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1. Inceprauiiina po60Ta IpUCBIY€HAa JOCiKEHHIO BILJIMBY CKJIATy Ta CTPYKTYPHO-MOP(OJIOTIYHUX 0COOIUBOCTEN
HAaHOCTPYKTYpPOBaHHUX [TOPOLIKiB Ha OCHOBI nepexinuux d-metainis (Ni, Co, Fe), iHTepMeTaniyHuX CIOJYK Ta
KOMIIO3UTIB TUITy "iIHTepMETali], — HAHOCTPYKTYPOBAaHMY METANI€BUI JOJNATOK" Ha ixHi BOLEHbCOPOLiliHI,
€JIEKTPOXIMIi4Hi Ta KaTalmiTU4Hi BacTuBocTi. OCOBIMBY yBary MpuieHO BUBUEHHIO TAKUX HAHOMAaTepialiB SIK
AaKTMBHUX KOMIIOHEHTIB Y PEaKLisX TrigpyBaHHs Ta AETiIpyBaHHS, a TAKOX K KaTaJli3aToOPiB rifposi3y, 30Kpema
6oprigpuny Hatpito (NaBH4) ta rigpuay mardito (MgH2). Y nepmomy po3ii NpoBeeHO aHali3 LOCTYIIHOI HAyKOBOi
JliTepaTypu, IPUCBAYEHOI METOAAM CUHTE3Y HAHOCTPYKTYPOBAaHUX MaTepiasiB, 30KpeMa XiMiYHOTO BiJHOBJIEHHH,

BUJIYTOBYBaHHS, Jla3epHOi absiauii Ta nipoJiidy. Y3arajibHeHO pe3yabTaTy JOCiIKeHb, 10 CTOCYIOThCS BILJIUBY



Mopdosorii Ta CTPYKTYypU HAHOCTPYKTYPOBAHOTO Ta aMOP(PHOT0 HiKeJlo Ha oro BOJeHbCOPOLIiliHi BIaCTHUBOCTI.
Po3rysiHyTO 0COBIMBOCTI 3aCTOCYBAHHS METAJIOTIIPUIIB i HAHOCTPYKTYPOBAHUX JOOABOK y XIMIYHMX JIKepesiax
CTpyMy. Y PO3[iJli TAKO>XK BUCBITJIEHO CTPYKTYPY Ta €JIEKTPOXiMi4Hi XapaKT€PUCTUKHU CIJIaBiB HA OCHOBI CUCTEMU
R-Mg-Ni. ¥ gpyromy po3giji nuceprauiiiHoi po60Ty MoZaHO ONUC BUKOPUCTAHUX BUXIIHUX PEYOBUH,
3aCTOCOBAHMX METOIMK CUHTE3Yy Ta AOCIIIKEHHS MaTepiaiB, a TAKOX 0XapaKT€PHU30BAaHO OCHOBHI
€KCIIePUMEHTAJIbHI MiAX0AH, 110 BUKOPUCTOBYBAJIMCS 17151 BUBYEHHS iX CTPYKTYPU, €JIEKTPOXIMIYHUX i
KaTaJliTMYHUX BJIACTUBOCTEN. Y TPETbOMY PO3[iJi AucepTaliliHOi poOOTH HaBEJEeHO PE3YJIbTAaTH KOMILJIEKCHOTO
IOCJIiIKE€HHS CTPYKTYPHUX, MOP(OJIOTIYHYX Ta €JIEKTPOXIMIYHUX BJIACTUBOCTEN HAHOCTPYKTYPOBAHMX MaTepialis,
OTPMMAaHUX Pi3HUMU METOLAMU CUHTe3y. Briepiie BCTaHOBIEHO 0COOJIMBOCTI (pa30BOro CKIay, MiKpOCTPYKTYPH Ta
€JIEKTPOXiMIYHMX BJIACTUBOCTEN NopolKiB Tunly Penes y cucremax Ni-Co, Ni-Co-Pd ta Ni-Co-Fe, cuHTe30BaHUX
METOJIOM BUJIyrOBYBaHHs. JlocaimkeHHs 3a gonomoroo CEM i peHTreHiBCbKoi Judpakuii nigTBepanIu HasBHICTb
HAHOKPHUCTAJIITHOI CTPYKTYPHU, a TAKOX BUSIBUJIM F€OMETPUYHI 0CO6IMBOCTI Mop@oJiorii yacTuHoK. HaitBui
PO3psLHI EMHOCTI TpogeMoHcTpyBany nopouku Co25Fe75 Ta Co50Fe50 (357 1 331 MAeron /T BiATIOBiTHO).
3MeHUIEHH BMICTY 3aii3a y 3pa3kax cucreMu Ni—Co-Fe cripusio okpaueHHIO KOPO3ifHOI CTIMKOCTI Ta
€JIEKTPOXIMIYHMX 3apsIIHO-PO3PSIOHUX NIapaMeTpiB. Briepiie BTaHOBJIEHO SIBUIIE HABOJHIOBAHHS HAHO-
CTPYKpOBaHUX MarepiasiB Ha ocHOBI Ni, Co, Fe 3 ra3oBoi ¢a3u 3a HopMasibHUX YMOB. [TokazaHo, 10
HaHOCTPYKTypoBaHi nopouku Ni-Co-Fe, oTpuMaHi METOZ,OM BUJIYTOBYBAaHHS Ta BiHOBJIEHHS, rTorivHanu 1o 0.9
H/.o. 3a Tucky 0.2...1 MPa H2. Cunre3 6iHapHux nopoukis Ni-Co MeTo10M XiMiYHOTO BilHOBJIEHHSI BUSIBUB
3aJIeXKHICTb KiHETUKM (POpMYBaHHS YaCTUHOK BiJ] CHiBBigHOMmEHHs KoMnoHeHTiB Ni/Co. HaiiBuia noyaTkosa
eJIEKTPOXiMiuHa eMHICTb criocTepiranacs njs ckiuany NiS0Co50 (62.6 MAeroz /1), IKUM IPOAEMOHCTPYBaB HUXKYI
3HayeHHs HRD nopiBHsAHO 3 Ni. [IpoBeneHo aHasi3 BJIaCTUBOCTEN HAHOCTPYKTypoBaHux nopoukis Ni, NiCo Ta Co,
OTPMMAaHUX METOJIOM JIa3ePHOI a6l y BOLHOMY Ta MOBITPSIHOMY CepeoBULIaX. BCTaHOBJIEHO, 110 YMOBU
CHHTEe3y CyTTEBO BIJIMBAIOTh HA CTYIIiHb OKMCHEHHSI, PO3MipY YaCTUHOK i (pa30BU CKJIa/ MaTepiasiB. YCTaHOBJIEHO,
o 1151 Ni/NiCo BaXJIMBUM MEXaHi3MOM € BTiJIEeHHSI aTOMIB BOJHIO B MEeTaJIeBY MaTpULl0, Ha BinMiHy Bif Co, fe
IOMIHYIOTb pefloKC-TIepeTBOpeHHsI. [I0Ka3aHO 3aCTOCYBaHHS TAKMX IIOPOUIKIB SIK CAMOCTIMHUX aHOJHUX MaTepiasiB
TakK i akTUBHMX €JIEKTPONPOBIIHUX NOJATKIB 17151 IPUTOTYBaHHS HETaTUBHUX eyleKTpoiB B Ni-MI' 6arapesx. Bnepuie
B IJAHOMY JTOCJIiZIKEHH] MIPEICTaBI€HO PE3yJIbTaTUu 3acTOCyBaHHS HaHOKOMNIO3UTIB Ni-C, Co-C i NiCo-C,
OTPMMAaHMX METOMIOM IipOJIi3y, IK aHOAHUX Marepianis aig Ni-MI' xiMiqyHuX 1pKkepest ctpymy. I1okasaHo, mo Co-Bui
KOMIIO3UT 3abe3rnevye HallBUILy PO3PSIHY €MHICTB (00 330 MAeroz,/T), y TOM 4ac K Ni-BUll XapaKTepU3yETbCs
Kpaloo CcTabisIbHICTIO NpyY LIMKIIyBaHHI. Y poOOTi Briepiie CUHTE30BaHO Ta JOCJIiIKeHO HOBi 6araTodasHi crijiaBu
cucrem A2B7 ta ASB19 (A = La, Pr, Nd, Y tTa Mg, B = Ni, Co). BcranosneHo, mo 3amimeHHsa NiHa CotaLanaY
BIIJIMBa€ Ha (a30BUIl CKJIa, TilpyBaHHs Ta €J€KTPOXiMiuHy akTuBHIiCTb. CrimaBu La-Mg-Ni, La-Mg-Ni-Co ta
La-Y-Mg-Ni-Co neMOHCTPYIOTb BUCOKY PO3PSIAHY €MHICTb (>350 MA®rof,/T), IBUKY aKTHBALLl0 Ta BUCOKI
3HaueHHs HRD (mo 90% micnig 50 nukii). CrioctepeskeHo, mo Nd ta Pr crijiaBu MaloTh HUXKYY €MHICTb, ajie Kpaly
LIMKJIIYHY CTabi/bHICTh. Briepie CMHTE30BaHO TipUAHI KOMIIO3UTU Ha OCHOBI MarHiio 3 HAHOCTPYKTYPOBaHUMU
MOHO- Ta 6iKOMIIOHEHTHUMU HaHOCTPYKTypoBaHMMH gogatkamu Ni, Co, Fe. Komnosurty cuHTe3yBanu
MeXaHOXIMIYHNM IIOMEeJIOM Y BOJIHI 3a TUCKY 1o 2 MIla. locimkeHo, mo epeKkTuBHICTb KaranizaropiB Ni-Fe €
CITiIBCTaBHOIO 3 YMCTUMU MEeTajlaMU, TOJi SIK ogaTky Co-Fe 3Ha4yHO MifABUINYIOTh IBUIIKICTb IiIpyBaHHS.
JocmigKeHo KaTaliTUYHY aKTUBHICTE HAHOCTPYKTYPOBAHMUX TIOPOIIKIB PeHes y peakiiii KaTaJiTuiHOro rifpoisy
NaBH4. l'izposni3Ha peaxiiisi y IPUCYTHOCTI BCiX CHHTE30BaHMX KaTaJli3aTopPiB Bifi0yBasacs 3 IOBHOIO KOHBEPCI€Io, a

HaMBUIY WBUAKICTh reHepyBaHHs BonHIO BUsBieHo y NiCoFe (344 mn*H2 /xBerkar).

2. Dissertation is devoted to the investigation of the influence of composition and structural-morphological
features of nanostructured powders based on transition d-metals (Ni, Co, Fe), intermetallic compounds and
composites of the “intermetallic - nanostructured metal additive” type on their hydrogen sorption,
electrochemical and catalytic properties. Particular attention is paid to the study of such nanomaterials as active
components in hydrogenation and dehydrogenation reactions, as well as catalysts for the hydrolysis of sodium
borohydride (NaBH4) and magnesium hydride (MgH?2). The first chapter provides an analysis of the available
scientific literature on methods for synthesizing nanostructured materials, including chemical reduction, leaching,



laser ablation and pyrolysis. The chapter summarizes research findings concerning the influence of morphology
and structure of nanostructured and amorphous nickel on its hydrogen sorption behavior. The application of metal
hydrides and nanostructured additives in chemical power sources is discussed. In addition, the structure and
electrochemical properties of alloys based on the R-Mg-Ni system are highlighted. The second chapter of the
dissertation presents a description of the starting materials used, the synthesis methods applied and the
experimental approaches employed to study the structure, electrochemical behavior and catalytic properties of
the materials. The third chapter presents the results of a comprehensive study of the structural, morphological
and electrochemical properties of nanostructured materials synthesized by various methods. For the first time, the
phase composition, microstructure and electrochemical characteristics of Raney type powders in the Ni-Co-Fe
and Ni-Co-Pd systems synthesized by leaching were determined. SEM and XRD analyses confirmed their
nanocrystalline structure and revealed specific geometric features of particle morphology. The highest discharge
capacities were observed for Co25Fe75 and Co50Fe50 powders. A decrease in iron content in the Ni-Co-Fe system
improved corrosion resistance and electrochemical charge-discharge parameters. The phenomenon of
hydrogenation of nanostructured materials based on Ni, Co, Fe from the gas phase under normal conditions has
been established for the first time. It has been shown that nanostructured Ni-Co-Fe powders, obtained by the
leaching and reduction methods, absorbed up to 0.9 H/f.0 at 0.2...1 MPa H2 pressure. Chemically reduced binary
Ni-Co powders showed that the particle formation kinetics depend on the Ni/Co ratio. The Ni50Co50
composition demonstrated the highest electrochemical discharge capacity (62.6 mA+h /g), which demonstrated
lower high-rate performance compared to Ni. Nanostructured Ni, NiCo, and Co powders obtained by laser ablation
in water and air were also studied. It was found that synthesis conditions significantly affect oxidation state,
particle size and phase composition. For Ni and NiCo, hydrogen insertion into the metal matrix was the dominant
mechanism, while Co-based materials exhibited redox-type behavior. The applicability of such powders as anode
materials and as conductive additives for negative electrodes in Ni-MH batteries was demonstrated. The study also
presents, for the first time, the use of Ni-C, Co-C, and NiCo-C nanocomposites, synthesized via pyrolysis, as anode
materials for Ni-MH power sources. Co-based composite showed the highest discharge capacity (up to 330

mAh /g), whereas Ni-based provided better cycling stability. New multiphase intermetallic compounds of the A2B7
and A5B19 types (A = La, Pr, Nd, Y, Mg; B = Ni, Co) were synthesized and studied. It was found that substitution of
Ni with Co and La with Y affects phase composition, hydrogenation, and electrochemical activity. La-Mg-Ni,
La-Mg-Ni-Co, and La-Y-Mg-Ni-Co alloys showed high discharge capacity (>350 mAh /g), fast activation and
excellent HRD (up to 90% after 50 cycles). Alloys containing Nd and Pr demonstrated lower capacities but
improved cycle stability. Kinetic behavior was shown to depend on both structural factors and substitution in the
metal sublattice. Magnesium-based hydride composites with mono- and bicomponent nanostructured Ni-Co-Fe
additives (Raney type) were synthesized for the first time. The composites were obtained by mechanochemical ball
milling in hydrogen at pressures up to 2 MPa. It was found that Ni-Fe catalysts had comparable activity to pure
metals, while Co-Fe additives significantly enhanced the hydrogenation rate, particularly at early synthesis stages.
Catalytic activity in NaBH4 hydrolysis was also studied powders based on Ni, Co, Fe. In all cases, the hydrolysis
reaction resulted in full conversion of NaBH4 and the highest hydrogen generation rate was observed for the
ternary NiCoFe alloy (344 ml*H2 /minegcat.).
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https://scholar.google.com /citations?user=xBgzNz0OAAAAJ&hl=uk

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil yHiBepcuTeT "JIbBIBCbKA MOIITEXHIKA"
Kopg 3a €IPIIOY: 02071010

MicueSHaxo,q)KeHHﬂ: ByJ. CrenaHa Bangepuy, 6yz. 12, JIbsis, 79013, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. Pycenpkuit Irop AHaTostiinoBuy

2. Ihor A. Rusetskyi

KBasiikamis: k.x.x., cr.H.c., 02.00.05
ImenTudikarop ORCID ID: He zactocoyeTrbcs
HoparkoBa iHdpopmamuisi: Scopus ID: 57209511750

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI OCOOM: [HCTUTYT 3arajbHOI Ta HEOPraHivHoi XiMii im. B. 1.

Bepnazgcekoro HanioHanbHOiI akazeMii Hayk YKpaiHu

Kopg 3a €IPIIOY: 05417383

Micue3HaxoaKeHHS: npocnekT akagemika [lannanina, 6ya. 32 /34, Kuis, 03142, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: HaujoHanbHa akazemis HayK YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:

1. bortynmuH Jligis MuxainiBHa

2. Lidiia M. Boichyshyn

KBasigikamis: k. x. ., gou., 02.00.04
ImenTudikarop ORCID ID: 0000-0001-7553-2202

HoparkoBa iHpopmawisi: Scopus ID: 36681224700 ResearcherID:S-9509-2017
https:/ /scholar.google.com /citations?hl=uk&user=XOez8bsAAAA]J

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI OCOOM: JIbBiBCHKUII HAL[OHATIBHUI yHIBepCUTET iMeHi IBana Ppanka

Kopg 3a €IPIIOY: 02070987

Micuesﬂaxo,q)l(eHHﬂ: ByJI. VHiBepcuTteTchbka, 6ya. 1, JIpBiB, 79000, Ykpaina



dopma BiracHOCTI: JlepxasHa
Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Tanmanvyak CsiTsiaHa AHaToJtiiBHA

2. Svitlana A. Halaichak

KBasigikanis: k1.1, c.u.c., 05.17.14
InenTudikarop ORCID ID: 0000-0002-3823-2056
JoaparkoBa iHpopMauist: Scopus ID: 57194434882

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI 0COOM: Disnko-mexaHiunuii iHcTUTyT im. I. B. KaprieHka

HanionansHOI akamemii Hayk YKpainu

Kopg 3a €IPIIOY: 03534506

Micue3HaxoaKeHHS: By Haykosa, 6yz. 5, JIbBiB, 79060, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi

BaacHe IlpizBume Im's I10-6aTbKOBI Kopwiit Cepriit AHTIpifioBud
rOJIOBH pagu

BaacHe IlpizBuime Im's [10-6aTbKOBI Kopwiit Cepriit AHzpifioBuy
rOJIOBYIOYOrO Ha 3acigaHHi

Bi,ZIHOBi,I[aJIbHHfI 3a Hi,qI‘OTOBKy KOPHIPI Banentuna BacusiiBHa

00JIIKOBHX JOKYMEHTIB

Peectparop VYkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 3a peecTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisIIBHOCTI




