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Introduction

The numerous investigations were concerned with
the application of the Laves phase intermetalic
compounds (IMC) in Ni-MN technology in the
resent time [1-3].

We continue our previous study [4, 5] of the
Tig.4sZro 5sNiy Vo 4sMny system in
substoichiometric region in this paper. Two
maximums of hydrogen absorption and
electrochemical discharge capacities were found
previously in Tig4sZrssNigpgsVoasMn, (x = 0.1-
1.3; AB;4 — AB,¢) system with stoichiometric
composition coefficients about AB;s and AB,,.
Thus, the interest represents the investigation of
this system in substoichiometric region (AB-.;)
with higher nickel content. The two series of
alloys Tip45Z10.55N11 0V 4sMny and
Tip45Z1955sNi; 2 Vo4sMn, were prepared for this

purpose.

Experimental

Alloys were prepared by arc-melting the mixtures
of pure initial metals under argon atmosphere.
With the purpose of homogenization, the alloys
were annealed for 240 h at 850°C in quartz
ampoule under vacuum with subsequent
quenching in cold water. The structure and
composition of alloys was examined by a
scanning electron microscope (SEM) with energy
dispersive X-ray analyzer and powder X-ray
diffraction. The refinement of diffraction profiles
was performed using the Rietveld method.

The hydrogen absorption properties were studied
by measuring PCT isotherms using a Siewert’s
type apparatus at a hydrogen pressure below 50
atm.

The electrochemical experiments were carried out
in a three-electrode electrochemical glass cell with
Hg/HgO electrode as the reference. The
electrolyte was 6 M KOH solution. The MH
electrodes were prepared by cold-pressing of
mixture of IMC powder (25%) with copper
powder (75%) in a pellet. The discharge capacity

was checked at current densities of 100, 200, 400,
and 600 mA/g. The rate capability of the samples
was estimated by investigation of discharge
capacities changes at different current densities.

Results and discussion

The results obtained by using electron
microscopy, electron probe microanalysis, and
powder X-ray diffraction analysis indicate that
samples were single phase with Laves phase C14
structure. The lattice parameters of the C14 Laves
phase were found to decrease with an increase in
the manganese content in the alloys series and
stoichiometric ~ coefficient. =~ The  elements
distribution of B-atom of Laves phase structure in
series Tig4s5Zr¢ss5Ni;o.12VoasMny 1S similar to our
previously series Tig45Z1055Nip7.0.85Vo4sMny. The
minimization of R-factors of diffraction profiles
refinement showed that the best fit is achieved for
the following model. In the sub-stoichiometric
(ABL,) region (Ti, Zr)(Ti, Ni, V, Mn), with a low
manganese content, it was found that vanadium
atoms totally occupy the 2(a) sites of the Cl14
structure and titanium, nickel, manganese, and the
rest of vanadium atoms occupy the 6(h) sites: (2a)
= V; (6h) = Ti + Mn + Ni + V. The sites
occupation distribution is somewhat different with
increasing manganese content. Here, vanadium
and manganese atoms occupy the 2(a) sites;
titanium, nickel and manganese atoms occupy the
6(h) sites: (2a) = V + Mn; (6h) = Ti +Mn + Ni.
And in a case of stoichiometric (AB,) composition
(Ti, Zr)(Ni, V, Mn), distribution is (2a) = V + Mn;
(6h) = Mn + Ni. We suppose, that the maximum
of hydrogen storage capacity in substoichiometric
region corresponds to distribution with vanadium
atoms in (2a) position and titanium, manganese
and nickel atoms in (6h) positions: (2a) = V; (6h)
=Ti+Ni + Mn.

The equilibrium hydrogen pressure increases with
an increase in the manganese content in each
series. The addition of nickel lead to slightly
decreasing of hydrogen capacity compared to
previous series. But the electrochemical discharge
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capacities were larger due to the -catalytic
properties of nickel.

From equilibrium pressures at different
temperatures, thermodynamic parameters AH and
AS were estimated according to the Vant-Hoff
equation. The values of discharge capacities at
discharge current densities 100 mA/g are in a
range of 310 — 390 mAh/g.

Conclusions

Maximums of hydrogen absorption and
electrochemical discharge capacities were found
n Ti0'452r0‘55NiyV0'45MnX system in stoichiometric
composition about AB;s and AB,. The possible
explanation of the appearance of the discharge
capacity maximum in substoichiometric region
was given. The maximum discharge capacity in
that region was about 390 mAh/g.
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NCCIEJOBAHME CTPYKTYPBbI, BOAOPOJACOPBIIMOHHbBIX N
JEKTPOXUMHUYECKUX CBOMCTB CIIIABOB CUCTEMBbI
Tip.4sZr.55Niy Vo 4sMn, CO CTPYKTYPOM ®A3 JIABECA B OBJIACTHU
CYBCTEXUOMETPUYECKHUX COCTABOB

3ot1oB T.A., Bepoeuxnii* B.H., lerpuii O.A.
MoCKOBCKHIT TOCY1apCTBEHHBIM YHUBEPCUTET, XUMHUYECKUH (HaKyIJIbTET,
Jlenunckue ['opsl 3, Mocka 119992, Poccus

BBenenne

B Hacrosmee Bpemsi B MEpe POBOJUTCS OOJIBIIIOE
KOJMYECTBO  WCCIENOBAaHWWA,  CBS3aHHBIX  C
MIPIMEHEHHEM HHTEPMETAIIMYECKUX COeINHEHHIH
(UMC) co crpykrypoii a3 JlaBeca B KadecTBe
Marepuasa JUISt HU3TOTOBJICHUS Ni-MH-
anexTpooB [1-3].

B sT1o0it pabore MBI MPOAOIKAEM HCCIICIOBAHUC

CHUCTEMBI Ti0‘452r0,55NiyV0,45Mnx [4, 5]
HECTEXUOMETPHUYECKOTO COCTaBa. PaHee, B
CHUCTEMC Ti0_4SZrO,55Ni0_85V0<45Mnx (X = 0.1-1. 3,

AB,4 — AB,6) HamMu ObutM OOHApYy’>KEHBHI JBa
MaKCUMyMa BOJOPOJCOPOIIMOHHOM U 3JIEKTPO-
XUMHUYECKON €MKOCTEM, COOTBETCTBYIOIIUX COCTa-
BaM CO CTCXHOMETPHYCCKHM COOTHOIICHUEM
ommkuM k AB;s m AB;o. Takum o0pazom,
MIPEACTABIIET HWHTEPEC HCCICIOBAaHWE JTOU
CHUCTEMBI C OOJBIIHNM COACPKAHHEM HUKETS, B
obmacT  CyOCTEXHOMETPUUYECKAX  COCTaBOB
(ABL,). Jlns aTol 11e1m ObUTH TIPUTOTOBIICHBI JBE
cepun CIIJIaBOB: Ti0‘452r0,55Ni1‘0V0,45Mnx u
Tig.45Zro.5sN1; 2V.4sMny.

IKcIepuMeHTAJILHAS YaCTh

OO6pa3mpl  OBUTM  MPUTOTOBJICHBI  CILIABICHUEM
YUCTBIX METAJZIOB B JJIEKTPOAYTOBOW IE€YH B
arMocepe aprona. C 1enpl0 TOMOTEHH3AIUU
CIUIaBOB, OBII IPOBEAEH OTXKUT OO0pasloB NpH
temnepatype 850 °C B BaKyyMHpOBaHHOI
KBapleBoil ammyne B TedeHun 240 dacoB, c
MOCHEAYyomENR 3aKaJIkol B  XOJIOJHOH BOJIE.
CTpyKTypa M COCTaB CIUIABOB OBLIH OTIPEIICIICHEI
METOJIaMH 3JIEKTPOHHO-30HI0BOTO0 MUKPOaHAIHN3a
U peHTreHo(hazoBOro aHaium3a. YTOYHEHHE
i dpakIMOHHBIX MpoduUIeH TOBOIWIOCH C
HCIIOJIb30BaHUEM MeToJa Putsenba.
HccnenoBanne BOIOPOICOPOLIMOHHBIX CBOICTB
UMC 1mpoBOOWIIOCE  METOJAOM  IOCTPOCHUS
M30TepM B KOOpAWHATaX JaBJICHHE — COCTaB B
ycraHoBke Tuma CuBeprca TpHU JaBIECHUH

Bozopoza He Oonee 50 aTM. DIEKTPOXUMUYECKIE
cBoiictBa ruapugos HMMC wuccnenoBanuch B
CTEKJISTHHOM TPEXDIEKTPOIHOM
3JIEKTPOXUMHUYECKON SUEHKE C HCIOIb30BAHHEM
Hg/HgO »namektpoga cpaBHEHHS. OIEKTPOIUTOM
sBisics 6 M pactBop KOH. MH-anextpoast
ObUTM TIPUTOTOBJIEHBI XOJOJHBIM HPECCOBaHHEM
mopomkoB UMC (25 %) u memun (75 %).
PaspsinHast eMKocTh 00Opa3LoB M3MepsIach MpU
IJIOTHOCTH TOKOB pazpsiaa 100, 200, 400 u 600

MA/r. Pa3psmHas  ycroitumBoCcTh  00pasioB
OLICHMBAJACh  MCCIEJOBAaHHMEM  COOTHOLICHUS
PpaspsaHbIX EMKOCTEH npu Pas3IUYHBIX

IJIOTHOCTSAX pa3psAHbIX TOKOB.

Pe3yabTathl n 00cy:xaeHue

o pe3ynbTaTam 3JIEKTPOHHO-30HI0BOTO
MHUKpOaHaIM3a W PpEeHTreHo(]a3oBOTro aHanmm3a
00pa3mbl ABIAIOTCS OTHO(AZHBEIME CO CTPYKTYPOIt
(a3 JlaBeca tuma Cl4. I[lepuonsr pemerku C14
YMEHBIIAIOTCS C  YBEIHYEHHUEM  COJEpKaHUs
MapraHiia ¥ CTEXHOMETPHUIECKOTO COOTHOIIEHHS.
B CUCTCMax Tig.4sZr0.5sNij 0-12Vo4sMny
pacmpezeneHne IeMEeHTOB, BXOSIIINX B cOCTaB B
— KOMITOHEeHTa CTPYKTYypHI (a3 JlaBeca HOCUT TOT
JKe XapakTep, Kak M B cUcTeMaX Tig4s5Z1¢55Nig7-
085Y04sMny, OTHOCSIIMXCS K  HOPEIbIAYIIUM
HalllUM HWccleqoBaHusIM. MuHuMu3anuedn R-—
(hakTopoB YTOYHEHUS i GpaKITmOHHBIX
npodwireld OBUTO YCTaHOBJICHO, YTO B 00JIaCTH
cyocrexmomerpuuecknx (AB.,) cocraBoB (Ti,
Zr)(Ti, Ni, V, Mn), pacnpenencHiue aToMOB B B-
KOMIIOHEHTa CTPYKTYPHI ¢azbr JlaBeca
OTHUCBHIBAETCA CIEAyromed MojaeNblo. ATOMBI
BaHAIUS 3aHUMAIOT TO3UIUHU (2a) B CTPYKType
Cl4, a aromMel THTaHa, HUKEISA, MapraHina H

OCTaTOK  aTOMOB  BaHajusg —  [O3UIUHU
(6h): (2a) = V; (6h) = Ti + Mn + Ni + V. Ilpu
VBENIMYCHUH  COJiepkaHusi  Mapranna  (u,
COOTBETCTBEHHO CTEXHOMETPHUYECKOTO
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ko3 duIeHTa) MIPOUCXOAUT YaCTUYHOE
M3MEHEHUE B 3aII0JHEHUU MycToT: (2a) = V + Mn;
(6h) = Ti + Mn + Ni. U, nakoneu, B ciy4ae
cTexuoMerpuueckoro cocrara (AB,): (2a) =V +
Mn; (6h) = Mn + Ni. [Ipemnonaraercs, 4To
MaKCUMyM BOJIOPOJTHOW €MKOCTH B OOJIACTH
CyOCTEeXHOMETPHYECHX COCTaBOB OTBEYAET
TaKOMy pacCIpelesiCHUI0 aTOMOB B CTPYKTYype
Cl14, mpu KOTOPOM aTOMBI BaHAAUA HAXOJISATCS B
(2a) mosumusax, a Bce aToMbl MapraHiia B (6h):
(2a) = V; (6h) = Ti +Ni + Mn.

UccnenoBanne BOIOPOICOPOIIMOHHBIX CBOMCTB
MOKa3aJio, 4TO paBHOBECHOE JABJICHUS
JUCCOIMAIIMYA TUAPUIOB yBCIMYMBACTCA IPU
YBEIIMYCHUU COJACPIKAHUS MapraHiia B KaxJIOu
cepun. JloOaBneHWe HUKENs TNPUBOAUT K
HE3HAYUTCIHHOMY YMEHBIICHUIO
BOJIOPOACOPOIIMOHHON €MKOCTH 00pasIioB, IO
CPaBHEHUIO C HCCICIOBAHHBIMU pPaHEE CEPHSIMHU.
OmHako  HUX  DJICKTPOXUMHUYECKAs  €MKOCTh
YBEJIUYUIIACH Onaromaps KaTaTUTHICCKUM
CBOWCTBaM HHKelNs. V3MEHEHUS SHTAIBIUU U
suTporiuu  peakuun  MMMC ¢ Bogoponom
BBIUUCISUIMCh O ypaBHeHuto Bant — [odda,
WCIOJIB3YS JaHHBIC U30TEPM JICCOPOIIMHU MPHU TPEX
pa3IMuYHBIX TemrepaTrypax. PaspsiiHas eMKOCTh
obpasnoB cepuii Tig45Z1955Nij o 1,VoasMn, mpu
IUIOTHOCTH paspsinHoro Toka 100 MA/r HaxomuTes
B nipepenax 310 — 390 MAY/T.
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00HaApYKEHbI MAKCHMYMBI JIEKTPOXUMHUECKON U
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AB, s u AB,. HccnenoBanue cTpyKTypbl CILUIaBOB
[IOKa3aJI0 BO3MOXKHBIE IIPUYUHBI  IIOSBIICHUS
MaKCUMyMOB BOJOPOJHOH E€MKOCTH B 00JIACTH
CyOCTEXHOMETPUYECKUX COCTaBOB. BemnuuHb
paspsaHOil eMKocTH 00pa3loB B 3TOH 00JacTH
nocturart 390 MAY/T.
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