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Abstract. Hydrogen energy is an alternative to the current energy scenario based on fossil fuel consumption,
which creates huge economic and environmental problems. In this context, the development of a safe, efficient
and economical way to store hydrogen is a necessary step in order to become more competitive with other fuels.
Metal hydrides, in particular magnesium hydride MgH,, are a promising method for storing hydrogen, but
magnesium hydride has a high desorption activation energy, and a lot of energy must be applied to extract
hydrogen. Therefore, it is necessary to develop a technique to reduce this energy. One such method is the
synthesis of magnesium hydride with MIL-101 metal-organic framework structures, which makes it possible to
lower the activation energy of hydrogen desorption. In the experimental part of the work, composite materials
based on MgH>-5 wt% MIL-101(Cr) were obtained. The mechanical synthesis of the MgH>-5 wt. %
MIL-101(Cr) composite was carried out in a planetary ball mill with the following parameters: the mass ratio of
balls to powder was 20:1, the duration was 60 minutes, and the rotation frequency was 15 Hz. The peak
temperature of desorption from magnesium hydride MgH. is 719 K at a heating rate of 283 K/min. To evaluate
the efficiency of hydrogen desorption from the MgH+MIL-101(Cr) composite, In(8/T,?) versus 1000/T, was
plotted (where £ is the heating rate and T, is the temperature of the hydrogen yield peak) for pure MgH, and the
MgH2>-5 wt % MIL-101 composite (Cr). The activation energy of hydrogen desorption for the MgH2>-5 wt %
MIL-101(Cr) composite is 36% lower than for pure magnesium hydride and is (120 + 2) kJ/mol. This is how a
technique for obtaining a composite based on magnesium hydride and MIL-101(Cr) metal-organic framework

structures is being developed.

Beenenmne. 3amnmra OKpysKaroIieil Cpeibl UMEET MIEPBOCTEIICHHOS 3HAYCHHE U1l YCTONYNBOTO Pa3BUTHS U
pocCTa HAIWH. Pa3pa60TKa AIBTCPHATUBHBIX MCTOYHUKOB SHCPTHUU, KOTOPBIC MOTYT PCIOUTH TaKWE CECPHLE3HBLIC
mpoOJIeMbl, Kak TJI00alTbHOE TMOTeIMJIeHHe, NpuolpeNa Cephe3HYI aKTyallbHOCTh. Bomopos, obmamaromuit

BBICOKOW TOTUTMBHON 3P dexTuBHOCTBIO (141,7 MJIX/KT) M 9KOJTOTHYHOCTHIO (IPOAYKTOM CTOPaHUS SIBIISETCS
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BOJa), sBJsieTcsl Hanbojee NEepCIeKTHBHOM aJbTepHATHBOM MCTOYHHMKAM DHEPIMHM Ha OCHOBE HMCKOIAEMOTO
torumBa [1, 2]. BogopoaHast sHepreTHKa sBIsSETCS albTEPHATUBON HBIHEIIHEMY SHEPTETHYECKOMY CLICHAPHIO,
OCHOBAaHHOMY Ha MOTPEOJICHHM HCKONAEMOTO TOIUIMBA, KOTOPOE CO3MAeT OIPOMHBIE JKOHOMHUYECKHE H
9KOJIOTHYECKHE TpoOieMbl. B 3TOM KOHTekcTe paspaboTka Oe3omacHOTO, 3()(HEKTHBHOIO W IKOHOMHIHOTO
cnocoba XpaHEHHS BOAOPOAA SBIACTCS HEOOXONMMBIM IIaroM [Uii TOTO, YTOOBl CTaTh Ooiee
KOHKYPEHTOCIIOCOOHBIM IO OTHOIIEHHIO K JIPYTUM BHIaM ToIumMBa. [IoMHMO XpaHEHHs BOAOpOJa B Tase H
JKUJKOCTH, XpaHEHHWE BOIOpOJa B TBEPJAOM TeJe pAacCMaTpUBAaeTCs KaK >KU3HECIOCOOHas ajbTepHAaTHBa,
MIOCKOJIbKY B HEM MOXKHO COZIEp)KaTh OOJIbIIe BOJOPO/Ia Ha €ANHHILY 00beMa, YeM B KHIKOM WIN Ta3000pa3HOM
BOJIOPO/IE BHICOKOTO JIaBJIeHHs. [lepCeKTHBHBIM METOIOM XpaHEHHUs BOIOPO/a SBISIIOTCS THAPUIBI METAILIOB, B
YacTHOCTH Tuapun Maraus MgHz, HO THUIpHA MarHus MMEeT BBICOKYIO SHEPIUIO aKTHBAIMH AECOpPOIHUH, U
YTOOBI M3BJICYh BOJOPOI HEOOXOIMMO IPIIOKHUTH OonbIryro 3Hepruio. [losTomy HeoOxommmo paszpaboraTh
METOJUKY TI0 CHIDKEHHMIO 3TOW »Heprud. OJHMM M3 TaKMX METOAOB SIBISIETCSl CHHTE3 THAPHIA MarHus c
METaJJI-OPTaHUYECKUMHU KapKacHbIMU CTpyKTypamu MIL-101, yTo mo3BoJis€T MOHU3UTH SHEPTUIO0 AKTUBALUU
JlecopOI1K BOJAOPOIa.

JKcNepuMeHTAIbHAsT 4YacTh. bbUIM  TONydeHBl KOMIO3WIIMOHHBIE MaTepualibl Ha  OCHOBE
MgH>-5 macc. % MIL-101(Cr). Mexanuueckuii cunTe3 komnoszuta MgH>—5 macc. % MIL-101(Cr) npoBoauics
B IUIAaHETApHOIM IapoBOW MENbHHUIIE NpPU NapaMeTpax: COOTHOIIEHHWE Macc mapoB K mnopomky — 20:1,
MPOJOJDKUTENBHOCTE — 60 MUHYT, yacToTa BpauieHus — 15 I'.

PesyasTaTsl. [{ng kommoszuta MgH>—5 mace. % MIL-101(Cr) npu nuddepeHnnanbHol CKaHUPYIOIEH
kagopumetpuu ([JCK) HaOmromaeTcss OIWH IIMPOKHHA DHIOTSPMUYECKAH THK, KOTOPHIA COOTBETCTBYET
BBIJICNICHUIO Bojopona. [TukoBas temmepaTypa mecopbumu Bomopona w3 MgH»>—5 macc. % MIL - 101(Cr) npu

ckopoctu HarpeBa 6 K/mMun cocrasisier 577 K, st runpuia maraust ona cocrasuia 719 K.
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Puc. 1. JICK, kpachwiii - 2udpuo maznust, yephulii - komnosum MgH»—5 mace.% MIL-101(Cr)

st ouenkn > dexTuBHOCTH AecopOmu Bogopoaa n3 kommozura MgH2+MIL-101(Cr) 6bi1a moctpoena

1000
3aBUCUMOCTb ln% or ——, (tme f- ckopocTh HarpeBa, Tp - TeMIepaTypa IHUKa BBIXOAa BOAOPOJa) JUIs YHCTOrO
P P

MgH: u xomnozura MgH>-5 macc. % MIL-101(Cr). Sneprus akTUBaIMK JecOpOLUH BOAOPOIA U KOMITO3UTA
MgH2>-5 macc. % MIL-101(Cr) wa 36 % wMeHbIme, 4eM JUIS YHCTOTO THAPHAA MarHus W COCTaBIET
(120 + 2) kIx/Mob. DTO sIBJIEHWE MOKET OBITH CBS3aHO C TEM, YTO TPH MEXAaHOCHHTE3€ KOMITO3HTA
MOKC siBisieTcst IpeKypcopoM JUIsl OCXKICHHUST aTOMOB XpOMa Ha TMOBEPXHOCTH YaCTHIl MarHus. [1e Moxer

(hopMHUpOBaTECS CTPYKTypa Sapo-000siouka ocoboit Mopdoioruu. [JaHHBIE aTOMBI U JPyrue HAHOPa3MEpHBIE
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HJacTUlbl SABJSIOTCA NLEHTpaMH 3aXBaTa BOAOpOAAd, Ha KOTOPbLIX MOJ'ICKyJISIpHBIfI BOOPOJ 3(1)(1)€KTI/IBHO

AUCCOLIMHUPYET HA aTOMaprIfI, CTEKACT Ha MOBEPXHOCTh MarHus U IoOrjomacTcsa B oOBeMe.
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Puc. 2. Kpuevle copbyuu (a) MgHo, (6) MgH>—5 macc. % MIL-101(Cr), (8) epagpux 3asucumocmu In(B/Tp?)

om 1000/Tp o MgH> u MgH2—5 mac. % MIL-101(Cr)

3akirouenue. MeTO/IOM CKaHUPYIOIIEH IEKTPOHHONH MUKPOCKOIIMHU TIOKa3aHO, YTO TOJyUeH KOMIIO3HT C
PaBHOMEpHBIM paclpe/ieIeHHeM HaHOpPa3MEPHBIX YacTHIl XpOMa Ha IMOBEPXHOCTH Oojee KPYMHBIX YacTHIL
THIpU/A MarHus. DHEprusi akTHBAIlMM JIeCOPOLMH BOAOpPOJAa M3 KOMIIO3MTa HAa OCHOBE THJPUAA MarHus H
METaJUT-OPTaHWIECKUX KApKaCHBIX CTPYKTYP, c(hOPMHPOBAHHOTO IMPH COOTHOMIEHHH IIapoB K nopomky 20:1,
MPOJIOJDKUTEBHOCTRI0 60 MUHYT M YacToTe BpameHus OapabdanoB 15 ', cocraBmser 120,3+1,6 xJ/Momb, 9TO

Ha 36 % HIDKe, [0 CPaBHEHUIO C ODHEpPrueil aKkTUBAalMHM JecOpOLMH BOAOPOJA W3 THAPHIA MAarHUs

(189,1£1,5 xJI»x/Mo0J1b).

Paboma evinoanena npu unancosoti noooepoicke I ocyoapcmeennozo 3adanus «Hayka» 6 pamxax

Hayunozo npoexma Ne FSWW-2023-0005.
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