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Pedepar:

1. Inceprarist Ha 3M06YTTsI HAYKOBOTO CTyIEHS JOKTOpa ¢inocodii 3 ranysi 3HaHb 13 - MexaHivyHa iHXeHepis 3a
crieniasipHicTIO 132 — MaTepianosHaBcTBo. — Qizuko-mexaHiyHui iHCTUTYT iMm. . B. Kapnienka HAH Ykpainuy, JIbBiB,
2024. Ha cborogHilHil 1eHb BOJOEHb PO3IJISIAI0Th SIK OJIHE 3 Hal6i/blll IepCIEKTUBHUX JKepeJl eHeprii. Bin
BOJIOJIi€ BUCOKOIO TEIJIOTOIO 3TOPSIHHA (Mpn6an3Ho 140 MK /KT) Ta BiICYTHICTIO WIKiJIMBUX BUKUIIB IIPU
criajoBaHHi. Yepes HU3bKy T'yCTHMHY ra30MoiOHOTO BOJHIO 32 H.y. BMICT €Heprii Ha OJJMHULII0 00'€eMy € MaJIUM, TOMY
BMHUKAE Npobiiema Horo 36epiraHHs. BoneHs Sk npaBusio 36epiraioTh [py BUCOKUX TUCKax (150-700 aTtm), abo
HAaBITb 3PiIXYIOTb. SIK aJIbTEPHATUBY [0 TAKOTIO 30€piraHHs 4acTO PO3IJIIal0Th METAJIOTIAPUAY, O SIKAX
BigHOCUTbBCS Tigpun marHio (MgH2) 3 f10ro BUCOKOI0 BOZHEBOIO €MHICTIO (7,6 Mac.%), HU3bKOIO BapTiCTIO OAVHUILI

eHeprii Ta 060pOTHICTIO Ipolecy copoLis-gecopouis. [lepernoHoo 1oro NpakTUYHOro 3aCTOCYBaHHS € IIOBiJIbHA



KiHEeTHKa peakuiil copb6uii-gecopobuii Ta Heo6xigHICTh BUCOKUX TeMIiepatyp npu6an3Ho 350 °C. [y nmogoiaHHs IUX
Oap’epiB YaCcTO BUKOPUCTOBYIOTh Pi3HOMaHITHI KaTaliTU4YHi JOAATKHY, SIKi 3HKYIOTh €Heprilo akTyBalii Ta
NOKpaIlyoTh AUdYy3iio BOgHIO y MaTpulifo. Haib6inbI nepcrieKTUBHUM METOJ0M aKTUBallii IpolleciB rinpyBaHHs -
IerilpyBaHHs € MeXaHi4Ha 00pOOKa, 30KpeMa, Y BUCOKOEHEPTeTUUHHUX KyJIbOBUX MJIMHAX. 3aBISKU LIbOMY
YTBOPIOETLCS BUCOKONCIIEPCHA MIKPOCTPYKTYpa MaTepialy 3 BUCOKOIO KOHLIEHTpali€lo AedeKTiB, M0 B CYKyIHOCT]
CYTTEBO MifBUIIYE MBUIKICTb NPOLECiB abcopOLii-HgecopoOLii BOJHIO Ta 3HIKYE HEOOXiAHY TemnepaTypy. s
OJlEP>KaHHSI BOJHIO 3 METAJIOTiApUAY HailuacTile 3[ifiCHIOI0Th oro Harpis. Tako>X, BUKOPUCTOBYIOTb PEAKLIil0
rigpoJiizy MeTanorifpuziB, sSKa € MBUIKOI0, €KOJIOTIYHO 6e3[1eYHOI0 Ta He IIoTpebye CYyTTEBUX 3aTpat eHeprii. Tomy
1[eil MeToJ, OflepKaHHs BOLHIO MOKHA BUKOPUCTOBYBATH JJ1sI KMUBJIEHHS NaynBHUX KoMipok (I1K). OpHaxk,
pe3yJbTaTOM B3aEMOZ|i riipuay MarHiio 3 BoJoI0 € rigpokcup marHiio (Mg(OH)2), sikuit € masoposunHauMm (0,0012
r/100 ma). IIpu peakuii rigpoJiiy Ha NOBEPXHi YaCTUHOK Tigpuay MarHiio ogpasy popmyetbcs map Mg(OH)2, mo
3ynuHsie peakuiro. [y nogonaHH Liei Mpo6ieMy BUKOPUCTOBYIOTh Pi3HOMaHITHI pO3YMHU KUCJIOT YU COJIEH,
Hanpukiag xaopug Mardito (MgCl2). lana nucepTaniiiHa po6oTa npucBsiyeHa BUPILIEHHIO aKTyaJIbHOTO 3aBIaHHs
MOKpaleHHs KIHeTUKY peakiiil copb1iii-necopOiiii BoJHIO MarHieM. JIjis 1bOro MeXaHOXiMiYHUM METOZIOM
CUHTE30BaHO HOBI KOMIIO3UTHi MaTepiasiy Ha OCHOBI rIpuAy MarHiio 3 KaTaJiTUYHUMU OJATKAMU, SOCIIIKEHO iX
KiHeTUKY copb1iii 3 ra3oBoi ¢asu, Jecopobuii i B peaxiisix rigposii3HOro reHepyBaHHs BOLHIO. BCTaHOBIEHO BILINB
karaiuizaropis (IMC, cy6okenais IMC, cknafHUX OKCUAiB) Ta rpadiTy Ha yTBOPEHHS KOMIIO3UTIB riipyly MarHito min
Yac MEXaHIYHOTO TIOMEJIY Ta iX BJIaCTUBOCTI. JJOCIiIPKEHO Iifpoli3He OTPMMAaHHA BOLHIO 3 LIUX KOMITO3UTIB Y
BOJHUX po3unHax MgCI2. V nepmomy po3zii IpoBeeHO aHajli3 HAyKOBUX POOIT MOBSI3aHUX 3 TEMATHKOIO POOOTH.
30KpeMa, pOo3rigfalTbCd OCHOBHI METOAY CUHTE3Y TiAPUAHNX KOMIIO3UTIB Ta iX IIepeBaru i HeJl0JIiKyY, BILJIUB
Pi3HOMaHITHUX KaTaJliTUYHUX [OHATKIB Ha Mpolecy copoLii-necop6blii BOAHIO 3 KOMIIO3UTIB ripuy MarHito, ix
BIUIUB Ha MOP(OJIOTilo i MIKPOCTPYKTYPY YaCTUHOK, €Heprilo akTUBallii ecopouii Ta [UKIIYHY CTabibHICTD. ¥
PO3[Iisi TaKOXX BUCBITJIEHO OCOGJIMBOCTI TiZIPOJIi3HOr0 OTPUMAaHHS BOAHIO 3 TipUy MarHilo i KOMIIO3UTIB Ha HOTO
OCHOBI, a TaKOXX BIJIUB Pi3HUX YMHHUKIB Ha Nepedir peakliii — ckiany, napamMeTpiB CUHTE3Y rigpuiy MarHilo Ta yMoB
3a SKUX IIPOBOJUTHCS TifipoJli3. JI0JaTKOBO PO3IJISIHYTO BJIACHI BOAEHbCOPOLiIHI BIaCTUBOCTI KaTaJiTUUHUAX
IOJATKIB, 1IJ0 BUKOPUCTOBYBAJIMCh y AaHi pOOOTI. Y ApyroMy po3zisi HaBe4eHO METOAUKY [TPOBEIEeHHS
€KCIIEPMMEHTIB Ta IepeJlik BUKOPUCTAaHOTO obsafHaHHs. OnucaHa MeTOAMKa TiipyBaHHs MarHito Ta ioro
KOMIIO3UTIB 3 ra30Boi (pa3y Ta MEXaHOXIMIYHUM METOOM, METOIUKA OCIiIP)KEHHS CTPYKTYPH KOMIIO3UTIB,
METOMKA POBEAEHHS NOCIiJI)KEeHb TiIPOJi3HOTO reHEPYBAHHS BOJHIO 3 CUHTE€30BaHUX KOMITO3UTIB. Y TPETbOMY
PO3[iJi IPENCTaBIE€HO PE3YJIbTaTh €KCIIEPUMEHTAJIBHUX NOCIIIIKEHb, Ta iX aHasi3. 30KpeMa, IPeCTaBIECHO
PEe3yJIbTaTU MEXaHOXIMIYHOTO riipyBaHHS KOMIIO3UTIB MarHito pi3HoOi SIKOCTi 3 KaTaJiTUMHUMU JOJATKAMMU.
[TokazaHo pe3yJbTaTH riipyBaHHS X KOMIIO3UTIB 3 Ta30B0i a3y i JecopOyBaHHs BOJHIO Y BAKYYM 3 CUHTE30BaHUX
TriipUIHUX KOMIIO3UTIB NIPY Pi3HUX TEMIIEPATYPHUX pekumax. MeTogom TepMoiecopOLiiiHOi ClIEKTPOCKOMIT 118
IesIKUX KOMIIO3UTIB BU3BHAUEHO eHeprilo aktuaalii. [I[pencraBieHo pe3yabTaTu peHTreHoa30BuX i
MIKPOCTPYKTYPHUX JOCJIiIKE€HD MiIPUAHMX KOMIIO3UTIB Ta Pe3yJbTaTU TifpoJli3HOTO FeHEPYBAaHHSI BOJHIO 3 HUX IIPU
BUKOPUCTaHI AYCTUILOBAHOI BOAY Ta PO34YMHIB XJIOPUIB PI3HUX KOHLEHTPALiN. Y Y4ETBEPTOMY PO37ijli HaBELEHO
00roBOPEHHSI OCHOBHUX Pe3yJbTaTiB POOOTU Ta peKOMEHallii 010 ONTUMAaJIbHUX CKJIa/liB CUHTE30BaHUX
rigpuAHUX KOMIIO3UTIB 3 HAaKpamyMK QyHKIIOHaJIbBHUMU [TapaMeTpaMu 11715 iX BAKOPUCTaHHS y IPUCTPOSIX
TigpoJIi3HOTO OZlEP>KaHHS BOJHIO. Y pOOOTi BIIEPIE CHHTE30BaHO HOBI riIpUIHi KOMIIO3UTY HA OCHOBI MarHilo 3
KaTaJliTHYHUMU JOJATKaMU CyOOKCHUIIB, CKJIaTHUX OKCUIB i rpadity. JocnimKeHo KaTaliTHIHUH BIJIVB HEBEJIMKOL
KiJIbKOCTi OAATKiB Ha COPOLilHI i fecopOLiliHi BlacTuBOCTI 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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