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boiiko FO.B. «TepMOCTiiiKi KOMIIO3UTH Ha OCHOBI apOMaTUYHOIrO MOJiaMigy Ta
riOpuaHOTO OpraHiuHO- HEOPraHiYHOIO HANOBHIOBAYa ISl Ba)KKOHABAHTAXKEHHUX
BY3JIIB TEPTsI TEXHOJOTIUHOIO OOJaJHaHHA» - KBaliikaliiHa HaykoBa Mpailsl Ha

paBax pyKOMucy.

JHucepranus Ha 3100yTTs CTyneHs JokTopa dinocodii 3a crneriaibHicTio 161 —
XIMIYHI TEXHOJOTIi Ta 1HXEHEPisl. — HAYKOBO HABYAJIBHUMA IHCTUTYT «YKpaiHCHKHIA
JEp’)KaBHUM XIMIKO TEXHOJIOTTYHHMI YHIBEPCUTET» YKPaiHChKOro JI€p>KaBHOTO

YHIBECUTETY HAYKH 1 TexHousorii, Jninpo, 2025 p.

HuceprariiiHy poOOTy BUKOHAHO Ha Kadeapi IHHOBALIMHOI 1HXEHPIi HAYKOBO
HAaBYAJIBHOTO  IHCTUTYTY «YKpaiHCBKUM JIepKaBHUM  XIMIKO TEXHOJIOTTUHUNA

VYHiBepcuTeT» YKpaiHCHKOTO JEPKaBHOTO YHIBECUTETY HAYKU 1 TEXHOJOT1M.

JlucepTarlirto TMPHUCBIYCHO BHPINICHHIO MPOOJIEMU CTBOPSHHS TMOJIMEPHHUX
KOMITO3HTIB 13 BUCOKUM PIBHEM (P13MKO-MEXaHIYHUX Ta TEIUIO()I3UYHUX BIACTUBOCTEH
Ta pecypco30epirarouoi METOIMKH iX MepepoOKH y BUpOOH, IO T03BOJISIE OTPUMYBATH
Marepiaaud 13  JOCTaTHIM pIBHEM  BJIACTUBOCTEH JJI1  BUKOPHUCTAHHSI Yy

Ba’XKOHABAHTAXCHUX BY3JIaX TCPTA TEXHOJIOTTYHOI'O O6J'Ia,Z[HaHH${.

AKTyaJIbHICTh pOOOTH 3yMOBJICHA THM, 110 CYYaCHUN PO3BUTOK HAYKH 1 TEXHIKH
noTpeOye BUKOPUCTAHHS 3HAYHOIT KIJIBKOCTI TEXHOJIOTIYHOTO 00JIaTHAHHSI, SIKE SBJISE
co0010 CKJIaJHI MallTMHU 1 MEXaHI3MH, 0 MPAIOIOTh Y IHTECHCUBHOMY PEXUMI MPU
MOHATHOPMOBOMY DIiBHI HaBaHTa)EeHb, IIBUAKOCTEH KOB3aHHS, a TaKOX IpHU
MiABUIIEHUX TemrepaTtypax. lle cnpusie 3HAUHOMY 3MEHIICHHIO iX HaAIMHOCTI Ta
JIOBTOBIYHOCT1 MPUYOMY HaW4acTiIle BUXOATh 3 Jaay came By3nu TepTs. OgHum i3
METO/IIB BUPIMICHHS IIi€] MpoOJIeMr € BUKOPUCTAHHS B SIKOCTI MaTepialiB map TepTs
noyiiMmepHux Kommnosumiianx MarepiamiB (ITKM) 3 BucokuM piBHEM TpHUOOJIOTIYHHUX
BnactuBocTeil. Jleranmi 3 icHyrouumx [IKM TpuOOTEeXHIYHOTO TPU3HAYEHHS HE
3a0€e31euyoTh HeOOXITHUN piBEHb HAAINHOCTI Ta TPUBAIOI POOOTH CYyHaCHUX MAIIUH
1 MEXaHI3MIB, TOMY MPOIMO3UIlli I[0JI0 BUKOPUCTAHHS HOBUX 3 KpalllUM pPIBHEM

BJIACTUBOCTEH € AKTYaJIbHOIO 3a1a4CIO0.



OO0’eKT JOCHIIDKEHHS - EKCIEPUMEHTANbHI 3aKOHOMIPHOCTI CTBOPEHHS
MOJIIMEPHUX KOMIIO3UTIB HA OCHOBI apOMAaTHMYHUX MOJIaMIJIB, apMOBAHHUX
OpraHiYHUM apaMiJIHUM BOJIOKHOM 1 CHJIIKArearo JJIsl BY3JIB T€PTS TEXHOJOTTYHOIO

oOlagHaHHS.

[Ipeamer nmochiKeHHsS - MOJIMEPHI KOMIIO3MIIIMHI MaTepiaJd Ha OCHOBI
apOMaTUYHOr0 TOJIiaMily, apMOBAHOIO AapaMiJHUM OpPraHiYHUM BOJOKHOM 1

CUJIIKareJito Ta METOAN BUTOTOBJIEHHS BUPOOIB 13 HUX.

VY BeTymi 0OrpyHTOBaHO aKTyallbHICTh JUCEPTAILIHOI poOOTH, CHOPMYIHOBAHO
METy, 3ajlayl, O0’€KT 1 MpeAMeT IOCHIIKEeHb, BUCBITIEHO HAyKOBY HOBU3HY Ta
NPAaKTUYHE 3HAYCHHS OTPUMAHHUX PE3yJIbTaTiB, HABEJIEHO 3B’ 30K pOOOTH 13 IHIIUMU

HAaYKOBUMHU TCMATHKAMH Ta IIPUBCIACHO 000OMCTHI BHECOK 3)106YB3‘13.

Y mepumiomy po3/iii MPUBEACHO JIITEPATYPHUN OIS JKepell iHpopmMarlii noao
TEPMOCTIMKUX TMOJIMEPIB Ta MaTepiayiiB TPUOOTEXHIYHOTO NPHU3HAYCHHS JIs
BaXKOHABAHTAKEHUX BY3JIIB TEPTS TEXHOJOTIYHOTO oOnanHaHHg. Po3risHyTi
PI3HOMAaHITHI TOJIIMEPH, SIKI MOKHA BUKOPUCTOBYBATH B SIKOCTI MOJIMEPHOI MaTPHIII,
MOPIBHSHI 1X PI3MKO-MEXaH1uH1 XapaKTePUCTUKHA Ta OOTPYHTOBAHO BHOIp MOJIMEPHOT
MaTpUIli Ha OCHOBI apOMaTHMYHOrO Tomiamingy. PO3TISHYTO OCHOBHI BHIH
HAITOBHIOBaYiB Ta MOAU(DIKATOPIB, SIKI BUKOPUCTOBYIOTHCS JJISl MOKPAIICHHS PIBHS
BJIACTUBOCTEH BUXITHUX MOIIMEPiB. JIOKIIaIHO BUCBITJICHI BIIACTUBOCTI BOJIOKHHCTHX
Ta TUCTICPCHUX HAITOBHIOBAYIB, 3p00JICHA iX MOPIBHSJIbHA XapaTKkepucTuka. JloBeneHo,
[0 MaTepiaJd Ha OCHOBI KPEMHE3eMY € OJIHMMHU 13 HaWKpamux HaMOBHIOBAYEH
MOJIIMEPIB, 5K, 3aBASKA HASBHOCTI IMMPOKO PO3BUHEHOI TMOBEPXHI Ta AaKTHBHUX
CUJIAHOJIBHUX rpyn Ha i MOBEPXHI
, 3/1aTHI TIOKPAIyBaTH HE TUTHKU TPUOOJIOTIUHI BIACTUBOCTI OTPUMAHUX KOMITO3UTIB
npu iX GPUKIIHHIA B3a€MOJIi 13 CTAUIIO, a 1 COpUATH 30UTbIIECHHIO 1X (i3UKO-

MEXaHIYHHUX Ta TeTUIO(I3UIHIX BIACTUBOCTEH.

Hanana nopiBHsJIbHA XapaKTEpUCTUKA HAITOBHIOBAaY1B HA OCHOB1 KPEMHE3EMY Ta
BYIJICIICBUX HAMOBHIOBAYiB, OOTrpyHTOBaHMM BHOIp B SKOCTI HalOBHIOBAayda

KpemHe3eMy. Takoxk 3po0JeHO OrJisii BOJOKHUCTUX HANOBHIOBAYiB, BU3HAYEHO, IO



BOJIOKHUCT1 HAMOBHIOBAYl HA OCHOBI apaMiJHOIO BOJOKHA CHPUSIIOTH IMIABUIICHHIO

TPUOOTEXHIUHUX BJIACTUBOCTEN KOMITO3UI[IMHOTO MaTepiaty.

Y apyromy po3auii 0yio 3po6eHo oriisii 00’ €KTIB Ta METOIB JOCIII)KEHHS, SIKi
BUKOPHUCTOBYIOTHCA Y poOOTI. B IKOCTI moniMepHUX OCHOB OyJI0 00paHO apOMaTUUYHUIMA
noJiamiz (momi m-, n- peniieHu3odranamia). B skocTi HanmoBHIOBaYa Oyiio oOpaHO
BOJIOKHUCTHUI HAMOBHIOBAY apaMiHe BOJIOKHO (TOJ1 M-, n- peHuieHn3odraniamia) ta
JIUCTIEpPCHUI HAMoOBHIOBaY KpemHe3eM. [IpuBeneHo CTpyKTypHi GOpMyIn IUX
MaTepialliB, iX OCHOBI BJIACTUBOCTI, MapKu Ta BUPOOHUKH. TakoX HaBeIEHO YcCi
METOJMKHU JOCHTIKEHb, 13 MOCHJIAHHSIMU Ha CTaHIAPTH, M0 BHKOPHUCTOBYBAIHCS Y

naHii poOOTI Ta MPUBEICHO 00JIaJHAHHS HA SIKOMY BOHU TTPOBOIMIIHUCS.

Y TpeTrboMy poO31Il MPOBEACHI KBAHTOBO-XiMiUHI Ta eKClepUMeHTaJbHi
JOCJII/PKEHHSI 0COOJIMBOCTEN MIXKMOJIEKYJIIPHUX B3a€EMOZIN Y KOMILJIEKCHUX
cucTeMax «apOMaTUYHUU noJiiaMifi-apamijiHe BOJIOKHO-CHUJIIKareJib».
[TopiBHNIBHUHN aHaI3 OJEpKaHUX CIEKTPIB MDK COOOK BKazye Ha HasIBHICTH
XapaKTepUCTUYHUX CMYT TIOTJIMHAHHS, 10 BIAMOBIJAIOTh BaJECHTHUM KOJUBAHHSIM
T1IPOKCUIIBHUX TPYN V(oH) Ta 3HAXOASATh CBOE BimoOpakeHHs Ha Autsnii 3405-3419
cM L, sika BKa3ye Ha IPUCYTHICTH 3aIMIIKOBOT BOJU y JOCTIIKYBAHUX 3pa3Kax, B TOMY
YHUCIl W MIIHO 3B’SI3aHUX MIKpoYacTKaMu cujikarento. Crocrepiraiach pisHUIS Y
MOP¢OJIOTTi YaCTHHOK CHITIKAre o B CKJIaJl MOJIMEPHUX KOMITO3UTIB (TOBEIEHO 3a
noroMoro MikpodoTorpadiii), Mo OTpUMaHi 3a PI3HUMH METOJIaMH IEPEepOOKU Y
BUPOOU, 110 CBIAYUTH PO 3HAYHY PI3HUIIIO Y YUCETHHUX 3HAUYCHHSX IUIOI TOBEPXOHb
HamoBHIOBaYa. Tak, cuilikareiasb i3 OUTBIN CKIIATHOK MOPQOJIOTIEI0 YACTUHKU Mae
OUTBIITY TIIOITY ITOBEPXHI, SKa 3/IaTHA JIO B3aEMOJII 13 MOIIMEPOM, 30KpeMa 3aBIISIKU
CTBOPEHHIO BOJHEBHX 3B’A3KIB MDK CHJIAQHOJIBHUMU TpyHaMd CHUJIIKAreiao Ta
CJICKTPOHETATUBHUMHU TpPylmaMud MOJIEKYN momiMepy. ToOTo, 1e MiaTBEpIKYyeE
pesynbrat  [Y-CeKTpOCKOMIYHUX JOCTIHKeHb, $KI CBiAYaTh TPO 30UTHIICHHS

KUTBKOCTI BOJHEBUX 3B’SI3KIB Y KOMIIO3UTaX, OTPHMaHUX 3a IN Situ Meromom

CYMIIIEHHS BUX1JTHUX KOMIIOHEHTIB y MOPIBHSIHHI 31 CTAHJAPTHO OTPUMAHUMU.

Y 4yerBepTOMY pO3AUIl PO3TISHYTO METOAM OTPUMAHHS KOMITO3UTHUX

MarepiajiiB Ha OCHOBI apOMAaTHMYHUX TNoJiaMmiAiB. Po3risiHyTo mMeToau mnepepoOKu



MOJIIMEPIB Y BUPOOU, BUBHAYEHO YNHHMKHU, 5Kl BIUIMBAIOTh HAa NEPEPOOKY. 3BaKAIOUU
Ha Te, 1110 apOMaTUYHUH MOJT1aM1J1 € TEPMOILIACTUYHHUM MOJIIMEPOM 13 JJOCUTh BUCOKOIO
B’SI3KICTIO pO3IUIaBa, TO JUIi HHOIO HAWOUIbII y 3HAYHOMY CTYIIEH1 BIUIUB Ha

nepepoOKy MaTUMYTh HOTO TEXHOJIOT14H1 BJACTUBOCTI.

Ha ocHOBI aHami3y HayKOBHX JaHHUX 3allPOIIOHOBAHO 3aMiHUTH TPATUIIHHY
OIEPAIlil0 MEXaHIYHOTO CYMIIIEHHSI KOMIIOHECHTIB TOJIMEPHUX KOMITO3UIIii Ha IN-Situ
CYMIIIIEHHST TIOJIIMEPHOT MAaTpHIli 3 HAIOBHIOBAYeM ITiJ] 4ac WOro CuHTE3y. Takuid
OiAXiJ  J03BOJISIE YCYHYTH BIUIMB Cerperauii Ha pIBHOMIPHICTh PO3MOALLY
HAlOBHIOBaua B 00’e€Mi MoOJiMepy, IO COPUSTUME IMIJIBUIICHHIO OJHOPIAHOCTI
KOMIIO3UIlii,  CHOpOIIYE  TEXHOJOTIYHMM  Tmpolec  NepepoOKH  MOITIMEPHUX
KOMIO3UIIMHUX MaTepialliB 1 3MEHIIYE COOIBAPTICTh BUTOTOBJIEHHS! BUPOOIB.

VY SKOCTI HAalOBHIOBaYa OOpPAaHO CHJIIKAreib, KM OTPUMYETHCS 3 KPEMHIEBOT
KUCJIOTH TIISXOM TiIPOJITUYHOTO OCa/KCHHS 3 reiro. [lim yac Woro cuHTE3y B
peaxiiifHy CHUCTEMY BBOJUTHCS JIUCIIEPCHUM TMOJIMEp, 10 3a0e3neuye yTBOPEHHS
MOJIIMEPHOT KOMIO3HIli OJHOYACcHO 3 (hOPMYBaHHSIM HamNoOBHIOBaya. Takui IMiaXis
HAJIEKUTD O METOI0JIOTIT «30JIb-TeJIbY» CUHTE3y. BCTaHOBIEHO ONTUMalbHI 3HAUYCHHS
TUCKY Ta Yacy BUTPUMKH NpH OpukeTyBaHHI: ipu Tuckax Big 40 mo 120 MIla (ms
BUXigHOTO TomimMepy) Ta Bim 40 mo 160 MIla (mis po3poOiieHMX KOMIIO3UTIB)
CIIOCTEPIraeThCsl IHTCHCUBHIIIE 30UTBIICHHS MIUILHOCTI, HDK MPU OLIBIINX THUCKAX,
TaKOX 13 30UTBIIICHHSAM BUTPUMKH 111 THCKOM 3 60 10 180 cexyH criocTepiraeThes 5-
6% MiIBUINEHHS HIUTBHICT, OpUKETIB. Y pe3yibTaTi MPOBEIACHHS IOCIIIKEHb IO
BCTAHOBJICHHIO BIUTUBY TEMIIEPATypH Ta TUCKY MPH MepepoOIll HA MUTOMY YIapHY
B’S3KICTh BUSIBJICHO, IO 3aJIEKHICTh Ma€ YITKO BHPAXEHUH ONTHUMYM B 00JaCTi
temmneparyp 325-335°C. Ilpu 1pbOMy 3HAYE€HHS TUTOMOI YAApHOi B’ S3KOCTI
30iIBLIy€EThCS TOYMHA0YH Bif TemnepaTypu 310 1o 330°C 3 3 1o 40 kJ[x/M2. MOxkKHa
CTBEpKYBau, 110 13 30UTbLIEHHSIM TUCKY nepepoOku 3 10 go 50 MlIla nutoma ynapHa
B’s3KicTh 30umbmyeThest 3 22 mo 40 Mlla. Ilpm mpoMmy HalOiLIBII 1HTEHCHUBHE
30UIBIIIEHHS] 1I0T0 TMapaMeTpy croctepiraetbes npu Tuckax Bim 10 go 40 Mlla.
30unbiieHHss TuckiB Ouibiie 40 MIla He HPU3BOAUTH JO CYTTEBOTO 30UTBIICHHS
MATOMOI yJIapHOi B’A3KOCT1 1 mepepoOKa apOMAaTHUYHOIrO MOJiaMJy MpPU HUX HE €

€KOHOMIYHO JOLLIBHOIO.



VY m’AaTomy po3aiii JOCHIKEHO CTPYKTYPHI, (Pi3UKO-MeXaHI4H1 Ta TeTI0(13U4H1

BJIACTUBOCTI OTPUMAHOTr0 MOJIMEPHOTO KOMITO3ULIIMHOIO MaTepiany.

Jlisi BCTAaHOBIJIEHHSI BIAMIHHOCTEH Yy MOP(QOJIOTii HANOBHIOBaYa CHJIIKAreIo Y
MOJIIMEPHUX KOMIIO3UTAaX, fAKI OTPUMaHI 3a 3alpONOHOBAHOIO Ta CTaHAAPTHOIO
METOJMKOI0 Hamu Oyja NpoBeJeHa omepalliss BUAUICHHS MHOro 3a J0MOMOTrOI0
BUmagtoBaHHs. [IpoBeBIIM TEpMOrpaBIMETPUYHUNA aHaN3 PO3POOJIEHUX KOMIIO3UTIB
MU BCTAaHOBWJIM, IO iX OpraHiuHa CKJajoBa (apoOMaTUYHUHN TOJIaMil Ta apamigHe
BOJIOKHO) TIOYMHA€E pO3KJIagaTucs Bxke mnpu Temreparypax 350°C 1 MOBHICTIO
pO3MaaeThcsl Ha JIETKOJETIOUM KOMIIOHEHTH Bke mpu Temreparypi 900-950°C, a
CWJIKarejib B 1HTepBasl JociaipkeHux Temneparyp 3 20 mo 1000°C we mijsirae
TEPMIYHOMY PO3KJIaJIEHHIO. 3BaKAIOUM Ha I1¢ HaM BIAJIOCS BUJAIUTH CHIIIKaresb i3
NOJIIMEPHUX KOMIIO3UIIIM 1 32 PaxXyHOK €JEKTPOHOI MIKPOCKOMIT OIIHUTH HOTO
mopdororito. Otpumani Mikpodororpadii  J03BOJNAIOTH CTBEPIKYBaTH, IO
HANIOBHIOBAY IMICJIA TPOKAJNIOBaHHS TMOJIMEPHUX KOMIIO3UTIB, OTpPUMaHUX 3a
MeXaHIYHMM Ta IN Situ MEeTOAOM CYMIICHHS BHUXIIHUX KOMIIOHEHTIB IOJIMEPHHX
KOMIIO3HMIIIH Ma€ pizHy MopdoJorito. Tak cuitikarelsb i3 KOMIIO3UTIB, OTpPUMaHUX 3a In
Situ MeTo10M Ma€e OUTBII PO3BUHEHY MTOBEPXHIO 13 BEJIMKOIO KLIBKICTIO OTBOPIB, MIKpPO
Ta MakKpoIlop y TMOPIBHSAHHI 13 aHAJIOrOM, OTPUMaHHM 3a MEXaHIYHUM METOJ0M
CYMIIIEHHS BUXITHUX KOMIIOHEHTIB Yy MOJIMEpHiNd Kommo3uili. 3mMiHa Mopdoorii
HaIlOBHIOBaua OyJie OKa3yBaTH CyTTEBUN BIUIMB Ha MOT0 BIAcTUBOCTI. | MilicHO HaMu
BCTAQHOBJICHO, 1110 BBEACHHS apaMiJHOTO BOJOKHA Ta CHJIIKArel0 y apoMaTUYHUN
noJtiamin crpusie Horo 5-15% mokparieHHio TBEp10CTi 3a bpiHeneM, Hanpy KeHHS TIPH
MEX1 TeKY4YOCTi Ta MOJYJIS MIPYKHOCTI MPU CTUCKaHHI, a TAaKOXX 301UIBIIICHH] 3HAYEHb
TEMIIEpaTypu PoO3M’sKIIeHHs 3a Bika Ta mowatky akTuBHOI mectpykiii g0 300 Ta
367°C BinmoBimHO. TakoK BCTAaHOBJICHO, 110 KOMIIO3UTH, OTPUMaHi 3a In Situ MeTogoM
CYMIIIICHHSI BUXIJHUX KOMIIOHCHTIB IOJIMEPHHX KOMIIO3MINIM MarTh Ha 5-10%
Kpaniuii piBeHb (i3MKO-MEXaHIYHUX Ta TETUI0()I3MIHIX BIACTUBOCTEH y MOPIBHSAHHI 13
BUXIITHUM apOMaTHYHHUM TIOJIaMIiOM, IO € CBIJYEHHSIM pI3HUII y Mopdosorii

HAITOBHIOBaJa CHJIIKAreto Y KOMIIO3UTAaX, OTPUMAaHHUX 34 p13HI/IMI/I MCTOOdaMHM.

VY mocromy po3auil JOCTIAXKYBAIUCh TPUOOIOTIUHI BIACTUBOCTEH OTPUMAHUX

MOJIIMEPHUX KOMIIO3UIIMHUX MaTepiaiiB. AHali3 pe3yibTaTiB TPUOOIOTTYHUX



JOCIIPKeHb T0Ka3aB, L0 BHUXIJIHUW apOMaTHUHUUA MOJiaMiJ XapaKTepU3Y€eThCA
CTaOUTbHUM, aje€ BIJHOCHO BHUCOKHM KOE(ILUIEHTOM TEpTsA, BEIUYMHA SKOTO
MOHOTOHHO 3pOCTa€ 31 30UIBIICHHSM HaBaHTa)XXEHHSA. Take 3pOCTaHHS KOPEIIoE 3
IHTEHCUBHUM HarpiBaHHSIM IIOBEPXOHb KOHTAKTYy, IO MPHU MEBHUX MIBUIKOCTAX
KOB3aHHS MOXK€ CHPUYMHATH NIAIUIABICHHS IOBEPXHEBUX IIApiB IMOJIMEpPY Ta,
BIIMOBIIHO, TMepexiJ By3Ja TepTs A0 apapiiiHoro pexumy pobotu. IlomiOHa
3aKOHOMIPHICTb CIIOCTEPIraeThesl 1 715 MapaMeTpa 3HOITYBAHHS: MiHIMaJIbH1 3HAYEHHS
(bIKCYIOThCS Y peKUMaX HU3bKOTO HABAHTAXKEHHS Ta IMIBUIKOCTI, TOA1 IK MaKCUMAJIbHI
— npu 0,8 MIla ta 2 M/c — 0JJHO3HAYHO BKa3YIOTh Ha IOCATHEHHS TPAHUYHOIO CTAaHY
napu TepTs Ta HEAOUUIBHICTh ii eKCIulyaTalii B LMX yMoBax. TakuM YHHOM,
HOpMAaJbHUN pEXUM poOOTH MJIS YHUCTOrO Moiiamify 3a0e3leduyeThesl JUIe Y

BY3bKOMY Aiamna3oHi mBuakocte (1-1,5 M/c) ta HaBanTaxeHns (10 0,5 MIla).

BBenenHs cuiikareiro 10 KOMITO3MIIi HA OCHOBI apOMaTUYHOIO TOJIIaMiay Ta
apaMiHOTO BOJIOKHA CYTTEBO BIUIMHYJO Ha TPUOOTEXHIYHI BJIACTHBOCTI MaTepiaiy.
Komno3utu, MoaudikoBaHi cuitikareiaeMm, JAEMOHCTPYIOTh 3HIDKCHHS KoedillieHTa
TEPTS Ta IHTEHCUBHOCTI 3HOIIYBaHHS Ha 5—40% 3a5e’Ho BiJ PeKUMY HAaBaHTAKEHHS
1 IIBUJIKOCTI KOB3aHHSI. BakinBo, 1m0 XapakTep 3MiHU KoedillieHTa TepTs B
MOAM(BIKOBAHUX CHCTEMaXx 30epiracThCs JIIHIMHUM Yy MeXaX yCiX JTOCTIKEHUX YMOB,
110 € 03HAKOIO CTaOUIBLHOT pOOOTH By3J1a TePTs. [HTEHCHBHICTD JIIHIHHOTO 3HOITYBaHHS
TaKOX 3aJIMIIAETHCS HU3BKOIO Ta KOHTPOJIHLOBAHOIO 70 HaBaHTakeHb 0,5 MIla, micis
YOro CMOCTEPIra€ThCsl HE3HAYHUIN HENHIMHUI MPUPICT, KU OJHAK CYTTEBO MEHIIIUM,

HIXK y MatepiaiiB, OTPUMAHUX TPATUIINHAM MEXaHIYHUM 3MIITyBaHHSIM.

Oco0nuBOi yBarm 3aciyroBy€ TOPIBHSHHS KOMIIO3MIIIM, BUTOTOBJICHUX 3a
MEXaHIYHOI0 Ta In Situ TEXHOJOTIAMH CYMIIICHHS HANOBHIOBaYa 3 IMOJIIMEPHOIO
MaTpUIICI0. YCTAaHOBJICHO, M0 BUKOPHCTAHHS in Situ migxomy 3abe3medye OuTbII
PIBHOMIPHHUI PO3MOJIUI CHIIKArellt0 Ta 3MEHIIY€E CXUIBbHICTh CUCTEMH J0 Cerperariii,
mo Oe3mocepelHhO MPOSBISETHCS Yy TOKPAIICHHI TPUOOJIOTIYHUX XapaKTEPHUCTHK:
Koe(imieHT TepTs 3HNKYEThes Ha 3—5%, a IHTeHCUBHICTH 3HOMTyBaHH — Ha 10-50%
y MOPIBHSIHHI 31 CTaHAAPTHUMU KoMmo3uTaMmu. Kpim Toro, MoaudikoBani matepiaiu
JEMOHCTPYIOTh TTOKPAIIICHHS MEXaHIYHUX XapPaKTEPUCTHUK: 30UTBIIICHHS HANIPYKEHHS

MpU MEX1 TEKY4YOCTl, MOJYJISI MPY>KHOCTI Ta TBEPAOCTI B cepeaHbomMy Ha 5-15%.



TemnocTiMKICTb 1 TEMIEpaTypa po3M’ IKILIEHH: 32 Bika Takoxk miaBUIYIOThCA Ha 15 Ta
30 °C BiaMmoBiHO, 110 CBIIYUTH MPO (POPMYBaHHS OUTLI CTAOUIBHOI i CTPYKTYPHO
YIOPSAAKOBAHOT KOMITO3HIII]. VY3arajnpHIO0YU MPOBEJICH1 JOCITIKEHHS
HaBaHTaXXyBaJIbHUX MapaMmeTpiB (PV-kpurepiro), BCTAaHOBJIEHO, IO JJIsI BUXITHOTO
apOMaTUYHOrO MOJIiaMily TpaHu4yH1 poOoul pexxumu ctaHoBiATh P = 0,5 MIla npu V
= 2,0 M/c, Toal SIK AJIsI KOMIMO3UIlIA, MOAM(DIKOBAHUX apaMiHUM BOJIOKHOM Ta
CUJIIKareieM, rpaHUYH1 €KCIUTyaTalliiiHl HaBaHTaXEHHS MiABUIYIOThCs a0 P = 0,8
MIla npu Tii ke MBUAKOCTI KoOB3aHHA. lle miATBepIKYye MMiABUIIECHHS
pare3/1aTHOCTI, JOBFOBIYHOCTI Ta HAMIMHOCT1 pO3POOJIECHUX MOJIMEPHUX KOMITO3UTIB

y By3J1aX TEpPTH.

Y BHCHOBKAaX TMpPHUBEJCHI OCHOBHI pPE3ylbTaTH IOCIIIKEHBb, IMIATBEPIKEHO

JOCATHCHHA MCTH Ta 3aJa4 pO6OTI/I, BU3HAYEHI HallpsAMHU MMOoAaJIbIINX JIOCJ'IiJ])KeHB.

v A0AATKY A IMPpUBCAHO CIIMCOK HAYKOBHUX IIpallb 3da TCMOIO )II/ICGPTaIIﬁ

3100yBaya.

Y nomatky B TpHBEIHO aKT TMPOMHUCIOBHX BHUIPOOYBaHb IiIIMITHUKIB
OMOPHOTO KoJIeca Ta MiJIIMITHUKY MPUKOATHOTO KaTka HAa OCHOBI apOMAaTHYHOTO
MoJIiamMily Ta TIOPUAHOTO OpPraHiYHO-HEOPraHIYHOTO HAIOBHIOBAYa, OTPUMAHHX Y
pe3yiabTaTi BUKOHAHHS HayKoBOi pPoOOTH «TepMOCTIWKI KOMIIO3UTH Ha OCHOBI
apOMATHUYHOTO TMOJliaMiay Ta TiOpHUIHOTO OPraHIYHO-HEOPTaHIYHOTO HAIOBHIOBadYa
JUIL  BOXKOHABAHTAXCHUX BY3JIB TEPTS TEXHOJOTIYHOTO OOJagHAHHS» IS
MOJICpHI3aIlil MIAINIMITHUKIB OMOPHOTO KOJIEca Ta MIMMIUIHUKY MPUKOATHOTO KaTKa

kynbTuBaTOpa Mapku «lluniar KJIJI-2» na JII1 «Harmionans-Ilrocy.

Kntouosi cnosa: apoMaTWdHi TOmiaMiad, apaMmilIHE BOJIOKHO, CHJIIKArelb,
MOJIIMEPHI KOMTO3MIIIHHI MaTrepiaind, TEPMOCTIHKI ToJiMepH, TpUOOTEXHIUHI
MOJIIMEpH, HATNOBHIOBaYl, METOIM TEPEepoOKH y BUPOOH, (i3UMKO-MEXaH4YHI Ta

Ter10(13uYH1 BIACTUBOCTI, TEPTSI, 3HOITYBAHHSI.



ABSTRACT

Boyko Y. V. «Heat-resistant composites based on aromatic polyamide and a hybrid
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— qualifying scientific work in the form of a manuscript. Dissertation for the degree of
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The dissertation was conducted at the Department of Innovation Engineering of
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University», part of the Ukrainian State University of Science and Technology.

The dissertation is devoted to solving the problem of developing polymer
composites characterized by enhanced physical, mechanical, and thermophysical
properties, as well as a resource-saving method for their processing into products. Such
materials must ensure a sufficient level of performance for use in heavily loaded

friction units of technological equipment.

The importance of this study is grounded in the fact that modern scientific and
technological developments involve the intensive operation of a wide range of
machines and mechanisms, including high loads, sliding speeds, and elevated
temperatures. These factors significantly reduce the reliability and service life of
equipment, with friction units being the components most prone to failure. A promising
method for addressing this issue involves the utilization of polymer composite
materials (PCMSs) possessing superior tribological performance. Existing PCMs
intended for tribotechnical applications do not provide the required reliability and
durability of modern machinery; therefore, the development of new composites with

improved performance remains a critical objective.

The object of this study is the experimental investigation of the formation patterns
of polymer composites based on aromatic polyamides, reinforced with organic aramid

fibers and silica gel, for friction components of technological equipment. The study



focuses on these polymer composite materials, as well as the methods for producing

products from them.

The introduction establishes the relevance of the dissertation, states its goal and
research objectives, defines the object and subject of the study, emphasizes the
scientific novelty and practical significance of the results, outlines the connection of
the dissertation with related research, and highlights the applicant’s personal

contribution.

The first section provides a literature review of sources on heat-resistant polymers
and materials for tribotechnical applications in heavily loaded friction units. Various
polymers suitable for use as polymer matrices are analyzed, their physical and
mechanical characteristics are compared, and the choice of aromatic polyamide as a
matrix is justified. The main types of fillers and modifiers used to improve the
properties of polymers are considered. Special attention is given to fibrous and
dispersed fillers, and a comparative analysis of their characteristics is provided. It is
shown that silica-based materials represent some of the most effective polymer fillers
due to their developed surface and the presence of active silanol groups, which improve
not only the tribological behavior of the composites in friction against steel but also
enhance their physical, mechanical, and thermophysical properties. A comparative
analysis of silica fillers and carbon-based fillers is presented, which justifies the choice
of silica. A review of fibrous fillers confirms that aramid fibers significantly improve

the tribotechnical characteristics of the composite.

The second section reviews the materials and research methods used in the study.
Aromatic polyamide (poly-m,p-phenylene isophthalamide) was selected as the
polymer matrix. Aramid fiber (poly-m,p-phenylene isophthalamide) and dispersed
silica gel were selected as fillers. Structural formulas, fundamental properties, trade
marks, and manufacturers of these materials are provided. All research methods are

described with references to standards and equipment used in the study.

In the third section, quantum-chemical and experimental studies of
intermolecular interactions in the “aromatic polyamide—aramid fiber—silica gel” system

were conducted. Comparative analysis of FTIR spectra revealed characteristic



absorption bands corresponding to the stretching vibrations of hydroxyl groups v(OH)
in the range 3405-3419 cm™!, which indicates the presence of trace amounts of water
strongly bound to silica gel microparticles. Differences in the morphology of silica gel
particles in composites obtained by different processing methods were confirmed by
micrographs, showing significant differences in filler surface area. Silica gel with more
complex particle morphology exhibited a larger surface area capable of interacting with
the polymer, particularly through hydrogen bonding between silanol groups and
electronegative groups in the polymer. These observations correlate with IR-
spectroscopic evidence showing an increased number of hydrogen bonds in composites
produced using the in situ method compared to those obtained by the conventional

approach.

The fourth section discusses methods for producing composite materials based
on aromatic polyamides. Methods for processing polymers into products and the
factors influencing these processes are analyzed. Given the high melt viscosity of
aromatic polyamide, its technological properties have a significant influence on
processing. Based on scientific data, the traditional mechanical mixing of polymer
components is proposed to be replaced with an in situ combination of the polymer
matrix and filler during the synthesis of the filler itself. This approach eliminates
segregation, improves filler distribution uniformity, simplifies the processing of
polymer composite materials, and reduces manufacturing costs. Silica gel synthesized
from silicic acid was selected as the filler, with dispersed polymer introduced during
its formation to ensure simultaneous creation of the polymer composite. This method
corresponds to «sol—gel» synthesis. Optimal briquetting pressures (40-120 MPa for
pure polymer; 40-160 MPa for developed composites) and holding times (60—180 s)
were established. The dependence of specific impact strength on temperature and
pressure revealed optimum processing conditions in the range 325-335°C and 10-40
MPa.

The fifth section focuses on the study of the structural, physico-mechanical, and
thermophysical properties of the developed composites. Thermogravimetric analysis
demonstrated that the organic components (aromatic polyamide and aramid fiber)

decompose between 350°C and 950°C, while silica gel remains thermally stable up to



1000°C. This enabled the isolation of silica gel from composites and evaluation of its
morphology by electron microscopy. The filler obtained from in situ composites
exhibited a more developed surface with a higher number of pores of various sizes,
compared to that obtained from standard mechanically mixed composites. This
morphological difference significantly affects properties: the introduction of aramid
fiber and silica gel improves Brinell hardness, yield stress, and elastic modulus in
compression by 5-15%, and increases the Vicat softening temperature and the onset of
active degradation to 300°C and 367°C, respectively. Composites produced via the in
situ method exhibit 5-10% higher physical, mechanical, and thermophysical

characteristics compared to the base aromatic polyamide.

The sixth section analyzes the tribological properties of the developed
composites. The initial aromatic polyamide exhibits a stable but relatively high and
load-dependent friction coefficient, which increases monotonically with load due to
intensified heating of contact surfaces. At certain sliding speeds, this can lead to
melting of surface layers and transition to emergency operation. A similar pattern is
observed for wear: minimum wear occurs at low loads and speeds, whereas maximum
wear (0.8 MPa and 2 m/s) indicates reaching the limiting state of the friction pair. Thus,
pure polyamide operates safely only within narrow ranges of loads (< 0.5 MPa) and
speeds (1-1.5 m/s). The introduction of silica gel markedly improves the tribotechnical
performance of the composite. Depending on load and speed, the friction coefficient
and wear intensity decrease by 5-40%. The friction coefficient remains linear across
all conditions, indicating stable operation, and wear increases only slightly above 0.5
MPa, remaining significantly lower than that of mechanically mixed composites.
Comparative analysis of standard and in situ manufacturing methods shows that the in
situ approach ensures more uniform filler distribution, reduces segregation, lowers
friction by 3-5%, and decreases wear intensity by 10-50%. Mechanical properties
(yield stress, elastic modulus, hardness) improve by 5-15%, while heat resistance and
Vicat temperature increase by 15°C and 30°C, respectively. Based on PV-criterion
analysis, the limiting operating parameters for pure aromatic polyamide were

established as P = 0.5 MPa and V = 2.0 m/s, while for composites with aramid fiber



and silica gel the limiting loads increase to P = 0.8 MPa at the same sliding speed,

confirming the enhanced performance and reliability of the developed materials.

The conclusions summarize the main results, confirm the achievement of the

research goals and objectives, and outline directions for further investigation.

Appendix A contains a list of scientific publications corresponding to the

dissertation topic.

Appendix B contains a report on industrial testing of bearings manufactured from
the developed composite based on aromatic polyamide and hybrid organic—inorganic
filler for the modernization of the support wheel and roller bearings of the “Shiling

KLD-2” cultivator at the State Enterprise «National-Plus».

Keywords: aromatic polyamides, aramid fiber, silica gel, polymer composite
materials, heat-resistant polymers, tribotechnical polymers, fillers, processing

methods, physical-mechanical properties, thermophysical properties, friction, wear.



