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1. Incepraniiina po60Ta IpUCBIY€Ha BUBYEHHIO MEXaHi3MIB peakLiil po3Kjagy-pecruHTesy 6oporinpuis Marxiio ta
JliTito Ta KOMIIO3UTIB Ha iXHill OCHOBI. Biepie nposeneHo iHQinbTpalio MarHiii 6oporigpuay 3 1oro po3unHy Ta
[IPOTECTOBAHO iH(PINIBTPOBAHi 3pa3Ky MOJ0 0COOIMBOCTEN iX TEpMiUHOro po3kaany. Jas o-Mg(BH4)2
iHINBTPOBAHOTO Yy ME30NOPUCTHI KpeMHe3eM 0yJI0 OKa3aHO MOXUJIMBICTb 0OOPOTHOCTI peakuii posknany npu T
=673 K 3i 3Hau€HHIM BOJleHb-COpOLIiiiHOI eMHOCTI 23 Mac.% H2, mo y nepepaxyHKy Ha uucTtuii 0-Mg(BH4)2
CTaHOBUTH >9 Mac.% H2. Tepmiunuii po3knag 0-Mg(BH4)2 iH}inbTpoBaHOro y ME30IIOPUCTHMI aHATA3 BifiOyBaBCs B
TemnepaTtypHomy iHTepBaii 300-600 K. AHasi3 3aIUIIKOBUX Tra3iB MiATBEPAUB BUAIJIEHHS YMCTOrO ra3onoAioHoro
BOJHIO Tinbku 11pu T<500 K, a npu T>500 K - cymim razis (H2, B2ZH6 Ta CO). [IpucyTHiCTh Ha IOBEPXHi
ME30IIOPUCTOr0 aHATACy HAHOYACTMHOK HIKEJI0 BIIJIMBaJIa Ha KIHETUKY Peaklii po3Kiany, IO TOro X Ha OKpeMi
cragii mpouecy. 3a ONOMOro X-IpomMeHeBoi abcopOLifHOI CIIEKTPOCKOIII] BIieplle TOBENEHO, MO AJIs BCixX
komro3utiB Mg(BH4)2-Nino6 (Nizo6 = Ninano; NiCl2; NiF2; Ni3B) miciis ix po3KIaay-pecuHTe3y yTBOPIOETHCSI HOBA

crionyka Hikesio 3 JIOKaJIbHOIO CTPYKTYPOIO Ay>Ke CX0K010 o amop@Horo Ni3B. AHasi3 noBeiHKY CIIOIyK



Ko6anbty 1151 komnosutiB Mg(BH4)2-Cozo6 (Cono6 = CoF3; Co2B; CoCl2; Co304) npoTSIrom LUKJIB po3KIaa-
pecuHTe3 MeTo oM X-TIpOMeHeBOi a6COPOLiIiHOI CIIeKTPOCKOIIii 3aCBiIYUB PO Te, o Taki Comob YTBOPIOIOTh HOBY
XiMiyHy criosiyky KobasnbTy, sika Haragye Co2B. JleTanbHuil aHai3 peakiii poskiany komnosutiB Mg(BH4)2-X (X =
TiO2; MoO3 061Ba HAHOIIOPOLIKY) 3PO0JIEHUI MeTohaMu AU ePEeHLiITHOI CKaHYI0UO0i KaJTOPUMETPIii,
TE€PMOTrPaBiMETPUYHOrO aHAJI3y i TeMIepaTypHO IPOrpaMoOBaHOI lecopoLii MiATBEpAUB CyTTEBUI BILJIUB LIUX
OKCUJIHUX 0OABOK Ta iXHbOTO CTYIIEHS NYCIIEPCHOCTI HA MOXKJIMBICTh 3MEHIIEHHS 3HaueHHs Td KoMIo3uTy.
BeneHHs peakuiliHOro rinpuaHoro komnosuty 2LiBH4-MgH?2 y pesopuun ¢popmanbaerifHui Yu pe3opLyH
dypdyponbHUil aeporeJi Blieplle peanizoBaHO WIIIXoM iHQinbTpalii po3nasy. [lokazaHo, 0 WBUAKICTb PO3KIany
TaKOro HAHOOOMEKEHOT0 KOMIIO3UTY 3pOCTaE Yy iBa pas3u IOPIBHSHO 3 00'€MHMUM aHajoroM. Briepuie
€KCIIEPUMEHTAJIbHO MiATBEPIKEHO 3pOCTaHHS MIBUIKOCTI BULiIeHHS BOGHIO Y 10-30 pasiB, a IOIJIMHAHHA BOJHIO —
y 5 pasiB g1t komno3uTtiB 2LiIH-MgB2-0.1Tino6 (Tigo6 = TiF4, TiO2, TiN, TiC). Haii6inbpimuii BIJIMB Ha KiIHETUKY
peakuii B3aemogii 3 ra3onofi6HuM BOAHEM BUsABJIEHO AJ1s1 komno3uty 2LiH-MgB2-0.1TiO2, no Toro x foro
3HAYEHHS BOJIEHb-COPOIIifHOI EMHOCTI 3aumanoch =8,1 mac.% H2 nmpoTarom 5-Tu 1[UKIIiB PO3KJIa]-PECUHTES.
Briepiue 6ys10 ofiep>kaHo crieKTpy X-IIpoMeHeBoi abcopbuiiiHoi ciektpockonii K-pisHs bopy (193 eB) s
KoMno3uty 2LiF-MgB2. Pe3ysibTaTu 4iTKO BKa3yIOTbh Ha IIPUCYTHICTb HOBOI criosyku tuny LiBH4-xFx (Ooxn4). Ilnsxom
MexaHO-XiMiuHOro nomosy ABox crnonyk KBH4 i KBF4 y mosibHuX cniBBifHOmeHHX 3:11 1:1 Biepuie 6yso
CHHTEe30BaHO crosyku tuny KBH4-xFx (00xn4) 3 KpUCTalidyHOIO CTPYKTYpPOIO sK A crionyku KBH4. Metomamu 1H, 11B
i 19F NMR, 11B 3QMAS NMR i CP ekcriepuMeHTabHO I0BEJIEHO HasiBHICTb TeTpaenpis [BH4-xFx]- (Ooxn4) y
IIPOJYKTAX TAKOTO CMHTE3Yy. Ha mpakTulli IoKa3aHo, o TepMiuHMI po3kiiag nomesenoi cymimi 3KBH4-KBF4
BinbyBaeTbcs npu 3HaueHHi T Ha =50 K Hkue HiK g1 yncroi cnionyku KBF4 i Ha =160 K - Hixk s KBH4.
3HaieHo, mo AJ1s noTpifiHoro komnos3uty LiH-LiF-MgB2 nornvHaHHs-BUAiI€HHS ra300i6HOTO BOJHIO €
MOBHICTIO 0OOPOTHUM IIPU 3HA4YE€HHi BOZeHb-CcOPOLiliHOI eMHOCTI =7,0 Mac.% H2. MexaHi3M peakuii HormnHaHHS
BOJHIO JJI51 TAKOTO KOMIIO3UTY MO>KHA PO3TJISIATU SIK HAaKJIaaHHA IBOX MPOLECIB, a came peakliii MOryIMHaHHS
BOJHIO 1151 TOABINHMX KoMIIo3uTiB 2LiIH-MgB2 i 2LiF-MgB2. [lng komnioauty LiH-LiF-MgB2 miciia tepmidHoi
06po6KH y cepenoBui BoAHIO MeTonoM 19F MAS NMR Briepuie 4iTKo HifTBEPIPKEHO iCHYBaHHS CIIOJIYK TUILY
LiBH4-xFx (Ooxo4).

2. The dissertation is dedicated to the study of the mechanism of nanocomposites decomposition reactions based
on magnesium and lithium borohydrides. Infiltration of magnesium borohydride from its solution, as well as testing
of the infiltrated samples in terms of thermal decomposition were conducted for the first time. For n-Mg(BH4)2
infiltrated into mesoporous silica, the possibility of the reversibility of the decomposition reaction at T ~673 K with
the value of the hydrogen storage capacity(=3 wt.% H2) was shown, which, if transferred into pure o-Mg(BH4)2, is
>9% wt.% H2. The thermal decomposition of n-Mg(BH4)2 infiltrated into mesoporous anatase occurred mainly
within the region of 300-600 K. Analysis of the residual gases confirmed the release of pure gaseous hydrogen only
at T <500 K, and of the mixture of gases (H2, B2ZH6 and CO) - at T> 500 K. The results of XPS for o-Mg(BH4)2
infiltrated into mesoporous anatase confirm the presence of boron atoms with 1s spin in B203 or H3BO3
compounds, as well as in anion [BH4]-. This means that at the depth up to 10 nm, along with magnesium
borohydride, products of its chemical interaction with residual amounts of oxygen were present. For the anatase
surface with nickel coating Ni and NiO signals were found using the XPS method, which confirms the possibility of
oxidation of 20-nm nickel film in the open air. Presence of nickel nanoparticles on the mesoporous anatase surface
influenced the kinetics of the decomposition reaction, and also some stages of the process. Using XAS
spectroscopy it was proved for the first time that for all Mg(BH4)2-Niadd (Niadd = Ninano; NiCI2; NiF2; Ni3B)
composites after their decomposition-resynthesis a new nickel compound was formed, with the local structure
that is very similar to amorphous Ni3B. In addition, the results of 11B-NMR spectroscopy show that anion [B3H8]-
is the main product of the decomposition of Mg(BH4)2-Niadd composites, and anion [BI0H10]2- appeared to be
the only intermediate the content of which increases after resynthesis reaction. Analysis of the behavior of cobalt
compounds for Mg(BH4)2-Coadd (Coadd = CoF3; Co2B; CoCl2; Co304) composites during decomposition-
resynthesis cycles using XAS method testified that such Coadd form a new chemical compound of cobalt, which
resembles Co2B. A detailed analysis of the decomposition reaction of Mg(BH4)2-X (X = TiO2; MoO3 both



nanopowders) composites made using DSC, TGA and TPD methods confirmed the essential influence of these
oxides additives and their dispersity level on possibility of reduction of the Td value. Infiltration process for
2LiBH4-MgH?2 reactive hydride composite in resorcin formaldehyde or resorcin furfural aerogel was first applied
through melt infiltration. Decomposition rate of this nanoconfined composite increase twice compare to the bulk
analogue. For the first time acceleration of the hydrogen release rate 10-30 times, and the absorption of hydrogen
5 times for 2LiH-MgB2-0.1Tiadd (Tiadd = TiF4, TiO2, TiN, TiC) composites was experimentally confirmed. The
highest influence on the kinetics of the reaction of interaction with gaseous hydrogen was found for
2LiH-MgB2-0.1TiO2 composite, in addition, its value of hydrogen storage capacity remained rather high, ~8.1 wt%
H2 during five decomposition-resynthesis cycles. By methods of 1H, 11B and 19F NMR, 11B 3QMAS NMR and CP the
existance of [BH4-xFx]- (Ooxn4) tetrahedra in the products of such synthesis was experimentally proven. The
increase of elementary cell period with the increase of fluorine content well correlated with the higher number of
fluorine atoms in [BH4-xFx]- (Ooxo4) tetrahedra. In practice it was shown that thermal decomposition of the milled
3KBH4-KBF4 mixture occurs at the value of T that is on =50 K lower than for pure KBF4 compound and =160 K -
than for KBH4. It was found that for the triple LiH-LiF-MgB2 composite, the absorption-desorption of gaseous
hydrogen is completely reversible with hydrogen storage capacity of =7.0 wt.% H2. The mechanism of hydrogen
absorption reaction for such composite can be considered as overlapping of two processes, namely, absorption of
hydrogen for binary 2LiH-MgB2 and 2LiF-MgB2 composites. Using 19F MAS NMR method for LiH-LiF-MgB2
composite after thermal treatment in hydrogen atmosphere the presence of LiBH4-xFx (Ooxo4) type compounds was
clearly confirmed for the first time.
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