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Abstract

Effect of hydrogen on the magnetic properties of;Ee4B is studied on single crystal samples of the compound and the hydride
Lu,Fe4BH, 5. The Curie temperaturg: and the average Fe magnetic momafat increase upon hydrogenation whereas the first anisotropy
constantk; decreases. In both the hydride and the parent compdy{d;) exhibits a characteristic non-monotonous behavior.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction tant factor for their excellent permanent-magnet properties.
The Fe sublattice magnetic contribution could be investigated
Magnetic properties of iron-rich rare-earth containing in- on compounds with a non-magnetic R=La, Y, Th and®]u
termetallics RFe;4B (R is a rare earth atom) have attracted Since the RFe;4B compounds exhibit a clear magnetic
much attention as the basic compounds of the best permanentanisotropy, the single crystal samples are strongly desirable
magnet materialfl,2]. Among other interesting properties, forthe study. The magnetic properties oblEe 4B [1,2,9,10]
they are known to absorb some amounts of hydrogen andand its hydride[11] have been previously investigated on
to form stable hydrides #Fe;4BH, with x < 5. The intro- polycrystalline samples. Until now no data on the prepara-
duction of hydrogen into gFe 4B leads to an expansion of  tion of LupFe 4B single crystals and, moreover, of its hy-
the tetragonal #4,/mnm space group) crystal lattice with-  dride have been reported. The hydrogenation of intermetallic
out change of its symmetry. The increase of Fe—Fe distancescompounds leads usually to the crumbling of ingots into fine
and the additional electrons donated from hydrogen atom into powders. This is due to the lattice expansion which exceeds
conduction band modify the electronic structure and, there- the elastic limits of strains in these brittle mater{dl2]. Nev-
fore, the exchange and anisotropic interactions in these metal-ertheless, under certain conditions, it is possible to avoid the
lic systems. This results in changes of bulk magnetic char- crumbling and to prepare and study the single crystals of
acteristics of the compounds such as the Curie temperaturesome RFe 4B hydrides[6,7]. In this work we present the
Tc, the spontaneous magnetic momgfitand the magnetic  results of study of magnetization and magnetic anisotropy
anisotropy energy:, [1-8]. Contribution to the magnetism  performed for the first time on single crystals ofJRe; 4B
from the Fe sublattice is very important inlRe; 4B because and its hydride LaFe 4BH; 5.
itis origin of the highTc andMsvalues. Particularly, the large

uniaxial magnetic anisotropy of the Fe sublattice is the impor- 2. Experimental

* Corresponding author. Tel.: +7 95 1359615; fax: +7 95 1354438, To prepare the LiFe 4B sample, a large (100 g) ingot
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was melted out in an induction furnace under a protective 100 . . . . . r : r
argon atmosphere. Then the stoichiometric mixture (7 g) of

Lu (99.9%) and alloy-precursor was melted in a tri-arc fur- 80
nace on a rotated water-cooled copper crucible under the ar-
gon atmosphere. The alloy button was turned several times
and then kept in molten state for about 1 h in order to ensure
a good homogeneity. The ingot was pulled out at 10 mm/h
pulling speed by Czochralski method using a tungsten wire
as a seed. The resulting product was found to be a polycrys-
tal with a well-aligned structure rather than a single crystal.
Single-crystalline grains of 1-2 mm size have been extracted
from the ingot and used for the study. Conventional back 0

Lu,Fe,,BH,
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Laue patterns were used to check the single-crystal state and T(K)

to orient the samples.
To prepare the hydride, a portion of the ingot was ex- Fig. 1. High-temperature part of thermomagnetic scans of thE&uB and
posed for 15h to a hydrogen atmosphere under a pressuréUZFeMBHZ-S crystals along the easy magnetization axis in magnetic field

of 0.1 MPa at a temperature of 150. The slow hydrogena- ~ °f 500 ©¢. The arows indicate the Curie temperafigre

tion process allowed us to avoid the destruction of grains and
to prepare single crystals of the hydrogen- containing com-
pound LyFe4BH,. The content of the absorbed hydrogen
x = 2.5 atoms per formula unit was estimated by a volumet-
ric method. The phase purity and the lattice parameters o
the initial compound and the hydride were determined by a
standard X-ray powder diffraction analysis.

The magnetization measurements were performed in a o
temperature range of 4.2—-300 K in magnetic fields of up to than for Y-cor_1ta|n|ng compounds (for e_xampIA,TC fOT
140kOe using a capacitance magnetometer. Tchgalues Y2Fe14BHz4 single crystal is 39 7], despite of the consid-
were determined from the thermomagnetic scans in a 500 Oe€raply lower hydrogen content in the case of Lu-containing
field applied along the easy -magnetization axis. The mag_compounds). O.n the other hand, even larger increage of
netic anisotropy energy, determined from the magnetization V&S observed in Tire4BHy [8]. In this compound, the

curves along the hard- and the easy-magnetization directions!attlce parameters are larger than in the case of Lubuf

was also measured by using a torque magnetometer in thénitial compound is considerably lower due to the tetravalent

temperature range from 77 to 700K in fields up to 16 kOe state of Th. However, in this viewpoint it is not clear what is
" the reason of very large increasefefin LagFei4BH, [13].

Magnetization curves measured fordEe sBH, (x = 0;
3. Results and discussion 2.5) at 4.2 K in the magnetic field applied parallel and per-
pendicular to the-axis are shown ifrig. 2 Note, that the
The crystal lattice expansion caused by the hydrogena-applied magnetic field was corrected for the demagnetizing
tion of LupFer4B is found to be almost isotropic, i.e. the factor; therefore the horizontal scaleRig. 2 represents the
a andc lattice parameters increase by 0.65 and A\ 76e- internal field. Itis seen that both compounds exhibit a uniaxial
spectively; this corresponds to 2% volume expansion. The Mmagnetic anisotropy, i.e. theaxis is the easy-magnetization
single - phase state observed for the initial compound alsodirection. The average Fe magnetic mom&fpt = 2.03u8
remains in the hydride. The lattice parameter values, both for Of Luz2Fe14B determined from the-axis magnetization curve
the initial compound and the hydride, are in a very good agree- agrees well with polycrystalline resyit] and is equal to that
ment with those reported [a1]. The structural and magnetic ~ in many other high-Fe-content intermetallics. The hydrogen
characteristics of LsFej4B and LwFe 4BH; 5 are listed in absorption causes-a6% increase in the spontaneous mag-

determined is slightly higher than that (535 K) giveriih It

is seen that the hydrogenation leads to a substantial enhance-
ment of the exchange interactions, sirffgeof the hydride

fis higher than that of initial compound by 7c = 53K
(seeTable ). ATc = 39K found in[11] is related to a
lower hydrogen contentx(= 2.3). The increase ofl¢

upon hydrogenation in Lu-containing compounds is larger

Table 1 netizationos and, consequently, iMge (seeTable ). This
Fig. 1 shows the high-temperature portion of the tem- is a general feature of hydrides of the R—Fe intermetallics,
perature dependence of the specific magnetizationf which is caused by the narrowing 3d band upon the volume

both compounds. For the initial compound, the value  expansiorf2,3].

Table 1

Structural and magnetic properties of theEg 4BH, single crystals

x aA) c(A) c/a V (A3) Te (K) o5 (4.2 K) (emu/g) Mee (4.2K) (ug) K1 (4.2 K) (Merg/cn?)
0 8.710 11.878 1.364 901.1 549 139.2 2.03 9.4

25 8.766 11.962 1.365 919.2 602 1475 2.16 6.7
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Fig. 2. Magnetization curves parallel and perpendicular ta-taeis of the

LuzFeB and LipFesBH; 5 single crystals at 4.2K. Fig. 3. The torque measured at several temperatures on a disk of

LugFesBH2 5 (with the c-axis in the plane of the disk). Zero anghecor-

The magnetic anisotropy energ¥a = K1Sin® © + responds to the-axis.

K> sin*©, where K1 and K> are the first and the second o o ) ) )
anisotropy constants ar@ is the angle between theaxis tion direction coincides with the-axis. The torque vanishes
and the magnetization direction, was determined using the@S the temperature approacifes .
Sucksmith—Thompson methfi]. The linearity of the hard- The K1(T) dependence is represented fig. 4. For
direction magnetization curveEig. 2) indicates the negligi- ~ Poth compound and hydride th&:(T) curve exhibits a
ble magnitude oK, the same as in ¥Fe4B [15]. Indeed, if non-monoto_nous s_hape pharacterlsn_c fosF& 4B _ with
K1 of LuoFer4B reaches 9.4 Merg/cinat 4.2 K, K is only non-magnetic R or isotropic qd_,Z]. Th_|s ano_maly is well
11 Merg/crﬁ. The relationk1 > K is valid also for the hy- explguned in terms of the individual site anisotropy model
dride. The negligible magnitude & in comparison with, that is related to the complex crystal structure of these com-
is a common feature of the R—Fe intermetallics with a non- Pounds. There are six Fe sublattices with different symmetry
magnetic R. We will discuss below onk;. The magnetic leading to different magnetic _characterist@cs. In particula_r,
anisotropy of LuFe14B has been studied on polycrystals us- thg Fe atoms on dlffe_rent S|tes_ _have dlffgrent magnetic
ing a singular-point detection methfib]. K1 was estimated ~ &nisotropy, glther negative or positive, and. ghfferent temper-
to be by 20% larger than that obtained in our study. In our ature behay|or. The apsolute valqe Qf positive contributions
opinion, the main reason of discrepancy is a difficulty to make 1S larger which determines the uniaxial anisotropy. The neg-
a proper correction to demagnetization field, which in these atlv_e_contrlbutlons_ decrease with temperature faster than the
compounds is comparable with the anisotropy field. The other POSitive ones, which lead to the observed non-monotonous
reason could be the fact that we have taken into account thechanges. It is worth to mention, that in FHe14B K1(T) is
small, but non-zerd. monotonoug8,18]. The hydrogen weakens the anisotropy
Similar to other BRFe4B, the hydrogenation of LiFe; 4B
causes the considerable (30%) decread¢;ifseeTable J).
Nevertheless, it does not lead to the virtually zero (R=Y) or
even negative (R=Gd); value as it was observed for their
hydrides withx > 3[4,5,7]. (We remind that Gd is magnetic,
however, itis isotropic ion and the anisotropy of{&e; sBH,
is also determined by the Fe sublattice.) The magnetization
measurements were performed in our work only up to room
temperature. In order to determine tkig(7") dependence up —o— x=0,M
to Tc, we applied torque measurements. In the case whenthe —e— x=0,L
applied field is lower than the anisotropy field, the magne- i i:::t"
tization vector does not coincide with field direction and a

(10° ergem?)

correction of the experimental torque curves is needed. The
magnetic anisotropy constants were calculated from the cor-
rected torque curves by determining successive harmonics
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using a least squares methdd]. Fig. 3illustrates the an- . ) .
9 d m] 9 Fig. 4. Temperature dependence of the first anisotropy congfanf

gl_e (_jependence of torqde(@) f(_)r the LwFer4BH2 5 disk LuyFesB and LyFe4BH; s single crystals. In the legend: index M cor-
within thea—c-plane. The analysis of these curves shows that responds to the data from the magnetization curves, L from the torque mea-

in whole temperature range under study the easy magnetizasurements.
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