Ru-induced loss of long-range magnetic order in a-Fegy_ yRu,Zrqg
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Mosbauer spectroscopy, magnetization, susceptibility, and neutron depolarization have been used to
investigate the loss of long-range ferromagnetic ordemiRey_,Ru.Zr;y. Our depolarization

results show a rapid reduction in domain size from 1.6 togh#asx increases from 0 to 2, with

no evidence for long-range order in either depolarization or magnetization datx=f8r
Furthermore, forx=1 and 2, we observe a clear break in the temperature dependeriggpf

which may be associated with ordering of transverse spin components in these partially frustrated
alloys. © 1997 American Institute of Physidss0021-897@®7)17808-3

I. INTRODUCTION A LakeShore susceptibility system with a closed-cycle
. - : . fridge was used to recorg,. vs T down to 12 K. Magneti-

Iron-rich amorphous Fe—Zr alloys exhibit a rich variety 4oy gatq up to 7 Tesla \7vere obtained using both a Lake-
of magnetic behavior as a result of partially frustrated €X'Shore MPMS and a Quantum design PPMS sktzauer

changz mtergcnoﬁ.Tfh? frg_stratmn ;mses fchough the dis- measurements were made on a constant acceleration spec-
tance ependence o the direct exchange mtera@ﬁﬁ(n)] trometer wih a 1 GBq®'CoRh source calibrated using an
coupled with short Fe—Fe contacts in the glass which lead tg

anifi b ¢ i AF) bonds th a-Fe foil. Samples were mounted in a vibration-isolated
significant numbers o antiferromagnet ). on S.t at closed-cycle fridge for spectra at temperatures down to 12 K.
compete with the dominant ferromagnefieM) interactions.

£ iallv all additi hvd bstituti ‘ Neutron depolarization data were obtained using the
Fssgnuahy aa a Itl9h$e.gl., ydrogenor su” s.gtu'ilon; O DUALSPEC triple-axis spectrometer at AECL, Chalk River.
e by other 8 transition elements or metalloids lead to an polarizations 0f~95% at\=0.237 nm were achieved

increase in ordering temperature, even when accompanied With CuMnAl single crystals as polarizer and analyzer.
a reduction in magnetizationThe substituents act by shift- Measurements were made between 2 and 308 K L mT

ing the balance between FM and AF interactions either b%;uide field, on single 5 mm lengths of 20m-thick ribbons
contributing strong FM couplings, as with Co, or by expand- ’ '

ing the lattice, as with H, and reducing short Fe—Fe contacts.
The one clear exception to this rule is Ruthenium, whichl!l- RESULTS AND DISCUSSION

leads to an immediate and rapid reduction in bbthand the Xac Measurements show a steady reductionT jnand
magnetization when added &8 FeyZr;o.>* Indeed, the only  evolution from ferromagnetic behavior to a spin glass like
other element that comes close to th80 K/at % effect on cusp with increasing Ru Conte(ﬁ:ig_ 1). While there is an

T, is iron itself. The reduction iﬁ—c appears to be accompa- abrupt Change betweer=2 andx=3, the cusp for thex=3
nied by a loss of long-range magnetic order, and susceptibisample is far more rounded than that of the4 and it is

ity measurements suggest tizafe;;RusZr;o may be a spin  possible that some FM order is present. Magnetization at 2 K

glass(SG), with a T of 84 K, down from aT of 230 Kin  shows a decrease with increasingnd an increase in high-
the Ru-free alloy.

We report here magnetization, Tebauer and neutron
depolarization measurements aimed at determining the na- ————————
ture of the Ru-induced changes in the magnetic order of
a-Fey_RuZrig. Our results confirm the destruction of
magnetic order and show that By=3, no long-range ferro- L
magnetic order is present above 2 K.

©
b 4
Il. EXPERIMENTAL METHODS ) 7
The alloys were prepared by arc melting the appropriate - 8
ratio of pure elementgFe: 99.95%, Zr: 99.5%, and Ru:
99.9% pure under Ti-gettered argon to yield2 g ingots. 0 80 160 240
Melt spinning was carried out under a partial pressure of Temperature (K)

Helium onto a copper wheel at 50 m/s. Absence of CryStaI_FIG. 1. xoc Measurements on & Feyy_,RuZr;q showing the reduction in

linity was confirmed us.i.ng CK, powder x-ray diffraction  1_and the evolution towards a spin glass like cusp with increasing Ru
and room temperature Mebauer spectroscopy. content.
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FIG. 2. Average hyperfine fielBy)) vs temperature for the five alloys  FIG. 4. Neutron depolarization data farFey,_ ,RuZr;, obtained on cool-
studied here. The onset far=3 corresponds to the peakj.shown in Fig.  ing (V) and heatind[J) in the guide field of 1 mT. Data for the=4 sample

1 suggesting spin glass ordering. Note also the clear break in slope fafere omitted as they show the same absence of charge apparent for the
(Bnh)(T) in the cases ok=1 and 2. Lines are fits. x=3. Solid lines are fits.

field slope, consistent with a loss of collinear order. Thesdollows a modified Brillouin functiorf. Ordering tempera-
results are in complete accord with earlier wofk. tures forx=0, 1, and 2 agree with values determined by
The temperature dependence of the average hyperfirfther methods. The depolarization caused &0 decreases
field (derived from Window fit¥ in Fig. 2 shows an abrupt rapidly with increasing Ru, far more so than either the
change betweer=2 andx=3. Forx<2, the onset of mag- Magnetization ofByy) (a measure of the total iron momgnt
netic splitting exhibits conventional FM behavior and corre-We attribute this to a rapid reduction in domain size
sponds to the point wherg, rises from zerqFig. 1), how-  from 1.640.01 um at x=0 to 0.4:0.1 um by x=2. For
ever, forx=3, the onset occurs at the peakyig., as it does X=3, no depolarization is observed at any temperature,
in spin glasses. This suggest that the SG-FM boundary maAP<5x10"%) and we can rule out the presence of ferro-
lie betweenx=2 andx=3. Further indications of a signifi- Magnetic correlations on a length scale greater than 10 nm.
cant change in magnetic order at this Ru content comes frot/e conclude that fok=3 the system is a spin glass.
modified Arrott plots, which yield ordering temperatures ~ Forx=1 and 2, there is also a striking recovery in the
consistent with our other measurements X2, but show depolarization below about 80 K. The simplest explanation
no sign of order or spontaneous moment %6¢3, strongly for this would be a reduction in one or both of the domain
suggesting that this system is a spin glassxfoR2. The or- size or the domain magnetization. Magnetization curves ex-

dering temperatures determined in this work are summarizefiPit only a monotonic increase on cooling, allowing us to
in Fig. 3. rule out contributions from this source, however, we have no

The clearest evidence for the disappearance of longindependent measure of the domain sizes and so are unable
range order comes from the neutron depolarization dati determine whether or not domain size changes occur.
shown in Fig. 4. Fox=0, we observed conventional ferro- Comparison with the Mssbauer data for the=1 sample
magnetic behaviot:a rapid depolarization of the neutron raises another possibility. In the limit of small domairs10
beam on cooling througfi, . The curve is well fitted assum- xm for these materia)s the polarization goes ad

: e . . o 2\6 ;
ing a constant domain size, with a domain magnetization that 8xP(~a\)” where the factora depends on the domain
size, sample thickness, and the mean square domain magne-

tization perpendicular to the neutron polarizati¢BZ ). For
a random assembly of domains, this last term is jIBt/3,

T T T T
2409 | 8 while for thin sheet with its plane parallel to the neutron
3 a~Fego-xR g polarization direction and domains oriented in the plane by
200 . . demagnetization fields, we gBf/2. The Mssbauer spectra
. also contain information on spin directions through the in-
¥ 160 . tensity of lines 2 and 5, and for the=1 sample, we ob-
e ® Xac served a change in spin directions from largely perpendicular
1oy 2 ﬁfz‘; 1 to the ribbon plane above 80 K, to more random below. If we
o . incorporate this behavior into the calculation (@&?2), then
80 v ' 1 we are able to fit the data for the=1 sample with a consis-
* Tor tent parameter set for both the B&bauer and depolarization
40 1 2 3 1 5 data. While this consistency is suggestive, the actual domain
x (at%) distribution can be highly strain dependent, and differential

FIG. 3. Ordering temperatured ) for a-Fey, RuZr, derived fromya, thermal contraction can change the strain pattern on cooling.

Méssbauer spectroscopy, and neutron depolarization. Also shown as opdR Order to unambiguously separate domain size changes
squares, iy, the break points ifBy)(T) for x=1 and 2. from reorientations, we need to measure the depolarization
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signal for neutrons polarized along three orthogonal directinear order developsl. and T,, merge at high frustration
tions. Development of these modifications for the DUAL- levels and the system becomes a spin glass. Such a picture
SPEC spectrometer are currently underway. has been used to account for the magnetic properties of
Closer examination ofBn¢)(T)in Fig. 2 forx=1, 2 re- a-FgZryy,_ and is fully consistent with the phase diagram
veals a clear break in slope near 80 K. We emphasize than Fig. 3 if Ty, is identified withT,,. The only remaining
this break in slope is not caused by the change in the interguestion is why Ru additions lead to an increase in exchange
sity of lines 2 and 5 discussed above. First, the change ifrustration. A simple appeal to atomic packing fails because
intensity starts about 15 K above the break(By)(T). Ru is larger than Fe. The increase in the numbers of short
Second, forcing a constant intensity in line 2 and 5 degradeBe—Fe distances that follow from replacing a large Zr atom
the fit quality, but does not eliminate the break in slope. Theby a smaller Fe has been used to explain increasing frustra-
observed temperature dependence is well fitted by a combfion in aa-FeZrioy_,* however, for Ru such an argument
nation of a modified Brillouin function and a linear term that would predict a reduction in frustration. Similarly, we can
appears only below the break temperatiigg. While this  neither appeal to antiferromagnetically couple Ru moments
linear behavior cannot continue =0, it does give an ex- as isolated Ru atoms do not carry a moment in Feyr
cellent description of the datavithin 0.5%). The form of the  would such isolated AF moments cause the frustration
additional term was suggested by examination of the differneeded to drive the system towards spin glass ord&rige
ence between the data and a Brillouin function fitted only topossible mechanism might be that the changes in the density
the high temperatur€T=90 K) region. While no break is of states associated with Ru additions act so as to change the
apparent in thex=0 data, the same Brillouin function plus crossover point in7(r) so that the distance at which the
linear term also fits well but yields &, that is not signifi- Fe—Fe exchange interaction switches from Fm to AF is in-
cantly different from zero. The break points, shown in Fig. 3,creased and more bonds become frustrated.
lie below, but close to the ordering temperatures ofxbe3
samples. This might suggest that we are seeing two-phad(CKNOWLEDGMENTS
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