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Merers B.C. Pecypco3depiraroui HOKpPUTTS HAa OCHOBI NOPOIIKOBHX
Jakopap0oBux MarepiajJiB 3  BHKOPMCTAHHAM  IOOIYHMX  NPOAYKTIB
(epuTH3aliiiHOI OYHUCTKM.

HucepTarist Ha 3M100yTTS HAYKOBOTO CTYIEHs KaHIWAaTa TEXHIYHMX HAyK 3a
cnemianbHicTIO 192 — «byAiBHULITBO Ta HMBUIbHA i1HXeHepis» — KuiBcbkuit
HaI[IOHAJIbHUM YHIBepCUTET OYIBHUIITBA Ta apxiTekTypu, Kuis, 2023.

Huceprarniiina po0OoTa TpHUCBAYECHA PO3poOIl  eHEeproeeKTUBHUX  Ta
pecypco30epirafounx TEPMOAKTHBHUX TOPOIIKOBHX IOKPUTTIB 3 BUKOPHCTAHHIM
BIJIXO/IIB raJIbBaHIYHUX MIANPUEMCTB. PO3poOKa mopomkoBUX KOMITO3HIIIH Ha OCHOBI
noJiiepipHOTO Ta eMNOKCUAHOIO TUTIBKOYTBOPIOBAYIB 13 3aIy4EHHS MOOIYHUX MPOAYKTIB
depuTH3aniiHOl OYUCTKU TIOCTPHsIa MOMKJIIMBOCTI PETYNIOBaHHS TPOIECaMU
(GopMyBaHHS CTPYKTYpH TOJIMEPHOI MaTpHIIl i3 OTPUMAHHSM Hamepe] 3aJaHuX
¢b13MKO-MeXaHIYHUX Ta eKCIUTyaTalliiHUX BJIACTUBOCTEH MOKPUTTIB HA X OCHOBI MPH
3HIDKEHUX TeMIIepaTypax 3aTBEPIiHHS.

VY mnepriomy po3niii HA OCHOBI aHaJITUYHOTO OTJISIAY JIITEPAaTYpHUX JHKepell
IIPOAHAII30BAHO CYyYacHI TEHJEHIli B €(PEKTUBHOCTI 3aCTOCYBAHHS TMOPOIIKOBUX
nakodapOoBuX MaTepiamiB MpH 3aXHUCTI OYyIIBEIBLHUX BHPOOIB 1 KOHCTPYKIIIH, IX
nepeBard Ta HegoJiku. [loka3aHo, 1Mo MOponikoBi jJakodapOoBi MaTepiaau 3aBIIKH
CBOili €KOJIOT1UHIM 0e3MeYyHOCTi, BHCOKIM MIITHOCTI Ta CTIMKOCTI JO arpecUBHUX
CEPEIOBUII], a TAKOK MOKIIMBOCTI yTHIII3a1lli 3aMHUIIKiB (hapOy BU3HAYAIOTH TOTEHITIAI
JUTSL TIIUPOKOTO X BMPOBAKEHHS B OYIIBHHIITBI Ta CyMDKHUX Tany3ax. [Ipore mms
MOKPAIICHHS] E€HEProe(eKTUBHOCTI Ta EKOJIOTIYHOCTI TIOKPHUTTIB HAa OCHOBI
MOPOIIKOBUX  JIakoapOOBUX MaTepiaiiB  MUIAXOM 3HIDKEHHS TEMIepaTypH
3aTBEPAIHHSA MiJ Yac iX OTpUMaHHS Ta 3aJy4YCHHS rajJbBaHIYHUX BiIXOJIB, BAXKIMBUM
€ 3a0e3MmeueHHsT BIUCOKOI SKOCTI TTOKa3HUKIB TOTOBOTO MaTtepiany 3aJIeKHO BiJl yMOB
Horo ekcrutyaraiii, 1O OOYMOBIIOETbCS BCTAHOBJIICHHSIM 3aKOHOMIPHOCTEN
dbopMyBaHHS CTPYKTYypHU MOJIMEPHOT MATpPHIll B HANPSIMKY 3a0€3MEUYEHHS 3aJaHuX
G13UKO-MEXaHIYHUX Ta eKCIUTyaTalliHUX BJIACTUBOCTEH MOKPUTTIB. ToMmMy B
AQHAJITUYHOMY OTJISI1 JITEpaTypHHUX [IKEpea A0JAaTKOBO OOIPYHTOBYETHCS BUOIp
KOMIIOHEHTIB, IO JO03BOJISSIOTH peali3yBaTH KOHIICHIIII0 HU3BKOTEMIIEPATYPHOTO

SaTBepI[iHHH, a TaKOX HaBOJATBHCA PE3YyJIbTAaTHU CKCIICPUMCHTAJIBHOI'O I[OCJ'IiI[)KCHH?I



BIUIMBY IUIIBKOYTBOPIOBAYiB, 3IIHUBAIOYMX areHTiB, MOJAU(]IKyrouux 100aBOK 1
BTOPUHHOI CUPOBUHU (30KpeMa, TaJIbBAaHIYHUX BIJXO/IB) HAa BJIACTUBOCTI OTPUMAHUX
MOKPUTTIB.

Y  gpyromy po3auli  MOPENCTaBICHO  XapaKTEPUCTUKH  BUKOPUCTAHUX
CUPOBHHHHUX MaTepiajiB Ta OMNHWCAHO METOAWKH TMPOBEICHHS EKCIIEPUMEHTaIbHUX
nochipkenb. HaBeneHO XapaKTepUCTUKHM IUTIBKOYTBOPIOBAUiB, 3aTBEPJKYBadiB,
HANOBHIOBAaYiB  (30Kpema, BiIXOMIB (EpUTU3ALINHOI OYUCTKH TajJbBaHIYHUX
BUPOOHUIITB), MITMEHTIB, KaTajli3aTOpPIB TBEPAIHHS Ta JAEra3yluux J100aBOK, IO
3aCTOCOBYBAIHCS TPU OTPUMAHHI MOPOIIKOBUX KOMMO3HIli. OmHMCaHO METOIUKY
MiATOTOBKY 3pa3KiB, MPUHIIMIN OLIHIOBAHHS PEOJIOTIYHUX BIACTUBOCTEH MOPOIITKOBHX
CUCTEM, a TaKOX (PI3MKO-MeXaHI4Hi, (I3MKO-XIMIYHI, €KCIUTyaTalliHi Ta KOpO31iHI
BUIMIPOOYBaHHA TMOKPUTTIB. HaBenaeHO I1HCTpyMEHTaldbHI MIAXOAM 1O aHaJi3y
Mopdosorii moBepxHi, aaresii, OJIUCKY, 3MIHU KOJIbOPY, BOJIOHACUYEHHS, CTIHKOCTI 10
aii pinuH, Y @-BUMIPOMIHIOBAHHS Ta arpeCUBHOTO cepeloBuIla. Bei MeToiu BUKOHAHO
BIJIMOBIIHO JI0 BHUMOI YMHHUX BITYM3HSHHUX Ta MDKHApOJAHUX CTaHAApPTIB, IO
3abe3reuye  JIOCTOBIPHICTh 1  PENPE3CHTATHUBHICTh  PE3yJbTATIB  MOJAIBIINX
JIOCJII)KEHD.

VY TpeThoMy pO3ALII HABEIEHO IOCIHIIKEHHS BIUIMBY IUIIBKOYTBOPIOIOYHX
KOMITOHCHTIB Ta MOOIYHUX MPOAYKTIB (epUTH3AIINHOT OYMCTKH Ha (OpMyBaHHS
BJIACTHBOCTEM MoAeNbHUX cHucTeM. [lokazaHo, 00 3MiHa KHCJIOTHOTO 4YHUCIa
TUTIBKOYTBOPIOBaYa, MOr0 MOJEKYJISPHOI MAacH Ta CHIBBIIHOIICHHS KOMIIOHEHTIB Y
nostieipHO-eMOKCUAHUX (TIOpUIHUX) CHUCTEMax CYTTEBO BIUIMBAE HA PEOJIOTIUHI
XapaKTepUCTUKH, TTOBEPXHEBHI HATAT, PO3TIKaHHSA, (DOPMYBAaHHS CTPYKTYPH ILUTIBKU
Ta 11 (¢i3uKO-MeXaHIYHI W 3aXHCHI BJIACTHBOCTI. 3a JOIMOMOTOI METOJIB
enekTpoximigHoi imnegancHoi cnekrpockomii (EIC) Tta [Y-crekrpockomii moBeaeHo,
10 BUKOPUCTAHHS MoJieIpHUX MIIBKOYTBOPIOBAYIB 3 HU3BKUM KHUCJIOTHUM YHUCIOM
3a0e3MmeuyoTh BUIUN Oap’ €pHUI 3aXUCT 1 CTIMKICTh J0 JTii €JeKTPOJIITIB.

Oxpemy yBary TpHUAUIEHO THUTAaHHIO  PECypco30epekKeHHS  HUIIXOM
BUKOPHUCTaHHSI TMOOIYHUX MPOAYKTIB (PEepeTU3alIiiHOI OYMCTKU SIK €(PEKTUBHOIO
KOMIIOHEHTY 'y CKJaJl NOpOIIKOBUX JakodapOoBux Marepianax. Ocanu
dbepuTu3aIiiHOI OUMCTKH MOXYTh BUKOHYBATH ()YHKI[}0 HE TUIbKM HAllOBHIOBaua, a

W aKTUBHOT'O KOMIIOHCHTA, IO CIIpUAEC IIOKPAIICHHIO MEXaHIYHUX BJIACTUBOCTEH Ta



MIABULIEHHIO KOPO31MHOI CTIMKOCTI TNOKPUTTIB. Bmepiie oOIpyHTOBaHO BILIUB
Mop@doJiorii moBepxHi Ta iX XIMIYHOI AKTUBHOCTI Ha (OPMYBAaHHS aAre3iifHOro
KOHTaKTy, MIIHOCTI J0 1ii yJapy Ta KOpPO31MHOi 1 XIMIYHOI CTIMKOCTI MOKPHTTIB.
BceranoBneHo, 110 BBEJAGHHS IIUX BIAXOMAIB y CKJIaJ MOPOIIKOBUX MAaTepiajiB CIPUSIE
MOKPAIIEHHIO IIUIBHOCTI MOKPUTTS, 3MEHIICHHIO HOTO MOPUCTOCTI Ta MiJBUILCHHIO
KOPO31iHOT CTINKOCTI 3aBASKU iXHIM peakiiiiHiil 3AaTHOCTI Ta MbK(DA3HUM B3a€EMO1SIM
13 OJIIMEPHOIO0 MAaTPHUIIEIO.

HaBeneno xommno3uiiii Ha OCHOBI CUCTEMU «I10Jie(IpHUN TIIBKOYTBOPIOBAY —
3IIMBAIOYMIA areHT — MOOIYHI MPOAYKTH (PepUTHU3aIifiHOT OUUCTKUY, 10 MOEIHYIOTh
MO>KJIUBICTh B 3HMKE€HHI TEMIIEPATypH 3aTBEPAIHHS MPU OTPUMAaHHI MOKPUTTIB Ha X
OCHOBI1, TIOKpAIllEHl EKCIUTyaTalliifHl XapakTepUCTUK MaTrepialy Ta MOXKIUBICTD
yTHITI3al111 BIIXO/[1B TAJIbBAHIYHOT'O BUPOOHUIITBA. 3alIPOIIOHOBAH1 CUCTEMU CIIPUSIOTh
MOKPAIIEHHIO  €HEeProe(PeKTUBHOCTI  BHUPOOHUIITB, 3HIKCHHIO  COOIBapTOCTI
MOPOITKOBUX JakodapOoBHX MarepiajiB Ta MiHIMI3allli HEraTUBHOTO BIUIMBY Ha
JOBKULJIS TPY OTPUMAaHHI MMOKPHUTTIB HA TX OCHOBI.

VY uyeTBepTOMY PO3ALTI BUSBJICHO 3aKOHOMIPHOCTI BIUIUBY MOJIU(PIKYHOUHX
100aBOK Ha TMPOLIECH CTPYKTYPOYTBOPEHHS MOKPUTTIB HAa OCHOBI IMOPOLIKOBHUX
KOMITO3HITIN. J[Jig onmTuMmizallii BIacTHBOCTENH pO3pOOJICHUX MaTepiaiiB 3aCTOCOBAHO
Moaudikyrodl 700aBKH, 30KpeMa J0OaBKHM KaTaldi3aToOpH, a TaKOXK Jera3yrodi areHTH
Ha OCHOBI TIPOKCIKETOHY Ta MIKPOHI30BAaHOT'O €THJICH-Oic-cTeapaminy. BuspieHo,
0 3acToCyBaHHA MOAMGIKyHUHX 1g00aBOK 3a0e3reuye pPIBHOMIPHUN PO3MOJLT
YACTHHOK Y TOJIMEPHIN KOMIIO3UIIli, MOKpaIlye 3MOYYBaHICTh OCHOBU Ta CIIPHUSIE
YCYHEHHIO JIe(PeKTiB CTPYKTYpH. JloCaiIKeHO BIUTMB KaTaai3aTOPiB Pi3HOTO XIMIYHOTO
CKJIaJly Ha PEOJIOTIYHI BIACTUBOCTI CHCTEM Ta BHUSBJICHO iX MO3UTHUBHHUHN €(EKT Ha
PO3TiKaHHA, yAapHY MIIHICTh (10 50 CM/KT), BOJIOTOCTIHKICTh Ta 3aXHCT BiJ KOPO3ii
MMOKPUTTIB Ha iX OCHOBi. J[0JaTKOBO MJOCIHIKEHO BIUIMB JIeTa3aTOpiB PI3HOTO
XIMIYHOTO CKJIaJy Ta BHSBICHO 1X JOIUIBHICTh 3aCTOCYBaHHS, IO CIIPHUSE
e(DeKTUBHOMY BHUJAJIECHHI Ta30BUX BKIIOYEHb IMiJ 4Yac (POPMYBaHHS MOKPUTTS,
3MEHIIEHHS MOPUCTOCTI MOJIMEPHOT KOMMO3UTY Ta MiABUIIEHHI yIapHOI MIIIHOCTI
Marepiaiy 10 90 cm/kr.

VY m’stomy po3AuIl HaBeACHO PE3YJIbTaTH JOCIIAHO-IPOMUCIOBOI ampooarrii

MOKPUTTIB Ha OCHOBI MOPOIIKOBUX JaKo(papOOBUX MaTepiajiB 3 BUKOPUCTAHHSIM



NoOIYHUX MPOAYKTIB (epuUTH3aLiifHOI OYMCTKH. BunyiieHo, AOCHiAHY NapTiio
MOPOIIKOBOr0o JakodapOoBoro marepiany 3 MHIABUIICHOIO KOPO3IHHOI CTIHKICTIO,
urorosiieHoro Ha TOB «JlakoBep», 3 nogansinmM GapOyBaHHS MOAYIBHUX YKPUTTIB
3 roppoBanoi crani (YI'C) y kuibkocTi 20 mTyk Ha BUpoOHMUKX nOTyXHOCTAX TOB
«CiBepcniopt». EKOHOMIUHUH e€(eKT, OTpUMaHul NpU BUTOTOBJIEHHI T4 BUKOPUCTAHHI1
20 wt YI'C 3 BUKOpPHCTaHHSIM pO3pPOOJIEHOr0 MOPOUIKOBOIO MOKPUTTS CTAHOBUTH
15 264 rpH.

KarouoBi cjoBa: [IiBKOYTBOpIOBaY, 3aTBEPIKYBay, MOOIYHI MPOAYKTH
depuTH3aniiHOT OYMCTKU, MOAU(DIKYIOUl J00ABKH, CTPYKTYpa, MOKPUTTS, MIIHICTb,

KOpO3iiiHa CTIHKICTh, JOBrOBIUHICTb.
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Mehet V.S. Resource-Saving Coatings Based on Powder Paint Materials

Using By-Products of Ferritization Treatment.
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The dissertation is devoted to the development of energy-efficient and resource-
saving thermosetting powder coatings using waste from electroplating enterprises. The
development of powder compositions based on polyester and epoxy film-forming
agents involving by-products of ferritization treatment made it possible to regulate the
processes of polymer matrix structure formation to achieve predefined physical-
mechanical and performance properties of the coatings at reduced curing temperatures.

The first chapter, based on an analytical review of literature sources, analyzes
current trends in the effectiveness of using powder paint materials for the protection of
building products and structures, their advantages and disadvantages. It is shown that
powder coatings, due to their environmental safety, high strength, and resistance to
aggressive environments, as well as the possibility of recycling paint residues, have
great potential for widespread implementation in construction and related industries.
However, to improve the energy efficiency and environmental friendliness of powder
coatings by reducing the curing temperature and incorporating electroplating waste, it

Is essential to ensure high-quality final material performance depending on operating



conditions. This is ensured by establishing patterns of polymer matrix structure
formation aimed at achieving specified physical-mechanical and operational
characteristics of the coatings. Therefore, the literature review also substantiates the
selection of components that allow the implementation of low-temperature curing
concepts and presents experimental results on the influence of film-formers,
crosslinking agents, modifying additives, and secondary raw materials (in particular,
electroplating waste) on the properties of the obtained coatings.

The second chapter presents the characteristics of the raw materials used and
describes the methodologies of the experimental research. It includes the characteristics
of film-formers, hardeners, fillers (in particular, ferritization treatment waste from

electroplating production), pigments, curing catalysts, and degassing agents used in



the preparation of powder compositions. The sample preparation procedure is
described, as well as the principles of evaluating the rheological properties of powder
systems and the methods for conducting physical-mechanical, physicochemical,
performance, and corrosion tests of the coatings. Instrumental approaches for analyzing
surface morphology, adhesion, gloss, color change, water absorption, resistance to
liquids, UV radiation, and aggressive environments are presented. All methods were
carried out according to current national and international standards, ensuring the
reliability and representativeness of the results of further research.

The third chapter presents studies on the influence of film-forming components
and ferritization by-products on the properties of model systems. It is shown that
variations in the acid number, molecular weight of the film-former, and the component
ratios in polyester-epoxy (hybrid) systems significantly affect rheological
characteristics, surface tension, flowability, film structure formation, and the physical-
mechanical and protective properties of the coatings. Electrochemical impedance
spectroscopy (EIS) and infrared spectroscopy (IR) demonstrated that polyester film-
formers with a low acid number provide better barrier protection and resistance to
electrolytes.

Special attention is paid to resource-saving through the use of ferritization by-
products as effective components in powder coatings. Ferritization sludge can function
not only as a filler but also as an active component that improves mechanical properties
and enhances corrosion resistance. For the first time, the influence of surface
morphology and chemical activity on adhesion formation, impact strength, and
corrosion and chemical resistance of coatings has been substantiated. It was established
that the introduction of these by-products into powder materials improves coating
density, reduces porosity, and enhances corrosion resistance due to their reactivity and
interphase interactions with the polymer matrix.

Compositions based on the “polyester film-former — crosslinking agent —
ferritization by-products” system are presented, which combine the possibility of
reducing curing temperatures, improved operational characteristics, and the utilization
of electroplating waste. The proposed systems improve energy efficiency of
production, reduce the cost of powder coatings, and minimize environmental impact

during coating formation.



The fourth chapter identifies the patterns of influence of modifying additives on
the structure formation processes of coatings based on powder compositions. To
optimize the properties of the developed materials, modifying additives such as
catalysts and degassing agents based on hydroxyketone and micronized ethylene-bis-
stearamide were used. It was found that these additives ensure uniform particle
distribution in the polymer composition, improve substrate wetting, and eliminate
structural defects. The influence of catalysts of various chemical compositions on the
rheological properties of the systems was studied, and their positive effect on
flowability, impact resistance (up to 50 cm/kg), moisture resistance, and corrosion
protection was established. Additionally, the impact of degassing agents of various
chemical compositions was examined, confirming their feasibility for effectively
removing gas inclusions during coating formation, reducing porosity of the polymer
composite, and increasing impact resistance up to 90 cm/kg.

The fifth chapter presents the results of pilot-industrial testing of coatings based
on powder paint materials using ferritization by-products. A pilot batch of powder paint
material with enhanced corrosion resistance was produced at “Lakover” LLC and used
to coat 20 modular corrugated steel shelters (CSS) at the production facilities of
“Siversport” LLC. The economic benefit from producing and using 20 CSS units
coated with the developed powder composition amounted to 15,264 UAH.

Keywords: film-former, hardener, ferritization by-products, modifying

additives, structure, coating, strength, corrosion resistance, durability.



