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Temnogiznuni BaacTuBOCTI enokcuaHOro noJimepy EJI-20 onpomineHnoro
yiabTpadioseTrom

Jocnioocysascs énnius yiempagionemosoco onpomMiHeHHs Ha Menao@i3udHi 61acmueocmi
enokcuonozo nonimepy EJ[-20. Bussneno eniue mennosoco ma ynompagionemogozco onpomi-
HeHHsl Ha 6]1aCMUBOCMI eNOKCUOHO20 NOJIIMEDY.

Knrwowuosi cnosa: enoxcuonuil nonimep, yrvmpaghionemoee OnpomiHeHHS, MenioQizuyti
B1ACTMUBOCTLE, NUMOMA MENJIOEMHICMb, MIKPO MEepoicmb, MenionposioHicmb, NOCMMmMeepOil-
HA [ CKIISAHUL nepexio.

Beryn. IHomimepni komno3utHi Matepianu (IIKM) Ha OCHOBI €MOKCHUAHMX MaT-
pHILb IIHPOKO BUKOPUCTOBYIOTh JUIS 3aXUCTY TEXHOJIOTTYHOIO YCTAaTKyBAaHHS BiJl KO-
poO3ii Ta CIpaIlOBaHHA y Xap4oBiil, XIMi4HIi, HaQTONEpEepOOHIH ramy3siX MPOMHUCIO-
BOCTI Ta y MammHoOyayBaHH1. [lIupokuii cniektp BukopuctanHs [IKM 3ymoBieHwmit
iX BUCOKMMH TEIUIO(DI3UYHUMH 1 (PI3UKO-MEXAHIYHUMHU BIACTUBOCTIMHU [1-2], mio 3a-
Oe3nevye 3aCTOCYBaHHS KOMIIO3UTIB B YMOBAaX [l arpeCUBHUX YMHHUKIB, 30KpeMa
COHSIYHO1 pajiamii [3-4]. BaxnuBoO CKIIaJI0BOIO 1ILOTO BUIIPOMIHIOBAHHS € YIIBT-
padioneToBi npomeHi. OcTaHH1 JOCTIKEHHS [5-7] moka3anu 3ailikaBJIEHICTh y BHU-
BUCHHI BIUIUBY yibTpadioneTroBoro onpoMiHeHHs (YPO) Ha ¢i3uyuH1 BIACTUBOCTI
MOJIIMEPHUX KOMIO3UTIB Ha O0cHOBI enokcuanux noximepis (EID). [Ipote nis YOO,
AK MPaBUJIO, OLIIHIOBAJACh HA MOMEPEHIX CTaisfX MPUIOTYyBaHHS KOMIO3ULIN [8-
9], miaroroBku EIl mo TBepaHeHHs. B To# yac, Ak Ha Hally JyMKY, aKTyaJbHUM 1
B)KJIMBUM 3 MPAKTUYHOI TOYKU 30pY € BUBUEHHs BILUIMBY Y @O Ha roToBY MpOAYK-
1it0. ToMy MeTOr0 HaAIIOro TOCHIIKEHHS € OL[IHKa BIUIMBY Y ® BUIIPOMIHIOBAHHS Ha
¢i3uyH1 1, B nepiry yepry, temiodizuuni BiaactuBocTi [IK Ha OCHOBI enmokcuaHUX
MOJIIMEPIB.

O00’exTH Ta METOAM JOCHIAAKEeHHA. Y poOOTI Uil TOCHIIKEHHS Oysi0 00paHo
enokcuaHy aiaHoBy cmony EJI-20, ska XapakTepu3yeThCs ONTHUMAIbHUM IO€IHAH-
HAM (13MKO-MEXAHIYHHUX BIIACTUBOCTEW, 30KPEMA - BUCOKOKO aJre31iMHOI0 MIIHICTIO
Ta CTIMKICTIO IO arpECUBHUX CEPEIOBUII T TEIJIOBUX 3MIH.

VY sKOCT1 OTBEepKyBaua BUKOpUCTOBYBaIM nodietwiennoniamid I[TEITA. Bubip
JaHOrO OTBEpKyBauya OOYMOBIJIEHUH THM, 110 BiH J03BoJisi€ (OpMyBaTH MaTepiaiu
IpU KIMHaTHUX TeMIlepaTypax.

8 DOI: http://dx.doi.org/10.18524/0367-1631.2019.56.170481
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[IpurotyBaHHd KOMIO3ULIA MPOBOAWIM 32 CHELIaIbHO PO3POOJIEHOI0 METOJIU-
kot [10]. OntumainibHa KiIBKICTh OTBEPPKYBaua JUIsl JaHOi koMmmo3uili — 10 maco-
Bux yacTok ITEITA na 100 macoBux yactoxk E/[-20.

VYabpTpadiosieToBy aKTHBAII0 KOMITO3UIIIM MPOBOJUIN Ha YIbTPadiolieTOBOMY
OMPOMIHIOBaYl 3 BUKOPUCTAHHAM PTYTHO-KBapioBoi Jamnu JIPT-1000. Jlamnu nano-
IO TUITY BOJIOJIIFOTh BUCOKOIO CBITJIOBOIO BIJau€lo, MOJIMIIEHO Mepeaadeto KoJbo-
Py, TOPIBHSHO HEBEIMKHMU PO3MIpaMH I BEIUKOIO OJIMHUYHOIO TMOTY>KHICTIO
(1000450 Br).

OnpomineHHs cepiii 3pa3kiB Y d-nipomeHsiMu npoBoawsiock npotsroM 10, 30 ta
50 roguH. {1 piIBHOMIPHOTO ONPOMIHEHHS 3pa3Ku NepeBepTad KOXKHI1 5 roauH. Jis
BUOKpeMJIeHHs Aii Teria Ta Y PO 3pa3ku Oyj0 po3a1IeHO Ha AB1 cepli OJIHA 3 SIKUX
OyJia eKpaHOBaHA METAJIEBOIO (DOJIBIOIO.

JlocmipKeHHsT MIKpOTBEPIOCTI MPOBOAMIM 3a Jonomororo npuiany [IMT-3 3a
CTaHJIaPTHOIO METOJIUKOIO.

JIJist OLIIHKY CTPYKTYPHHX 3MiH, IO BIIOYJUCA B 3pa3Kax JOCIHIKYBaIH TEMIIE-
paTypHy 3aJIEXKHICTh MUTOMOI TeIIoeMHOCTI C, Bl TeMIIEpaTypH, SIKy OTPHUMYyBalH
3a JIOMOMOTOI0 TMHAMIYHOTO KanopumeTpa. [IpuHnumn nii rpyHTYeTbhCcS Ha BUKOPHUC-
TaHHI piBHSAHHA DPyp’e A TEIUIONPOBIAHOCTI 1 MOJSATAE y TOPIBHSAHHI PI3HUIN epe-
MajiB TEMIEPATypH Ha JOCIIKYBAHOMY 3pa3Ky Ta €TajOHI, MTUTOMA TEIJIOEMHICTh
SIKOT'0 3a37ajieriap Bigoma [11].

Jlanuii MeTo HalOLIbII TOIIIBHUM AJI1 OLUIHKU CTPYKTYPHHMX 3MiH, SIK1 B1AOY-
JUCS B €MOKCUAHOMY TosiiMepi i i€ Y DO, oCKIIbKH BiH € 10CUTh €()eKTUBHUMU
I BUBYCHHSI MOJICKYJIIPHOT PYXJIMBOCTI, HAJAMOJIEKYJISIPHOI CTPYKTYPH, BIaCTUBOC-
Te aMopdHO — KpucTaMuyHUX Ti1. OCOONMBICTIO IILOTO METOJY € MOYJIHMBICTh BH-
3HAYEHHS XapaKTEPUCTUK pPENaKCALITHUX MEepeXOo/IiB: €Heprii aKTUBAIlil 1 epeaeKc-
IIOHEHTH B PIBHSIHHI boibiMaHa-AppeHHiyca, 10 XapaKTepU3ye YacTOTy BIACHUX
KOJIMBAaHb 1-TO1 KIHETUYHOI OJMHUIIl HAa OCHOBI TEMIIEPATypHO-YaCTOTHUX BHUMIpIO-
BaHb MPU MEXaHIYHUX BUNPOOYBaHH:X [12].

BuwmiproBanHs koedili€eHTa TEIJIONPOBITHOCTI A B JaH1i poOOTI IPOBOJATHCA 3a
JI0TIOMOT010 BUMiproBaya tertonposigHocti "UT- A-400” B MoaepHiI30BaHOMY Bapi-
aHTI, IPUHLIMI JIii IKOTo onucaHuii B [11].

OOroBopennst orpumannx pe3yJabratiB. Ha puc. 1. npeacraBineHo temmnepa-
TYpPHI 3aJIEKHOCTI MUTOMOI TernoeMHocTi C, enokcuanoro nommepy EJI-20 orsep-
mxeHoro TTETTA npu kiMHaTHIN TeMiiepaTypi (3aJexXHICTb 1).

B cknononi6nomy crani (—150 + +40 °C) cnoctepiratots psia €ekTiB, MOB's3a-
HUX 3 aKTUBI3ALI€I0 PYXJIUBOCTI OOKOBUX KIHLIEBHX I'PYH Ta HEBEJIUKHUX AUISIHOK OC-
HoBHOoro nanmtora [13]. Ilponec cknyBanus ( +40 ++50 °C) BimOyBaeTbes Tyxe
IIBUJKO 1 CYIPOBOKYETHCA OJATKOBUM IOIVIMHAHHAM €Heprii (CrocTepiraerbes
eHJ0TepMIuyHUN MakcuMyM). [Ipu cKkiryBaHH1 PO3MOPOXKYETHCS PYXJIMBICTH CETMEHTIB
— BEJIMKUX JIIJITHOK OCHOBHOTO JIAHIIIOTA 1 CTAa€ MOXKJIMBUM JIOOTBEPIKEHHS — MPOIEC
3aBepIleHHs peakiii. Sk BijgoMo [14-16] nmpu kKiMHATHIN TeMIiepaTypl MOXKe 3aJIUIIHU-
tach 45 + 50 % kiHueBux enokcuaHux rpymn. Ex3zorepmiunuii Makcumym (7, =
+100 °C) cBiUUTH PO IHTEHCUBHUM MPOIIEC JOOTBEPHKEHHs KoMio3uilii. [Tpu tem-
neparypax Buue +160 + 170 °C nounnarotscs npouecu pyinyBanHs C—0O ta C—C
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Puc. 1. Temnepatypha 3anexHicts nutomMoi TeroeMHocti EJ[-20 oTBepmkeHoro npu
KIMHATHIH TeMIiepaTypi (3a1eHIcThb 1). 3alie’KHICTh 2 — MOBTOPHE CKaHYBaHHS

3B’S13KIB (HecTpykuis nomiMmepy). IIpu moBTOpHOMY mOCHimKeHH! 3anexHOCTI C,=
AT uied x xoMmno3uii (puc. 1, 3ajexHICTh 2) poIiec JOOTBEPIKEHHS TPAKTUYHO HE
CIOCTEPITra€eThCs (EK30TEPMIYHUM MAKCUMYM BIJCYTHI), 10 CBIAYUTH PO 3aBEplIe-
HICTb PEaKlili TBEPIHECHHS.

3pa3kd €NOKCUIHOrO MOJIMEPY HAMHU OMPOMIHIOBAIUCH YIbTPa(ioieToM MHpo-
tarom 10, 30, 50 ronuu. IIpu npoMy BOHM IHTEHCUBHO MpPOrpiBajduck. [ BUsSBIEH-
Hs BIUIUBY came Y DO KOHTPOJIBHI 3pa3Ku €KpaHyBajducs MeTaneBoro Qoibroro. Hee-
KpaHOBaHI 3pa3Ku MOTEMHUIM, X04Ya CYTTEBUX 3MIH B TEMIIEPATyPHUX 3aJIEKHOCTSIX
MMUTOMOI TETUIOEMHOCTI 3pa3KiB ekpaHoBaHuX Bia Aii Y DO 1 HeekpaHoBaHUX (puC. 2.)
He crnocTepirarTbes. Lle cBiAunTh 1o Te, 10 MPOoLecH AOOTBEPKEHHSI 00YMOBIIEHI
00’eMHUM TIporpiBoM Komro3uilii. Ha BCiX onmucaHux TemmepaTypHHUX 3aJIeKHOCTSIX
(puc. 2.) poiiec ASCTPYKIIii MOYMHAETHCS JOCUTh MIBUAKO (IIpu TemiiepaTypax +150
+180 °C). Lle TakoX CBIAYUTH MPO YACTKOBE PYHHYBAHHS XIMIYHUX 3B S3KIB MiJ JI1€10
YOO.

JIoCPKEHHST K MIKPOTBEPAOCTI KOMIO3UIK (Tabn.1) moka3anu CyTTEBI Bij-
MIHHOCT1 MIKPOTBEPIOCTI OIPOMIHEHHUX 3pa3KiB (cepist A) BiJl MIKPOTBEPAOCTI 3pa3-
KiB, 110 OyJIM €KpaHOBaHI BiJl ONPOMIHEHHS ()OJIBIOIO 1 MiITaBAIMCH JIMILIE TEIUIOBIM
nii (cepist b). Octanue cBiquuTh npo BB Y DO Ha BIaCTUBOCTI caMe B MOBEPXHE-
BHX IIapax MOJIIMEpY.

AHaJi3 TeIONPOBIIHICTh OMPOMIHEHUX KOMITO3UI[IHN (Ta0. 2) 103BOJISE OIIHU-
i BIUIMB Y @O Ha NPOCTOPOBY CITKY €MOKCUAHOIO HOJIMEPY.

30utblIeHHsT KOedilli€EHTa TETUIONPOBIIHOCTI A npu 1-3 ToauHAX OMpPOMIHEHHS
MU OB’ SI3y€MO 3 JIO3LIMBAHHAM EMOKCUAHOIO MONIMEPY YIbTpadioneToBUM ONpOMi-
HEHHAM. 3MEHIIeHHS Koe(illieHTa TerIonpoBiAHOCTI miciast 10 roauH onpoMiHEHHS,
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Puc. 2. TemnepaTypHa 3anexHicTh muToMoi TerioeMuocti EJ[-20 onpoMiaeHOTO
Y®-npomensmu npotsirom 10, 30 ta 50 roaun

Tabauust 1. MikpoTBepaiCTh 3pa3KiB

Cepist A H,, Kr/MM° Cepis b (y pomb3i) H,, Kr/MM”
EJI-20+I1EIIA — 10" 16.74 E/1-20+I1EIIA — 10" 16.45
EJI-20+T1IETIA — 30" 19.62 EJI-20+T1ETIA — 30" 16.45
EJI-20+IIEIIA — 50" 20.99 EJI-20+TIETIA — 50" 16.47

Tabauus 2. TeronposiaHicTh onpoMiHneHuX 3pa3kiB EJI-20 + ITEITA

Yac onpomi- | Buxinnuii " 3h gh 10h 20" 30"
HEHHS 3pa3ok
A, Br/(Mm-K) 0.20 0.23 0.24 0.24 0.23 0.21 0.19

BOYEBHU/Ib, [IOB’SA3aHO 13 pyHHYBaHHSAM XIMIYHMX 3B’A3KIB 1 BIJMOBIIHO 3MEHILECHHS
I'YCTUHHU [IPOCTOPOBOI CITKH.

BucnoBku: Temtodi3nuHi METOAN MPOSIBUIIM BUCOKY UYTIIUBICTH 10 CTPYKTYp-
HUX 3MiH B €MOKCHIHOMY ToJiiMepl. [IpoBeaeH1 ekcnepuMeHTallbHI TOCHIIKEHHS BU-
sBuM BIUIMB Y @O Ha Tero¢i3uyH1 BIACTUBOCTI €MOKCUIHOTO MOJIIMEPY:

— Y ® npomeHi NpUCKOPIOIOTh MPOLIEC 3MUBKH (JOOTBEPAKEHHS ) HABITh IPU HE-
TpUBAIUX eKcro3ulisx. Ilpy 1bOMy OCHOBHUHM BIUJIMB HaJEKUTh TEIUIOBIN
CKJIAJIOB1H ONPOMIHEHHS;

— TpuBane onpoMiHEHHs NPUCKOPIOE MPOLIECH PYWHYBaHHS XIMIYHUX 3B S3KIB
(mectpykiis noiimepy)
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Bausinue y1bTpaduo/1eToBOro 00/1y4eHusi Ha TeIo(pu3ndeckre CBOUCTBA 10-
JIMMEPHBIX KOMIIO3UTOB Ha OCHOBe mosmdnokcuaa J/1-20

AHHOTALIUA
Hccnedosanocs enusanue yiompapuoniemosoeo usnyuenus Ha menioguzuyeckue c80lUCmaea dMokK-
cuonoeo nonumepa I3/-20. Obnapysiceno 8o3deticmaue meniogo2o u yibmpaguonremosozo usiyye-
HUs HA C8OUCMBA SNOKCUOHO20 NOUMEPA.
Knrouesvie cnosa: snokcuouwiii noaumep, yibmpaguoiemosoe oOnyueHue, menioguzuieckue
ce0lCmEa, Y0elbHas MenioemMKoCmyb, MUKPOMEepOOCmyb, Menionpo8ooOHOCHb, NOciedyroujee om-
sepaicoenue U Cmekio8anue.

Sichkar T. G., Trots V. L., Banak V. D., Stasiyk 1. M.
Influence of ultraviolet irradiation on the thermal properties of polymer
composites based on polyepoxide ED-20

SUMMARY

There was researched the effect of ultraviolet (UV) irradiation on the thermal physical proper-
ties of an epoxy polymer on the basis of an EP-20 epoxy resin hardened by polyethylene polyamine
of a normal temperature. The ratio resin/ hardener was 100 to 10 by weight. The ultraviolet irradi-
ation was produced by the mercury quartz lamp DRT-1000. This type of lamp was used due to its
strong light effect and power (1000 £ 50 W). The irradiation of a series of samples by UV rays has
been conducted over 10, 30 and 50 hours long. For the samples to be influenced by the uniform ir-
radiation they were turned over every 5 hours. To differentiate the effect of a temperature and UV
irradiation the samples were split into two groups and one of them was screened by a metal foil.
The micro hardness tests are conducted by the PMT-3 device in compliance with the standard me-
thodology.

To assess the structural changes occurred in the experimental samples there was researched the
temperature dependence of their specific heat measured by the dynamic calorimeter. This device
compares the temperature difference of the tasted sample and the standard sample with the known
specific heat (fused quartz). Measuring coefficient of thermal conductivity 4 is conducted by the
modernized version of the IT-A-400 thermal conductivity meter (thermocouple). Thermal physical
studies covered glassy and highly elastic conditions of the samples as well as the process of their
glass transition.

It was found that in the glassy state of the epoxy polymer there were some effects associated with
the movement of its lateral end groups and the small areas of the polymer main chain. Needless to
note that the process of the polymer glass transition is going quite fast and absorbs some extra
energy. At the same time over the curing process of the normal temperature it was revealed that 45-
50% of the final epoxy groups were not affected. This fact was evidenced by the exothermic maxi-
mum. It was also noted that at the temperatures above +160 °C the process of destruction of C-O
and C-C bonds (polymer destruction) has been started. The research of the micro hardness of the
polymer compositions has revealed some specific effect of the ultraviolet irradiation on the proper-
ties of the polymer and mostly in its surface layers.

The thermal physical methods has occurred to be the most sensitive to the structural changes in
the epoxy polymer and the ultraviolet irradiation has influenced its thermal physical properties,
namely:

— UV rays accelerate the process of cross-linking (up to post hardening) even over the short ex-
posures. In this case, the main influence belongs to the thermal component of irradiation;

— Longer irradiation accelerates the processes of destruction of chemical bonds (polymer de-
struction)

Key terms: epoxy polymer, ultraviolet irradiation, thermal physical properties, specific heat, mi-
cro hardness, thermal conductivity, post hardening, and glass transition.

13



