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1. Incepraruist pUCBsA4Y€HA AOCIIIPKEHHIO BIUIUBY YMOB CUHTE3Y, ()a30BOro CKJIAy Ta CTPYKTYPH Ha
(YHKLiIOHATBHICTb KOMIIO3UTIB HA OCHOBI OKCHJIiB Ta OKCUTIIPOKCUIIB MapraHiiio AJ1s1 pOTOKATaTiTUIHOTO

PO3KJIaLly MOZEIbHUX OPraHiuHUX 3a6pYIHUKIB: BOJHMX PO34YMHIB OApPBHUKIB Ta [10J1ieTUJIEHOBUX IJIiBOK IIif Ai€lo

Y®- ta BUAUMOrO CBiTJ1a. PO3IVISIHYTO B3a€MO3B'SI30K MK MIapaMeTpaMu CUHTe3Y, (pa30BUM CKJIaZIOM, MOP(OJIOTi€lo,
IIMPUHOIO 3200POHEHOI 30HM Ta MUTOMOIO IJIOLEI0 TIOBEPXHI OTPUMAHUX MaTepialiB i3 ix pOTOKATaNTiTUIHOIO
edekTuBHicTI0. OKpeMy yBary npuzijeHo poJli rajlyasuTHUX HaHOTPYOOoK y mopudikauii ¢pisuko-ximiuHnx
BJIACTMBOCTEN i aKTUBHOCTi KOMITO3UTiB. POTOKATANITUYHMI PO3KIIA], MTOJieTUIIEHy i3 3actocyBaHHsIM MnOun, TiOo ta
iX MexaHiYHOi cyMilli oKa3as HaWBUILY €(PEeKTUBHICTD AJ1s cymimi MnOo/TiOn (BTpaTa macu miiBku 21,30% micis 90
rofi OIpOMiHEeHHSI), 1[0 3yMOBJIEHO CUHEPreTUYHUM edeKToM. 3a pe3ysibTaTaMu [Y-crieKTpocKoIlii BCTAaHOBJIEHO
aKTUBHE YTBOPEHHS QYHKIiOHAIBHUX IPYII, IO CBIIYUTD PO iHTeHCH(iKallilo Ipoliecy OKMCHEHHS. MeToom
XiMIYHOTO OCapKeHHs 3 po3unHy MnSOn Ta HoOno cuHTe30BaHO KOMIIO3UTHU 3 Pi3HOBJIEHTHUMU (POPMaMU MapraHIIo
(+2-+4). BuzHaueHo, mo pH cepenosuma ta HasBHicTh NHOD € kimtoyoBumu ¢akropamu ¢azoyrBopeHHs: npu pH = 10
yTBOpIotoThcsa MnoOo i MnoOn (y npucyTHoCTi Ta BifcyTHocTi NHoo BifnosinHo), a npu pH = 5-7 — o- ta 0--MnOOH. 3a
pesyabraTamu TEM BcTaHOBIIEHO, 110 B TpucyTHOCTI NHOD criocTepiraeTbcst 3aTeMHEHHS ITPOCBITY rajloy3UTHUX
HAHOTPYOOK, 1[0 MOXKE CBIUMTH PO iX 3alIOBHEHHS OKCUJJAMU MapraHiiio, ToAi sik 6e3 NHoo okcuay J10KanizyloTbes
Ha 30BHIiIIHil noBepxHi. [InToMa 1011a oBepxHi KOMIIO3UTIiB Y 3-3,5 pa3a nepeBulye 3HaYeHHS [1J1s1

ctanpapTHoro MnOun. [lTuprna 3a6opoHeHoi 30HU cTaHoBuUNA 2,28-2,38 eB s 3paskiB CS-5-CS-91 2,52-2,7 eB nna
Hu3bKoBasleHTHUX CS-1Ta CS-2, m0 BKa3ye Ha aKTUBHICTb Y BULMMOMY Aiana3oHni. CepenHiil po3mip arperartiB —
117-175 HM, HAHOYACTUHOK — 7-12 HM. M€TOZIOM €JIEKTPOOCAIKEHHSI CUHTE30BAHO CEPIil0 3pa3KiB i3 pO3MKPEHNUM
IianazoHoM ¢a3oBux craHiB. [TokazaHo, mo NHoo crabinizye yrBopeHHs 0- Ta 0-MnOn (rosangut i 6ipHeccur), Togi sk ix
BifiCyTHiCTb cripusie popMyBaHHIO O- Ta 0-MnOn. Hai6inbiy nutomy noBepxHio (215 M2 /1) 3a¢ikcoBaHO 114 3pa3Ka
ED-12 3 nepeBakaHHSIM ronananty. SEM ninresepaus Mopdoiorito: mnacTuH4acty aJs o-/0-MnOa (70 + 15 Hm) i
rosmyacty 175 0-MnOuo. BusHadeHo, 10 3pa3ku € HaniBnpoBigHukamu 3 Eg = 2,16-2,36 eB; nerysanns Crio 3meHmye Eg
Ha 0,3-0,5 eB. Po3paxoBaHo N0JI0KEHHS 30H IIPOBiAHOCTI Ta BasleHTHOCTI; 17151 ED-6 (Eg = 3,36 €B) BcTaHOBI€HO
MOTEHLiaJl [711 BAKOPMCTaHHS 1151 POTOKATANiTUYHOTO PO3LIEITIEHHS BOOU. 3aCTOCOBAaHO TEPMOTIPaBiMETPUYHUM
aHaJli3 y IO€AHAaHHi 3 Mac-CIIEKTPOMETPIEI0 14 ifeHTrdiKaLii MpOAYKTiB pO3KJIaly Ta TEMIIEPATYP iX BUBiJIbHEHHSL.
OTpumaHi JaHi 1O3BOJINIIN OLIHUTU piBeHb AedeKTiB KPUCTAIivYHOI IpaTKU 3a MOJeJIJII0 BaKaHTHOCTe! Pyenmi. [Is
o-MnOn (ED-6) ta o-MnOn (ED-8) BcTaHOBJIEHO OJIHAKOBY KiJIbKiCTb BaKaHCii, ogHak ED-8 xapakrepusyeTbCs yaBivi
BUIIMM BMicToM Mn®o. PoTokarasyiTyHa akTUBHICTD OO Aerpananii MeTUIeHOBOro CUHbOro HavBuma y CS-1Tta
CS-2, IMOBIpHO, 3aBASKU HAsSIBHOCTI HETAaTUBHO 3ap4AKEHOI IOBEPXHI Tajlya3uTy, 10 MOJIErmye TPaHCIIOPT

OapBHUKA. /17151 KOHIO YEPBOHOTO Halb6inbily epeKTUBHICTb TpogeMoHcTpyBas CS-8 (0-MnOOH Ta 0/o0-MnOn, Eg = 1,99
eB). lliarpamMu CTPyKTypu 30H IIPOBiIHOCTI NiITBEPIKYIOTh CIPUSITIUBE Y3rOIXEHHS piBHIB eHeprii 3 LUMO MB y
CS-1iCS-2, a rakoxx 3 HOMO CR 'y CS-8, mo 3a6e3neydye epeKTUBHUI [1€PEHiC eJIeKTPOHIB a60 Aipok. Po3pobieHo
METOJ, HAHECEHHS KOMITO3UTIB Ha NIOBEPXHIO 10JIi€TUJIEHY HIJISIXOM 4YaCTKOBOT'O PO3YMHEHHS [IOBEPXHI IJIiBKU.
BBezneHHs 2,590% rajyasuTy LOCATHYTO IUISIXOM 3aHypPEHHSI ITiBKU B cycreHsito pu 500°C Ha 120 c; npu 600°C Ha 60
¢ — 2,510%. Binblie ocigaHHs Ha IOBEPXHi CIIOCTEPIraeThCs IPU HIDKYiN TemnepaTypi. TakoX CTBOPEHO KIIEHOBY
KOMITO3MIIiI0 Ha OCHOBI MOJiBiHINNIPOiZOHY 3 my1acTrdikaTopoMm (MI0JieTUIeHTJIiK0Ib) y CIiBBiIHOIEHHI 7:1.
BusHaueHO onTUMAasbHI IponoplLii po3unHHMKA: 1J1s1 po3nuieHHs — 1:18, 015 naneceHnHs ryokoro — 1:15. Metomom
ONTUYHOI MiKpOCKOIIii MiITBepKEHO PiBHOMIPHUI PO3MOAiN HaHOMaTepiany. Po3apobsieHo 610K-cxeMy XiMi4HOTO

CHHTEe3y KOMIIO3UTY, OLiHEHO MaTepiajibHUM 6ajlaHC Ta TEIJIOTY YTBOPEHHs 10KT 3paska.

2. The dissertation focuses on the influence of synthesis conditions, phase composition, and structure on the
functionality of manganese oxide and oxyhydroxide-based composites for photocatalytic degradation of model
organic pollutants: aqueous dye solutions and polyethylene films under UV and visible light. The relationship
between synthesis parameters and phase composition, morphology, band gap, and surface area is analyzed in
relation to photocatalytic efficiency. The role of halloysite nanotubes (HNTs) in modifying physicochemical
properties and activity of the composites is also investigated. Photocatalytic degradation of polyethylene using
MnOum, TiOn, and their mixture revealed that MnOo/TiOn showed highest efficiency (21.3% mass loss after 90 h
irradiation), attributed to synergistic effects. FTIR confirmed increased functional group formation, suggesting



faster degradation. Synthesis via chemical precipitation from MnSOn and HoOun yielded composites with Mn valences
from +2 to +4. Phase composition depended on pH and NHono ions: MnoOno and MnoOn formed at pH 10, o- and o-MnOOH :
pH 5-7. TEM showed that with NHoo excess, manganese species filled HNT lumens, while without it, they decorated
outer surfaces. Samples had surface areas 3-3.5 times higher (55-66 m?/g) than standard MnOo. Band gaps ranged
2.28-2.38 eV for CS-5-CS-9, and 2.52-2.7 eV for low-valent CS-1and CS-2, indicating visible-light activity.
Aggregates and nanoparticles were smaller than standard MnOa (117-175 nm and 7-12 nm, respectively).
Electrochemical deposition expanded phase diversity. Acidity and dopants (NHoo, Crn) affected phase composition
and morphology. XRD revealed o-, o-, o-, and 0-MnOn phases. NHon stabilized o- and o-MnOg; its absence favored o- and
MnOu. Highest surface area (215 m?/g) was for hollandite-rich ED-12. SEM showed morphology: plate-like for o-/o-
MnOu (70 + 15 nm) and needle-like for --MnOuo. ED samples were semiconductors (Eg = 2.16-2.36 eV). Cr®o doping
reduced Eg by 0.3-0.5 eV. Band positions were calculated; ED-6 (Eg = 3.36 eV) showed potential for water splitting.
DSC-MS identified thermal decomposition products, helping assess cation vacancies per the Ruetschi model. o-
MnOuo (ED-6) and o-MnOn (ED-8) had equal vacancy content, but ED-8 had twice the Mn?o level. CS-2 and CS-1
showed highest activity in methylene blue degradation, likely due to negatively charged HNTs enhancing dye
adsorption and transport. For Congo red, CS-8 (-MnOOH + 0/o-MnOg, Eg = 1.99 eV) was most effective. Band
diagrams confirmed favorable alignment for CS-1and CS-2 with MB LUMO, enabling efficient photoelectron
transfer; for CR, CS-8’s valence band aligned with HOMO, promoting hole transfer and oxidation. The materials

were tested for surface coatings on PE films. A method using partial surface dissolution allowed for HNT

deposition: 2.59% at 50°C (120 s), 2.51% at 60°C (60 s). Lower temp led to more surface-bound HNTSs; higher temp
enabled deeper penetration. An adhesive composition using polyvinylpyrrolidone and polyethylene glycol (7:1 ratio)
was developed for film coating without heating or dissolution. Optimal solvent ratios were found for spray (1:18)

and sponge (1:15) application. Microscopy confirmed uniform nanomaterial distribution. A block diagram for
chemical synthesis was proposed, and the material balance and heat of formation for 1 kg of product were

estimated.
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dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBIiTH | HayKK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. JlaBprHeHko Onena MukosaiBHa

2. Olena Lavrynenko

KBaJIi(l)iKauiH: I. X. H., CTapIIM HayKOBUII cniBpobiTHUK, 02.00.11
Imentudikarop ORCID ID: 0000-0002-9256-1221
JopaTrkoBa iHdpopmamist:

IloBHe HaliMeHYBaHHSI IOPHUAUYHOI OCOOH: [HCTUTYT TPO6IIEM MaTepianosHaBCTBa im. 1. M. dpaniesuya

HanjonasnbHoi akagemii Hayk YKpaiHu

Kopg 3a € IPIIOY: 05416930

Micue3HaxoaKeHHS: ByJ. OMensaHa [lpiuaka, 6yq. 3, Kuis, 03142, Vkpaina
dopma BiracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: HaujonasnbHa akajiemis HayK YKpaiHu

Inentudikarop ROR:

PeuenseHTu

BaacHe IlpizBume Im's I10-6aThKOBI:

1. Yurupunenp OsieHa EnyapaiBHa

2. Olena E. Chyhyrynets

KBasigikamis: n. 1. n., npodecop, 05.17.14
InenTudikarop ORCID ID: 0000-0002-6191-7096



JoparkoBa iHdpopmamnist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHmil yHiBepcuTeT Ykpainun "KuiBchKuit

NOJIiTeXHIYHMI iHCTUTYT iMeHi Irops Cikopcekoro”

Kog, 3a €IPTIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT Bepecreiichkuii, 6yx. 37, Kuis, 03056, Ykpaina
dopma Bi1acHoCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:
1. Bopo6iioBa BikTopis IBaHiBHa

2. Victoria Vorobyova

KBasigikanis: 1. 1. u., nou., 05.17.14
Inentudikarop ORCID ID: 0000-0001-7479-9140
JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHMil yHiBepcuTeT Ykpainm "KuiBchKuit

NOJIiTeXHIYHMI iHCTUTYT iMeHi Irops Cikopcekoro”

Kog, 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT Bepecreiichkuii, 6yx. 37, Kuis, 03056, Ykpaina
dopma By1acHoCTI:

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3akir04Hi BimoMocTi

BaacHe IlpizBume Im'a ITo-6aTbKOBI Hownuosa Tersna AHaTosniiBHa
TOJIOBH pajgu

BaacHe IlpizBuiie Im's ITo-6aTbKOBI Houuosa TersiHa AHaTosI{BHA
roJIOBYIOYOrO Ha 3aCifiaHHi

BigmoBigasbHUH 3a MiATOTOBKY Kosinuyk Ipuna BacusisHa

00JIIKOBHX JJOKYMEHTIB

Peectpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




