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TEPMOMEXAHIYHU AHAJII3 EJJEKTPOITPOBIJTHUX
KOMIIO3UTHUX MATEPIAJIIB HA OCHOBI
INOJIIBIHUUVIBY TUPAJITO

Mema. Memoto Oanoi pobomu Oy10  OOCAIONCEHHA  MEPMOMEXAHIYHUX — IACMUBOCHIEl
eNeKMPONPOGIOHUX NOIMEPHUX KOMNOZUMIB HA OCHOBI NONIGIHIIOYMUPATIO, SIKI MONCYMb OYymMu 3aCMOCOBAH]
8 AKOCMI eKPAHYIOUUX NOKPUMMIG OISl eIeKMPOHHO20 00IAOHAHHS.

Memoouxka. Jlocniodxcenns cmpyKmypu eieKmpOonpoGiOHUX NOMIMEPHUX KOMHO3UMIE SUKOHAHI 3d
00NOMO2010 CKAHYIOHW020 eleKmpoHH020 Mmikpockony Phenom Pro Desktop. {ocnioscenns memnepamypHoi
sanexcHocmi  depopmayii. KOMROZUYIUHUX MAMepianie 00epicani 3a O0ONOMO20I0 MePMOMEXAHIYHO20
ananizamopy Q400 EM (TA Instruments, CLIA) ¢ memnepamypromy inmepeani 6io 20 oo 180°C si
weuokicmio nazpisy 5 ‘C/xs. diamemp kinyesuxy inoenmopa 6ye 0,85 mm, npuxiaoena cuna 0,28 H, wo
gionogioae nasanmaosicenuio ~ 0,5 Mlla.

Pesynomamu. Po3pobneni KOMNoO3umu Ha OCHO8I NONIMEPHOI Mampuyi ma eneKmponposioHux
gyenezpaghimosux mamepianie 3 oooasanuam mazwemumy. Ooepoicani OaHi MEPMOMEXAHIYHO20 AHANIZY
KOMNO3umia 8i000paicyroms 0coOIUBOCIE NOBEOIHKU CMPYKMYPHUX Nepexodié KOMNO3UMY 6 WUPOKil
obnacmi memnepamyp. Ilpoananizosano Kpuei 3anedcHocmi noXioHoi Odegpopmayii 6i0 memnepamypu.
Bemanosneno,  wo  geedenns  gyenespaghimosoeo  HANOGHIO8AHA  00360M5E€  30LILUUMU  BETUYUHY
PIBHOBANCHO20 MOOYISL KOMNO3UYIUHO20 Mamepiany 6 obaacmi naacmuunol Oegopmayii, OCKiIbKU
HANOBHIOB8AY 0OMEINCYE MeUito KOMNO3UMY, a GIONOBIOHO i 11020 dedhopmayilo.

Haykoea nosusna. Bnepuie suxonanuti mepmomexaHivHui aHaniz KOMNOUMHUX Mamepianie, uwo
Oyau po3pobneni 018 eKpamy8amHs eieKmpoOMACHIMHO20 GURPOMIHIOGAHHS. Bemawnoenena degopmayiiina
cmitikicms mamepiany 6i0 npupoou i KiibKocmi gyenecpadimosozo Hano8HIEA4A 8 KOMRO3UMA..

Ilpakmuuna 3Hauumicms. 3anponoHOBaHi eNEKMPONPOGIOHI KOMRO3UMHI Mmamepianiu O
EKPAaHYB8AHHA eJIeKMPOHHUX NPULAOi8, W0 MAaromb GUCOKY MEPMOMEXAHIYHY CIIUKICIDb.

Knrouoei cnoea: mepmomexanivnuii  ananis, oegopmayis, pIGHOBANCHUL MOOYIb,  MOOY/Ib
NPYAHCHOCTI, meYisn Mamepiany, eieKmponpo8ioHi KOMHO3UMU.

Beryn. ByrnerpagitoBi Marepianu pizHOI NPHUPOIU JT03BOJIAIOTH BUKOPUCTOBYBATH iX MpPHU
CTBOPCHHI 3aXHCHHX EKPAaHYIOUMX IMOKPUTTIB BiJl €JIEKTPOMAarHiTHOro BumpoMiHioBaHHS (EMB).
Bimomi 3axmcHi Marepiand, 10 OTPMMaHi Ha OCHOBI aleTHJIEHOBOI caxi Ta rpadity [1, 2],
ByriieneBux HaHoTpyOok [3,4], rpadeny [5]. Crorogmi ocobmuBa yBara NPUAUISETHCS
KOMIIO3UTHUM TOJIiMep- ByrierpaditoBum wMmatepianam [6-8] mms 3axucry Bim EMB. 3Hauno
3HH3UTH BHUPOOHWYI BHUTpPATH HA BHUTOTOBICHHS 3aXHMCHUX EKPaHIB IO3BOJISIIOTH IOKPHUTTS,
oJepxaHi IUIIXoM (papOyBaHHSA, IPHU LBOMY JaHUN MeTOJ (POPMYBAaHHS 3aXMCHOTO APy J03BOJISE
3abe3nevyBaT HeoOXiJHI EeKpaHyIYl XapaKTePHCTHKH B 331aHOMy Aiana3oHi yacror [9, 10].

B po6oti 3anmpononoBaHo (hopMyBaHHS 3aXHCHOTO MOKPHUTTS y BUTIAAL (hapOu Ha OCHOBI
noJiBiHIOyTHpatio (PVB), HarmoBHEHOTO pi3HMMH MaTepianaMu. 30KpeMa B SKOCTI HAITOBHIOBaYiB
BHUKOPHCTOBYBAJIM aIlETUJIICHOBY Caxy, rpadiT, 3pa3ku TpadiTH30BaHOI CaXi Ta MarHETHT.
[ToBepXHsI YaCTUHOK BYTJICIICBHX MaTepialliB Ma€ BETUKY MATOMY ITOBEPXHIO, BHACIIIOK YOr0 BOHU
MarOTh BHCOKY aJCOpOIIiHY 374aTHICTh. ToMy BYyTJereBl MaTepiaii MOXKYTh CYTTEBO 3MIHIOBAaTH
(hi3UYHI XapaKTePUCTUKH MOJIMEPHOI MATPHUIll B MOKPUTTI. BaXXITMBUM JJ1s1 3aXUCHUX TIOKPHUTTIB €
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iX TepMOMexXaHi4Ha CTIHKICTh, 0COOIMBO, KOJIM BOHU 3aCTOCOBYIOTHCS B €JICKTPOHHUX MPHUIIAIAX, Je
BOHHM MOXXYTb HarpiBaTHCs 0 Pi3HUX TeMIIepaTyp BHACHIJOK poOOTH €IEKTPOHHUX €JIEMEHTIB. Y
3B’SI3Ky 3 IIUM, B pOOOTI MpHUiIeHa OCOONHMBaA yBara TEPMOMEXaHIYHOMY aHAJI3y KOMIIO3UTHUX
3aXHCHHUX MTOKPUTTIB B IIUPOKOMY Jiana30Hi TeMIIepaTyp.

IMocTanoBka 3aBaaHHsA. JlOCHIDKEHHS MEXaHIYHMUX XapaKTEPHCTUK HAIIOBHEHOTO
KOMITO3UTY Ha OCHOBI MOJIIBIHIIOYTHPAITIO B IIUPOKOMY TEMIIEpAaTypHOMY JIiana3oHi Ta BUSHAYCHHS
po0oUYOro iHTEpBALY TEMIIEpaTyp AJIs JaHOTO KOMITO3UTY. JlOCHiKEHHS BIUIMBY PI3HOTO THUITY
HAIOBHIOBAYiB HA TEPMOMEXaHIYHI BIIACTHUBOCTI KOMIIO3HTY.

PesyabtaTn gociaigeHHsi. OmHUM 13 METOIIB s JOCHIIKEHb jAedopMariitHux
BJIACTUBOCTEH moJiiMepiB € TepmoMmexaHiunmii aHamiz (TMA) [11]. [IpuHOMD KaHOTO METOTY
0a3yeThCsl Ha HAATOYHOMY BHUMIpIOBaHHI naedopmariii 3pa3ka Mg €0  TeMIepaTypu 1
HaBaHTKEHHS a00 i1 Ji€l0 HaBaHTa)XKeHHS B yaci. TMA jae 3MOory BUBYMTH MEXaHI4HI TTPOIIECH B
aMop(HUX, KPUCTAIIYHUX 1 CITYACTUX MOJIMEPHUX MaTepiaiax, TeMnepaTypHi Ta ¢ha3oBi Mepexoau,
BCTAaHOBHTH BILIMB CTPYKTYPOYTBOPEHHS HAa TEPMiUHI 1 MEXaHIYHI BJACTUBOCTI, @ TAKOX JAOCIITUTH
BIUIMB HAMOBHIOBAaYiB Ta MOAM(IKATOPIB HAa MEXaHIYHI XapaKTEPUCTHKW TOJIMEPHHUX Ta
KOMITO3UIIHHUX MaTepiajliB B IIJIOMY.

[Mpunan TMA peectpye 3MiHY JiHIHHUX po3MipiB 3pa3Ka MpPU HarpiBaHHI 3a CTATUYHOTO
HaBaHTaXXeHHA Ha 3pa3ok. Ha Puc. 1 HaBeneHO OCHOBHI €JIEMEHTH aHaji3aTopa: iHAEHTOp, IO
3aJja€ HaBaHTA)XXCHHS Ha 3pa30K, HArpiBaJbHHUN eeMEHT (IiYKa) Ta CHCTEeMa peecTpallii CUrHaly
(maTunk mepeMilIeHHs, TepMonapa).
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Puc.1. OcHoBHi ejieMeHTH aHagizatopa TMA

TepMoMexaHiuHI BUMIPIOBaHHS TMPOBOAWIMCA 32 JOTIOMOTOK0 TE€PMOMEXaHIYHOTO
anamizatopa Q400 EM (TA Instruments, CIIIA). /lociikeHHST BUKOHYBAJIUCh B TEMIIEPATYPHOMY
inrepsai Bix 20 no 180 °C 3i mBuakicTio HarpiBy 3pasky 5 °C/xB. JliameTp KiHIEBUKY iHIEHTOpA
oyB 0,85 mMm, mpukianena cwia 0,28 H, mo Bianosinae HaBanTakeHHIO ~ 0,5 MITa.
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JocmipkyBaHi 3pa3kd  BUTOTOBJCHI Yy BHUIJAI  ¢apOu 3 TOJIMEPHOI OCHOBH —
noniBiauiOytupamto (PVB) Tta pisHux HamoBHoBauiB: caxi (CB), komoimHoro rpaditoBoro
npemnapary (KGP) i okcuay 3amiza (Fe30,), sika HaHOCHIACsS HA OCHOBY 3 MeTajieBoi Goabru (MigHOT
(Cu) a6o amominieBoi (Al)). Ckiaan orpuManHuX IIiBOK HaBenacHuii B Tada. 1. 3pasku 1-4 ta 5-8
MOTIAPHO 1IEHTUYHI. 3pa3ku 2, 6, 4, 8 101aTKOBO OYJIM BKPHUTI IIAPOM TTOJIIMEPY.

Tabnuys 1.
CxJ1ag nocaixKyBaHHX 3pa3KiB

No 3pazka CxJtaj KOMIIO3UTIB

PVB-0 100* PVB
PVB-1,5 20PVB + 20CB + 60KGP
PVB-2, 6 20PVB + 20CB + 60KGP 3 nogarkopum mapom PVB
PVB-3, 7 16,7PVB + 16,7CB + 50KGP + 16,6Fe304
PVB-4, 8 16,7PVB +1 6,7CB + 50KGP + 16,6Fe304 3 JIOMIAaTKOBHM IIIAPOM

PVB

3paszku 1, 2, 3, 4 — copmoBani Ha MigHIH (Hob3i

3pasku 5, 6, 7, 8 — cpopmoBaHi Ha aOMiHI€EBIH Pob3i
*-mrdpu BigoOpakaroTh BMICT MaTepiaJly B MAaCOBHUX BiJICOTKaX

Ha Puc. 2 mnaBemeHo npHUKIaAM CTPYKTYPH JOCHIDKYBAaHUX KOMITO3HUTHHX ILUTIBOK.
Bignosigno 10 Puc. 2 (a, 6, B) MOKpUTTS MalOTh MOPYBaTy CTPYKTypy. Ha moBepxHi MmpHCyTHI
YUCJICHHI AedeKkTH y BUMIAI BrnaauH po3mipoM g0 10 mxm. Cmig BIAMITUTH, IO J0/IaBaHHSI
MarHeTUTy 3HAYHO TOKpallye CTPYKTypy NOKputtTsa. [lokpurts 3 marnerurom (Puc. 2 1, 1, e )
MaloTh MEHINY KUIBKICTh MOpP Ta TPIIIMH BHACIIJOK TOTO, IO Ca)Ka 3aIllOBHIOE MOPOXKHEUI MiX
gacTUHKamu rpadity. BecraHoBneHuit (pakT MOKHA MOSICHUTH BILUTMBOM MEXAHIYHOI Jii MarHeTUTy
mig 4yac BHUrOTOBIEHHS (apOu. MarHeTuT MEpemKoIKae YTBOPEHHIO  ariioMepariB
ByrierpaiToBoro Marepiany.

Puc. 2. MikpodoTtorpadii noBepxHi KoMno3uTHUX ILUTIBOK pi3Horo: (a, 0, B)-3pa3ku 1,5; (T, 1, e)-3pa3ku 3,7

B poGoti Oynu mociimkeHi BuiieBkazaHi miiBku meronoM TMA. Ha Puc. 3 naBegeni

TepPMOMEXaHI4HI KpuBl AJis Komro3uTiB Ha ocHOBI PVB (Ta6x. 1). Kpusi BimoOpaxaroTs (akt
143



ISSN 1813-6796 print Ximiani Giog .
ISSN 2617-9105 online imiuni ma oiogpapmayesmuuni mexnonozii

BICHHK KHYTJ N5 (138), 2019 Chemical and Biopharmaceutical Technologies

nedopmariii KOMITO3UTIB TpU 30LTBLICHH] Temreparypu. B Hamomy Bumaaky aedopmaris (€) - e
3MiHa TOBUIMHU KOMITO3UTY TPH MEHETpallii, [0 po3paxoBaHa 3a piBHAHHAM (1):

£ = AL, 100% @)

0

ne AL — 3MiHa TOBIIMHHU KOMIIO3UTY, Ly — TOYaTKOBE 3HAYEHHS TOBITUHU KOMITO3UTY.

Jedopmartis momiMepy 3aIeKUTh BiJl METalTy MiAKIAIKHA, 30KpeMa Ha aatoMiHieBiid (Hob3i
BoHa ctaHoBUTH 100 % 3a Temmneparypu 150 °C, B Toli ke yac Ha MigHiH (Hosb3i Mpu Temmeparypi
150 °C nedopmanis — 87 %. 3 oTpuMaHUX JAaHUX BUIHO, IO TEPMOMEXaHIUYHA KpUBA IJII YUCTOTO
PVB Binpi3Hs€TbCS Bl KPUBHX, OTPUMAHUX IS KOMIIO3UTIB HA HOro ocHOBi. HaBeneHi kpuBi Jist
koMno3uTiB PVB € monmiOHMMH Ta XapaKTepu3yIOThCs MEHIIMM 3HAaYeHHAM naedopmartii, 1o
MOB’S3aHO 3 TIPUCYTHICTIO HAMOBHIOBaYa B TOJIMEpHIA Martpuii. [lOKpHTTS KOMITO3UTY
JIOJIATKOBUM IIIApOM TIOJTIMEPY 301IbIITye 3HaUCHHS nedopmarrii.

0 - 0-
-20 - -20 -
)
= 40 | %o 40 -
g =
= ] =
g =
2 -60 - £ .60 -
& | —pwa < —PVB5
B ——PVB-2 = —PVB-6
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Puc.3. TemnepatypHa 3ajie:kHicTh AedopManii KoMoO3uTIiB Ha adoMiHieBil (a) Ta MiaHiii (0) ¢oab3i

Ha Puc.4 HaBeneHo TemmepaTypHy 3aleXKHICTh MOXinHOI aedopmariii KOMIIO3UTY I10
temneparypi (AL/AT, um/°C). BignosigHo mo Puc. 4 MoxxHa cTBepIKyBaTH, IO momiMep Oe3
HAIOBHIOBAYiB XapaKTEepHU3YyeThCs ABOMAa MiHiMymaMu. [lepmuii MiHIMyM criocTepiraeTscs npu 64
°C, sakuil € OmuspkuM 10 Temmeparypu ckiayBanHs PVB (=57 °C). J[pyruii minimym
(BUCOKOTEMIIEpaTypHUii) GibIIol iHTeHcUBHOCTI crocrepiraetbes npu 127 °C. Cuix 3a3HaunTy,
10 MPUPOJIa IPYTOTo MKy HE 30BCIM 3p03yMiJia i MOTpeOye TOAaTKOBUX JAOCTIIHKCHb.
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Puc.4. TemnepatypHa 3ajie:kHicTh MOXiaAHOI AedopManii 1J1s1 KOMIIO3UTIB HA aJIOMiHi€Bil (a) Ta MigHil
(0) dpoan3i

BHeceHHs1 HamoBHIOBaYa 70 TMOJIMEPHOI MAaTpHIll MPU3BOAUTH 10 3MIHM TeMIIepaTypHOI
MOBEIIHKM KOMIIO3UTY. 3aMiCTh JBOX MiHIMyMIB, mo Oymu mnpucytHi B 1iiBmi PVB,
CIIOCTEPITraeThCsA OJWH YIIUPEHHH MiHIMyM. Mo’kHa 3poOWTH BUCHOBOK, IO TPH HAIMOBHEHHI
nmoyriMepy ByTJierpadgiToBUMH MaTtepianamu, BiAOYBaKThCsS 3CYB MEPIIOTO MKy B 00JIaCTh OLIbIIT
BHCOKuX Temmeparyp (74-76 °C), a qpyroro B 00JiacTh HU3BKHX TEMIIEPATyp, BHACIIIOK YOTO Ha
KPUBHUX CIIOCTEPIraeTbcs €IWHUN MMPOKHUNA MiK. BimbIn 4iTko Takuii eekT crocTepiraeTbest s
komno3utiB PVB-2 ta PVB-4, koTpi BKpUTI 1OJAaTKOBUM IIapoM Moiimepy. Jis nux KOMIO3HTIB
BUCOKOTEMIIEpaTypHe Iulede € Ounbln BUpakeHHM. OmMcaHa MOBEAIHKAa CBITYUTH PO Te, IIO0
HATOBHIOBAY CYTTEBO BIUIMBAE HA MOJICKYJISIPHY PYXJIUBICTh MOTIMEPY.

Ha ocHOBiI TemmeparypHoi 3anexHOCTI aedopMariii JOCTIHKYBAaHMX KOMIIO3UTIB 3a

piBHSHHSM (2) po3paxoBaHO PIBHOBAXKHHUI MOJyJNb (E) 3pa3kiB, 3HAUCHHS SKOT'O HaBeleHI Ha Puc.
5.

P 2)
&

F
ne P — HaBaHTaXEHHs Ha 3pa30K, KOTPE BHU3HAYAETHCA SK PZE; F — npuxnanena

soBHimHSA cuna (0,28 H); § — mioma innentopa (3 miamerpom 0,85 mm); & — 3Ha4eHHs Aedopmariii,
B3aTe npu Temmeparypi 160 °C. 3HauyeHHs piBHOBaXHOro Moxyis uucroro PVB cranosuts
npuom3Ho 0,5 MIla. BHeceHHs HamoBHIOBaYa B MOJIMEPHY MATPHINIO MPU3BOANUTH 10 301IBIICHHS
3HA4YEeHHS PIBHOBAXHOTO MOJYJIS KOMIIO3UTIB. BUNbII BHCOKI 3HA4€HHS DPIBHOBRXHOTO MOYJIS
CIIOCTEpITaloThCsl Ui KOMITO3UTY, SIKMH HAlOBHEHHWH TphOMa BHIAMM YacTHHOK. MakcuMaibHe
3HA4YEeHHsI PIBHOBAXXHOT'O MOJYJIIO OTpUMaHo Juisd komno3uty PVB-3, ne npucytHi yactunku FeszO0q4
6e3 10JaTKOBOTO MOJIIMEPHOTO LIapy.
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Puc.5. 3HavyeHHs piBHOBa:KHOTO MOAYJIS AOCTITKYBAHUX 3pa3KiB

30iMbIICHHS] YaCTKM HAMOBHIOBaYa TMPU3BOJUTH A0 3MEHIICHHS 3HAYEHHS BIJIHOCHOL
nedopMartii JOCHiHKYBaHUX KOMIIO3HTIB, IO MPOJIEMOHCTpoBaHO HA Puc. 6. HaiimeHie 3HaueHHS
nepopmanii npu T=130 °C oTpuMaHO 1JI5 KOMIIO3UTY IIiJ HOMEPOM 3, SIKMI HAIIOBHEHHH CaXKelo,
KOJIOTAHUM TpadiTOBUM mpenaparoM Ta MarHeTuToM. JlaHa BenwdyuHa OOEpHEHO MPOIOpIliiiHA

PIBHOB&XXHOMY MOJYJIIO, TOMY 3pa3kaM 3 HaWMEHIIOW aedopMarli€ero BIAMOBITAIOTH 3pa3Kd 3

HaWOIIBIITNM 3HAYEHHSM PIBHOBKHOT'O MOYJIS.

80 -
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=Cu

60

Dedopmauin, %
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Ne spazka PVB

Puc.6. 3navyenns BigHocHoi 1edpopmanii npu T=130 °C pis J0CHiIKYBaAHUX 3pa3KiB

BucHoBku. PiBHOBaXkHMIT MOay/b HeHanoBHeHoro momiMepy (PVB) cranosuts 0,5 MIla.
BcranoBnieHo, mo MokHa 30UTBIIUTHA PIBHOBOXKHHUK MOIYJIb Maiike B TPU pa3u NMPU HAMOBHEHI
noJiiMepa TpboMa BUIaMH YacTHHOK, a CaMe TaKUMHU SIK ca)ka, KOJIOiqHHA rpadiToBH mpenapar Ta
MarHeTut. JlogaTkoBMi miap moJyliMepy Ha MOBEpPXHI MOJIMEpPY MPHU3BOIUTH A0 3MEHIICHHS
piBHOBaXXHOTO MoayJisi. OTKe, MPH HArpiBaHHI TaKUX MOKPUTTIB MOXE CHOCTEepiratucs ix OuIbII
BUCOKa Jedopmanis, 110 OOyMOBIIEHA TEYi€l0 Marepialy y B’A3KOTEKy4OMY CTaHI B
BrcokoTemneparypHiii o6macti (T > 80 °C). KoHTpob TepMOMEXaHIUHUX BIACTUBOCTEH 3aXHUCHUX
MOKPUTTIB € JyXe BAXIUBUM, TOMY IO 3MiHA TEMIEpaTypd TPU3BOAUTH 10 3POCTAHHS
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neopmMarifHuX BIACTUBOCTEH KOMITO3UTIB, a I, B CBOIO uepry, HPU3BOJAUTH JO 3MIHH IX

CJICKTPUYHUX Ta MEXaHIYHUX BJIaCTHBOCTEM.
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TEPMOMEXAHUYECKHWI AHAJIN3 DJEKTPOINPOBOISIINX KOMIIO3UTHBIX
MATEPHAJIOB HA OCHOBE MOJIMUBUHUJIBYTUPAJISL
BYTEHKO O. A.!,; MUCIOPA A. U.>, MAMYHS E. I1.5, BAPCYKOB B. 3.}
XOMEHKO B.T.!

b o o o o
Kuesckuil nayuonanvHblil yHUGEpCUMen MEXHOI02ULL U OU3AUHA
2 . N
Kueecxuil nayuonanonwiil ynueepcumem umenu Tapaca [llesuenxa
3 o
Hucmumym xumuu ebicokomonexynapuvix coeounenuti HAH Ykpaunu

Ilens. [lenvio  Oaunou  pabomwl  6ObLIO  UcCred0BaHUe — MEPMOMEXAHUYECKUX — CGOUCME
INEKMPONPOBOOSUUX HOTUMEPHBIX KOMHOZUMOE HA OCHOBE NOIUGUHUNOYIMUPALS, KOMopble MO2ym Oblmb
NPUMEHEHbL 8 KaYecmae IKPAHUPYIOWUX NOKpbImull 071 2IeKMpPOHHO020 000pYy006atus.

Memoouxa. Hcciedosanue cmpykmypvl — 31eKMPONPOBOOSUX  NOTUMEDPHBIX — KOMNO3UMO8
BbINOIHEHBL C NOMOWBIO CKAHUPYIOWe20 INeKMpoHHo20 Mukpockona Phenom Pro Desktop. Hccnedosanus
memnepamypHol  3agucumocmu  0epopmayuy  KOMROZUYUOHHBIX MAMEPUANO8 HOIYUEHbl € HOMOWbIO
mepmomexanuyeckozo anaruzamopa Q400 OM (TA Instruments, CIIIA) 6 memnepamypHom unmepeaie om
20 oo 180 °C co ckopocmovio nacpesa 5 °C / mun. Huamemp naxoneunuxa unoenmopa - 0,85 mm,
npunodicennan cuna 0,28 H, coomeemcmayem naepysxe ~0,5 Mlla.

Pesynomamul.  Paspabomanvl  KOMnO3umsl  HA4 ~ OCHOGE  NOJUMEPHOU  Mampuyvl U
INEKMPONPOBOOSWUX  Yeecpaumosulx mMamepuanos ¢ oobaeienuem mazHemuma. Ilomyuennvie OoanHvle
MEPMOMEXAHUYECKO20 aHANUZA KOMHO3UMO8 OMPANCAIOm  O0CODEHHOCU NOBEOeHUs. CIMPYKIYPHBIX
nepexo008 KOMNO3Uma 8 wupokon obracmu memnepamyp. Ilpoananusuposanvl Kpugvle 3a8UcCUMOCmU
npousBoOHol  depopmayuu om memnepamypul. Ycmaunoeneno, umo GeedeHue  yenezpagumoso2o
HAnoIHumesnst NO3G0Jslem YEeIudums GeIUYUHY DPAGHOBECHO20 MOOYIsi KOMNOZUYUOHHO20 Mamepuana 8
obnacmu naacmuueckol Oeghopmayuu, NOCKOILKY HANOIHUMENb O0SPAHUYUGAem medeHue KOMNo3umd, d
COOMBEMCMBEHHO U €20 0ehopMayuro.

Hayunas noeusna. Bnepgvie ¢vinoinen mepmomMexanuyeckuil aHaiu3 KOMIOZUMHbIX MAMEPUALOs,
Komopvle Ovliu  paspabomanvl 018 IKPAHUPOBAHUS DNEKMPOMACHUMHO20 U3NYYeHus. Ycmanosnena
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3a8UCUMOCTb 0ePOPMAYUOHHOU YCIMOUYUBOCHU MAMEPUATA O NPUPOOLL U KOIUYECMEa Yenecpaghumosozo
HanoJIHumens 8 KOMnosume.
IIpakmuueckaa 3nauumocms. [Ipednodicensvl 31eKMpPONPO8OOAuUe KOMNOIUMHbIE MAMePUansl OJis
IKPAHUPOBAHUSL DTIEKMPOHHBIX NPUOOPOS, UMEIOWUE BLICOKYIO MEPMOMEXAHULECKYIO YCTHOUYUBOCTD.
Knwouesvie cnosa. mepmomexanuueckuii amanus, oegopmayus, PAasHOGECHbII MOOYIb, MOOYVIb
ynpy2ocmu, meKy4yechms Mamepuand, 31eKmponposooaujue KOMno3umel.

THERMOMECHANICAL ANALYSIS OF ELECTRICAL CONDUCTIVE COMPOSITE
MATERIALS BASED ON POLYVINYLBUTYRAL
BUTENKO O. 0.}, MISIURA A. 1.2, MAMUNYA Y. P.2, BARSUKOV V. 2.},
KHOMENKO V. G.!
'Kyiv National University of Technologies and Design
Taras Shevchenko National University of Kyiv
I Institute of high-molecules compounds chemistry of National Academy of Science of Ukraine

Purpose. The purpose of this work was to investigate the thermomechanical properties of electrically
conductive polymer composites based on polyvinylbutyral, which can be used as shielding coatings for
electronic equipment.

Methodology. The structure of electrically conductive polymer composites was studied using a
desktop scanning electron microscope (Phenom Pro ). Investigations of the temperature dependence of the
deformation of composite materials were obtained using the thermomechanical analyzer Q400 EM from TA
Instruments, the USA in the temperature range from 20 to 180 ° C with a heating rate of 5 ° C/min. Indentor
final zone diameter was 0.85 mm, applied force was 0.28 N, which corresponds to effort of ~0,5 MPa.

Findings. Composites based on polymer matrix and electrically conductive carbonaceous materials
with the addition of magnetite have been developed. The thermomechanical analysis of composites was
shown the structural transitions of the composite over a wide temperature range. Dependences for
deformation derivate vs temperature have been analized. It was established that the introduction of
carbonaceous materials as filler allows increasing the value of the equilibrium modulus of composite
materials in the range of plastic deformation because the fillers limit the fluidity of the composite and as
result their deformation.

Originality. Thermomechanical analysis of composite materials for electromagnetic shielding was
performed for the first time. The influence of the deformation resistance of the material was determinate
taking in the account of nature and the amount of carbonaceous materials filler in the composite.

Practical value. Electroconductive composite materials with high thermomechanical stability was
proposed for electromagnetic shielding protection in electronic devices.

Keywords: thermomechanical analysis, deformation, equilibrium module, modulus of elasticity,
material flow, electrically conductive composites.
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