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X-ray diffraction and magnetic measurements of itinerant electron magnetism
in the Y3Ni;3Co,B, system
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The crystallographic and magnetic properties of thgNiY3,CoB, series of compounds, with the
Nd;Niq3Bo-type structure ank<5, were investigated by powder x-ray diffraction and magnetic measure-
ments. The susceptibility and magnetization data show thHi¥B, is a weak itinerant antiferromagnet with
a Néel temperatur@y=68 K. A weak ferromagnetic component appearsI gt suggesting uncompensated
antiferromagnetic structure. The compounds with0.5 and 1, also order antiferromagnetically, with=94
and 106 K, respectively. The intrinsic weak ferromagnetic component increases with the cobalt content and a
field-induced transition, from the antiferromagnetic state to a ferromagnetic state, is observed at the critical
transition fields 5.6 and 1.6 T, at 5 K far=0.5 and 1, respectively. A heterogeneous ferromagnetic state and
in-plane magnetic anisotropy are determined for the compounds inthesb composition range. The Curie
temperature and spontaneous magnetization increase linearly with the cobalt content. Based on the experimen-
tal data, theT-x phase diagram is constructed fox5. The effect of spin fluctuations is highlighted in the
nickel-rich compounds in the 3:13:2 and related systems.

DOI: 10.1103/PhysRevB.71.024433 PACS nunt®er75.30.Cr, 75.30.Et, 75.30.Gw

[. INTRODUCTION of two 1:5 slabs stacked between 1:3:2 slabs. There are three
o ) types of layers(i) T-only containing layersT(3g) andT(6i),

The compounds pertaining to the series formally denotedii) R(2e)-T(4h) layers, and(iii) R(1a)-B(2c) layers. The
by RinTsmeant Bon (With space group symmet®y6/mmm  first order coordination at the crystallographically inequiva-
andT=Co or Ni, crystallize in layered structures which con- |ent |attice sites is given in Table I. A literature search on the
sist of systematically stackesh CaCu-type layers anch  magnetic properties oR;Ni 3B, yielded that ¥%Ni;4B, is
CeCaB,-type layers: Whereas the cobalt-based compoundsreported to order magnetically below a Curie temperature
have received a particular interest due to the excellent har@i.=65 K, inferred from the temperature dependence of ac
magnetic properties of thRCos (m=1 andn=0) and related  susceptibility data in the ¥, ;Ni,_B1.4 series’ This behav-
R.Co;; phases* the Ni-based compounds have mainly ior would not be singular: on the Y-Ni-B phase diagfam
been studied for exhibiting various manifestations of weakhe magnetically ordered JXi;sB, lies between YNj and
itinerant ferromagnetism, crystal electrostatic field effects,YNi,B, both showing paramagnetic behavidsimilarly to
and spin fluctuation3.Thus, a giant magnetocrystalline an- the case of the weak ferromagneti&/F) Y ,Ni; and YN,
isotropy and a strong crystal field effect on the magnetiovhich are situated between the paramagnetic sYhind
interactions have been determinediNis compound$’and  YNi,.” In order to account for the resurgence of magnetism
even an enhancement of these in Rii,B seriesim=1 and

n=1) is supported by the magnetic d&t&Ni,B has thor-

oughly been studied to a large extent because of its presumed 12 (1:3:2)
superconducting behavior, which subsequently has been at- .—.\0\.—0 _
tributed to the occurrence of the Y)H,C phasé:’® The

development of large intrinsic coercivity at low temperature % :5)

in R(Ni, Co)s in the intermediary composition range has been

explained by the coexistence of high- and low-Co magnetic O%O —
moments in the metallic compoun¥s}® moreover, the ob-
servation of metamagnetic transitions RiCo, Ni)s where (1:5)

R=Th'* or C&> as well as theoretical results and high
magnetic field data for the (€o, Ni)s; compound¥’18 have —

been associated with the presence of both high and low Co 12 (1:8:2)
moment states in these systems.
Proceeding further by increasimg in the Ry TsmeanBon O @ O © e o
series, one obtains tHe;T,3B, stoichiometry(for m=2 and R(1a) R2e)Ni3g)Ni(4h)Ni(6i) B2c)
n=1); the NdNi,3B,-type crystal structure was analyzed in
the early 19808%-21 The unit cell, drawn in Fig. 1, consists FIG. 1. The NdNi;3B,-type unit cell(S.G.P6/mmn).
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TABLE |. First-order coordination at the inequivalent lattice The buttons were sealed in silica tubes under Ar gas and
sites in the NgNiy3B,-type structure. annealed at temperatures between 950-1323 K for two to
six weeks, then quenched. The phase content and the crystal
Atom Ni(6i) Ni(3g) Ni(4h) R(la) R(2¢) B(20) structure were investigated by powder x-ray diffraction using
a rotating-anode Rigaku diffractometer, with ®y-radia-

N!(GI) 5 2 2 2 2 tion, at room temperaturéRT). In order to reduce the tex-
Ni(3g) 4 4 4 ture, the samples were finely ground and mixed with CAB-
Ni(4h) 3 3 3 3 OSIL M-5 amorphous powder from Fluka. The structural
R(1a) 12 2 6 parameters were derived by Rietveld refinement of the pat-
R(2e) 6 6 6 1 1 terns using the FullProf.98 Version 0.2 softwéf&-ray dif-
B(2¢) 6 3 fraction on random and field-oriented samples, witk 2

=<5, was used to determine the EMD, in a temperature do-
main just below the Curie point. The intensity analysis was
in Y3Ni;sB, it was proposed that, on the grounds of similarcarried out on pairs of lines witlthkl): (103) and (004),
crystallographic environments of Ni atoms ingNi;;B,, (200 and (005, and (203 and (006). The powders were
YNis, and YNi,B, the Fermi level is situated for both YNi aligned in a Sm-Co permanent magnet circuit, cooled down
and YNi,B in minima of the density of states, but in a maxi- to the liquid nitrogen temperature, where the samples are
mum for Y;Ni,3B,, where the Stoner criterion is fulfilled and ferromagneti¢F); then, the ensemble was left to warm up to
magnetic order occusTo our knowledge, there is no other RT, the powders retaining the texture induced by the mag-
account on the magnetic properties ofNi;3B, compound, netic field belowTc.
hitherto. Scanning electron microscog¢EM) and elemental mi-
Recently, under the prospect of synthesizing Co-richcroprobe analysiSEDAX) were additionally used for the
R;T13B, alloys with the N@Ni;3B, structure and potential identification of the secondary phases. Thermomagnetic
permanent magnetic applications, the preparation of theurves were measured between 300-1150 K by using a
Nd;Co;:B, compound with the NgNi; 3B, structure has been
reportec?®2* A Curie temperature of 710 K, a saturation
magnetization of 20.@/f.u. at 4.2 K, and aranisotropy
field Hy=180 kOe at 5 K, with the easy magnetization direc- 20000
tion (EMD) confined within the basal plane below a spin
reorientation temperature agg=370 K were determined for 15000

25000 ——m———————————————

this compound. Studies of phase equilibriaRfCo-B sys- £
tems whereR=Pr?® Gd2¢ and S’ revealed the crystalliza- g 10000
tion of the R;Co,3B, compounds with the NgNi;sB, struc- g
ture; however, it was found that the preparation of single’@ 5000
phaseR;Co;4B; is rather difficult because of the concomitant £ :
formation of theRCo,B and RCo; secondary phases. - 0
Therefore, the interest in the description of itinerant elec-
tron magnetism of th€Co, Ni) sublattice in new members of -5000
the RynTsmianBon Series, the lack of detailed data on the .
magnetic properties oR;Ni;3B,, as well as a continuous 12000 | ' L 'YN. o ||3 " o)1
search for new phases with potential for technical applica- - 3 ho~0s52 .
tions have motivated the present research work. Herein, we 10000 |- ) g 1
report on the synthesis, crystal structure and magnetic prop 8000 i 7 ]
erties of the ¥Niy3,CoB, compounds. The complex mag- @ I ‘
netic state of the @ electron system for low Co contefx S 000 | N
<1.0) and its evolution to ferromagnetism whgrnncreases 8 I
are investigated. A magnetic phase diagranirin coordi- 2 “*°T i
nates is proposed for<5.0 and the magnetic behavior of § 50|
the 3 sublattice in ¥%(Ni,Co),5B, and related systems is £ | el IV G ehsant ol o i W
discussed. S O I T R T R R AT R
-2000 | WW#WWW«\NAM%
Il. EXPERIMENTAL T
20 30 40 50 60 70 80

Batches of alloys with the nominal compositions
Y 3Ni;3,C0o,B,, wherex=0,0.5,1,2,3,4,5,6,8,10, and 13,
were prepared by induction melting, under Ar atmosphere. F|G. 2. Experimental, calculated and difference x-ray diffraction
Pure element§3N yttrium, nickel and cobalt andN7 poly-  patterns of the ¥Ni; 4B, (a) and Y;Ni;oCosB, (b) compounds. The
crystalline boroh in stoichiometric amounts, but with a bars marking the reflections correspond to the phases 3(ihR
1.5 wt.% yttrium excess, were used as starting materialsl:4:1 (middle), and 1:5(bottom.

29
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TABLE II. Phase contentwt.%) of various phases in the
Y 3Ni3,CoB, samples withk<5.

X, Co 3:13:2 1:4:1 1:5
0 89.41.4) 8.52) 1.7(2)
0.5 88.61.9 7.12) 2.9
1 88.42.0 8.4(3) 1.92)
2 90.51.4) 8.1(2) 0.6(1)
3 95.31.2 3.82)

4 93.41.1) 5.2(1) 0.4(1)
5 85.01.4) 11.23) 2.82)

Faraday-type balance, in order to probe the occurrence of
ferromagnetic impurities. As a result of the sample quality
igvestigations, discussed below, only the Qompounds with FIG. 3. Secondary electrons SEM image showing the micro-
<5 were selec_ted_for subsequent _ma}gnetlc measurementSg;. v e of the ¥Ni,sB, sample.

The magnetization and susceptibility measurements were
performed using a superconducting quantum interference delicular to the direction of the applied field,. The magne-
vice (SQUID) magnetometer model MPMS from Quantum tization of the compounds witk=0 and 0.5 was also mea-
Design, in dc applied fieltH, up to 5 T, in the temperature sured in a vibrating sample magnetometer in field up to 10 T,
range 1.8—300 K. The measurements were carried out oat 2 and 5 K. The analysis of thd(H) curves and the cor-
powder samples for all compositions, and also on variousection brought to the spontaneous magnetization vallies
specimens of platelet-shaped crystals and stacked crystalsie to the occurrence of ferromagnetic impurities, will be
detached from the bulk, for=<1. In the latter case, the plane discussed for each compound separately. The temperature
of the platelets was assessed by Laue diffraction to be paratlependence of the remanent magnetization was measured on
lel to the crystallographi€001) plane, which allowed us to stacked crystals, fox=0 and 0.5, after the application of a
orient the samples with theaxis parallel as well as perpen- magnetizing field of 5 T at 5 K. Hysteresis loops were also

TABLE Ill. Lattice constants andc, their ratio, special fractional atomic positionsunit cell volumeV,¢, overall isotropic temperature
factor B,,, BraggR factor Rg, and interatomic distanceks

Parameter ¥Ni3B> Y 3Ni12 C0y B2 Y 3Ni;,CoB, Y 3Ni;Co,B, Y 3Ni1C0o3B, Y 3NigCosB,» Y 3NigCosB,
a(h) 4.95791) 4.95682) 4.958%2) 4.95843) 4.95972) 4.96492) 4.96612)
c(A) 10.91413) 10.90723) 10.90593) 10.90136) 10.89303) 10.89333) 10.886173)
cla 2.201 2.201 2.199 2.199 2.196 2.194 2.192
Z,6i 0.13381) 0.13482) 0.13472) 0.13452) 0.13462) 0.13552) 0.136%3)
z,4h 0.31862) 0.31744) 0.318G4) 0.31763) 0.31883) 0.31874) 0.31825)
z,2e 0.32782) 0.32923) 0.32824) 0.32743) 0.326Q3) 0.325@4) 0.326%4)
Ve (A3 232.3 232.1 232.2 232.1 232.1 232.5 232.5
B,y (A2 0.339) 0.367) 0.359) 0.41(8) 0.427) 0.496) 0.31(6)
Rg 5.56 8.15 9.08 7.69 6.77 5.77 9.27
dgi-6i(A) 2.48 2.48 2.48 2.48 2.48 2.48 2.48
2.94 2.94 2.94 2.93 2.93 2.95 2.97
dgi-an (A) 2.47 2.45 2.46 2.46 2.46 2.46 2.44
dgi-ze (A) 3.25 3.26 3.26 3.25 3.24 3.23 3.23
dgi-zc (A) 2.05 2.05 2.05 2.05 2.05 2.06 2.06
dgi-1a (A) 2.88 2.88 2.88 2.88 2.88 2.89 2.89
dapan (A) 2.86 2.86 2.86 2.86 2.86 2.87 2.87
dgn.zq (A) 2.43 2.45 2.45 2.45 2.44 2.44 2.44
dapoe (A) 2.86 2.86 2.87 2.86 2.86 2.87 2.87
dag.3q (A) 2.48 2.48 2.48 2.48 2.48 2.48 2.48
dag-2e (R) 3.11 3.10 3.11 3.11 3.12 3.13 3.12
dpc.1a (A) 2.86 2.86 2.86 2.86 2.86 2.87 2.87
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measured at 5 K for the samples with<Z=<05, on coarse
powders embedded in highly viscous silicon grease, thus pre
venting the rotation of the grains in a high magnetic field.

The temperature dependence of the ac susceptilyilityas
measured with an ac excitation field of 3.5 Oe and 90 Hz.

. RESULTS
A. Phase formation and crystal structure parameters

The 3:13:2 phase with the NWi, 3B, structure was iden-
tified in the x-ray diffraction patterns of the samples an-
nealed between 973-1050 K, for all the composition range; °
however, it was found in a fraction of at least 85 wt.% only
in the samples with a cobalt context5. The Y;Co,3B,
compound, for which we have determined the lattice con-
stantsa=5.0060) A andc=10.8511)A, appeared in a frac-
tion of about 50 wt.% in the batch witk=13. Some repre-
sentative, experimental and calculated, diffraction patterns
are plotted in Figs. @) and 2b). The patterns of the samples
with amorphous powder addition still reveal@0k) texture,
as proven by the comparison with the calculated model for as,
randomly oriented powder. From the analysis of the x-ray>
diffraction and thermomagnetic data, the samples investi-~
gated in the present study were selected such as to contai
minimum amounts of the Wi, Co),B and Y(Ni, Co)s, and
also no traces of XNi,Co);7 or YNi,B,C, or nickel
borides. The phase contents of the samples, as given by th
refinements, are listed in Table Il. Small amounts
(<1 wt.%) of yttrium oxide, revealed by its 100%222)
reflection at 2~29.1° were also detectdut not included

0.3

0.2

—

00

PHYSICAL REVIEW B1, 024433(2009

AAAAAAALS

o " Y.Ni, B, ||
| ¢ g — L] 3 V3P2
SR N B "- @ |
i S 0008 "-\
ﬁ EL n do.
. 0.004 \ |
T,e= 68K 1o
50 100 150 2001
T (K) 4
1 1 n 1 1 1
0 50 100 150 200 250 300
TK
L T u T T T T T T ]
MIE T=2k Y,Ni,,B, (b)
Y H, Il c-axis
s LIHY
n? 40K
nl o 100K
n o
nBo° ]
LIS
n= o < X 120K
o] X 1
o] XXX
o %% o ® 140K
x °® i
Ve o % % X 160K
®
***::Oooooozow_
009 4 A 430K

5

0.24

0.20

[=] o
N 3
%" (10° m%kg)

o
=3
D

o
®

FIG. 4. The temperature dependence of the ac susceptif@)ity

in the plots in Fig. 2 Because of the presence of the sec-and the magnetization isotherms with the applied field parallel to
ondary phases one should expect small deviations from th@ec axis of Y3Ni; 3B, (b). Inset in(a): the temperature dependence
nominal stoichiometries of the compounds. A secondaryf the remanent magnetization. Inset(i): the M(H) curve in a
electron SEM image, representative for the microstructure ofield up to 10 T, at 2 K, foHgllc axis.

a Y3Ni3B, sample in this study, is shown in Fig. 3; the
microstructure consists of conglomerates of rather large,

platelet-shaped crystallites. No phase contrast, expected to be We note that whem increases from 0 to & decreases by
reduced due to the close Y to Ni atom rati@s23, 0.25, and 0.2% whilea increases by 0.2%, accounting for a monotonic
0.20 for the 3:13:2, 1:4:1, and 1:5 phases, respectively decrease of the/a ratio from 2.202 in §Ni;3B, to 2.192 in
could be evidenced in the backscattered electron images dfsNisCosB2 and to 2.168 in ¥Co,3B,. Previously, in the
the compounds, to allow the identification of the secondary’ (Co.Nis series, such a composition dependence of the lat-
phases. Actually, the crystallites show smooth and clean sufice constants was attributed to the Cp sites preferential
faces. We suggest that the 1:4:1 and 1:5 secondary phases dgcupatior’ also, recenab initio calculations of the bind-
the limit of the small fractions observed by x-ray diffraction ing energies in YCo, T)s and Y(Ni, T)s support the Co §

of the superstructured NNi,sB,-type cell, mainly represent Site and Ni 2 site preferential occupatioi$The Z and 3

3:13:2 defect cells at the grain boundaries.

sites in the CaCystructure are related to th@c,4h) and

The structural parameters are listed in Table Ill. The lat-(39,6i) sites, respectively, in the NMi;3B, structure, and
tice constants of YNi;3B,, in the present work, are some- the X sites in the latter are filled by B atomshaving in

what larger(by 0.299 than the values=4.9423)A and ¢
=10.88611) A reported in Refs. 19-21. The YNslab in
the Y3Ni B, cell (Fig. 1) has the lattice constants ¢>2
=4.95 A andc31%2=3.98 A, which are close to those of the
YNis slab in the YNjB cell, i.e., a;is'=4.96 A andclis?!
=3.97 A; thea constant in ¥Ni; 3B, is by 1.4% larger than
that of the pure YNj [a;.5=4.88 A andc,.5=3.97 A (Ref.
29)]. The other building block YNB,, which does not form
as a separate phase, has the sacmnstant in the 3:13:2 and
1:4:1 phases;.5.,=2.94 A.
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view that the Co substitution for Ni leads to similar structural
effects in the YCo, Ni)s and Y3(Ni, Co),3B, series, one can
presume, by analogy, that Co preferentially occupies the 6
and 3y sites in the ¥%(Ni, Co),3B, compounds, fox<5. The
values of the lattice constants in theNi;5,CoB, series
(with x=<5) linearly extrapolate well to the corresponding
guantities determined for 0,3B,. The unit cell volume
shows the trend to increase and a lattice expansion of about
2.3% is determined for the series end Co compouxd
=13) with respect to the Ni onéx=0).



X-RAY DIFFRACTION AND MAGNETIC MEASUREMENTS... PHYSICAL REVIEW B 71, 024433(2005

TABLE IV. The Néel temperaturg&y, the temperature of the onset of the weak ferromagnetic component
Twe, the magnetizatioM, and the superimposed susceptibilityat 5 K and 5 T forx=0 and 1 and at 2 K
and 10 T forx=0.5, the paramagnetic temperat#igand the effective momergey in the Y3Ni3,CoB,

compounds.
x,Co Ty Twe M; XoJl M, Xo,1 0y Pet
(+2K) (#2K) (up/f.u) (108m3/kg) (ug/f.u) (108m3/kg) (+2K) (ug/3d at)
0 68 68 0.25 0.26 0.29 0.30 76 0.71
0.5 94 86 1.08 0.07 0.96 0.13 76 1.16
1.0 106 92 1.56 0.38 1.22 0.78 79 1.67
B. Magnetic properties by a high value that is maintained while the temperature is

1 YaNis-B reduced until the conditionwe,,=1 is approached, theg’
L ETERe decreases towards the lower, adiabatic value, as observed.

The temperature dependence of the ac susceptibility and The magnetization curves, shown in Figbjat several
the magnetization isotherms of a sample of stacked crystatemperatures for an applied field up to 5 T and in the inset in
lites of Y3Ni;3B, are shown in Figs. @ and 4b). On low-  Fig. 4b) at 2 K for a field up to 10 T, are linear at all
ering the temperature, the susceptibility displays a sharp inemperatures except at low fieldgoHy<0.4 T), where a
crease at 68+2 K, indicating the occurrence of a transitiorsmall spontaneous magnetization is observed bel@9 K.
from the paramagnetic to the magnetically ordered stateThe values of the magnetization and the superimposed sus-
Since the value of the real part of the ac susceptibility at theeptibility y, at 5 K and field of 5 T applied parallel and
transition temperaturg’=3.19X 10°° m3/kg is by two or-  perpendicular to the axis of a stacked crystal sample are
ders of magnitude smaller than (Npp) (whereNp is the  given in Table IV. The spontaneous magnetization in
demagnetizing coefficienfNp=0.55 and 0.34, for the ap- Y,Ni,3B, is much smaller than the values reported for ferro-
plied field parallel and perpendicular to teeaxis, respec- magnetic(F) Y-Ni compounds, whereas the superimposed
tively, and p is the x-ray densityp=7520 kg/n¥) expected susceptibility is within the same range of valusee Table
for a ferromagnetic transition, the state below the transitiony),
may be antiferromagneti&\F), albeit with a weak ferromag-  The temperature dependence of the differential suscepti-
netic component evidenced by the mentioned abrupt jump imjlity at x,H,=0.6 T, plotted in Fig. 5, shows a cusp at about
x' and the concomitant one ig". Below Ty, x’ shows a 75 K, which is characteristic of an antiferromagnetic transi-
plateau until 20 K, where there is a rapid decrease, @nd tion and supports that )i, 4B, orders antiferromagnetically.
rises and decreases in a similar wayfo These phenomena The maximum value ofi(Ty) is three orders of magnitude
are due to the dynamic character of the ac susceptibility. Amaller than the reciprocal of the demagnetizing factor. The
soon as the weak ferromagnetism sets on belquthere  Ngéel temperaturdy=68+2 K is that of the largest slope
appear magnetic domains. The mobility of the domain wallsyelow the cusp® which coincides with the sharp increase in

that separate them has a characteristic relaxation #me the ac susceptibility. On the other hand, the anomaly is
when Twe,, <1, Wherew,, is the frequency of the ac field,

one observes the equilibrium or isothermélcharacterized 05— 7 L R S R "
v, § il
TABLE V. The Curie temperaturd@., spontaneous magnetiza- 04 L v % 20’«% s
tion Mg, superimposed susceptibiliiy, and effective magnetic mo- VRN " % 1519, .
mentpeg, Of ferromagnetic Y-Ni compounds. I () 850 = .
- S o3l Tho qopo_ .
Com- Refer- g | S o 1]
pound Tc M§ Xo Pef.f ence 5 0zl T,=68K & 0"‘" | TR ]
(K) (up/Niat) (x10°m/kg) (ug/Niat) = “, 100 150 200 250 300
= r 1
Y,Nijz 149 0.27(1.5 K) 0.12 1.41 32 0A A
Y Nijg 142 0.19(0 K) 0.13 32 1 v, e,
Y,Ni;s 119 0.15(0 K) 0.36 1.35 32 wH=06T A
H 00 1 " 1 L 1 L 1 N 1 N | N 1
YoNiz 60 0.061(4.2K) 33 0 50 100 150 200 250 300
Y,Ni; 52 0.033(4.2 K) 0.63 34 TK
Y,Nigg 52 0.047(4.2 K) 0.73 34
Y2Nigg 60 0.064(4.2 K) 0.79 34 FIG. 5. The temperature dependence of the parallel and perpen-
YNiyg 32 0.047(4.2 K) 0.69 34 dicular differential susceptibility of a stacked crystals sample of
YNi; 30 0.04(4.2 K) 0.11 0.70 35 Y 3Nii3B,, at ugHp=0.6 T. Inset: the temperature dependence of the

reciprocal susceptibility.
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4 T T T T T T T T T ) 0.15 0.8 |1 2 T T T T T T T T
0 g YNi,, .Co, B, | 3 T2k
uH=0 F e <
o s Hjll c-axis - 0.12 08r= 1 o+
sk v OO00ceG 06 L = S $++V—
x" : o 1 ) | 4 v
o [ pasntnpr e, 0, 000 = 04 H | NS SN
"’g | ....'0 OOC)o - :\02 - 0.0 ) HoHy (T + 7 To ° v Y a g “
E7T T —% o E S04k 0 2 4 6 8 10+ O 9,87 4
7 N WH=0 |8 s B eSS . 0% oY 8 8
= | 0.012t " ., — = Lt o gsg
= . 2 \ 0 N = + 00 d g ¥ 8
T e E 003 02| . 83938 -
Ho. . .
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0.004 TK) 1 Zod 8 -
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e T®m  wm  m m  m w Hyll c-axis
(a) 0.0 _? , ! A 1 A ! A 1 . L]
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o 0.6 H B T=5K Y3N|1z.5090.582 S ¢
FIG. 6. The temperature dependence of the ac susceptibility of H,L c-axis s o X
. ) o 20K 5980
Y 3Ni15 £Cay 5B». Inset: the temperature dependence of the remanent N 40K + 3 % N |
magnetization. v 80K +5°y8 *
*
oall © 80K +:;<J§§EE* i
now quenched since the weak ferromagnetic component i3 y 1‘1’8§ +oBE ¥ x
saturated ajyHy=0.6 T. BelowTy, the temperature depen- =, Lt é aX X ok -
dence ofygis for the two orientation of the applied field with = Y g 08l
respect to the axis is characteristic of an antiferromagnet Z ol § B = i
with the antiferromagnetic axis along or close to thaxis 04 = “..r“f
direction. I e, ]
The observed spontaneous magnetization includes that ¢ q 00{ uH, (T)
a magnetic impurity with Curie temperature-afil50 K, ap- colm 0 2 4 6 8 10
pearing as a step ip’(T); this could be assigned to,Ni;- PR E— 5 . s
which is ferromagnetic withTc=149 K. The spontaneous H (T
(b) HoH, (T)

magnetization arising at about 150 K has been extrapolatet

to 5 K yielding=12% of the total experimental value, which FIG. 7. The magnetization isotherms of theNi;, C0y B,
allows for the estimation of the impurity amount t0 ¢ompound in field up to 5 T and various temperatufes110 K,
=0.1wt. %, well below the detection limit in the x-ray dif- \ith H,llc axis (a) and Hy L ¢ axis (b). Insets in(a) and (b): the

fraction patterns. Thus, the observed weak ferromagnetigorrespondingvi(H) curves in field up to 10 T at 2 K.
component is an intrinsic property of;Mi;3B,. The mag-

netic transition temperature has also been determined on th&acts since no corresponding anomaly is detected in the
weak ferromagnetic component, ffom s_pec[flc remanencgemanence and disappears with a small applied f&t T).
measurement between 5 and 20(iKset in Fig. 43)]; it the mayima appear above a background that progressively

Sho}'v% utp asTe;].steE at G?hi% t}?\’ abOVE ftthM7 |mthJ.r|ty increases with decreasing temperature below room tempera-

e sovlops s s o e i, [ each s consiant vlue 200 € The temperat
. . - ependence of the differential susceptibilitys;, and x4

ferromagnetic order is established. P PUbTA Xdift L

. . at ugHy=0.6 T, derived from the magnetization isotherms
The temperature dependence of the reciprocal susceptibif e 'in Fig. 7, are drawn in Fig. 8. The thermal variation
ity x"XT) of a powder sample abovE,, is plotted in the '

: . " ; of the reciprocal susceptibility, plotted in the inset of Fig. 8,
inset of Fig. 5. The fitting of the linear pafbove 120 Kof o pe fitted to the Curie-Weiss law, and one derives an

x X(T) to the Curie-Weiss Ifa\w yieId_s a positiye paramagnetiCqotfactive 3 magnetic momentie ss=1.16ug/3d at., while
tempergture9p:76_ K, c9n5|stent with the gmstence of ferro- 6,=76 K, as in %Niy3B,. Similarly to the case of=0 com-
magnetic correl_atlons in the paramagnetic region. An eﬁecpound, an applied fielgoHo=0.6 T is enough to saturate the
tive Ni- magnetic momenpe;=0.71 u/Ni at. is deduced, \yeak ferromagnetic component awg(T) shows the anti-
close to the _values determined for the weak itinerant fe”oferromagnetic transition cusp at 100 K, a higher temperature
magnets ¥Ni; and YN (see Table V. than in the Co-free compound. The Néel temperature of the
2 YoNirn .CoBo x=05and 1 antiferromagnetic ordering i5y=94+2 K, while the second
- Y313+~ 0B2, X=0.5an transition at which the weak ferromagnetic component sets
The ac susceptibility of the i, ££0oysB, compound, on is at a critical temperaturé,=86+2 K. The tempera-
plotted in Fig. 6, shows two maxima ip', namely, a broad ture dependence of the remanertsee inset in Fig. balso
one centered at 100 K and a sharp one at 86 K, wheyéas shows a steeper increase at 862 K, which is the tempera-
shows only one peak at 86 K. A small anomaly at 70 Kture of the lower temperature maximum ¥4T), indicating
present both iny’ and x” is regarded as due to extrinsic the development of a ferromagnetic weak component, as in
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dicular diferental Susceptbity of  siacket crysials sample of,FG: 8 The temperature dependence of the ransiton Fld
P Y Y P for Y 3Niq, sCog 5B, and Y3Niq,CoB,.

Y 3Ni1» £C0y sBo. Inset: the temperature dependence of the recipro-
cal susceptibility. heat capacity measurements showed a peak at 106 K due to
Y 5NiysB,. The effect of the Co inclusion has been, therefore,the antiferromagnetic long range ordering, while no anoma-
to decoup|e the antiferromagnetic and the WeakJOUS feature Could be Observed at 928]<thus, we takeTN
ferromagnetic transitions. =106+2 K. The antiferromagnetic transition is also revealed
Similarly to the base compound, an additional ferromag-by a cusp in theM(T) curves foruoH,<2 T, i.e., below the
netic contribution is observed in both the magnetic isothermsipplied field range of values which induce the transition to
and the remanence, withTg above room temperature. The ferromagnetic behavior, corresponding to the jump observed
secondary phases(NMi, Co),B and Y(Ni, Co)s dilutions, are  in the magnetization isotherms far<110 K (Fig. 11). On
ferromagnetic above room temperature when more than twthe other hand the WF component is quenched by a moderate
Ni atoms are substituted by Co, but no such magnetic tranapplied field. Thus, the same type of temperature-induced
sitions were detected in the thermomagnetic measurementsagnetic transitions when lowering the temperature, first
in the range 300—1000 K. Therefore, the secondary phasdsom paramagnetism to antiferromagnetic ordeffgtand a
detected by x-ray diffraction should be the correspondingsubsequent one, which presents a weak ferromagnetic com-
Ni-rich dilutions, which are paramagnetic. It may be conjec-ponent, are observed, as in thgN¥;, ££a, B, compound at
tured that the parasitic ferromagnetism with above room  zero field. The further increase in the Co content from 0.5 to
temperature is due to ferromagnetic Co clusters in the.0 atom per formula unit has the effect of shifting the tran-
sample. Their presence may be associated with compositicsition temperature by a few degrees.
heterogeneities due to local fluctuations in cobalt concentra- The magnetization does not reach saturation in fields up
tion. The relevant magnetic data relative tgN\Y;, :CoysB,  to 5 T, see Fig. 11. Since in the paramagnetic temperature
are given in Table IV. range, theM(H) curves show a spontaneous magnetization
Below 100 K, the magnetization curves show that a field-
induced process takes plafsee Figs. ® and 7b)]. The ' 'y
transition is better observed in ti(H) curve with the ap- ol
plied field parallel to thec axis than in the case of the per-
pendicular applied field. Measurements up to 10 T at 2 and |
5 K show the transition atgH;=5.6 T, taken at the inflexion — _ C Ty
point, for Hy both parallel and perpendicular to tleeaxis. ¢
H,(T) derived from theM(H) curves withHllc axis, plotted
in Fig. 9, decreases when temperature increases. The trans
tion is accompanied by a field hysteresis, which can be ob-'..
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served up to 40 K. °00£;ooo T ' ool o,
The temperature dependence of the ac susceptibility ol ~ 2[ | MO i’ T

Y 3Ni;,CoB,, plotted in Fig. 10, shows two peaks ii(T) at Tur 100 150 200 250 300

92 and 119 K, but qnly the lower temperature one has a O (" o 20”’

corresponding peak iy’(T). As for the x=0.5 compound, T(K)

this behavior is consistent with a transition from paramag-

netism to antiferromagnetic order nearl10 K, with the FIG. 10. The temperature dependence of the ac susceptibility of
lower temperature peak corresponding to the onset of th&;Ni,,CoB,. Inset: the temperature dependence of the reciprocal
weak ferromagnetic component &t,r=92+2 K. In fact, susceptibility.
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21 0 20K H, 1 c-axis 8 o 2 wH, (M)
A 40K oB 8 o :
v 60K a8 g g X000 FIG. 12. The magnetization isotherms at 5K of the
* 80K geo (e goo Y 3Ni3,CoB, compounds, with Zx=<5. Inset: the hysteresis
~08H © 100K 5 ¥ o} 8 oo’ o B J loops at 5 K for the compounds with=2 and 4.
3 o 110K genol o
e o T ‘ ; - : .
= 9 § % o 32 H, L c-axis 1 5 K and plotted in Fig. 12. Thé&. values, given in Table VI,
s © $ Ha 11016 have been det.ermi.ned as the peak position on xHd&)
04 - ! 2 " - %K curves, plotted in Fig. 13.
gnﬁn " HK In the paramagnetic phase, tM{H) dependence is lin-
- ggg 1 ear, except in the low-field regigis=0.5T), where it deviates
5 5 —% from linearity and shows the presence of a parasitic sponta-
0@ ., o . v . 7 AT, '3 neous magnetization. The impurity phase has been estimated
0 1 2 3 4 5

to amount up to 2 A /kg at RT, by linear extrapolation of
HoH, (T) the high field part of theM(H) curves to zero field. This
o ] value was taken as an approximate contribution of the ferro-
FIG. 11. The magnetization isotherms of the\f,,CoB, com-  magnetic impurities withT¢ higher than RT and subtracted
pound, withHollc axis (@) andHo L ¢ axis (b). Inset in(a): the field 5 the saturation magnetization derived by fitting the mag-
hysteregis at some tempe_ra_l'Fures. Insgb)n The field dependence netization isotherms atoHo>2.5 T to the equatiotM(H)
of the differential susceptibility. =Mg(1-b/H?)+yH; the correctedMg values and those of
_ the superimposed susceptibiligy at 5 K, are also listed in
of 0.83 A m2_/kg at 300 K, which marks the presence of a aple vI. The saturation magnetization and the Curie tem-
ferromagnetic impurity, the magnetization isotherms in Fig.nerature of these compounds increase linearly with the Co
11 have been corrected by substracting the impurity contrizontent within the uncertainty due to cobalt concentration
bution approximated by its value at 300 K. The values of thg riations37-38 which suggests that in this composition range
magnetization and superimposed susceptibility of a stackeghe contribution of the Ni sublattice to the ferromagnetic

crystal sample of ¥Ni;;CoB, are given in Table IV. moment might be negligible, and that the Co moment plays a
The field-induced transition AF to F is accompanied by agominant role in the magnetic ordering transition.
hysteresis, as observed below 110(Kig. 11), and takes From the analysis of the relative intensities of selected

place at lower fields than in the case of\1,C0y sB2. The  pajrs of peaks observed in the x-ray diffraction patterns of
hysteresis area and the transition field decrease when tem-

perature increases, see the inset of Figé)ldnd 9, respec- TABLE VI. The Curie temperatur&c, spontaneous magnetiza-
tively. The hysteresis width at the transition is of 1.1 T attion at 5 K Mg, the mean Co momentc, the mean 8 atom

5 K, decreases to 0.13 T at 60 K and disappears at 80 Kmoment usy, and the superimposed susceptibility,, of
The field derivative of the magnetization curves with L ¢ Y3Ni;5,CoB, compounds with 2x<5.

axis shows a second maximum at field values higher than
H.1, see the inset in Fig. 1). The critical field of this tran- x,Co Tc Mgat5K uc,at5K uggat5K ygat5K

sition Hy, increases with temperature, opposite to the tem-  (+2 K) (ug/f.u) (ug/Co at) (ug/3dat) (106 m3/kg)
perature dependence Bif;, which suggests different under-
lying physical mechanisms. 2.0 146 1.72 0.86 0.13 0.47
. <x<5 3.0 170 2.39 0.80 0.18 0.59
3. YaNl1a-COB2 25x=< 40 201 2.75 0.69 0.21 0.76
These compounds are ferromagnetic, as evidenced by the 5 241 3.63 0.73 0.28 0.57

magnetization isotherms measured on powder samples at
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n—1ar - T T ] teristic of antiferromagnetic behavior. On the other hand, the
B x=0 cusp does not appear in tfé< x<5) compounds, when the
80 - ; ‘1’-5 4 o 9 7 substitution of Ni by Co enhances the ferromagnetic interac-
e D I o ] tions.
— o 3 o i The application of a moderate applied field shifts the tran-
20rto- 4 Lo go 4 ] sition temperaturd@, to lower temperatures fo=0.5 and 1,
e oS it as could be expected for antiferromagnets. In contrast, for
5 " x=0 the shift is to slightly higher temperature which is an
T Or e ] unexpected result. The different behavior may be relateed to
= the fact that forx=0 the WF component appears simulta-
neously with the AF ordering aky, while for x=0.5 and 1
only the AF component arises a}, and thus the conven-
tional behavior takes place. A similar increaseljpwith the

applied field was observed in the itinerant electropNia
(with Ce,)Ni,-type structurg which was found to order anti-
ferromagnetically affy=54 K 424353
In Y3Ni 3B, the values of the differential susceptibility at
the Néel temperature, at 0.6 T, are different 820% be-
%veen the measurements with the applied field parallel and
perpendicular, respectively, to tleaxis, which reveals the
anisotropy of the compoun(@Fig. 5). At low substitution, the
magnetic field-oriented powders, with respect to those ofNi sublattice still holds its own basically antiferromagnetic
random powders, we derive that the easy magnetization dphase. The paramagnetic susceptibility ¥10.5 and 1 may
rection lays in the basal plane, insMi;3,CoB,, with 2 be analyzed as emerging from the contributions of the Ni
=<x=<b5. The compounds also exhibit Significant intrinsic co- atoms, Contributing to the effective magnetic momp@ﬁ,\li
ercivity at 5 K, as proven by the hysteresis loops measured .71 ug, as deduced from the=0 compound, and that of
on large grains fixed in grease, attaining values of, €.9.Co atoms by a quantity to be deduced from the experimental
0.34 T forx=2 and 0.29 T foix=4, see the inset of Fig. 12. values forpes given in Table IV. The result foxk=0.5 and
X=1is pPesr, co=4.8 and 5.@g/at., respectively. These values
IV. DISCUSSION are higher thar=4ug/Co at. in ACo, (A=Y,Lu,Sc, and
Hf)*4 and close to 5.4&g found for YCg, Ni, 5*° In spin
fluctuation systems, values higher than the?Ceffective
In the Y5Niq5.,CoB, series, the present susceptibility and moment for quenched orbital mome(®.87ug), may be at-
magnetization data indicate the onset of antiferromagnetitributed to an orbital contribution.
ordering below a Néel temperature§=68, 94, and 106 K One can estimate the degree of itinerancy of tteriag-
for x=0, 0.5, and 1, respectively. A weak ferromagnetic com-netic moments in the 3Ni;3,CoB, compounds from the
ponent also develops &t for x=0, and belowTy for x =~ magnitude of the Rhodes-Wohlfarth parameten./qs (the
=0.5 and 1, in evidence of a noncompensatddiagnetic  ratio between the number of magnetic carriers in the para-
structure. Since in crystal structures with inversion center, asnagnetic phasg, and that at saturatiogy).*® In the case of
is the case of the NiNi 3B, one, canted antiferromagnetism the base compound, using the valug =0.034ug at 10 T
is not allowed® the ferromagnetic component may arise as aand 2 K, as a lower limit of the mean nickel moment, and the
result of a complex antiferromagnetic-type ordering withvalue pe=0.71ug/Ni at. derived from the Curie constant,
more than two sublattices. The coexistence of antiferromagene obtaing <6.8. In the case of the=0.5 compound, us-
netism and ferromagnetism in itinerant electron systems hagsg the 31 moment value determined at 2 K and 1054
been predicted by Moriya and Usaffi*! The sequence of =0.083ug and the value ofe=1.16ug/3d at., then it results
transitions we observe for the=0.5 andx=1 compounds, r=86.4. Finally, forx=1, where magnetic saturation is almost
i.e., an AF phase belowy and a WF phase belowW,,- reached at 5K and 5 Tu33=0.12ug and the effective mo-
< Ty coexisting with the AF phase down to the lowest tem-ment pg =~ 1.7ug producesr = 8. Although the first values
perature, may be related to their case 1I-2; although in thaare overestimated and the last one may be affected by some
case the AF phase is shown to disappear at a finite temperafror due to the narrow temperature range considered
ture, this can be as low as 0 K, as in the present case. (160—300 K, they certainly point to a high degree of itiner-
The cusp observed in the temperature dependengé,of ancy of the & magnetic moments in the Ni-rich
at Ty, shows that the AF correlations establish as tlde 3 Y;Ni;3,CaB, compounds, following the criterion of Ref.
electron system approaches the spin ordering temperaturé6. This is in agreement with the values determined in
Indeed, the reciprocal susceptibility at high temperature fothe structurally related ¥Wi;;CoB, (Ref. 47 and
x=0,0.5, and 1 has a positivé, indicating ferromagnetic YNi,_CoB (Ref. 48 in the nickel-rich composition range;
correlations, while the cusp and subsequent decrease of tve these series the parameter takes values from 6.9 for
susceptibility down to the long-range ordering transition at=5 to 3.8 forx=11, and from 5.3 fox=1 to 2.0 forx=4,
Ty, and shape of thggis curves, once that the weak ferro- respectively. Although the magnetic measurements yield
magnetic component is saturated, are unambiguously charag-;~0.2ugz for the mean @ magnetic moment in

0 50 100 150 200 250 300
T(K)

FIG. 13. The temperature dependence of the real part of the
susceptibility, forx<5.

A. Weak itinerant magnetism in Y3Ni;3,CoB,, with x<1
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' ' ' ' ' ‘ ' ' ' ‘ ' cells, the in-plane EMD in ¥Ni,3,Co,B, for 2<x=<5 cor-
20 | relates well with both the proposed substitution scheme, i.e.,
Co is presumed to preferentially substitute Ni at tlyea®d
200 | 4 6i sites forx<5, and the site contribution to anisotropy in
YCos.4° According to Ref. 49 cobalt at thecites has a
large and positive contribution to the second order anisotropy
~0F 1  constantk; and cobalt at the @sites has a small and nega-
tive contribution toK;. Thus, one may expect that cobalt at
the 3 and 6 sites in 3:13:2 contributes to in-plane aniso-
tropy, as experimentally observed.

The step in the magnetization curjygeak in xix(H)] at

100 | in-plane EMD

O AF+WE T applied field values~4 T in Y;3Ni;,CoB,, see Fig. 11, may
3 § be related to itinerant B electron metamagnetisfiEM).
oLu . ! A ! . ! . ! . ! Indeed, the critical fieldH,, increases with the temperature,
0 1 2 3 4 5 as expected for an itinerant metamagiiéthe critical fields
x, Co of IEM systems range from tens of T to a few 136:18:50gnd

_ ) it can take place as a transition from a paramagnetic to a

FIG. 14. TheT-?( magnetic phaS_e diagram of theNi;3,Co,B, ferromagnetic phas®,as well as from a low moment to high
compoundsx=<S5, in zero applied field. moment ferromagnetic pha8&as may be the present case.

IEM of Co sites in the ¥Ni;,CoB, compound would be
Y 3Ni;gC03B,, neutron-diffraction experiments did not reveal rather unusual for such a low Co concentration; on the other
a magnetic contribution within the experimental resolution.hand, IEM transitions at the Ni sites in the present compound
This points again to a highly delocalized character of tte 3 are more likely to occur in view of the strong anisotropy in
moments in %Nij3,CoB,. the 3 moment, see Table IV. Also, IEM of Ni at low critical
field was observed in the hexagonal,N&.>® The tempera-
_ ture dependence of the critical field can be fitted to a
B. The T-x phase diagram Ho(T)=Hp(0) +@T? law, yielding Hi,(0)=3.90 T anda=6

The magnetic phase diagram of thgN{;5.CoB, com- X 10°T/K2 The present value of is about 20 times
poundsx=>5 derived from the experimental data in zero ap-smaller than that of a low critical field metamagnet
plied field, is plotted in Fig. 14. Below the magnetic order Lu(Cay 9:G&y o92,>* which might be due to the different type
temperature, the region betwegr0 and 1 corresponds to of metamagnetic transitiolow moment to high moment
an AF phase, with a WF component beldys, the latter ferromagnetswith respect to that of L{Coy 9:G& o9, (para-
resulting from uncompensated 3nagnetic moments. Since magnet to ferromagnket
the 3 metal atoms are distributed on three crystallographi- Previously, the large intrinsic coercivity observed in the
cally different lattice sites in the N#li;sB,-type cell, one R(Co,Ni)s series for intermediate Co contefitshas been
may expect a complex AF structure. The magnetization isoattributed to domain wall pinning at lattice sites where local
therms of thex=0.5 and 1 compound&ee Figs. 7 and 11 variations in the magnetic anisotropy energy occurs. It has
show that, at a given temperature, a field-induced transitioexperimentally been proven that such variations in aniso-
from antiferromagnetic to ferromagnetic phase occurs at &opy and exchange are promoted by the occurrence of high
critical field Hy;. The values oHy, for the applied field par- and low Co moment sites, actually magnetic heterogeneities
allel and perpendicular to theaxis are indiscernible. From which act as domain wall pinning centers in the crystallo-
the composition dependence b, i.e., it increases with graphically ordered latticE:12 In view of the close struc-
decreasingk (H;;=1.6 T forx=1 and 5.6 T forx=0.5, at tural relationship between the 1:5 and 3:13:2 series, we sug-
5 K) one may expect the transition to appear also in the basgest that a similar mechanism, i.e., the development of a
compound; however, since we do not observe any transitiomagnetically heterogeneous system with high and lav 3
up to 10 T[see the inset in Fig.(#)] we conjecture that it moment sites when Co replaces Ni inN,5_.,Co,B, should
should appear at a higher field. The magnetization apbe responsible for the observed increase in the temperature
proaches faster to saturation abd¥g asx increases; there- domain of magnetic irreversibility and the intrinsic coerciv-
fore, we conclude that the nét component is enforced by ity, for 2<x<5.
the cobalt substitution for nickel.

In zero applied field, the change from the AF+WF phase
to the F phase takes place in a composition range between
x=1 and 2, marked by the dotted line on the phase diagram.
For (2=<x=5) the transition is from a paramagnetic to a This is a first report on the antiferromagnetic ordering of
ferromagnetic phase below the Curie temperature repreY;Ni3B, and its evolution in the YNiq 3 ,CoB, series for
sented by the thick line in Fig. 14 and the compounds show<1. Due to the high degree of delocalization of the 3
in-plane anisotropy, as could be deduced from the x-ray difmoments, a proper approach for the description of the AF
fraction experiments on oriented powders. On the grounds dftate should be based on itinerant electron theories of anti-
the structural relationship between the 1:5 and the 3:13:Zerromagnetism. An estimation of the change in the magnetic

C. The magnetic behavior of the(Ni,Co) sublattice in
Y 3Ni134C0o,B5 and related compounds
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a0’ - ' ' ' : — ] ferromagnet Jco.co=230 K, and is almost insensitive to
A - ff;&z ] both Ni substitution and the change in the local environment
7x10° [- ‘ P 8 for a cobalt concentration decreasing to about 40—50%. In
. x 3114 1 this composition range théNi,Co) sublattice preserves its
e ‘ o hopCometal | '} strong ferromagnetic character. For a Co concentration less
s’ g than 50%, thel,.c, increases, which may be related to the
< r * 1 onset of magnetic instabilities and increasing effect of spin
§ 410" - 3114 ] fluctuation. By similarity, the data for the 3:13:2 series, situ-
= aot b e LT i ated close to those of the Ni-rich 1.5 compourscall that
- Ry 1 there are two 1:5 slabs in the 3:13:2 geBuggest an un-
210° e T YCo.B, | stable magnetic behavior dominated by spin fluctuations, for
N 141 AL veesX ] 2=x=5, consistent with the high Co paramagnetic moments
L ol T 15 STA ] deduced in Sec. IV A of this discusion. In the case of the
PR - O"'G """ A 0"'8 """ - fOYC°5 YNi,_.CoB and Y;Ni;;_.CoB, series, the high, nonphysi-

cal values found fodg,.cdc) in the mean-field model sug-
gest that spin fluctuations have a significant contribution to

FIG. 15. The exchange paramefig,c, versus Co concentration the magnetic behavior of th@Ni, Co) sublattice, except in a
in the Ya(Ni,Co)1sB, Y(Ni,C0),B, Ys(Ni,Co)yB, and  Narrow composition range, in the Co-rich region.
Y (Ni, Co)s series. Under the assumption of a uniquel Band and delocal-

ized magnetic moments, as supported by preliminary data of

state of the compounds in this composition range may baeutron diffraction experiments, one derives from the experi-
obtained in the mean-field approximation by observing thaimental Mg values the meandBmoment usq also listed in
the perpendicular differential susceptibility takes the valuesTable VI. Theusq values increase when cobalt substitutes for
0.39x 107, 0.73x 1075 and 1.69<10°m3/kg at 5 K for  Ni, which may be accounted for by a gradual depletion
x=0,0.5, and 1, respectively. This increaseyjfx , with the  mechanism of the@minority spin subband and an evolution
Co content is consistent with a decrease in the AF moleculaof the density of states at the Fermi level. Actually, on the
field constant in the mean-field approximation. grounds of the metallurgically inhomogeneous nature of the

The saturation magnetization of the compounds with 2system, which determines an inhomogeneous magnetic es-
<x=5 linearly increases with the Curie temperature, in thetate, one may assume that both described mechanisms may
limit of the experimental errors, in agreement with a rigid be present.
band model. Under the assumption thatcarBagnetic mo-
ment is present only at the Co sites and therefore, the Ni
magnetic moment may be neglected, one determines the
mean cobalt momenic, given in Table VI. The so-obtained The Y3Nij3,CoB, series of compounds with
cobalt moment is independent of the concentration, withNd;Ni,sB,-type structure has been synthesized for a cobalt
Mco=0.78+0.08ug/Co at., in the studied composition contentx<5. The magnetic properties emerge from the
range. A mean-field analysis of the Co-Co exchange interagNi, Co) sublattice and the large values of the Rhodes-
tion can be carried out under the assumption that the rigid\ohlifarth parameter, estimated for tke0, 0.5, and 1, sup-
band model is a valid approximation and assuming that Ni iport a high degree of itinerancy of the hagnetic moments.
nonmagnetic in the above systems. Then, the Co-Co exrhe susceptibility and magnetization data evidence for an
change parametedc,.c, may be expressed ascoc, antiferromagnetic phase fox<1, in zero applied field.
=6Tc/(ézu3y) (in K), where we have introduced the cobalt Based on present results we suggest that the weak ferromag-
concentrationé in order to account for the variation in the netic component observed beldiys is an intrinsic property
number of Co-Co interactions with the different Co contentsof the magnetic structure of these compounds. The uncom-
andézis the average number of Co atoms near neighbors tpensated AF order is favored by the presence of three differ-
a Co aton?557In Y 3Ni;3,CoB,, with 2<x<5 we obtain  ent 3 lattice sites, which may have different magnetic con-
the valueslc,.c,=980, 887, 1056, and 908 K, fo=2, 3, 4,  tributions. The intrinsic WF component increases with
and 5, respectively. We apply the same procedure to the réacreasing the cobalt content from=0 to x=1 and forx
lated Y(Ni,Co)s, Y(Ni,Co0),B, and Y;(Ni,Co0)1,B, series, =2 the compounds are ferromagnetic. We mention that, to
for which the Curie temperature and magnetization data areur knowledge, the Ga&li-type LaNi,,>® is the only other
reported in the literature. The Co concentration dependencantiferromagnetically-ordered metallic Ni compound known
of Jeo.co is displayed in Fig. 15. The representation sheds ao far, in which only Ni atoms bear a magnetic monf&rf.
light on the range of values, i.e., range of compositions, in The compounds with & x=<1 undergo a field-induced tran-
which the behavior of the (Ni,Co) sublattice in sition to a state with an enforced net ferromagnetic compo-
RmnTsmeanB2n cOmpounds either exhibits strong ferromag- nent, at a critical fieldHy;, which decreases when either the
netism or is dominated by magnetic instabilities and spinCo content or temperature increase. This transition is ob-
fluctuations. served up to a temperature higher tigp but lower than

In the case of the YNL,Ca, series, the exchange param- that of the AF peak. The occurrence of another field-induced
eter takes values close to that in Co métallassic strong transition at a fieldH,, larger thanH,;, as observed fok

Co concentration

V. CONCLUSIONS
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=1, could be due to itinerant electron metamagnetic transition from the strongStonej ferromagnetism is attributed to
tions. the effect of spin fluctuations on the magnetic properties of
The remarkable evolution in thed3sublattice magnetic these compounds.

behavior forx increasing from 0 to 1 should be ascribed only
to the change in thedelectron concentration in the system,
since the structural effect of cobalt substitution for nickel is ACKNOWLEDGMENTS
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