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Introduction

Intermetallic compounds formed between rare
earths and transition metals have attracted
considerable attention owing to their potential for
various applications. Recently, there has been a
vigorous activity in the development of
magnetocaloric materials, which are the active
materials in magnetic refrigerators. Generally, due
to their large magnetic moments, heavy rare earth
elements and their compounds are considered the
best-suited materials for achieving large
magnetocaloric effect (MCE).

Literature data concerning the magnetic
properties of RNi (R - rare-earth element) are
rather detailed, but the properties of their hydrides
were not studied yet [1,2]. RNi compounds are
ferromagnetics with Curie temperature below
78K. Effective magnetic moments of these
compounds are almost equal to magnetic moments
of the free rare-earth metal’s ions. It is known that
GdNi, HoNi, ErNi and DyNi have large values of
the MCE near the transition temperature [3,4].

It is known that nickel forms equiatomic RNi
compounds with the most of rare-earth elements.
Of them only YNi crystallizes with monoclinic
symmetry in the space group P2,/c. All the
remaining compounds, excepting TbNi have a
CrB-type (S.G. Cmcm) or FeB-type (S.G. Pnma)
orthorhombic structure [1,2]. Depending on the
way of preparation, TbNi crystallizes in space
group Pnma (high temperature modification) or
P2;/m (low temperature modification).
Irrespective of the aviable differences, all the
above structures of equiatomic RNi compounds

contain a common structural unit with nickel in
the centre of trigonal prisms, which are stacked
differently to form each structure.

The data available in the literature concerning
the interaction of some RNi intermetallic
compounds with hydrogen are insufficient. It is
known that RNi compounds interact with
hydrogen at rather soft conditions (low pressures
and room temperature) and absorb about 3
hydrogen atoms per formula unit. Most hydrides
of the IMC RNi crystallize in CrB structure type.

The present work represents the study of the
hydriding process of RNi compounds and the
resulting changes in structure and magnetic
properties.

Results and discussion

The starting intermetallic compounds RNi
were synthesized by arc melting under argon of a
mixture of the elements. The starting amounts of
rare-earth metals were corrected due to waste of
metal during the melting process. To ensure
homogeneity, the samples were turned and
remelted several times. X-ray powder diffraction
patterns were used for phase identification and
refinement of lattice parameters. The refined

lattice parameters for RNi compounds are
summarized in table 1.
Hydrogen sorption properties were

investigated with the use of a Sievert type
volumetric  apparatus. The refined lattice
parameters for RNi hydrides are summarized in
table 1.

Table 1. Structure parameters of the RNi compounds and hydrides.

Compound | Structure Lattice parameters, A Z | V,A° AV/V, %
type
GdNi CrB a=3.778(4), b=10337(6), c=4238(5) | 4 | 165.54(3) | -
GdNiH;, | CrB a=3.767(2). b=11.576(7), c=4.7333) |4 |20645(2) | 24.7
TbNi ToNI (LT) | a=2131(2), b=4211(4), c=5454(2), | 12 | 485.48(4) | -
B =97.43°

TbNiH,4 | CrB a=3.742(2), b=11.516(6), c=4.7073) |4 |202.88(2) | 25.4
DyNi FeB a=7.025(4), b=4.181(3), c=5.445(2) |4 | 159.942) |-
DyNiHs, | CrB a=3.759(2). b=11.368(4), c=4.6552) |4 |199.002) | 24.4
SmNi CB a=3.782(3), b=10375(4), c=4301(2) |4 |168.76(3) | -
SmNiHs, | CiB a=3.791(2), b=11.644(4), c=4.7612) |4 |210.152) | 24.5
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X-ray diffraction pattern of the SmNiH;;
sample shows the presence of another phase. We
suppose that this sample contains small amount of
SmH,; phase.

Magnetization measurements were carried out
at vibration magnetometer in temperature range
78-300K. Calculated temperature dependences of
reciprocal susceptibilities are linear and follow the
Curie-Weiss law in all cases except for SmNi and
SmNiH;; samples. This allowed us to estimate the
values of paramagnetic Curie temperatures and
effective magnetic moments (table 2). Effective
magnetic moments of the intermetallic compounds
and hydrides are very close to the free ion
moments of the rare-earth elements. The formation
of the hydrides is accompanied with the significant
decreasing of the paramagnetic Curie temperatures.

Table 2. Magnetic properties of the RNi
compounds and hydrides.

R o | Mot ™s [Hopp. *(R)| Op K |Op*, K
B LB , UB
SmNi - - 0.71 - -
SmNiH;,| - - - -
GdNi 8.3 8.3* 7.0 80 77*
GdNiH;,| 7.5 - 21 -
TbNi 10.0 | 9.7* 9.0 56 40%*
TbNiH;4| 10.3 - -12 -
DyNi 10.3 | 10.7* 10.0 51 64*
DyNiH;,4| 10.1 - 3 -

*.literature data [1]
Lope. ¥(R)- free ion moments of the lanthanide
Ll
elements.
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BBenenue

WnaTepmeranmueckue COCTMHECHHUS
peAKO3eMENbHBIX W TEePeXOAHBIX  METaJlIOB
BBI3BIBAIOT  OOJBIIOH  WHTEpec  Onaromaps

BO3MOXHOCTU NPHUMEHEHHS BO MHOTHX OOJIACTAX.
B mocrnennee Bpems 3HAUMTENBHOE BHHMAaHUE
yaensercs  pa3paboTKe  MarHeTOKaIOpUYeCKUX
MaTEepPHajJOB, MCIOJIB3YIOIUXCS I  CO3JaHHS
MarHUTHBIX XOJIOIMIBHUKOB. braromaps Gonbimmm
MarHAUTHBIM MOMEHTaM TsDKEJIble peIKO3eMeTbHbIE
9JIEMEHTHI ¥ UX COEJMHEHHsI CUUTAIOTCS Hambolee
MOAXOJAIIMMA MaTepuajlaMu Ui JOCTHIKEHUS
OOoNpIIMX ~ 3HAYEHWH  MarHeTOKaJOpPHYECKOTO
a¢ppexra (MKD).

Hamie BHMMaHWe TPUBJICKIM COCIUHCHHS THTIA
RNi (R-P3M). Dt coenuHeHus paHee ObUIH
WCCIIEIOBAHbI  JIOBOJBHO  TMOAPOOHO,  OJHAKO
JAHHBIX TI0  CBOWCTBAM THAPUAOB  TaKHX
vHTepMeTAINI0B npaktudecku HeT. UMC RNi
ABISIOTCS (pepPOMarHeTHKAMU C TEeMIIepaTypaMu
Kropn nmwke 78K. DddexTHBHbIE MarHUTHBIE
MOMEHTBl 3THX COEIMHEHWH B pacuyere Ha
hopMyITBHYIO eOWHHUIYY OJM3KH K 3HAYCHUSIM
MOMEHTOB cBOOOMHEIX MoHOB P3M [1,2]. Kpome
Toro, m3BectHo, 4yTo coemuHenus GdNi, HoNi,
ErNi, DyNi [3,4] oOnagaror  OonbIIUMU
3HAYCHUSAMH MarHeToKaJlopudeckoro 3ddekra
BOJIM3U TEMIIEPATYPBI YIIOPSTOUCHHS.

W3BecTHO, YTO HUKENHh 00pa3yeT SKBHATOMHBIE
coenuHeHnss RNi co BceMu peako3eMenbHBIMH
anemeHTtamu. Cpeau STHX COEIWHEHUH TOJBKO
YNi kpucrammu3yercss B NPOCTPAHCTBEHHOU
rpynne P2,/c. Taxxe soigensiercs UMC TbNi. B
3aBHCHUMOCTH OT criocoOa monydenus, TbNi Moxker
KPUCTAJUTM30BaTHCS B MPOCTPAHCTBEHHBIX IPyIIax
Pnma wm P2,/m. OcranbHble coenuHenuss RNi
obmagaror b0 crpykrypoir CrB-tmma (Ilp.rp.
Cmcm), mubo crpykrypoit tuma FeB (Ilp.rp.
Pnma) [1,2]. HecmoTps ©Ha »3TH paznuuus,
coennHeHnss RNi o0Opa3oBaHbl W3 OIWHAKOBBIX
CTPYKTYPHBIX 3JIEMEHTOB — TPUTOHAJIBHBIX MPH3M
C aToOMaMU HUKeJs B LieHTpe u aromamu P3M mo
BEepIIMHAM, KOTOpbIe, PAa3IWYHBIM  00pa3oM
pacmonarasick B TPOCTPAHCTBE, OOpa3zyloT 3TH
CTPYKTYPHBIC THITHI.
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Bzaumopeiicteue UMC RNi ¢ Bomoponom Ha
JaHHBIM  MOMEHT  MCCIIEJOBAaHO HE  OYEHb
moapooHo. M3BecTHO, uTOo MHTepMeTauHabl RNi
B3aMMOJICHCTBYIOT C BOAOPOJIOM B OTHOCHUTEIHHO
MATKHX YCIOBHUSIX (KOMHATHasi TeMmIeparypa H
HU3KHE JaBIICHUS BOJOPO/IA) U TOTIIOMAIOT OKOJIO
TPEX aTOMOB BOJIOpPOJa Ha (hOPMYJIbHYIO €IUHHILY
coenuHeHud. [IpakTuueckun Bce THUIAPHUIBI ATHX
COCIMHEHUN KPUCTAUIU3YIOTCSI B CTPYKTYPHOM
tune CrB.

B  nmamHOW  pabGoTre  OBIJIO  TMPOBEICHO
HccaeioBaHne B3auMoaercTus Bogopoaa ¢ UMC
RNi u BusHUS BOIOpOIa HA MAaTHUTHBIC CBOMCTBA
3THUX COCIUHEHUH.

PesyabTaThl 1 00cyxk1eHne
HaTtepmetammmmdeckue coemuHeHuss RNi ObutH
MONYYECHbl  CIUIABICHHEM  COOTBETCTBYIOIIUX
METAJIJIOB B 3JIEKTPOAYTOBOHM Ieun B arMocdepe
aprona. IIpm pacuere HaBECOK peAKO3eMENBHBIX
METaJUIOB JIeNIANIUCh IMONMPAaBKH HA HMX TOTEPI0 B

mporecce  IJIaBKH. HAns moBBILIEHUS
TOMOTI'€HHOCTH CIJIaBOB 00pas1el
MIEPEeBOPAYMBANINCh U TEperyaBiIaancy 3-4 pasa.
@da3zoBpIli  aHAIM3 W pacueT  MapaMeTpoB
3JIEMEHTAPHBIX SYE€EK MPOBOAMIMCH MO JAAHHBIM
MOPOIIKOBOM PEHTTE€HOBCKOM T paKInm.
Paccunrannsie 3HAYCHUA rnapamMeTpoB STYCCK

MIOJTy9YEeHHBIX COCIMHEHUH IMpPHUBEIEHBI B TaOIHIIC
1. Jlma mnonydeHWss TUAPUIIOB HCIOJb30BaIach
ycraHoBka Tuma CuBepTca il TUAPUPOBAHUSA B
obmactu pasneHuii go 100 arm. Ilapametpsr
AJIEMEHTApHBIX SYEeK TIOJYYCHHBIX THAPHIOB
npuBeAcHsl B Tabmmme 1. Ha penTtrenorpamme
obpasmia SmNiH;; kpoMe JiMHUI OCHOBHOWM (ha3bl
MIPUCYTCTBOBAJIM HEOOJbIINE NHKH MPUMECHON
(azp1, KoTOpas OblTa WACHTU(DHUIIMPOBAHA Kak
TUApHUI camapusi coctaBa SmH,.

W3mepennst ~ HaMarHUYEHHOCTH  OOpa3IloB
MIPOBOAMIIN Ha BHOpPAIlMOHHOM MarHeTOMeTpe B
uHTEepBaie Temmeparyp ot 78 gmo 300K.
PaccunranHble  TemmepaTypHble — 3aBUCUMOCTH
BOCIPUUMYHBOCTH JIMHEWHBI W MOTYT OBITh
omnucaHbl B pamkax 3akoHa Kropu-Beiicca nis Bcex
00pa3Ios KpoMme SmNi u SmNiH; ;.



Tabmuma 1.

[TapameTprr ctpykTypsl UMC RNi i ruapuos.

CocTas Crpyktypa [apametpsl sueiiku, A Z v, A’ AV/V, %
GdNi CrB a=3.778(4), b=10.337(6), c=4.238(5) 4 165.54(3) | -
GdNiH;, CrB a=3.767(2), b=11.576(7), c=4.733(3) 4 206.45(2) | 24.7
TbNi TbNi (HT) a=21.31(2), b=4.211(4), c¢=5.454(2), 12 | 485.48(4) | -
B=97.43°
TbNiH; 4 CrB a=3.742(2), b=11.516(6), c=4.707(3) 4 202.88(2) | 254
DyNi FeB a=7.025(4), b=4.181(3), c=5.445(2) 4 159.94(2) | -
DyNiH; 4 CrB a=3.759(2), b=11.368(4), c=4.655(2) 4 199.00(2) | 24.4
SmNi CrB a=3.782(3), b=10.375(4), c=4.301(2) 4 168.76(3) | -
SmNiH; ; CrB a=3.791(2), b=11.644(4), c=4.761(2) 4 210.15(2) | 24.5
Orto mo3BodseT paccuuTarh 3P (PEKTHBHBIC JlntepaTtypa

MarHMTHbIE MOMEHTBHl COCOUHEHHH M OIICHHTH
3HaUeHMWs] TapaMarHuTHeIX Temnepatyp Kropu
(Tabm.2). 3naueHuss 3(PPEKTHBHBIX MaATHUTHBIX
MOMEHTOB MHTEPMETAJUIMJOB U THUAPUIOB ONN3KH
K 3HaYEHHUSIM MOMEHTOB CBOOOIHBIX MOHOB P3M.
OO6pa3oBaHue THAPUIOB BO BCEX  CIydasx
OPUBOJUT K  3HAYUTEIBHOMY  CHIDKEHHIO
napamMarHuTHON Temneparyps! Kropu.

Taomuna 2. Marautasle csoiictea UMC RNi u
TCHAPHUJIOB.

R Hogpr | Moy, ™ Mg, *(R)] Op K |Op*, K
Us Us > U

SmNi - - 0.71 - -
SmNiH3_7 - - - -

GdNi 8.3 8.3% 7.0 80 77*
GdNiH;3,| 7.5 - 21 -

TbNi 10.0 | 9.7* 9.0 56 40*
TbNiHs 4| 10.3 - -12 -

DyNi 10.3 | 10.7* 10.0 51 64*
DyNiH;,4| 10.1 - 3 -

*-nuTepaTypHbIe JaHHBIE [ 1]
Wy ¥(R)- MarHUTHBIE MOMEHTBI CBOOOIHBIX
noHoB P3M.
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