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1. CunTes, CTpyKTypa Ta eyIeKTPOXiMiuHi BOAeHbCOPOLiliHi BiacTuBocTi criiaBiB AB2 i AB3 y cucremax {La, Pr, Nd,
Y}-(Mg)-{Ni, Co, Mn}
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Pedepat/anoranis:

1. Y nepuiomy po3pizni 3nifiCHEHO CUCTEMHUM aHasli3 Cy4aCHOTO CTaHy HAyKOBUX JOCIIiJKeHb METO/iB 36epiraHHs
BOJHIO, 30KpeMa PiznyHuM i Pi3uKo-XiMiYHUM Migxonam, a TaKOX PO3IJISIHYTO NPUHUMNU QyHKIioHyBaHHS Ni-MH
XiMIYHMX JIK€peJl CTPYMy. Y3araJbHEHO AaHi o0 KPUCTANIOXIMIYHMX OCOOIUBOCTEN i BOAEHbCOPOLINHNX
BJIACTMBOCTE! riIpUAOTBIPHUX CIIOJNYK Ta CIIaBiB Tuily AB5, AB2 ta AB3. Ha nincTaBi mpoBeneHoro aHamisy
OOI'PYHTOBAHO aKTyaJIbHICTb NOCIII’KEHHS CIJIaBiB Ha OCHOBI cucTeM R-Mg-d-nepexigHuil MmeTas, 110 3yMOBJIEHO
iX 3HaYHMM NIOTEHL}iaIOM 51K €(PEKTUBHUX BOJEHbAKyMYJIIOIOUMX MaTepiasiB [jisl NOTpeb Cy4acHOi eHepreTuku. Y
IpYyromMy po3fiji Or1caHo METOOUKY CUHTE3Y JOCIIIKYBaHMX 3Pa3KiB, 30KPEMa €JIEKTPOYTOBE I1JIaBJIEHHS,

CITiKaHHS IOPOILKIB Ta METOJ, XiMiYHOTO BilHOBJIEHHS ([IJ15 HAHOIIOPOIKiB). OXapaKTepU30BaHO KOMILJIEKC METOTiB



IOCTIiIPKEHHS KPUCTAJIIYHOI CTPYKTYPU Ta (Pa3oBOro CKJIaLy CUHTE30BaHUX MaTepiaiB, SKAM BKIIOYa€E
peHTreHo(da30BuUl i pEHTT€HOCTPYKTYPHUI aHAaJIi3 i3 yTOYHEHHSIM CTPYKTYPHUX lapameTpiB meTonoM PiTBenba,
CKaHiBHY €JIEKTPOHHY MiKPOCKOIIil0 Ta PEHTTeHIBCbKY (POTOEJIEKTPOHHY CIIEKTPOCKOIIiI0. [ OL[iHIOBaHHS
€JIEKTPOXiMIiYHMX BJIACTUBOCTEN 3aCTOCOBAHO METOY rajIbBAHOCTATUYHOTO LIMKJIYyBAHHS, BUSBHAYEHHS [1apaMeTpa
BUCOKOMBUIKICHOTO po3psay (HRD), xpoHoamniepoMeTpii, LMKIi4HOI BOJIbTaMIIEPOMETPIi Ta €J1eKTPOXiMiuHO]
iMIlelaHCHOI CIIeKTpOCKOIIii, 1110 3abe3Ieyye BcebiuHM aHali3 KIHeTUYHUX i Tuy3iiiHUX NPOLEeCiB y
IOCJiI)KYBaHUX €JIEKTPOJHUX MaTepianax. Y TPETbOMY pO3/ijli HABEAEHO Pe3yJIbTaTu KOMIIJIEKCHOTO AOCIiIPKEHHS
CKJIaZly, KPUCTAJIIYHOI CTPYKTYpHU Ta €J1€KTPOXiMIYHUX BOJEHbCOPOLIITHUX BIACTUBOCTEH NceBrobiHapHUX (a3
JlaBeca Tuny AB2. CunTe3oBaHo Tpu cepii crinasiB cknagy RMgNi4-yCoy (R = Pr, Pr0,5La0,5, Pr0,5Nd0,5) Ta
BCTAHOBJIEHO MeXXi iCHyBaHHS BilIOBIIHUX TBEPAMX PO3unHiB. [TokazaHo, 1110 30i/blIeHHS 06’'eMy eJleMEeHTapHOi
KOMipKHU BHACJIiZOK i30Mop@Horo 3amimenHs Pr/La ta Ni/Co cnpusie crabinisauii o-rigpuaaux ¢as, mo
XapaKTepU3yIThCA MiTBUIIEHOI0 BOAEHbCOPOLIIMHOI0 EMHICTIO, sIKa focsrae 1o 6,7 at. H/.o. gjis cinasy
Pr0,5La0,5MgNi2Co2. HaiiBuliy po3psiiHy €MHICTb cepej, LOCiI)KeHUX 3pasKiB Tully AB2 npoieMOHCTPYBaB CKJIag,
Pr0,5La0,5MgNi3,5C00,5 (305 MA'T07,/T), TOZi SIK MAaKCUMaJIbHOIO IIUKJIIYHOIO CTiMKiCTIO XapaKTepPU3y€EThCS
onnodazauii craB PrMgNi4(S30 = 95%). V yeTBepTOoMy po37isi IpefcTaBieHo pesyibTaTu as ¢as tuny AB3. s
cucremu (La,Y)3-xMgxNi9-yCoy BCTaHOBJIEHO ONITUMAJIbHUY Jialia30H 06’eMiB eleMeHTapHOi KoMipKu (522-535
AS), y ME>Xax SIKOro 3Hau€HHsI pO3psiAHOi EMHOCTI cTabinbHO nepesulyoTh 350 MA-roz, /T. [TokasaHo,
CHACTEMaTU4HY 3MiHY BJIAaCTMBOCTEN B 3aJI€XKHOCTI Bifl PiBHS 3aMillleHHS Ta CIiBBiIHOLIEHHS KOMIIOHEHTIB La /Y /Mg
ta Ni/Co. Takum YMHOM, JOCATHYTO ONTUMaJIbHOTO KOMITPOMICY Mi>K BUCOKOIO €EMHICTIO Ta LIUKJIIYHOIO
crabinpHicTio 1715 cnnapy Lal,5Y0,5MgNi7Co2 (Cmax = 390 MA-ron /T; S50 = 84%). Bognouac cninaB LaYMgNi7Co2
XapaKTEPU3Y€EThCsI BUHSATKOBO BUCOKOIO LIMKJIIYHOIO cTabinbHicTIO (S50 = 99%), a 3pa3ok Lal,5Y0,5MgNi9
IEMOHCTPY€ HalKpallli KIHETUYHI XapaKTepPUCTUKH, 30KpeMa BUCOKi 3Ha4E€HHSI ITapaMeTpa BUCOKOIIBUIKICHOTO
po3pany (HRD1000 = 86%) Ta xoediuienta audysii BogHio (DH = 2,67¢10-11 cm2 /c). [Ins cepii Nd2MgT9
NiATBEPAKEHO BU3HAYAJIbHY POJIb CHiBBigHOMmEHHs Ni y GpopMyBaHHI BOJEHbCOPOLiIIHMX BJACTUBOCTEN. Yieplie
[IPOBEIEHO CUCTEMATUYHE JOCHiIKeHHS 6e3MarHieBux (a3 Tuny AB3 ckiany RxY3-xNi9-yMny. BcraHoBieHo, o
YyacTKoBe 3amilenHsa Ni Ha Mn npu3BoOAuUTh 4O Maike ABOPA30BOr0 3POCTAaHHS PO3PANHOI €EMHOCTI: CIIONIYKU TUITY
RY2Ni8Mn neMOHCTPYIOTh 3Ha4eHHs B iHTepBasi 311-370 MA-ToJ, /T OpiBHAHO 3 126-194 MA-TOA /T 1151 BUXiZHUX
da3 RY2Ni9. MakcumainbHy po3psigHy eMHicTb (370 MA-Ton /T) 3adikcoBaHo A ciiaBy PrY2Ni8Mn, 110 € ogHUM i3
HaMBUIIMX IIOKA3HUKIB ceper, Binomux 6eamardieBux ¢a3 tuny AB3 (CT PuNi3). YV m'aTomy po3zini gocaimKkeHo
BIIJINB HAHOJOMATKIB Ha €JIEKTPOXIMiUHI XapaKTepUCTUKU MaTepiajliB HEraTUBHUX eeKTpoAiB Ni-MH xiMiuHnx
mxepen ctpymy. OcobauBy ysary npugineHo HaHonopoumkam Nil00-xPdx (x = 0; 1; 5; 10 at.%), CMHT€30BaHUM
METOJIOM XiMiUYHOrO BiIHOBJIEHHS. Bu3HaueHo ix ¢a3oBuii ckiaf, MOpgoJIorilo, XiMiYHUI cTaH noepxHi (XPS) i
€JIEKTPOXiMiuHi BOZE€HbCOPOLiiHI BIACTUBOCTI. JJOCIIiIKEHO TaKOX €JIeKTPOXiMiUHY MOBEIiHKY KOMIIO3UTHUX
€JIEKTPOJHMX MaTepiasiB Ha OCHOBI rifipunoTsipHoro cniaBy La2MgNi9 3 nanomogatkamu Ni95Pd5 ta Ni70Fe30.
[TokaszaHo, 110 HAHOKPUCTAJIIYHI [IOPOLIKY, 3HIKYIOTb OIIip NepEeHEeCEHH: 3apsly Ta 3a06€3Me4Yy0Th CUHEPreTUYHUN
e(eKT y KOMIIO3ULIMHUX €JIEKTPOJHUX MaTepianax «iHTepMeTalidHa CIOoJIyKa — HAaHOJOLATOK». HalBuIly HUKIIIYHY
cTabinbHICTh MpogeMOHCTPyBaB KoMno3uT LaZMgNi9 + Ni95Pd5 + Ni (kap6.) (2:3:3) - Cmax = 418 mAeron /r npu S30
=76 %, a HaiiBuy eMHicTb — La2ZMgNi9 + Ni70Fe30 (1:1) - 492 mAeron /t npu S30 = 59 % (npu ryctusi ctpymy 100
MA/T)

2. Chapter 1 provides a systematic analysis of the current state of research on hydrogen storage methods,
including physical and physicochemical approaches, and reviews the operating principles of Ni-MH
electrochemical power sources. Crystal-chemical features and hydrogen sorption properties of AB5, AB2, and AB3
hydride-forming compounds and alloys are summarized and discussed. Based on the provided analysis, the
scientific relevance of investigating alloys in R-Mg-d-transition metal system is substantiated in view of their
considerable potential as efficient hydrogen storage materials for modern energy applications. Chapter 2 describes
the synthesis procedures used for the preparation of samples, including arc melting, powder sintering, and
chemical reduction (for nanosized powders). A comprehensive set of techniques for investigating the crystal
structure and phase composition of the synthesized materials is presented, including X-ray phase analysis and X-



ray structural analysis with refinement of structural parameters using the Rietveld method, scanning electron
microscopy, and X-ray photoelectron spectroscopy. Electrochemical properties were assessed by galvanostatic
cycling, high-rate discharge (HRD) measurements, chronoamperometry, cyclic voltammetry, and electrochemical
impedance spectroscopy, enabling a thorough analysis of kinetic and diffusion processes in the electrode materials
studied. Chapter 3 presents the results of a comprehensive study of the composition, crystal structure, and
electrochemical hydrogen sorption properties of AB2 Laves phases in R-Mg-d-transition metal systems. Three
series of pseudobinary Laves phase alloys with the general composition RMgNi4-yCoy (R = Pr, Pr0.5La0.5,
Pr0.5Nd0.5) were synthesized, and the solid solution existence ranges were established. It is shown that an
increase in the unit cell volume due to isomorphic substitution of Pr/La and Ni/Co contributes to the stabilization
of o-hydride phases, which are characterized by higher hydrogen sorption capacity, which reaches ~6.7 at. H/f.u.
for the Pr0.5La0.5MgNi2Co2 alloy. The highest discharge capacity among the investigated AB2-type alloys was
demonstrated by the Pr0.5La0.5MgNi3.5C00.5 composition (305 mAh/g), while the maximum cyclic stability was
shown by the single-phase PrMgNi4 alloy (S30 = 95%). Chapter 4 presents the results for AB3-type phases. For the
(La,Y)3-xMgxNi9-yCoy system, an optimal range of unit cell volumes (522-535 A%) was established, within which
the discharge capacity consistently exceeds 350 mAh /g. The Lal.5Y0.5MgNi7Co2 alloy (Cmax = 390 mAh /g; S50 =
84%) was identified as offering the best compromise between high capacity and cycling stability. The
LaYMgNi7Co2 alloy demonstrates exceptionally high cyclic stability (S50 = 99%), and the Lal.5Y0.5MgNi9 alloy
shows the best kinetic characteristics, in particular, high rate discharge (HRD1000 = 86%) and the hydrogen
diffusion coefficient (DH = 2.67 10-11 cm2 /s). For the Nd2MgT9 series, it is shown the decisive role of the Ni
content in the formation of the hydrogen sorption properties of compounds of this type of alloys. A systematic
study of Mg free AB3-type phases with the composition RxY3-xNi9-yMny is reported for the first time. It was
found that partial replacement of Ni by Mn leads to an almost twofold increase in discharge capacity: compounds
of the RY2Ni8Mn type demonstrate values in the range of 311-370 mAh /g compared to 126-194 mAh /g for the
original RY2Ni9 phases. The maximum discharge capacity of 370 mAh /g was observed for the PrY2Ni8Mn alloy,
which represents one of the highest values reported for AB3-type phases (PuNi3 type of structure) in Mg-free
systems. Chapter 5 investigates the influence of nano-additives on the electrochemical characteristics of negative
electrode materials for Ni-MH batteries. Particular attention is given to nanopowders of the Nil00-xPdx
compositions (x = 0; 1; 5; 10 at.%) synthesized via the chemical reduction method. Their phase composition,
morphology, surface chemical state (XPS), and electrochemical hydrogen-sorption properties were determined.
Additionally, the electrochemical behavior of composite electrode materials based on the hydride-forming
La2MgNi9 alloy with Ni95Pd5 and Ni70Fe30 nano-additives was investigated. The study demonstrates that
nanocrystalline powders reduce charge transfer resistance and provide a synergistic effect within "intermetallic
compound - nano-additive" composite electrode materials. The highest cycling stability was demonstrated by the
La2MgNi9 + Ni95Pd5 + Ni (carb.) (2:3:3) composite, yielding Cmax = 418 mAh /g with S30 = 76%. The highest
capacity was achieved by La2MgNi9 + Ni70Fe30 (1:1), reaching 492 mAh /g at S30 = 59% (at a current density of 100

mA/g).
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