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HAaBiTb 3PiIXYIOTb. SIK aJIbTEPHATUBY [IO TAKOTO 30€piraHHs 4acTO PO3IJILIAI0Th METAJIOTIAPUIH, IO SIKAX
BigHOCUTbHCS Tigpun marxio (MgH2) 3 f10ro BUCOKOI0 BOJHEBOIO €MHICTIO (7,6 Mac.%), HU3bKOIO BapTiCTIO OAUHUII
eHeprii Ta 060pOTHICTIO Ipolecy copouis-gecopouis. [lepernoHolo oro NpakTUYHOrO 3aCTOCYBaHHS € IIOBiJIbHA
KiHEeTHKa peakiiil cop6uii-gecop6buii Ta Heo6XigHICTh BUCOKUX TeMIiepatyp npu6an3Ho 350 °C. [nig mogoiaHHs IUX
6ap’epiB YaCTO BUKOPUCTOBYIOTb PI3HOMAaHITHI KaTaJliTUYHi JOJATKHY, SIKi 3HIDKYIOTh €HEprilo akTUBallii Ta
NOKpaIlyoTh AudYy3iio BOgHIO y MaTpulifo. Haib6inbi nepcrekKTUBHUM METOJ0M aKTUBALlii TpolieciB rinpyBaHHs -
IerilpyBaHHs € MeXaHi4Ha 00poOKa, 30KpeMa, Y BUCOKOEHEPreTUUHUX KyJIbOBUX MJIMHAX. 3aBISKU LIbOMY
YTBOPIOETLCS BUCOKOIUCIIEPCHA MIKPOCTPYKTYpa MaTepialy 3 BUCOKOIO KOHLIEHTPALielo Ae(EKTIB, 0 B CYyKYMHOCTI
CYTTEBO MifBUIIYE WBUIKICTh IPOLECiB abcopOLii-aecopoOLii BOJHIO Ta 3HIDKYyE HEOOXiAHY TemepaTypy. s
OZlep>KaHHS BOJHIO 3 METAJIOTiApUAY Hal4acTille 34iliCHIOI0Th MOro Harpis. TakoXk, BUKOPUCTOBYIOTh PEAKIIit0
rigpoJiizy MeTalorigpuLiB, SIKa € IBUIKOI, EKOJIOTIYHO O6€3[eYHOI0 Ta HE IOTpedye CYTTEBUX 3aTpat eHeprii. Tomy
L[eil MeTOJ, Oflep>KaHHS BOGHIO MOKHA BUKOPUCTOBYBATH /1J1sI JKUBJIEHHS N1ayinBHUX KoMipok (I1K). OpHaxk,
pe3yJbTaTOM B3aEMOZIi riipuay Martiio 3 BoJoo € rigpokcup, marHiio (Mg(OH)2), sikuit € masopo3unHauMm (0,0012
r/100 ma). IIpu peakuii rigpoJiidy Ha NOBEPXHi YAaCTUHOK Tigpuay MarHiio ogpasy gopmyetbcs mwap Mg(OH)2, mo
3yIUHS€E peakuio. [ nofoiaHH Liei Npo6jieMy BUKOPUCTOBYIOTh Pi3HOMAHITHI PO34MHU KUCJIOT YU COJIEH,
Hanpukiag xjaopug Mardito (MgCl2). lana nucepTaniiiHa po6oTa npucBsdeHa BUPILIEHHIO aKTyaJIbHOTO 3aBIaHHs
MOKpaleHHs KIHeTUKY peakiiii copobiii-necopOilii BOJHIO MarHiem. JIjis 1[bOro MeXaHOXiMiYHUM METOTIOM
CHHTE30BAaHO HOBi KOMITO3UTHI MaTepiasi Ha OCHOBI MIpyy MarHilo 3 KaTAJITUMHUMU JOLATKAMU, TOCIIIIKEHO IX
KiHEeTUKY copbuii 3 ra3oBoi a3y, necop6b1ii i B peakuisx riiposisHoro reHepyBaHHs BOJHIO. BCTaHOBJIEHO BIIJIMB
karasuizaropiB (IMC, cybokcuais IMC, ckiafHUX OKCUiB) Ta rpadiTy Ha yTBOPEHHS KOMIIO3UTIB riipyy MarHito min
Yac MEXaHIYHOTIO TIOMEJIY Ta iX BJIaCTUBOCTI. JJOCIiIPKEHO rifposli3He OTPMMAaHHS BOJGHIO 3 IMX KOMITO3UTIB Y
BOJHUX po3unHax MgCI2. V nepumomy po3zii IpoBeeHO aHajli3 HAyKOBUX POOIT MOBSI3aHUX 3 TEMATUKOIO POOOTH.
30KpeMa, po3rfaloTbCd OCHOBHI METOOYM CUHTE3Y TiAPUAHNX KOMIIO3UTIB Ta iX IIepeBaru i HeJl0JIiKY, BILJIUB
Pi3HOMaHITHUX KaTaJiTUYHUX OJATKIB HA IIpolecy copoLii-necop6bliii BOAHIO 3 KOMIIO3UTIB ripuy MarHito, ix
BILJIMB HA MOP(OJIOTiI0 i MIKpDOCTPYKTYPY 4YaCTMHOK, €HEprilo akTuBallii fecop6buii Ta UMKIiYHy CTabinbHICTb. Y
PO37iJi TaKOXK BUCBITJIEHO 0COGIMBOCTI riIpOJIi3HOr0 OTPUMAHHS BOJHIO 3 TiIpMIy MAarHilo i KOMIIO3UTIB Ha 1OTO
OCHOBI, a TaKOXX BIIMB Pi3HUX YMHHUKIB Ha Iepedir peakliii — ckiany, napameTpiB CUHTe3y rifpuy MarHilo Ta yMoB
3a SIKMX IIPOBOJUTHCS TifipoJli3. JI0JaTKOBO PO3IJISIHYTO BJIaCHI BOAEHbCOPOLiIHI BI1aCTUBOCTI KaTaJiTUUHUAX
IOJATKIB, IO BUKOPUCTOBYBAJIUCH Y JAHill poOOTi. Y Ipyromy po3fiiii HaBeleHO METOIMKY IIPOBEI€HHS
€KCIIEPMMEHTIB Ta IepeJlik BAKOPUCTAaHOTO obsanHaHHs. OnyrcaHa MeTOAMKaA TiApyBaHHS MarHiio Ta oro
KOMITIO3UTIB 3 ra30Boi (pa3y Ta MEXaHOXIMIYHMM METOOM, METOIUKA OCIiI>)KEHHS CTPYKTYPU KOMIIO3UTIB,
METOJIMKA IPOBEJEHHS TOCiI)KEeHb IipPoJli3HOrO FeHEPYBAHHS BOJHIO 3 CUHTE30BaHMX KOMIIO3UTIB. Y TDETbOMY
pO3Lisi IpeCTaBIEHO PE3yJbTaTh €KCIIEPUMEHTAIbBHUX JOCIIIIKEHb, Ta iX aHasli3. 30Kpema, IPECTaBIEHO
pPe3yJIbTaTU MEXaHOXIMIYHOTO TiipyBaHHS KOMIIO3UTIB MarHito pi3Hoi SIKOCTi 3 KaTaJiTUMHUMU JOAATKAMMU.
[TokazaHo pe3yJbTaTH riipyBaHHS LUX KOMIIO3UTIB 3 Ta30B0i a3y i JecopbyBaHHs BOJHIO Y BAKYYM 3 CUHTE30BaHUX
rigpUAHUX KOMIIO3UTIB IIPY Pi3HUX TEMIIEPATYPHUX PeXXUMax. MeToIoM TepMOIeCOPOLiHOI CIEKTPOCKOIIIi 17151
IesIKUX KOMITO3UTIB BUBHAUEHO eHepriio aktuaauii. [I[pencraBnieHo pe3yabTaTy peHTreHoa30BuX i
MIKPOCTPYKTYPHUX JOCJIiIPKEHD TipUIHNX KOMIIO3UTIB Ta PE€3yJIbTaTU TiAPOJIi3HOTO T€HEPYBaHHS BOJHIO 3 HUX IIPU
BUKOPUCTaHI AUCTUIbOBAHOI BOAY Ta PO34YVMHIB XJIOPUIB Pi3HUX KOHLEHTPALiN. Y Y4ETBEPTOMY PO3Lijli HaBELEHO
06roBOpPEHHSI OCHOBHUX Pe3yJbTaTiB POOOTH Ta peKOMEHallii 010 ONTUMAaIbHUX CKJIa/liB CUHTE30BaHUX
rigpuAHUX KOMIIO3UTIB 3 HAaKpamyuMu QyHKIIOHaTbHUMU [TapaMeTpaMu [1J1s iX BAKOPUCTaHHS y IPUCTPOSIX
TipoJIi3HOTO OflEep>KaHHS BOJHIO. Y poOOTi BIIEpIIe CHHTE30BaHO HOBI riipyUIHi KOMIIO3UTH Ha OCHOBI MarHilo 3
KaTaJiTUYHUMU JOOATKaMU CyOOKCUIB, CKIaJHUX OKCUIB i rpadity. JocmigKeHO KaTaliTUYHN BIVINB HEBEJIUKOI
KiJIbKOCTi IOZATKIB Ha COpOLilHI i AecopOuiliHi BmacTuBOCTI Mg.

2. Dissertation for obtaining the scientific degree of Doctor of Philosophy in the field of knowledge “13 -
Mechanical Engineering” in the specialty “132 — Materials Science”. - Karpenko Physico-Mechanical Institute of the
National Academy of Sciences of Ukraine, Lviv, 2024. Hydrogen has emerged as a frontrunner among potential
clean energy sources. It has a high heat of combustion (~140 MJ /kg) and the absence of harmful emissions during



combustion. However, its low density in its gaseous state under normal conditions poses a significant challenge for
storage. Conventional hydrogen storage methods include compression into high-pressure tanks (150-700 atm) or
liquefaction at extremely low temperatures. Metal hydrides, such as magnesium hydride (MgH2), offer a promising
alternative to traditional storage methods. Magnesium hydride boasts several advantages: high hydrogen capacity
(7,6 wt.%), cost-effectiveness and reversibility of the sorption-desorption process. However, its practical
application is hindered by two major challenges: slow sorption-desorption kinetics and high operating
temperature requirement (around 350 °C). To address these challenges, researchers have explored various
approaches, including the use of catalytic additives and mechanical processing. Catalysts can lower the energy
needed for hydrogen sorption-desorption and improve hydrogen diffusion into the matrix. High-energy ball
milling creates a much dispersed microstructure with a high concentration of defects within the material, which
significantly increases the speed of hydrogen sorption-desorption processes and lowers the required temperature.
The most common method for obtaining hydrogen from metal hydrides is by heating the metal hydride. Another
method involves the hydrolysis of metal hydrides, which is a fast, environmentally friendly, and energy-efficient
process. Therefore, this method of obtaining hydrogen can be used to power fuel cells (FC). However, the result of
the interaction of magnesium hydride with water is magnesium hydroxide (Mg(OH)2), which is slightly soluble
(0,0012 g /100 ml). During MgH2 hydrolysis, a layer of Mg(OH)2 rapidly forms on the hydride particle surface,
stopping the reaction. To overcome this obstacle, various solutions of acids or salts are used, for example,
magnesium chloride (MgCI2). This dissertation work focuses on addressing the crucial challenge of enhancing the
kinetics of hydrogen sorption-desorption reactions in magnesium. To achieve this objective, novel composite
materials based on magnesium hydride with catalytic additives were synthesized using a mechanochemical
method. The kinetics of their gas-phase sorption, desorption, and hydrogen generation via hydrolysis reactions
were thoroughly investigated. The effect of catalysts (IMC, suboxides of IMC, complex oxides) as well as graphite
on the formation and properties of magnesium hydride composites during mechanical milling was elucidated. The
hydrolysis-based production of hydrogen from these composites in aqueous solutions of MgCI2 of varying
compositions was also studied. In the first chapter provides a comprehensive overview of the existing literature
related to the synthesis and properties of magnesium hydride-based composite materials for hydrogen storage
applications. The focus is on the impact of various catalytic additives on the hydrogen sorption-desorption
kinetics, morphology, microstructure, activation energy of desorption, and cyclic stability of these materials.
Additionally, the chapter delves into the details of hydrogen generation via hydrolysis from magnesium hydride
and its composites, highlighting the influence of different factors such as reaction medium composition,
magnesium hydride synthesis parameters, and hydrolysis conditions. Furthermore, the intrinsic hydrogen sorption
properties of the catalytic additives employed in this study are discussed. Second chapter outlines the
experimental procedures and equipment employed in the study of magnesium hydride-based composite materials
for hydrogen storage applications. It provides detailed descriptions of the methods utilized for: hydriding of
magnesium and its composites from the gas phase and via a mechanochemical method, structural characterization
of the synthesized composites and investigation of hydrogen generation via hydrolysis from the prepared
composites. The third chapter presents the results of experimental studies and their analysis. In particular, the
results of mechanochemical hydrogenation of magnesium composites of different quality with catalytic additives
are presented. The results of hydrogenation of these composites from the gas phase and desorption of hydrogen in
vacuum from synthesized hydride composites at different temperature regimes are shown. The activation energy
was determined for some composites by the method of thermodesorption spectroscopy.
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