, sSIKe BU3HAYAETHCS SIK CHJIa, 110 TIPH-
nasae Ha OJJMHUITIO TUIONII ITOTIEPEYHOTo TIepepisy Tija;
£ — BeIMYMHA BiTHOCHOT nedopmatii; £ —momyis FOxra.

Po3paxoBani 3Hau€HHS MIKPOTBEPOCTI 3aJIE)KHO Bif
ckuany komrnosuTiB y cucremax ' EMA-TEOC 3a crainoro
HaBaHTaxeHHst G =49 H nogaHo Ha puc. 6.

AHaJi3 0TpEMaHKX Pe3yJIBTaTIB 3aCBITUYE, 110 3HAYCHHS
MikpoTBepaocTi mius uucroro 'EMA cTaHOBUTH
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Du3uKo-XxUMHUYECKHEe 1 MeXaHu4YeCcKHe CBOIiCcTBA OPraHO-HECOPraHUIECCKUuX
KOMIIO3UTOB

I HU. Xosaneu', I0.I' Meosedesckux’, B.I1. 3axopoonckuit?, B.B. Kouyoeii’

'Otaenenne GU3UKO-XUMHUH TOPIOYUX HCKOMaeMbiX MHCTUTYTa QU3HKO-OPTaHUYECKOH XMMUU U yTICXHUMHU
um. JI.H. JIutsunenko HAH Ykpaunst

3a, yn. Hayunasi, JIbBoB, 79060, Ykpanuna

2JIbBOBCKHI HAIIMOHAIIBHBIN YHUBEpCHUTET UMeHHU BaHa DpaHKo

6, yn. Kupuna u Medonus, JIssos, 79005, Ykpanna

’HaroHanbHbIil yHUBEpCHTET “JIbBOBCKAS TOMUTEXHUKA™

12, yn. C. banzepst, JIbBoB, 79013, Ykpanna

Hccneoosarno enuanue cocmasa cubpuoHvix opeano-weopeanuyeckux komnosumos (I'OHK) na ocroge
cucmemol 2-euopoxcusmuamemaxpuiam (I'EMA) — mempasmoxkcucunan (TEOC) na ux ¢usuxo-
Xumudeckue u MexaHuveckue ceotucmsed u Ha napamempuvl ux MOLeKVIsApHoOU cmpykmypol. [lannvie,
HOJYYeHHble NPU USYUEeHUU MUKPOMEEPOOCMU, MePMOMEXAHUYECKUX U MEePMULECKUX C8OUCME
KOMNO3UMO8, XOPOULO KOPPeAupyromcs medxncoy cobou. Buisacueno, umo npu manvix 006a8rax
Heopeanuiecko2o komnonenma (2,5 u 5 % 06.) ezo ¢ghaza, komopas obpazyemcs 6 ude HaHoO4ACMUY,
bonee cosmecmuma ¢ azol opeanUNecKko20 KOMNOHEHMA U KOMNO3UM 001a0aem YiyyuleHHbIMU
CBOUCMBAMU.

KuroueBbie cjioBa: OpFaHO-HeOpFaHI/I‘{eCKHﬁ KOMIIO3UT, (I)OTOI/IHI/IIII/II/IpOBaHHaﬂ nojnuMepusanms, TepMOMeX&HI/I‘IeCKI/Iﬁ
aHaJius, Z[epI/IBaTOFpa(l)I/I‘IeCKI/Iﬁ aHaJin3, MUKPOTBEPAOCTb.

Physico-chemical and mechanical properties of organic-inorganic composites

G.1. Khovanets’, Y.G. Medvedevskikh', V.P. Zakordonskiy’, V.V. Kochubey’

"Department of Physical Chemistry of Fossil Fuels INPOCC NAS of Ukraine
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?Ivan Franko National University of Lviv

6, Kyryla and Mefodiya str., Lviv, 79005, Ukraine
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The influence of the composition of hybrid organic-inorganic composites (HOIC) based on the system
2-hydroxyethylmethacrylate (HEMA) — tetraethoxysilane (TEOS) on their physico-chemical and
mechanical properties and parameters of their molecular structure was investigated. The data obtained
at the study of microhardness, thermomechanical and thermal properties of the composites are well
correlated with each other. It was found that at small amount of the inorganic component (2,5 and 5
vol. %) the phase of this component, which is formed as nanoparticles, is more compatible with the
organic phase component and the composite has characterized improved properties.

Keywords: organic-inorganic composite, photoinitiated polymerization, thermomechanical analysis, derivatographic
analysis, microhardness.
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