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(muB. Tabn. 2). lle BuMarae 30UIbIIEHHS AiaMeTpa YaCTHHOK IO CIPH-
ATIUBOTO PO3MIpY, MPUIATHOTO Uil MPAKTUYHOTO 3acTocyBaHHs. Kpim
TOTO, JOJAaBaHHS OKHCHO-BimHOBHOTO mpekypcopa SFS-TBHP crtBo-
PIOE BHCOKOAKTHBHI PaJIMKaNH, SIKI CHPUSIOTh YTBOPEHHIO YaCTHHOK,
SIKI MAlOTh MPUUHATHAN TiaMeTp I ApyKY — 8—12 MkM (quB. Tabmd. 2).
Xoua eMynbCiifHI a00 MiHI-eMYIIbCiiHI METOaM TmoJiMepu3arii Oyiam O
O1IbLI LiKaBUMH 3 TOUKHU 30y MOTPeOU B €HEprii, po3mip YaCTHUHOK CIIij
JIOJTaTKOBO KOHTPOJIOBATHU ISl SIKICHOTO APYKY.

[IponyKTUBHICTE TOHEPHHUX APYKAPCHKHUX 1 KOMIIOBAJBHHX MAIIWH
Oyne 3anexxatu Bij mMopdoinorii Tonepa. CepryHi YacTHHKH TOHEpa
I IBUITYIOTh SKICTh 300pake€Hb, BOJHOYAC 3HIDKYIOUH €(EKTHUBHICTDH
OYMILEHHS 4Yepe3 3HWKEHHS TepPTd MK OYMCHUM Jie30M 1 OapabaHoM
¢doroxkonaykTopa. Bonn Takox 3meHmyoTs Ban-nep-BaanscoBy anre-
3110 Mi’K TOHEPOM 1 OCHOBOIO.

Ha puc. 1 mokazano SEM wikpodotorpadii momimMepr3oBaHHX
TOHEpPiB, OTPUMAHHX 3a JOIIOMOTOI0 PI3HMX CHOCOOIB mMoiMepu3arii.
CdepudHi 9acCTHHKH ONEP)KYIOThCS MPHU CYCHEH3iHHIN moniMepu3arii
(puc. 1, @). 1m0 MOXKHA OSICHUTH MEXaHI3MOM 3apOJKEHHS KpareJb.
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Pucynoxk 1 — Mikpodororpadii SEM uactuHok TOHEpA,
OTpPHMaHMX METOaMH IojiMepH3alii B cycneHsii (a), emynbcii (b)
1 MiHI-eMyJIbCiT (¢)

BuxoprcTaHHs OKHCHO-BiTHOBHOTO iHiIliaTopa JAEmi0 MOPYIIHIIO
(dopMy TOHEpa B eMyJbCiiHIH Ta MiHI-eMyIbCIHHIN MONiMepH3aii
(muB. puc. 1,511, ¢) [3].

BUCHOBKHA

BcranoBneHo  3anexHICTH  MOP(OJOTIYHUX — XapaKTEPHCTHK

BHTOTOBJICHMX TOHEPiB Bim crmocody momiMepm3arnii. Tak ToHepw,
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OJIepXaHi CyCIIeH31HOI TOJIMepHU3alli€l0 BUSBWIM Maibke cde-
puuny dopmy (xoedinient dopmu=1,03) 3 HaliMEHIIUM PO3MIPOM
4acTUHOK (4,95 MKM) MOpPIBHSIHO 3 €MYJIbCIHHUMHU Ta MiHi-eMYJIbCili-
HUMH TIPOJYKTaMH IOJiMepH3alii i3 cepeaHiM po3MIpOM YaCTHHOK
12,03 i 16,07 mxm BigmoBigHO. OMHAK PO3MOALT YaCTHHOK 3a PO3Mi-
POM JUTSL TIPOAYKTIB €MYNbCIHOI Ta MiHIeMYIbCIHHOT ToJiMepu3altii
cranoBuB 1,84 i 0,77 BignoBimHO, 1110 OyJI0 3HAYHO HUXKYMM, HIK 3HA-
gyenHs 2,05 171 TOHepiB, OTPUMaHUX METOIOM CYCIEH31HHOI.
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MNIABUIIEHHA MEXAHIYHUX
BJIACTHUBOCTE MATEPIAJIIB HA OCHOBI
HAJIBUCOKOMOJIEKYJISAPHOT'O TOJIETHJIEHY

Tersina Kpaseup,
JI1000B MeJabHUK, K. T. H., JIOLI.

KIII im. Iropst Cikopcbkoro

Amnoramisa. B naniif poOori Oymo TOCHIMKEHO BIUIUB IOJICTHICHIII-
kom0 (PEG) ta momietmneny Bucokoi miasHOCTi (HDPE) Ha MexaniuHi
BJIACTHBOCTI TOJICTHIICHY HanBHCOKOi MojekymspHoi macu (UHMWPE).
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HonaBanus HDPE mokpamiye MexaHi4HI BIIACTHBOCTI (MIIHICTH Ha pO3-
pHUB, MIIIHICTh Ha BUTHH, yIapHa B’ A3KiCTh, MOIYIb MPYKHOCTI TIPH BUTHHI)
y cuiBBinHomenHi UHMWPE/HDPE — 60/40. Xoua npu nomaBanni PEG
nokparyerscst TexHonoriunicte UHMWPE, ane moripiryroTbess MexaHiuHi
BJIACTHBOCTI CyMIIIIi.

KarouoBi caoBa: mnomierwsien Bucokoi mineHocti (HDPE), mnomietunen
HaaBucokoi monekymsipHoi mMacu (UHMWPE), ymapra B’s3KicTh, MIITHICTB
Ha BUTHH, MOJYJIb TIPY)KHOCTI, MEXaHI4Hi BIACTUBOCTI.

Abstract. This study investigated the effect of polyethylene glycol (PEG)
and high-density polyethylene (HDPE) on the mechanical properties of ultra-
high molecular weight polyethylene (UHMWPE). The addition of HDPE
improves the mechanical properties (tensile strength, flexural strength,
impact strength, flexural modulus) in the UHMWPE/HDPE ratio of 60/40.
Although the addition of PEG improves the processability of UHMWPE,
the mechanical properties of the compound deteriorate.

Key words: high-density polyethylene (HDPE), ultra-high molecular weight
polyethylene (UHMWPE), impact strength, flexural strength, elastic modulus,
mechanical properties.

[omieTnnen Hax BucokomonekymsapHoi macu (UHMWPE) — e min-
IPYIOI0 TEPMOTUIACTHYHOTO TOJIieTHIIeHy. BiH Mae HaA3BUYaifHO TOBTi
JIQHITFOTHY, SIK1 JO3BOJISIFOTH OLIbII €(EKTHBHO MEPCHOCUTH HaBaHTA-
JKCHHSI Ha TIOJIIMEPHHUI CKEJIeT LUIIXOM IMOCHJICHHS MIKMOJICKYJISIPHOT
B3aemoii. Lle mpu3BOAUTE IO Ay)KE€ MIITHOTO MaTepialy 3 HAWBHIIOIO
YIAPHOIO MIITHICTIO cepell OyIb-IKAX TePMOILIACTIB.

[omieTunen Bucoxoi minsHOCTi (HDPE) e momimep BHcoKoi Tyc-
THHU, OTPUMAaHHI PEAKINE€I0 TMOoJiMepu3allii eTHICHY TP HU3BKOMY
TUCKY. B cTanmapTHHX yMOBax Iie TBEpIUii, >KOPCTKUH, BiIHOCHO TPO-
30pa peYOBHHA.

[Momerunenrnikons (PEG) — 3arambHa Ha3Ba MOJIKOHICHCOBAHUX
MOJIIMEPIB  €THIICHTIIIKOMO0 abo0 IONIiMEpPU30BaHUX TOJIMEpIB OKHCY
CTUJICHY 1 BOIH, [Ie HEWTpaJIbHUN, BOOJOPO3UMHHUN TosIiMep. 3aneKHO
BiJIl CEpEAHBOT MOJICKYJISIPHOI MacH MOJIiMepy — B’ SI3Ka PiJIMHA, KEIEIO-
JiOHa abo TBep/a PEUOBHHA.

B poGori [1] st 30iIbIIEHHS yAapHOI MIIHOCTI TIOMIMEPY BHKO-
PUCTOBYIOTH  CyMilml — moiieTwieHy Bucokoi tmmiibHOCTI  (HDPE)
i3 TOMieTWIeHOM HaaBuCOKoi Momnekyasipaoi macu  (UHMWPE)
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ta nomietnnennikoneM (PEG), mo B mopansimomMy 1eMOHCTPYIOTH 301Tb-
LIEHHS MIIHOCTI Ta yIapHOi B SI3KOCTI, MOPIBHSHO 3 YUCTHM IOTIMEPOM.

I'panymu HDPE mnonpiOGHIOIOTE B MOPOIMIOK Tepes 3MIilTyBaHHSIM
3 UHMWPE i1 PEG ans orpuMaHHS OTHOPIIHOTO CKJIAay 3 TOIaTh-
UM TPAHYJIIOBAaHHAM PO3IUIaBY 3 BUKOPHCTAHHSIM OJHOIIHEKOBOTO
eKCTpy/epa 31 MBHUIKICTIO oOepTaHHs mHeKka 80 06/xB. BMicT komo-
HEHTIB CyMillli y BiAmoBigHOCTI 10 Tabm. 1.

Taomuus 1 — Cxian cymimeidn UHMWPE/HDPE/PEG

Ho3nauenns 3paskiB | UHMWPE (mac. %) | HDPE (mac. %) | PEG (phr)
U10H90G 10 90 2
U20H80G 20 80 2
U30H70G 30 70 2
U40H60G 40 60 2
US5S0H50G 50 50 2
U60H40G 60 40 2

Temmieparypa 1o 30HaM MaTepiaTbHOTO IIJIIHIPY SKCTpyAepa Bimmmo-
BimHO 195, 220, 220 1 240 °C. 3acTOCOBaHO XOIOAHHUIA CTIOCIO TPAHYIIAIIII.

3pasku Ui JOCIHipKeHb  po3mipom  12,7x3,0x150,0 MM
(wMpuHa X TOBIIMHA X JIOBKWHA) BUPI3aid 3 BIANPECOBAHOTO JIHCTA.
TexHonoriuni mapaMeTpu (GOpPMYyBaHHS JIMCTA: TeMIlEpaTypa Mpecy-
BanHs 210 °C, yac npecyBanus 25 xB (15 xB HarpiBy Ta 10 XB 0X0J10-
JUKSHHSI M1 THCKOM), THCK 14 MIa.

JocmikeHHsT TPOBOAWMIM Y BIAMOBIAHOCTI 70 CTaHAAPTHUX
MetoniB BuipoOyBaHHs ASTM D256-10 (Standard Test Methods
for Determining the Izod Pendulum Impact Resistance of Plastics).
BumnpoOGyBanns Ha ymap 3a I3omom mnpoBommim Ha [MPats 15
(ATS FAAR Iramis). 3pa3ku s BUIpoOyBaHb BIATIOBIOANN THITY
II ASTM D 256. Haciuky Ha mmouny 2,6+0,02 MM BHKOHYBaJIH
3a JJOIIOMOT'OI0 Hapi3HOTO iIHCTPYMEHTY.

Mexaniuni BnactuBocti cymimeit UHMWPE/HDPE/PEG nokazani
Ha puc. 1. MinHiCTh Ha PO3PHUB, MILHICTh Ha BUI'HH 1 MOIYJb MPYXK-
Hocti mpu 3ruHi cymimedn UHMWPE/HDPE/PEG cnouarky 3po-
CTa€, aje TOTIM TMOCTYNOBO 3MEHINYETHCA 31 30UIBIICHHAM YacTKH
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HDPE, 1 MakcuMajbHe 3HA4eHHS JOCATacThCs, KOJIM CITIBBIIHOIIECHHS
UHMWPE/HDPE 6yne cranoButu 60/40. MinHicTe Ha pO3TST, Mil-
HICTh Ha BHIMH 1 MOIYJIb MHPYXHOCTI NMPH BUTHHI 30UTBIIYIOTHCS
Ha 13,8 %, 25,7 % ta 32,5 % [2]. Lle moB’si3an0 3 TiiM, o UHMWPE
Ma€e BHCOKOB’SI3KOTIPYKUHY Oe3rnepepBHy (a3y, Koiu auctepcHa ¢asza
HDPE € Hu3bKO10, 1 B pe3ynbrari boro MoieKyisipHi ianitorn HDPE
MPOHMKAIOTH Y MoJekysipHi janmorn UHMWPE. Lleii 38’30k nipu-
3BOIUTH A0 €(EeKTUBHOrO MPOTUCTOSIHHS Aedopmalii, TO K MIHICHI
XapaKTEPUCTUKH TTOKPAIyOThes 13 qogaBanasmM HDPE.
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Pucynoxk 1 — Brutus yactku HDPE Ha MexaHiuHi BIacTUBOCTI CyMi-
mreii UHMWPE/HDPE/PEG: a — BnacTHBOCTI Ha po3TsT; b — BIacTH-
BOCTI TIPH 3THHI

Vnapna B’s3kicte cymimedr UHMWPE/HDPE ta UHMWPE/
HDPE/PEG nponemoncTpoBano Ha puc. 2 [1]. SIk BugHO, ynapHa B’s13-
kicte UHMWPE/HDPE mae Buiili Ta Kpariii MoKa3HUKH 1€ OB’ SI3aHO
3 TUM, 11O MEPETUICTEHHS JIAHITIOTIB JI03BOJISIE TIOTIMHATH OiJIbIle eHep-
Tii gepe3 mepeopicHTAIlifo JIAHIIOTIB Ta iX KOB3aHHSI.

[pasunenuit ckman cymimi UHMWPE/HDPE (tabm. 1) mae
BaroMme 3HadeHHs. YaapHa miuHicts cymimedt UHMWPE/HDPE 306e-
piraerbest 1o 60 mac. % HDPE, ta npu 306inbmenni Bmicty HDPE
CIIOCTEPIraeThCsl pamnToBe MajiHHA. butbln  e(eKkTuBHE MOINIH-
HaHHS eHeprii ymapy Oy/lo BHSBIEHO Ui KOMIIO3MINI IPH BMICTI
UHMWPE 40, 50 i 60 mac. %. Y 1iux KOMITO3UIISIX HE CIIOCTEPIiranocs
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PO3pHBIB JOCHIIHUX 3pa3kiB. Lle Mo)XHA MOSCHUTH TOBHHMM CILIaB-
JICHHSIM Ta XOPOIIOK ajare3ito Mik moeepxHeto posainy UHMWPE
3 HDPE [1]. Ane skmo B3stu Bmict HDPE 70 mac. % 1 Buie,
TO TI€ TIPU3BEJIC 10 TIOTIPIICHHS aare3iiHO1 B3aEMO/Ii1 MK YaCTUHKAMHA
UHMWPE ta marpunieto HDPE, sk Hacmimok BimOymeTbest pedopma-
uii mmactuky. ToMy Ut 30epekeHHsT MEXaHIYHUX BIACTHBOCTEH BMICT
HDPE B cknazi cymimi He moBuHEH nepeBuiysata 60 mac. %.
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Pucynok 2 — Ynapna B’s3xicte UHMWPE/HDPE
ta UHMWPE/HDPE/PEG

BUCHOBKH

VY nmaniii poOOTI MOCTiMHKEHO MeXaHIuHI BIACTUBOCTI CyMIIlIi TOJIi-
eTuieHy HaaBucokoi monekynsipHoi macu (UHMWPE) i3 nonietnneHom
Bucokoi minbHocTi (HDPE). 3aznaunmo, npu noxasanni PEG y cymim,
3HAUHO TMOTIpIIYIOThCS MexaHiuHi BiactuBocTi UHMWPE, xoua mosmi-
STHJICHTITIKOJIb MO)KE TIOKpAIIyBaTH TEXHOJOTIYHICTh TOMiMepy. Tomy
nmonaBanHs HDPE mokparrye Taki TMOKa3HWKH: MIITHICTH Ha pPO3PHB,
MIIHICT, Ha BWTHH, yJapHa B’S3KiCTh, MOIYJb MPYKHOCTI MPH 3THHI.
Onrumansanm crissiguomenasM UHMWPE/HDPE e 60/40.
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THIN FILM POLYMER COMPOSITES INCORPORATING
RED MUD PARTICLES AS AGENTS FOR FORMING
TEXTURED SURFACES WITH WATER REPELLENT

PROPERTIES

Oleksiy Myronyuk, PhD, As. Prof.,
Denys Baklan, PhD student,
Li Che, PhD student

Igor Sikorsky Kyiv Polytechnic Institute

Abstract. This study explores a potential approach to derive the foundation
for water-resistant coatings from red mud. The process involves annealing to
remove the water-soluble components of the waste. The research demonstrates
that the utilization of stearic acid as a water-repellent agent yields
the highest contact angle of 143°. The findings indicate that red mud could
be a viable source for producing hierarchical systems capable of achieving
hydrophobicity, in addition to the conventional particulate fillers.

Key words: red mud, hydrophobicity, contact angle, water-repellent coatings,
organo-mineral composite.

Nature has a number of water-repellent surfaces that use the stable
Cassie state due to their unique structure and chemical composition [1].
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The study of lotus leaf surfaces has led to the development of the field
of research on hydrophobic surfaces, which has resulted in the creation
of theoretical criteria for the most effective water-repellent structures
based on geometry [2]. However, the technology of water-repellent
coatings is still in the developmental stage and is limited by issues such
as scaling difficulties, high costs, and low stability under atmospheric
conditions [3]. One potential solution to this problem is the use of
waste particles, such as red mud, as components of dispersed particles.
However, red mud has high chemical activity and water-soluble
components, which can be overcome through inactivation with acid
gases, the hydrothermal method, or high-temperature annealing. The aim
of the study is to confirm the possibility of producing thin-layer water-
repellent coatings based on these particles, which could open up a new
way to valorize this approach and contribute to the stability of the Cassie
state when using hierarchical structures based on agglomerates of
dispersed particles [4].

The study confirms the effectiveness of all water repellents used in
achieving contact angle values above 90° for initially hydrophilic sludge
particles. When modified with stearic acid, the sludge achieves the highest
contact angle values of up to 136°, attributed to the larger amount of this
water repellent compared to silane ones. However, Dynasylan OCTEO
is also effective in hydrophobization, and a clear difference in efficiency
is observed between annealed and unannealed sludge. To form textured
surfaces, different compositions were tested by varying the content of
the film-forming agent binding the particles on the surface. It is worth
noting that the intrinsic contact angle of the styrene-acrylic polymer used
is 85°, which is quite close to the hydrophobic state.

The squeegee method used to produce coatings based on red mud
and polymer results in a surface with heterogeneous wetting properties.
Three types of compositions with the polymer can be identified based
on their wetting properties. Type A contains the minimum amount of
polymer and high porosity, resulting in the development of the surface
structure. Type B has more polymer and fills voids between particles,
but the surface remains rough and matte. Type C contains enough
polymer to cover the red mud particles completely.
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