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Introduction

The intermetallic compounds capable to
absorb reversibly hydrogen at room temperature
and pressure near atmospheric are considered as
promising materials for use as hydrogen storage
materials. Various model approximations are
used to find general relationships in the process
of hydrogen "absorption - desorption" by
intermetallic  compounds. However, any
theoretical model has the limited range of
application and cannot adequately describe
observable experimental dependences [1, 2].

The main attention in the report is given
to intermetallic compounds frontier on
reversible accumulation of hydrogen atoms.
Hydrogen capacity of compounds is compared
to those of metal hydrides. Regularities of
"absorption - desorption" behaviour with
change of compound constituents are discussed
with attraction of the general physical positions.
The special attention is given to compounds,
where RE enters into their composition, as well
as compounds based on magnesium - the most
acceptable material for hydrogen storage
application.

Results and discussion

Intermetallic compounds include, as a
rule, two types of metals: hydride forming (Ti,
Mg, Zr, RE, etc.) and catalysts (Ni, Cr, Fe, Mn,
etc.). Partial substitution of one element by
others is possible by alloying. It results in
essential change of hydrogen capacity of
compounds during absorption and also in
hydrogenation conditions (temperature and
pressure) and kinetics (rate of interaction with
hydrogen). Interaction of metals in a
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composition of compounds only softens
conditions of hydride formation. But limiting
capability of compounds on reversible
absorption of hydrogen should not exceed
capability of metals.

Crystal structure of metal undergoes
essential changes during interaction with
hydrogen; BCC=>FCC transition takes place
more often. Crystal structure of intermetallic
compounds practically does not vary and
relative position of atoms in a hydride phase, as
a rule, is identical to initial state. Essential
feature of intermetallic compounds is presence
of various types of spaces for hydrogen atoms
location. It is found that
H - H distances in intermetallic compounds and
binary hydrides, as a rule, are identical; hence,
they can not contain more reversible hydrogen

atoms than metals. It is observed
experimentally that for all metals and
intermetallic compounds distance between

hydrogen atoms is approximately the same -
2A, and that is just this distance determines
limiting hydrogen capacity both of metals, and
intermetallic compounds.

Rare earth elements generally have
identical electronic structure and insignificantly
differ in lattice parameters. All these elements
interact well with hydrogen forming the
systems like RH,, RH3;, where R - rare earth
element. As to limiting hydrogen capacity of
intermetallic compounds based on RE, it
depends, in general, on minimum distance
between hydrogen atoms and, basically, cannot
exceed hydrogen capacity of binary hydrides.

Application of based on the magnesium
intermetallic compounds for hydrogen storage



is caused by its small atomic weight and low
density that allows to achieve high weight
percentage of hydrogen (7.6 % in MgH,).
Magnesium-based compounds, such as MgNi,,
MgFe,, etc., allow to accumulate hydrogen up
to 3 wt. %. Sometimes magnesium is
considered in a combination with rare earth
elements, for example, LaMg;> LagoCap1Mgi2,
etc. which are capable to accumulate about 6
wt. % of hydrogen at 325 OC and pressure
from 5 to 30 atm. However, all these
compounds maximum hydrogen capacity does
not exceed that of binary hydrides. So, for
example, during hydrogen absorption by
LaMg;, system systems LaH; and MgH, are
formed, that is hydrogenolysis reaction takes
place.
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Conclusions

Limiting reversible hydrogen capacity
of intermetallic compounds is comparable to
binary hydrides and depends on deformation
interaction of hydrogen atoms. The maximum
reversible accumulation of atoms of hydrogen
by metals and intermetallic compounds does
not exceed two atoms of hydrogen per one atom
of metal.
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BBenenue

NHTepMeramnueckue  COCIMHEHUS,
CHOCOOHBIE O0paTHMMO TMOTJIOUIATh BOJIOPOJ
MpU KOMHATHOM TeMIlepaType M IaBICHUSX,
ONMM3KUX K aTMOC(hEepHOMY, pacCMaTpUBAIOTCA
KaKk  TIEPCIIEKTUBHBIE  MaTepuaibl IS
WCIONIb30BaHUsI B KAaueCTBE AaKKyMYJISTOPOB
Bojopona. Jms  ycrtaHoBieHus — oOriei
3aKOHOMEPHOCTH  Tpolecca  «abcopOrusi-
necopOmms»  BOJOpOAa B HHTEpPMETAII-
JUYECKUX  COCOUHEHHSX  IMPHUBICKAIOTCS
pa3uyHbIe  MOJEJBHBIE  TPEACTaBJICHUS.
Opnako mo0asi TeopeTudeckas MoJieib UMEET
OTpaHWYCHHYIO O00JIaCTh TPUMEHEHUS WU HE
MOXKET aJIEKBATHO OMHCHIBATh HAOIIOJaeMbIe
SKCTIIEPUMEHTAJIbHBIE 3aBUCUMOCTH [ 1, 2].

B nanno#i paboTe rmaBHOE BHUMaHUE
yACIEHO npeaeIbHBIM BO3MOKHOCTSIM
WHTEPMETaNINYECKUX COeIMHEHU I 1o
00paTUMOMY HAKOTUICHHIO aTOMOB BOJOpOJIa.
Bonoponnas eMKOCTh COETUHEHHI COMOCTaB-
JISIETCSL C TAKOBOM JIJISt TUAPHUIOB MeTauioB. C
MpHUBJICYECHHEM 001Ie(pU3NUECKUX TOT0KEHUN
00CYX)Iar0TCs 3aKOHOMEPHOCTH W3MEHEHUS
yCcloBUl  «abcopOuus-gecopOuus»  Mpu
W3MEHEHUHW  KOMIIOHEHTOB  COCJIMHCHHII.
Oco0oe BHMMaHUE YEIEHO COEIUHEHUSM, B
COCTaB KOTOPBIX BXOMST PEIKO3EMEIbHBIC
ANIEMEHTHI, a TaKKe€ COCJUHEHHS Ha OCHOBE
Marfusi — HamOoliee TpPHEMIIEMBbIC  JUIS
MPAKTUYECKOTO TPUMEHEHUSI B KauecTBE
aAKKyMYJIITOPOB BOJIOPO/IA.

Pe3yabTaTsl 1 00CyKaeHHE
HHTepMeTalIM4ecKue  COSAMHEHUS
COCTOAT, KaK NpPaBUJIO, M3 METANIOB JBYX
TUTIOB: THApuAooOpasyronux (Ti, Mg, Zr,
P3M u np.) u xaranuzatopos (Ni, Cr, Fe, Mn
u np.). Jomyckaercss YacTHYHas 3aMeHa
OJHUX  JJIEMEHTOB  JPYI'MMH B  BHJE
JETHPOBaHMA. DTO IMPUBOIUT K CYIIECTBEH-
HOMY HM3MEHEHHUIO a0COpPOLMOHHOM eMKOCTH
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COCIMHEHMI, a TaKXe YCJIOBUH TUIpH-
poBaHMsl  (TemMmeparypbl U  JaBJIECHHUS),
KMHETUKH (CKOPOCTH B3aUMOJICHCTBUE C
BOJIOpOAOM). BzammonelicTBue MeETAJIOB B
COCTaBE€ COCJAMHEHUM BCEro JMIIL CMSTYaeT
ycioBusi oOpa3zoBaHusi TuapunoB. lIpenens-
HbIE K€ BO3MOXHOCTH COEIUHEHHH TI0
o0OpaTMMOMY HAKOIUICHHIO BOJOpOJa HE
JTOJKHBI MPEBBIIIATH BO3MOKHOCTH
METaJIOB.

IIpn B3auMomencTBUU C BOJOPOAOM
KpUCTaJUTHYecKas CTPYKTypa MeTajia
MIPETEPIEBACT CYILIECTBEHHbIE HW3MEHEHMUS,
yamuie BCETO MIPOUCXOIUT nepexoz
OLK—-TTIK. B MHTEPMETAINTNYECKHUX
COCIMHECHMIX KPHUCTALTNYECKAss CTPYKTypa
MPaKTUYECKH HE MEHSAETCS U B3aUMHOE
pacroyioKeHUe  aTOMOB, KaK  TMPaBUIIO,
UICHTUYHO B THIPHUIHON (pase u B UCXOIHOM
cocrosiHuM. CyIIEeCTBEHHOW OCOOEHHOCTHIO

HHTCPMCTAJIN OB ABJIACTCA HaJIn4uec
PA3JIMYHBIX THUIIOB ITYCTOT IJIA PasSMCIICHUA
aTOMOB BOAOpOAA. yCTaHOBJ'IeHO, qTo

paccrossnuss H — H B uHTepMeTAIIIMYECKUX
COCIUHEHHUSIX W OWHApHBIX TUApPUIAX, KaK
MPaBWJIO, OJUHAKOBBI U, CIEIOBATEIILHO, OHU
HE MOTyT 00paTUMO pa3MECTUTh OOJbIIe
BOJIOPO/Ia, YEM MeTaJlIbl. J[Jisl BCeX MeTauioB
U UHTEPMETAUIUJIOB  IKCIEPUMEHTAIBHO
HaOIIoIaeTCs MIPUMEPHO OJIMHAKOBOEC
paccTositHue MEeXAy aTroMaMu BOJOpoAa - 2A,
HMEHHO 3TO pPACCTOSSHUE U  OMNPEACISIET
MpeAeNIbHBIE BO3MOYHOCTH, KakK METaJlJIOB,
TaK U MHTEPMETALIUIOB [0 HAKOTUICHHIO
aTOMOB BOJIOPOJA.

Penxo3zeMenbHBIC DJICMCHTBI B
OOJIBIIIMHCTBE AMEIOT HACHTUYHOE
AJIEKTPOHHOE CTPOCHHE M HE3HAYUTEIHHO
OTJIMYAIOTCS TTapaMeTpaMu KPUCTAJUTMYECKOU
pemieTkd. Bce 3TH  3l€MEHTBI  XOpOILIO
B3aUMOJICCTBYIOT € BOAOPOJAOM  IIYTEM
obpaszoBanus cuctem tuma RH,, RHj3, rme R—
penKo3eMeNbHBIN 3JeMeHT. YTo KacaeTcs
MpEACbHBIX  BO3MOXKHOCTEH HMHTEpMETal-



JIMYECKUX COCIUHCHHI Ha OCHOBE
PEAKO3EMENBHBIX 3JIEMEHTOB MO0 HAKOTICHUIO
BOJIOpOAa, TO OHHM  ONPEACISAIOTCS, B
OCHOBHOM, MHHHMAJBHBIM  PaCcCTOSHHEM
MEXIy aTOMaMH BOAOPOJa U, B IPUHITUIIE, HE
MOTYT TIPEBBIIIATh BOJOPOJIHYI0 EMKOCTh
OMHAPHBIX THIPUIOB.

[IpumeHeHne  MHTEPMETAUTHUECKUX
COCNUHEHUM Ha OCHOBE Marumsg JUId
abcopOuuu  Bomopoaa OOYCIOBJIEHO €ro
MaJlof  aTOMHOW  MaccoM W  HHU3KOH
IUIOTHOCTBIO, YTO  TIO3BOJIAET  MOJYy4YaTh
BBICOKOE MPOIICHTHOE (mo Macce)
conepxkanue Bopopona (7,6 % mms MgHo).
CoenuHennss Ha OCHOBE MarHus, TakKUe Kak
MgNi,, MgFe, wu  ap.,  TO3BOJSIOT
HakarumBaTh Bojopoa 1o 3 mac.%. Muorma
paccMaTpuBalOT MarHuid B COYETAHUU C
PEIKO3eMENIbHBIMUA DJIEMEHTaMH, HampuMmep,
LaMg;,, LagoCapiMgi» u nap., KoTopbie
CcHocoOHBI HakamIuBaTe 10 6 % Mac.
BoZoponaa mnpu 325 °C u JaBJI€HUHU OT 5 0
30 arm. OgHAaKO BO BCEX JTHX COEIUHEHHIX

IIPENEIbHOE  HAKOIUIEHHME  BOAOpOAA  HE
MpeBhIIAET OWMHApHBIE THUAPHABL.  Tak,
Hampumep, mpu  abcopOuumu  Bopopona
cucremoii LaMg, o0O0pa3yloTcsi cHUCTeMbI
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LaH; u MgH,, To ecTp nmpoTekaeT peaxuus
THIPOTEHOIIN3A.

BbieoObi
[IpenenvHble BO3MOKHOCTH
MHTEPMETANINYECKUX COETMHEHUI no

00paTUMOMY HAaKOIUICHHIO aTOMOB BOJIOPOAA
COIIOCTAaBUMBI C OWHApHBIMU TUAPUIAMU U
ONPEIEIA0TCA nepopMaluOHHBIM
B3aUMOJICHCTBHEM aTOMOB BOJIOpPOJIA.
MakcumanbHOoe ~ 00paTMMOE  HaKOILICHHE
aTOMOB  BOJOpOJla B  MeTaulax |
HHTCPMCTAJUIMAHBIX COCIUHCHUAX HE
NIPEBBIIIACT JBYX aTOMOB BOAOPOAA HAa OAMH
aToOM MeTaJlia.
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