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Introduction

Efforts in hydride research have been
concentrated on desighning new, or modifying
known, intermetallic hydrides to increase the
storing capacity and adjusting their properties to
make them capable of delivering hydrogen at
useful pressures (~0.1 MPa) and acceptable
temperatures(~400...500K). The metal hydrides are
relatively massive as compared to the amount of
hydrogen they are capable to accumulate:

1,9 wt. % H — FeTiH,

1,6 wt. % H — LaNisH;

In this regard, amorphous Mg65Cu25Y10
alloy , which can contain twice as large amount of
hydrogen (4 wt. % ) simultaneously exhibiting
transition to the nanocrystalline state (with an
average grain size of 10 nm), is a promissing
material for a hydrogen storage systems.

Results and discussion

Positrons, as the lightest chemical analogues of
protones, can be regarded as a probes of an atomic
hydrogen localization sites in the given material
due to their ability to be trapped (localized) at the
open-volume type defects.

We have studied the size of positron
localization sites in amorphous Mg65Cu25Y10
metallic glasses before and after hydrogenization
up to 4 wt. % H [B].

The Angular Distributions of Annihilation
Photons (ADAP) were measured with a
conventional long-slit spectrometer using a **Na
radioactive positron source of about 1 mCi activity.
The dispersion of angular resolution function
estimated from positronium narrow-component
width in single-crystalline silica was G = 0.55
mrad, the value used in calculation of ADAP
smearing at the parabola cut-off angle, 6°,, caused
by the positron movement with average
momentum p:
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Here 6%, is the dispersion of an effective angular
resolution function that is found during
deconvolution of ADAP spectra into the sum of
parabolic and Gaussian components.

Then, using an uncertainty relation we can
calculate the positron localization radius, oy
(dispersion of the positron density at the defect),
which is assumed to be proportional to the defect
size:

Gp - Ox = D/2,
where 1 is the Planck constant.
The results of the positron annihilation

measurement of open-volume defect sizes (the
vacancy in crystalline Mg and quasivacancies in
amorphous and nanocrystalline Mg65Cu25Y10 +4
wt.% H) are shown in Fig. 1.

It is seen, that the measured vacancy radius in
crystalline Mg is almost twice larger than that of
quasivacancy in amorphous Mg65Cu25Y10. This
is consistent with an experimentally confirmed
conclusion that the size of the vacancy-like defects
in all types of metallic glasses is always smaller
than that of a vacancy in crystalline counterpart
[2]. Concentration of such free-volume defects is
sufficient to ensure “saturated” positron trapping
and amounts to 1 at. % [3].

Hydrogenized sample undergoes transition to
the nanocrystalline state (average grain size of 10
nm) characterized by further reduction of positron-
trapping centres (qusivacancies located at the grain
boundaries). This can be attributed to the fact that
positrons are only able to occupy the smallest holes
as the largest of them are already filled with
hydrogen.

The reversible temperature effect observed for
both amorphous and nanocrystalline samples (the
data were averaged over 7 heating-cooling cycles)
is related to the relatively low positron binding
energy. If the energy difference between the
localized level and continuum (delocalized) states
is comparable with a thermal energy ~kT (0.025
eV at room temperature), at higher temperatures
there is a higher probability for a positron to



explore a few close defects and find the deepest
one where it finally annihilates.

Interestingly enough, the same temperature
effect on the size of the positron trapping centres is
observed in magnesium-rich Mg70Zn30 metallic
glass [A]: at 80K (liquid nitrogen temperature)

positron localization radius is 0.46 nm, while at the
room temperature it increases to 0.62 nm. This
phenomenon can also be explained in terms of
thermally activated detrapping from shallow (and
narrow) traps with subsequent localization of the
positron at deeper and wider traps.
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Fig. 1. Positron localization radii (mean open-volume defect sizes) in crystalline
magnesium (vacancies, A), amorhous (¢) and nanocrystalline (o) Mg65Cu25Y10 + 4
wt. %H alloys. Arrows indicate defect size variation with temperature, composition

and hydrogen content.
Conclusions.

1. Average size of quasivacancy in amorphous
Mg65Y 10Cu25 is about half that of the vacancy in
crystalline Mg.

2. Hydrogen accumulation Ileads to further
decrease of (unoccupied) quasivacancies in the
intergrain boundaries of nanocrystalline alloy as
the largest of them are filled with hydrogen.

3. The (reversible) temperature effect indicates that
the positron binding energy in quasivacancy is
relatively low (<0,1 eV) so that thermal detrapping
results in positron’s transfer to the larger (deeper)
defects.
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Beenenne

UccnepoBanust  THAPUAOB B KAauecTBe
MaTepUaIOB—HAKOIUTENIeH BOJOPO/a HAIIPABICHBI
KaK Ha CO3/IaHUE HOBBIX, TaK U MOAM(HUIINPOBAHNE
WU3BECTHBIX  THAPUAOB  HMHTEPMETALTUYCCKUX
COCMHEHWH €  TEeNbI0  YBEIHYCHHS  UX
aKKyMyJupytomei criocooHoctu. Kpome Toro, atu
MaTepualbl JOJDKHBI COXpaHATh U OTHABaTh
BOJOPOA B  YCJIOBHSIX, IPHUEMIIEMBIX IS
MPaKTUIECKOTO UCIoNb30Banms (maBieHue ~O0.1
MPa, temmeparypa ~400...500K). BonpmmacTBO
TUAPUIOB METAJUIOB OTHOCUTEIBHO MAaCCHUBHBI IO
OTHOIIEHUIO K KOJHYECTBY HAKaIUIMBaeMOTO
BOZOpOAA:

1,9 mac. % H — FeTiH,
1,6 mac. % H — LaNisH,

B sToM oTHOMICHNHM amMOp(HBIH CIIaB cocTaBa
Mg65Cu25Y 10, crnocoOHbIN HakalIMBaTh BABOC
Oospliee KoMM4ecTBO Bogopona (4 mac. %) mpu
OJTHOBPEMEHHOM nepexoie B HaHO-
KPUCTAJUINYECKOE COCTOSHHE (CpemHuil pazmMep
3epua ~10 nm) [1] sBusieTcss NEPCIEKTUBHBIM
MaTEepUaJIOM JIJISl CHCTEM XPaHEHHUsS BOJIOPO/Ia.

PesynbTaThl M 00cy:KIeHHE

TTo3uTponsl B Ka4yecTBe Jeryanmmx
XAMUYECKUX aHAJOrOB MPOTOHOB MOTYT CITYKUTh
HEepa3pyAUMMHI “30HAaMU” AJS OIpeeeHus
MECT JIOKaNM3allid BOAOPOAa B MarepHajax
Omaromapsi M3BECTHOMY SIBICHHMIO 3axBaTa, T. €.
CIOCOOHOCTH TO3UTPOHOB  JIOKAaJM30BaThCS B
nedexTax THIa CBOOOJTHOTO 00beMa.

B macrosmieit paboTe METOIOM ITO3HTPOHHOU
AHHUTWIIALIMN  UCCIIEAOBAJINCh LIEHTPHI JIOKAHU-
3allid TIO3UTPOHOB B aMOP(HBIX METaUTMYECKHIX
crtaBax Mg65Cu25Y10 no u mociie HacChIEeHUS
BOJIOpoioM (4 Mac. %),

VYriaoBoe  pacmpeneneHHEe — aHHUTHWIISILIHOHHBIX
tdotonoB (YPA®D) wm3mepsiiock B CTaHAApTHOM
JUTMHHO-TIIeNIeBol reomeTpun. CrexkTpel YPAOD
anMpOKCUMHUPOBAINCH CyNepHo3uiueld napabonu-
YEeCKOW W TayCCOBOM KOMIIOHEHT, a 1O CTEleHU
pPa3MBITHSI CIIEKTPOB BOIM3H (DEPMUEBCKOTO YTIIa,
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CBSI3AHHOTO C JBIDKCHHEM JIOKAIM30BAHHOTO
MO3UTPOHA, ONPEACIUICS Paguyc JOKaIU3aliH
nosurpona B jgedekre, Oy  (aucmiepcus
MO3UTPOHHOM TIUIOTHOCTH) U3 COOTHOIICHHE
HEOIpe/IeJIEHHOCTEMN |
Cp ' Ox = b/2.
3neck ) — mocroannas [lnanka, a 6, — qucnepcus
UMITYJIbCA TTO3UTPOHA.

PesynpraTel  WccrnenoBaHWsS —~— BaKaHCUH B
KpUcTajuinieckom Mg M KBa3WBaKaHCUU B
aMOppHOM ¥ HAHOKPUCTAJUIMYECKOM  CILUIaBE
Mg65Cu25Y10 +4 wt.% H npusenenst Ha Puc. 1.

M3mepenHbiit paauyc BAKaHCUU B
KpUCTAJNIMYECKOM pemietke Mg TMoyYTH BIBOE
MEHbBIIE paguyca KBa3sHBAKaHCUH B aMOpP(QHOM
crutae Mg65Cu25Y 10, uro cornacyercst ¢ U3BeCT-
HBIMH pe3yapTaTaMu MTO3UTPOHHBIX
WCCIIEIOBAHNN, COTJIACHO KOTOPBIM  pa3Mephl
BaKaHCHOHHOTNIOAOOHBIX  JedekToB B  MeTal-
JUYECKUX CTEKJIaX BCEX THUIIOB MEHBIIE pa3Mmepa
BAaKaHCHM B KPHCTAUIMYECKOM 0a30BOM MeTallie
[2]. Konnenrpanus Takux neeKToB B aMOP(HBIX
CIUIaBax JIOCTATOYHA IS HACHIMIAIOIIETO 3axBaTa
MTO3UTPOHOB U cocTaBisieT okoio 1 at. % [3].

Hacplenre BoJOpOAOM NPUBOIUT K MEPEXOIY
amMoppHOrOo CIJlaBa B  HaHOKPUCTAILIHYECKOE
cocrossHUe (cpemHuii pasmep 3epHa 10 HM),
KOTOpOE XapaKTepu3yeTcs NalbHEUIINM YMCEHb-
LHIEHHeM pa3Mepa Je(eKTOB, 3aXBaTHIBAIOIINX
MMO3UTPOHB!  (KBa3WBAaKaHCHH, HAXOIAIMIUXCS B
pa3yImopsIOUEeHHBIX ~ MEX3EPEHHBIX TpaHHIaX).
OTO CBA3aHO C TEM, YTO TO3UTPOHBI MOTYT
3aHMMaTh JIUIIb CaMble MeENKHe Je(eKTHl,
[TOCKOJIbKY HamOONbIINE W3 HUX YK€ 3aHSITHI
BOJIOPOIOM.

Oo6patumelii TeMIepaTypHBIH ¢ dexT,
HaOmomaeMpli Kak B aMopdHOM, TaKk H B
HaHOKPHUCTAJUTMYECKOM oOpasuax (IpuBeIeHHbIE
Ha Puc. 1 paHHble ycpeaHeHBl MO 7 LMKIaM
HarpeB-OXJIAXKICHUE) MOXeT OBITh OOBICHEH
OTHOCHUTEIHHO HEOOJBIIION BEIIMIMHOW SHEPTHH
cBsi3u No3uTpoHa ¢ aedexroM. Korma paccrosHue



MEXITy JIOKaJTN30BaHHBIM SHEPreTUYECKUM
YpOBHEM ¥ KOHTHHYYMOM [I€JIOKaJIH30BaHHBIX

nedeKT W JOKaIn30BaThcsd B Oojiee TIIyOOKOM H
IIUPOKOM COCEIHEM, I/l OH B KOHEYHOM HMTOTE U

COCTOSIHMH CpaBHHMO C TeruioBod sHeprueit ~kT AHHUTUIIAPYET.
(0,025 »B mnpum KOMHAaTHOH Temmeparype), C HNHrepecHO OTMETHTB, YTO  AHAJIOTUYHBIN
MOBBIILICHUEM TEMIIEPaTypbl MO3UTPOH C OOJbLICH Temneparypubii  3¢dexkr  Habmomancs B
BEPOATHOCTBIO MOYKET MOKUHYTH NTEPBOHAYAIBHBIN
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Puc. 1. Pammycel mokamm3amuu TO3WTpPOHA (cpemHmid pasmep nedekra) B

MOJIMKpUCTAJUIMUECKOM Mg

(BakaHcuH,

A), amopprom  (0) wm

HCXOJHOM

HaHOKpHUCTaUTHYecKoM ciutae Mg65Cu25Y 10 + 4 wt. %H (o).

amoppHOoM crmraBe Mg70Zn30 [4]: mpu 80K
paauyc JIoOKaJM3aluu Mo3uTpoHa coctasisn 0,46
HM, a [P KOMHATHOH TeMIIepaTypy OH BO3pacTaj
mo 0,62 uM. DTO TaxkKe MOXKET OBITH CBSI3aHO C
TEPMUYECKUM aKTUBUPOBAHHBIM yXOJOM TIO3HT-
pOHOB W3 Hambojiee MENKUX JePEKTOB C
MOCIIEAYIONICH JOKaIu3aIie B 0ojee riryOoKuX.

BriBoabl

1. CpenHuit pazMep KBa3WBakaHCUil B amMOp(HOM
crutaBe Mg65Y 10Cu25 npuMepHO BIBOE MEHBIIIE
pa3Mepa BakaHCHU B KpHCTalsIn4eckoM Mg.

2. Hacpimenne BOZOPOIOM NPUBOOUT K Jalib-
HeHIleMy YMEHBIIEHHIO DPa3Mepa 30HIUPYEMBIX
MMO3UTPOHAMH (HE3aHATHIX BOAOPOIOM) KBa3U-
BaKaHCUH B MEX3EPEHHBIX TpaHMLAX HaHO-
KPHUCTAJJIMYECKOT' 0 CIIJIaBa.

3. DHeprus cBA3M MO3UTPOHA C KBa3WBaKaHCHEH
meHee 0,1 5B, uTo nNpPUBOAMT K TEPMHUECKU
aKTUBUPOBAaHHOMY  yXOAy  IO3UTPOHOB W3
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Hauboniee MENKUX Je(EKTOB MPH TMOBBIIICHUH
TEMITEPATYPHI.
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