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Magnetic phase diagram of the semiordered alloys UE&Il ;,_,
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Single crystals of the ternary semiordered alloys ¢, with x=3.8,4.0,4.2,4.5,4.7,5.0, 5.5, and 5.8,
were prepared, and found to crystallize in the tetragonal ThMpe structurdspace group4/mmnm). Studies
of monocrystalline and polycrystalline samples of these materials, by ac susceptibility, magnetizat®fReand
Mossbauer spectroscopy, show two magnetic transitions in the range ok#.0.7, where only a single
transition has been previously reported for polycrystalline materials. These measurements yield the magnetic
phase diagram of this system, extending the magnetic structures of single crysgall ) Fetermined by
(unpolarized and polarizedheutron diffraction, of polycrystalline UEAIl,, determined elsewhere by neutron
diffraction, and of single crystal UggAlg,, determined by magnetization. The four magnetic regions, iden-
tified in the magnetic phase diagram, and their proposed magnetic structures, are discussed.
[S0163-182899)02737-X

l. INTRODUCTION Based on the various neutron-diffraction d&fd? the ura-
nium sublattice was claimed to be either nonmagrfetic,
The ternary semiordered alloys UP¢,, , have been particularly inB=0 (Ref. 10, or ferromagnetidF ), with
found to melt congruently, only in the iron-content range ofmoments along the tetragon@) axis! From the same data,
x=3.8-5.8(Refs. 1 and 2 The single-phase materials, ob- the iron sublattice was claimed to be either complex collinear
tained from the respective melts, crystallize with the body-AF with moments along,®" or AF Witfllrgoments in tha-b
centered tetragonal ThMptype structure, belonging to the (basal planes.’ None of the reporfs™ tumed out to be
space group4/mmm with occupied (2), (8f), (8j), and  totally correct. _ L
(8i) sites2 The semiordered-alloy nature of the single- -aer, sizable UFflg single crystals, prepared in a joint
phase UF@Al;, , materials in the range of=3.8—5.8 is {:)rOJ_ect m;the Instituto Tecno{:lpco e Nuclealr(ITl;:) and the
related to a fixed U occupancy of theg@site, and to Fe nstitute for Transuran'lum Elements, Karlsruhe, Germany,
occupancy of the (B) site (which is partial in the case of enabled better magnetic measurefméhi;%,as well as unpo-
) larized and polarized neutron-diffraction measureméhts,
x<4.0) and of the (§) site (for x>4.0). The Al atoms 0C-  |o4qing to a reliable description of the magnetic structure at 5
cupy all the remaining sites, (8 (8), and (&), the latter  k  These results indicate high anisotropic properties of
for x<4.0, with no evidence of vacant sites. The W&, x  UFeAl,, with an easy magnetization direction in taeb
materials of nominal compositions with<3.8 and withx  (pasa) plane!® a ferromagnetic ordering of the U moments
>5.8 contain secondary crystallographic phases. [0.47(2)ug at 5 K] in the basal plan&**and a canted AF
The only true ternary compound with the ThMitlype  ordering (16° canting in B=0) of the Fe moments
structure in the above Fe-content range of the JAFg_,  [1.08(2)ug at 5 K] in the basal plane, with a ferromagnetic
system, is UFg@lg, with tetragonal lattice parameters af component of~0.3ug aligned parallel to the U-moment
=874.9 pm andt=503.6 pm, as established already in 1984direction!® These results are consistent with a single-
at the W. Trzebiatowski Institute for Low Temperature andordering temperature of both U and Fe sublatticesy dt50
Structure Research in Wrocla@Poland on polycrystallind ~ K.*™3
and single-cryst4lsamples. In this compound the Al atoms  Several semiordered alloys Upé¢;,_, in the iron-
are located on both (8 and (§) sites, characterized by content range of=3.8—5.8 have been studied in the past on
position parameterg(8i)=0.3440 andx(8j)=0.2805, re- polycrystalline samples. Earlier, the materials witk 4.2,
spectively. The Fe atoms are not expected and indeed nét6, and 4.8 were report&tito order ferromagnetically be-
found on the aluminum (§ and (8) sites. low 145, 230, and 265 K, respectively. Lafethe materials
The magnetic properties of URg were studied with x=4.2 and 4.4 were reported to possess a uranium sub-
earlieP~'%0on polycrystalline samples, by ac susceptibifiy, lattice with F interactions and an iron sublattice with AF
magnetizatiort:>~*°neutron diffractiorf®'°and%’Fe Mdss-  interactions, while in the materials with=4.6 and 4.8, only
bauer spectroscopy:’ The results were quite different and F interactions were found for both sublattices. None of these
some of them turned out to be incorré€tMagnetic ordering  polycrystalline samples showed more than one magnetic
was reported initially around 160 ¥’ spin-glass behavior transition.
was claimed afterwards below 130°&nd antiferromagnetic For the semiordered alloy with=5.0 magnetic ordering,
(AF) ordering was reported later below 153 K. found initially® below 268 K, was described afterwattias
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F ordering below 261 KF ordering below 280 K of al(U <260<38.2° was used to obtain the tetragonal unit-cell pa-
and F¢ moments, perpendicularly t@, was confirmed rameters.
later!® by magnetization, neutron-diffraction, and’Fe ac susceptibility measuremergfs= 95 Hz, B,;,,,~0.2 mT)
Mossbauer-effect measurements. The repdttédordered  were done on materials pulled from their melts in the tem-
magnetic moments at 12 K are 0.96(1g)for U in the (2a) perature range 12—-300 K using a mutual inductance tech-
site, 1.10(10)u for Fe in the (§) site, and 1.26(1Q)g for  nique.
Fe in the (§) site, with a total(saturatiol moment of Magnetization measurements were performed on oriented
6.6(3)ug per formula unit. The partition of Fe atoms among UFgAl,_, single crystals with approximate dimensions 1
the (8f ), (8j), and (8) sites forx="5.0 was reported to be X 1x1 mn?, using a superconducting quantum interference
either 2.70, 2.15, and 0.1 Ref. 15 or 4.0, 1.0, and Gin  device magnetometéQuantum Designwith applied mag-
Ref. 10, respectively. netic fields along the and c axes, which in the cases of

It is clear from all these contradictory results that better-UFeAlg and UFg gAl » are the easy and hard magnetization
characterized samples, preferably single crystals, are rahrections, respectively. The magnetization was measured
quired in order to make any reliable conclusions on theseinder magnetic fields, logtF, 5—20 mT and mediun{MF,
materials. Indeed, recently we have prepared a single crystaD—100 m7, in the temperature range of 10-300 K, both
of the semiordered alloy with=5.8 and found that it orders after zero-field-coolingZFC) and field-cooling(FC) proce-
ferromagnetically below 293 K, with a total magnetic mo- dures.
ment & 5 K of 10.4ug per formula unitt® Extrapolation of >Fe Mdssbauer-effect measurements were performed on
the U moment in the materials witk=4.0 and 5.0, materials pulled from their melts, crushed into polycrystal-
0.47(2)ug and 0.96(12)g, respectively, suggests for the line samples, and pressed together with Lucite powder into
material withx=5.8 a value higher thanug, leading to an  perspex holders, in order to obtain homogeneous and isotro-
average Fe moment of 1.5ug. The partition of Fe atoms pic Mossbauer absorbers containingh mg/cnt of natural
among the (8), (8j), and (8) sites is 4.0, 1.4), and iron. The *’Fe Masshauer-spectroscopy results were ob-
0.2(1), according to the x-ray-diffraction data, or 488  tained in the transmission mode using a constant-acceleration
1.76(8), and 0.008), according to the more-reliable neutron- spectrometer and a 25 m&Co source in Rh matrix. The
diffraction data, respectively. Both techniques indicated thavelocity scale was calibrated using arfe foil at RT. Spec-
the excessive 1.8 atoms of Fe go mainly to th¢)(Site. tra were collected at several temperatures between 300 and 5

We present here the study of several single-crystaK. Low-temperature spectra were obtained using a flow cry-
UFeAl,,_, materials in the congruent melting rangeof ostat with temperature stability af0.5 K. The spectra were
=3.8-5.8, by ac susceptibility, by magnetization, and byfitted to Lorentzian lines using a modified version of the
S’Fe Mossbauer-effect measurements, and propose a magonlinear least-squares computer method of Stéie fit-
netic phase diagram of the URd,,_, system in this Fe- ting procedure is described in detail elsewhére.
content range.

IIl. RESULTS

Il EXPERIMENTAL DETAILS The crystallographic structure of all studied ternary semi-

Bulk charges for the single-crystal growth of the ternaryordered alloys UR@\l,,_ is consistent with thé4/mmm
UFeAl,_, materials of nominal compositions=3.8, 4.0, space group. It was refined to be the Thtype crystallo-
4.2, 4.5, 4.7, 5.0, 5.5, and 5.8, were prepared by repeategraphic structure fox=4.0 (UFgAlg), x=5.0, andx=5.8,
melting in an induction furnace of stoichiometric amounts ofand all other alloys probably adopt the same structure.
uranium (depleted, iron, and aluminum with purities of at Scanning-electron-microscope examination of these samples
least 99.9%. indicate single-phase materials with no sign of impurity
Single crystals of the above materials were grown fromphases. The RT lattice parameters found by the x-ray mea-
the bulk charges in an induction furnace with a levitationsurements are listed in Table I.
cold crucible by the Czochralski method, using a tungsten The ac susceptibility measurements show single magnetic
needle as a seed. A pulling rate of 2 cm/h and a rotation rattfansitions for the UFg\l;,_, semiordered alloys withx
of 15 rpm were employed as described earliSingle crys- =3.8, 5.0, 5.5 and 5.8, the observed peaks on the ac-
tals were selected from the materials pulled from the meltsusceptibility versus temperature curves being quite sharp.
for the magnetization measurements, while the remainingwo magnetic transitions are observed in the semiordered
parts of these pulled materials were used as polycrystallinalloys with x=4.2, 4.5, and 4.7. The relative height of the
samples for ac susceptibility, and, after crushing, ¥6fe  two ac susceptibility peaks varies with composition. For the
Mossbauer-effect measurements. x=4.2 material the higher-temperature peak is stronger by a
Single-crystal x-ray measurements were used for the ddactor of 1.4 from the lower-temperature peak. Kot 4.5
termination of the lattice parameters at room temperaturand 4.7 the higher-temperature peak is much strofidper
(RT). Small single crystals, removed from the polycrystallineratio increasing to=4). The samples with nominal Fe con-
materials, were glued on the top of a glass fiber and trangent x=4.0 show essentially a single ac susceptibility peak.
ferred to a goniometer mounted on an Enraf-Nonius CAD-4Representative ac susceptibility curves are shown in Fay. 1
diffractometer with graphite monochromatized NMkax ra-  for the x= 3.8 material(one transitiof, and in Fig. 2a) for
diation \=71.073 pm). The least-squares refinement of thehex= 4.2 materialtwo transition$. The magnetic transition
20 values of 25 strong and well-centered reflections from théemperatures are listed in Table |.
various regions of the reciprocal space in the range 16.3° Magnetization measurements show the same magnetic
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TABLE I. RT lattice parameters an@ero-field magnetic tran-
sition temperatures as functions of the iron conteint single crys-

tals of the semiordered alloys Ufd 5., . ‘é’ ]
X a C Transition temparaturest5 K). le‘t i
(pm) (pm) (K) g .
e 4
3.8 87351 502.81) 155 & |
40 874.01)% 503.61)? 148 2
4.2 872.314) 502.793) 150 178 ; L ]
4.5 869.72) 502.92) 130 217 "
4.7 8671) 502.45) 105 228 _
5.0 868.513) 501.673) 278 4
5.5 867.665) 501.334) 287 -
5.8 867.443° 501.423)° 293 1

@Already reported in Ref. 13.
bAlready reported in Ref. 16.

Magnetization (u,/fu)
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UFe JAl; g as functions of temperaturéa) ac susceptibility of a

= 10 B (b) ] polycrystalline materialpulled from the me)t (b) ZFC and FC
@m 0.8 _""'-.." - magnetization of a single crystal, in a magnetic fi@e5 mT,
2 : "-... 1 applied along an easy directioft) hyperfine magnetic fields at the
g06 FC ™, . 5"Fe nuclei in the sites (8) with z=2, (8f ) with z>2, and ()
8 i e, ’ with z=4, deduced from the Misbauer spectra of a powdered
go 04 L ,.0"".‘. B sample of material pulled from the melt. Two magnetic transitions
< o2l ZFC,,.’ \. . are evidenced at 1565 and 1785 K.

- .,. \ 4
=) 01“2) % : (C): openfrasianfas; ] transition is observed for the material withk 3.8 [Fig. 1(b)]
=k 1 and for UFgAlg (x=4.0) M in the latter case even for those
= 10 _‘\. 7] samples exhibing split ac-susceptibility peaks. The upper
s gk \.\ - magnetic transitions for the semiordered alloys with4.2
g - LN h [Fig. 2b)], 4.5, and 4.7, are rather steep, first-order-like, in
6 '.\ ] the case of LFB=5-10mT) values. In medium field8
g 4 ) T =50 or 100 m7 these transitions become rounded, similar
s, B \ ] to the LF single transition in URAlg (x=4.0) (Ref. 11 and
_g I T in the material withx=5.8 (Ref. 13. For the semiordered
e 0 alloys withx=5.0, 5.5, and 5.8Ref. 13, sharp single tran-

0 50 100 150 200 250 300

T K sitions are observed.
emperature (K) The 5"Fe Mdssbauer spectra in the paramagnetic state of

FIG. 1. Magnetic measurements on the semiordered aII0)5'JFe4AI8E’md_UFg-f‘AlS_-2 consist of symmetncal_ doublets. In
UFe; Al , as functions of temperaturéa) ac susceptibility of a ('€S€ materials the iron atoms occupy a single crystallo-
polycrystalline materialpulled from the melt (b) ZFC and FC ~ 9raphic site, (8), and therefore only one doublet is ex-
magnetization of a single crystal, in a magnetic fi@eE5 mT, pected. )
applied along an easy directioft) hyperfine magnetic field at the ~ The °’Fe Mdssbauer spectra obtained for URk; in the
5"Fe nuclei in the (8) site, deduced from the Msbauer spectra of Ordered state, down to 5 K, are accounted for by a single
a powdered sample of material pulled from the melt. A single mag-magnetic sextet’!® The ’Fe Massbauer spectra obtained
netic transition is evidenced at 155 K. for other UFgAIl,_, semiordered alloys in the ordered state,
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can only be fitted assuming that the magnetic hyperfine fields ~ 2T 7 1

of the Fe atoms depend on the crystallographic §ite x K " UFe, Al g e ]
>4.0) and on the numbefz) of Fe nearest neighbors, as E 10T :::g;fig’:f::'.
described in detail elsewhet®Assuming a random distribu- 2 osh = 4
tion of Fe and Al atoms on the (9§ site in UFg gAlg,, E 3 T

around 10% of the Fe atoms have only one Fe nearest neigh- § 0.6 -
bor (NN), while the remaining 90% have two Fe NN's, as in = r i
UFeAlg. Therefore, one might expect that more than one o 4T g3
sextet would be needed to fit the spectra of L4Pég » in the & 02 I___I_H%{’fi J
ordered state. Nevertheless, these spectra show that all the Fe % s S ssessees ]
nuclei have the same magnetic hyperfine figjgregardless g oot——"t——rt——t Ll

of the number of Fe NN's, with a reduced value as compared 0 50 100 150 200 250 300
to By in UFgAlg. On the other hand, a small fracti¢s3%) Temperature (K)

of paramagnetic Fe atoms are probably present down to 5 K. o .
This may be due to isolated clusters of uncorrelated Fe at- FIG. 3. Temperature variation of the quadrupole shift/

oms. The temperature dependenceBgf estimated for the —duadrupole splitting of th&’Fe Mdssbauer spectrén zero applied
large majority of magnetically ordered Fe atoms in magnetic fieldd in the semiordered alloy URgAl; g Shifts/
splittings are shown for iron atoms on the sited §8with z=2,

UFe; Alg, [as shown in Fig. ()] indicates a single mag- . ) Lo
netic transition at=155 K, consistently with the other mag- (8F) with Z>.2.‘ and (g) V.V'th z=4, the latter two also indicating
the two transitions seen in the temperature dependence of the hy-

netic measurements. N . )
. . . perfine field[Fig. 2(c)]. At 175 K the Fe atoms on the {§ site
In the semiordered alloys URA! ;,_, with higher Fe con- with z=2 are paramagnetic.

tent (4.2<x=<5.8), as iron atoms are present on two crystal-
lographic sites, (8) and (§), the spectra in the paramag- each iron atom has two iron NN’'s, we obtaBy(5 K)
netic state are the sums of more than one symmetrica:11.0T. Forx=4.2 only 95% of the Fe atoms are on the
doublet, as discussed elsewh&tén the ordered state, there (8f) site, with only 77% having two iron NN's, while 5% of
is a distinction between iron atoms on thef(8and (§) the Fe atoms are on the j(8site!® On the average, we
sites, as well as between f( iron atoms with different obtainB«(5 K)=11.1T, similar to the value fox=4.0. The
number(z) of iron NN's.® Actually, we have (8) iron at-  ratio of the number of Fe atoms on thef(8and (§) sites is
oms withz=2, as in UFgAlg, andz=3 and 4, as in the 89:11 forx=4.5, 80:20 forx=>5.0, and 69:31 for the final
cases of higher Fe contents, together withj)(8on atoms Ccompositionx=5.8. The averagB(5 K) value goes down
with 4 or more iron NN’s. A binomial distribution is used for slightly, to 10.3 T, forx=4.5, and then rises to 12.0 T for
calculating the probability of the possible NN configurationsX=5.0, and finally to 12.5 T fox=5.8. Our average value
of the Fe atoms arising from the random distribution of thefor X=5.0 is in agreement with the one previously repotted
Fe and Al atoms on the (8 site. Severalmore than ong  fOr @ polycrystalline sample.

sextets, with relative areas consistent with these probabili- "€ UF&.2Al7 g quadrupole shiftg of the Fe atoms on the

ties, are fitted to the spectra. The magnetic hyperfine fielg&8f ) site in the entire temperature range of the ordered state

B, are found to increase, and the isomer shiftge found to are similar, within the experimental .err(li-Fig. 3. However,
decrease, with the number of Fe NN'’s of the Fe atoms Oﬁheevalues of the Fe atoms on thej8site show an abrupt

each crystallographic site. This model, described_c:hange between 143 and 154 K. Although the uncertainties

| herd® and f | lied onlv to th ; b. N thesee values are large due to the low intensity of the
eisewhere,” and formerly applied only 1o the spectra ob- corresponding sextets, they are lower than the observed
tained at 5 K, is now confirmed for the spectra taken for all

. . change in thes values. No crystal-structure transition is ex-
the semlordered_ alloys in the whole temperature range of thﬁected in this temperature range, since the crystallographic
ordered magnetic state down to 5 K. , structures at RT andt& K are the same for URAlg (Ref.

The temperature dependenceBgf of the Fe nucleionthe  13) UFeAl, (Ref. 10, and UFg gAlg» (Ref. 16. A change
various sites in UFgAI; g [Fig. 2(c)] indicates two magnetic in the directions of the magnetic moments of the Fe atoms,
transitions in this material, a+178 K and at 143-154 K, petween 143 and 154 K, would explain such an effect on the
consistently with the other magnetic measurements on thighe € values. A similar behavior of the curves, progres-
material. If similar temperature dependences are assumed feively less pronounced with increasing Fe content, is ob-
all the By; and the corresponding Fe magnetic moments, a&erved in UFgsAl; s and UFg /Al 5.
discontinuity in the Fe-moment versus temperature curves The transition temperatures in the semiordered alloys
seems to occur around 15% K. This discontinuity is less UFgAl,_, (Table ), as obtained from the ac-susceptibility
pronounced for Fe on (8 sites. The situation is described curves, plotted as function of the Fe contarniFig. 4), form
below 155+ 5 K by a curvem, (T), which extrapolates to a the basis of the magnetic phase diagram of this system in
lower moment atT=0, and above 1555K by a curve Z€ro applied magnetic field. The four magnetic regions,
my(T), extrapolating to a higher moment =0, so that M1-M4, indicated in this magnetic phase diagréfig. 4),
m_(T=0)<my(T=0). A similar behavior of8,(T), pro- and t_he propo;ed magnetic s@ructu(eee later, in Fig. b
gressively less pronounced with increasing Fe content, is offie discussed in the next section.
served in UFg:Al; s and UFg /Al 3.

The magnetic hyperfine fields at 5 B,«(5 K), for the V. DISCUSSION
various sites, vary with the Fe contert In the case of A small variation of the tetragonal-lattice parameters with
UFeAlg (x=4.0), with the single Fe site {8, in which  the number of Fe atoms per formula uxis observed in the
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350 — T T T T T ' T powder samplé® characterizing thé14 region. These mea-
I UFexAI12-x 1 surements, as well as the magnetization study of single crys-
o /’f‘ﬁ__ tal UFe gAlg ,,'® indicate F ordering of the U moments in
250 % _ the basal planes, along tlaedirection, in bothM1 andM4
g L I/{ ’ - regions.
© 200 [~ E/ ‘— In the M1 region the Fe moments, existing only on the
= " - M3 M4 i (8f) site, have the canted AF structure, actually observed
g 150 Wi\i l—_ for UFeAlg.'® The 5’Fe Massbauer results for the quadru-
5 100 \M I \5\ l '_ pole shift show no change with temperature and stay almost
= a 1 M2 i constant up to the ordering temperature, indicating that the
50 ’ | \' ’— magnetic structure hardly changes with temperature. How-
- | I’ T ‘ 7 ever, in Fe-deficient materials, as UYRAlg,, paramagnetic
0 iron atoms also exist, corresponding to the replacement by
3540 45 50 55 60 Al atoms of one or two of the Fe NN’s, as evidenced in the
Number of Fe atoms x 5’Fe Massbauer measurements. On the contrary, inMie

FIG. 4. Magnetic phase diagram, in zero applied magnetic field,reglon all Fe moments, on both {§ and (§) sites, have

of the semiordered alloys Uk, ,. The only magnetic struc- Ordel_’lng along the Same_ direction of the U momehtS.
tures determined by neutron diffractidat T~5 K) are of single It is reasonable to believe that the U moments inlh2
crystal UFgAlg (Ref. 13 characterizing thevi1 region, and of andM3 regions havé- ordering in the basal plane, as in the
polycrystalline UFgAl, (Ref. 10 characterizing theM4 region.  extreme region$11 andM4. The size of the U moment can
The magnetic structure of single crystal Wkl , was obtained by be considered to vary across the entire congruent melting
magnetization measurementRef. 16. Basal-plane magnetic- range, 3.8x=<5.8, around the values of 0.47(23 and
moment arrangements, proposed through the four regions, are d9?96(12)u3, measured for the materials witi 4.0 and 5.0,
scribed in Fig. 5. respectively.
AssumingF ordering of the U moments in all four region,

all magnetic phases are related to the various magnetic struc-
semiordered alloys URAl;,, (Table ). Over the entire tures of the Fe sublattices. In the absence of neutron-
range of congruent melting,=3.8—5.8, the parameterde- (iffraction measurements in tHd2 andM3 regions of the
creases by 0.8%, while the parametetecreases by merely magnetic phase diagram, the assignment of magnetic struc-
0.5%. Almost the entire decrease occurs betweed.0 and  tres for the Fe moments is somewhat speculative; a spin-
x=4.7. For highex values the variation of the lattice param- glass-like behavior is not expected, given the magnetic struc-
eters is not significant. . tures determined fox=4.0 (Ref. 13 andx=5.0 (Ref. 10

Bulk measurements, performed on the semiordered alloys Based on our experimental results, the following proposal

UFeAlj,_x, ac susceptibility on polycrystalline materials is made to describe these structures. The border line between

and .’“";}9”9“2.?“0” of single crystals, as well as the MICTOte M1 andM2 regions, ai above 4.0, is established as a
scopic >‘Fe Mossbauer-effect measurements, yielded a new

insight into their magnetic properties. In these materials Jesult of the occupation of the [ site by Fe atoms. The

composition range with two consecutive magnetic transitionéandom paturfe r?f this occupation EiXCIUdeS ﬁny ll'ong—range],:
(shown in Table | and Fig. )is evidenced by all three in- “\F ordering of these moments, and leads to the alignment o

vestigation methodéFig. 2). In this iron-content range (4.0 these (§)-site iron moments along the already established
<x=4.7) the initial magnetic ordering, from the paramag-d'reCt'O” of F ordering of.the. ] moment;. The alignment of
netic into theM 3 region(Fig. 4), has a strong ferromagnetic the moments on the (§ site increases with the Fe content
component indicated by the steepness of the transition oleading to a collinear ferromagnetism in thist region. Con-
served in ac susceptibilityfirst-order-like and by the size sidering for theM 2 region a canted AF ordering of thef(B
and temperature dependence of the magnetization. The séten moments, as detected for UPdg, it is reasonable to
ond transition, from théM3 to theM 2 region(Fig. 4), cor-  believe that the increase of the molecular field on thg) (8
responding to a change in the iron magnetic moment taite affects this canting angle, thereby increasing gradually
lower values, can be considered as having a reduced ferrthe correspondindg= component, with respect to the value
magnetic character. determined in UF&AIlg (=~0.3ug). At the border of thevi4
The four magnetic regionsM1—-M4) of the magnetic region, forx slightly below 5, all the iron moments acquire
phase diagram of the semiordered alloys e, , (Fig. 4  theF ordering, and along with thE ordering of the uranium
are obtained by the three types of measurements done anoments they form the ferromagnetit4 region.
these materials. The regiad 1 extends fromx=23.8 to x The ®*Fe Massbauer results for the quadrupole shift indi-
=4.0, while theM 4 region extends from slightly below 5  cate that for any Fe contemtthe arrangements of the iron
up to x=5.8. TheM2 andM3 regions occur, at low and moments on the (B) site with two Fe NN’s do not change
high temperature, respectively, between & andM4 re-  with temperature up to the higher transiti@ee Fig. 3 This
gions. result indicates that the (§ canted AF ordering is present
The only magnetic-structure determinations made by neualong theM3 region. However, the arrangements of iron
tron diffraction(at T~5 K) are those of UF@Ig, on a single moments on the (B) site with three or more Fe NN's and
crystal®® characterizing th&1 1 region, and of UR\l,, ona  on the (§) site change with temperatufsee Fig. 3, and
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Basal-plane .
arrangements Fe (8j; 8f, z>2) T T

FIG. 5. Proposed basal-plane
Fe (8f, z=2)/ \ magnetic-moment  arrangements

in the four regions of the magnetic
U (2a) f Fe (8)) T T phase diagram of the semiordered
. alloys UFgAl,, , (Fig. 4), based
Fe(8,2=2) __» = M3 on ac susceptibility, magnetiza-
tion, and 5"Fe Mossbauer spec-
U (2a) * Fe (8f) troscopy measurements. The two
iron-moment regimesn, (T) and
M1 . /‘ X U (2a) * mH(T), are distinguished by the
Fe (8j; 8f, z>2) size of the arrows. The canting
= angle in theM2 andM3 regions
Fe (81,2 )/v —————— \ M4 is a representative one.
U (2a) f
M2
@ndeed increase_ on raising temperature fromh2 region  ments in the UF@\l ;,_, System of semiordered alloyEig.
into theM3 region. 4), are described schematically in Fig. 5. The general feature

If similar variations withx are assumed foBy; and the  of this description involves a transition of Fe magnetic mo-
corresponding Fe magnetic moments, fHEe Massbauer  ments from the regime of lower moments, (T), in theM1
FJata suggest that for any Fe cont&rﬁtom 4to 5 thereisan gpdm2 regions to the regime of higher moments,(T), in
increase of the Fe moments on all sifsge Fig. )], on  the M3 and M4 regions. The canting angle of the Fe
raising the temperature across the border fromMr&eto the  moments on the (B) site, having two iron NN's, varies
M3 region, the latter having a strongercharacter. One can petween 16° in thél1 region and 907collinear ferromag-
assume that the observe_d temperature variation corresponggtisny in the M4 region. It is still not clear if the canting
to an increase of the canting angle with temperature toward anglea varies smoothly across the bordersat4.0 and ak

ordering, in the border crossing from thé2 to the M3 gjightly below 5. The canting angle of the Fe moments on the
region. The increase of canting in this border crossing, togyiher sites throughout thHd 2 region, or theilF components,
ward a collineal ordering, applies also to ttfecomponent  4re stjll unknown. This angle, and therefore also fheom-
of the Fe moments on the [Bsite (see Fig. 3 From the  onents, both increase upon crossing into M@ region.
averageBy(5 K) results, the same increase is expected in |y conclusion, the ac-susceptibility, magnetization, and
crossing the border from th12 into the M4 region. As  57pg \gsshauer data presented above indicate a complex
mentioned above, in thM4 region_all the Fe moments are magnetic phase diagram of the semiordered alloys
assumed to have a collinegrordering. UFgAl;, ., with two transitions in the range between
The lower border of the 1 region, atx=3.8, and the  —4 o andx slightly below 5, as summarized in Fig. 4. How-
upper border of thé14 region, atx=5.8, are related to the eyer, in the absence of neutron-diffraction data, the interpre-
congruent melting range. The upper border of W& re-  tation of the M2 and M3 regions is rather tentative.
gion, atx=4.0, is set on by the initial occupation of thej§8  Neutron-diffraction measurements on single crystals in these
site by iron moments. The lower border of thisd region, at  yegions, and further magnetization studies, now under plan-

x slightly below 5, is determined by the establishment of fullning' are expected to confirm the proposed interpretation.
ferromagnetic order. The exact border line betweenhti

and M3 regions, especially near=5.0, is still not known
precisely. As this border involves higher Fe moments in the
higher-temperaturé 3 region, it is probably related to the
complex band structure and to the partial itinerant nature of This work was supported by JNIQPortugal under Con-
iron in the present materials. tracts Nos. PRAXIS/3/3.1/FIS/29/94 and PRAXIS/P/FIS/10
The proposed basal-plane magnetic-moment arrangé40/98. The stay of M.K. at ITN was supported by PRAXIS.
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