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High field magnetic investigations of the UFelo_xNixSi2 system* 
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Abstract 

Magnetic measurements of UFel0_xNixSi2 were performed in magnetic fields up to 14T at temperatures of 
4.2-300 K. The values of the saturation moment amount to about 15/xB/f.u. for UFesNi2Si2. The remanence 
increases with an increase in the Ni concentration, however, the saturation magnetization and the Curie point 
decrease, reaching Ps = 2/zB/f.u. and Tc = 45 K, respectively, for UFeNi9Si2. The shape of the magnetization curves 
for x=9,  8 and 6 suggests the possibility of the first order magnetization process (FOMP). The comparison of 
the results of the present investigation and that performed using the 57Fe M6ssbauer effect provides evidence 
of a substantial contribution of the uranium, and possibly the nickel, sublattices to magnetic ordering. 

1. Introduction 

Our previous investigations have shown that UNimSi  2 
is a paramagnet with an inverse magnetic susceptibility 
following a modified Curie-Weiss law in the temperature 
range 4.2-300 K [1,2]. The high temperature deviation 
from this law probably indicates a strong influence of 
the crystal field interactions as observed in analogous 
rare earth compounds [3]. The 298i NMR Knight shift 
is temperature independent in the 4.2-294 K range [2]. 
The enhanced 3' value [1] and the absence of long 
range magnetic ordering suggest that UNil0Si2 is near 
the crossover from an itinerant non-magnetic 5f-system 
to a magnetically ordered, localized 5f-system. On the 
other hand, a closely related compound, UFel0Si2, is 
strongly ferromagnetic below 650 K with considerably 
high magnetization, but with negligible remanence [4]. 

The preliminary magnetic examination of 
UFelo_xNixSi2 has shown that this system exists in exactly 
single-phase form for x > 8 [2]. Because the single-phase 
samples with small concentration of Fe exhibit relatively 
high remanence at low temperatures, it seemed inter- 
esting to extend preliminary research [2] to a broader 
composition range (x~<8), in spite of a very small 
admixture (3 at.%) of an unidentified phase. 

The 57Fe M6ssbauer effect in these alloys was also 
investigated to determine the distribution of iron atoms 
in available crystallographic positions and the magnetic 

*This paper is devoted to the memory of the late Bohdan 
Stalifiski. 

moment of the iron sublattice. A summary of this 
research is presented in Fig. 1 [5] in the form of a 
magnetic (T,x) phase diagram. There are two curves 
corresponding to the boundaries of three magnetic 
phases. The lower curve is the high temperature limit 
of a ferromagnetic phase, as determined by M6ssbauer 
measurements, and for x = 9  and 9.5, via M6ssbauer 
and magnetic methods, the upper curve, which is the 
low temperature limit of the paramagnetic phase, is 
determined exclusively by magnetometric measure- 
ments, since M6ssbauer spectra do not exhibit any 
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Fig. 1. Magnetic (T,x) phase diagram for the UFem_xNixSi2 alloys 
[5]. 
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splitting at temperatures above the lower curve. The 
magnetic character of the phase existing between both 
curves is a puzzle at present. The examination of the 
samples with low Fe concentration [2] seemed to suggest 
that the high temperature phase transition, Tin, results 
from the presence of micrograins of free Ni. This idea 
is confirmed by the lack of evidence of magnetic ordering 
in the Fe sublattice from the M6ssbauer experiment 
above Tw and by observation of the same anomaly at 
the same temperature in UCo0.sNi9.sSi z [6]• However, 
high resolution electron microscopy investigations of 
these materials [6] failed to confirm this conclusion• 
Also a decrease in Tm with increasing Fe concentration 
contradicts the possibility of the presence of the free 
Ni as a reason for Tin. The phase between the curves 
exhibits ferromagnetic character, which can be attrib- 
uted to concentrations of free Ni of about 3 and 7 at.% 
for x=9.5  and 9.0, respectively [2]. 

In the present paper, we report on high field mag- 
netization investigations up to 14T and in the tem- 
perature range 4.2-300 K. 

2. Experimental details 

investigations o f  the UFew_xNi~S i  2 sys tem 
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Fig. 2. Magnetization of the UFew_xNi, Si 2 alloys vs. temperature 
measured in a magnetic field of 5 T. 

2.5 

All the samples were obtained by alloying the com- 
ponents in stoichiometric amounts, and the preparation 
of the samples as well as the crystallographic exami- m 2.o 
nations have been described previously [2,5]• The lattice A 

z 
parameters follow roughly the Vegard rule. Magnetic o 
measurements were carried out using standard mag- ~: 
netometry at the International Laboratory of High 
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3. Results and discussion 

Fig. 2 presents the magnetization of the UFelo_xNixSi2 
alloys versus temperature measured under a magnetic 
field of 5 T. One can see that for all x, M(T) slightly 
decreases with temperature with approximately the same 
slope. At low temperatures for smaller x (x~<6), there 
are diffuse maxima observed, whereas for higher con- 
centration of Ni (x = 8), this maximum becomes more 
pronounced as can be seen from Fig. 3. The temperature 
of these maxima roughly corresponds to those observed 
previously [2], although their source is not clear to us 
at present• They could result from a domain effect, 
however; preliminary investigations of domain structure 
of the samples with higher concentration of Fe [7] do 
not reveal any temperature dependent anomalies• The 
possibility of a spin-glass (SG) state seems to be very 
tempting; what is more, this type of behavior has been 
detected in other ThMnaz-type uranium intermetallics 
[8]. For the investigated alloys, the presence of three 
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Fig. 3. Low temperature details (below 100 K) of the temperature 
dependence of magnetization of the UFel0_xNixSi2 alloys with 
x = 8  and 9. Note the different magnetization scales for both 
materials. 

non-equivalent crystallographic positions available for 
the Fe atom makes the SG state highly probable• 
However, this problem needs further examination• 

Figure 4 presents the magnetization of the 
UFelo xNixSi2 alloys versus magnetic field strength mea- 
sured at 4.2 K. One can see that the maximal value 
of the magnetic moment amounts to about 15/zB/f.u. 
for x=2 .  It is seen that with an increase in the Ni 
concentration, x, the remanence increases, but unfor- 
tunately, at the same time the saturation magnetization 
and Curie points become lower, reaching fo rx=  9 about 
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Fig. 4. Magne t i z a t i on  o f  the  UFem_~Ni~Si2 alloys vs. m a g n e t i c  
field s t r eng th  at 4.2 K. 

2 /zB/f.u. and Tc=45 K, respectively. For the samples 
with x=9,  8 and 6, the clear deviation from typical 
behavior for normal ferromagnetic magnetization curves 
is observed. This shape of magnetization curve for the 
ThMnlz-type compounds is usually considered as a 
potential result of the first order magnetization process 
(FOMP) and an indication of the f-electron element 
contribution to the magnetism of the compound. Other 
indications result from Fig. 5. This figure shows the 
total moment of the U + Ni/Co sublattices versus con- 
centration of Ni/Co. The total moment of these sub- 
lattices has been obtained subtracting the value of the 
magnetic moment of the Fe sublattice determined for 
UFel0_xNixSi2 [5] and UFelo_xCoxSiz alloys in 57Fe 
M6ssbauer experiments from the value of the magnetic 
moment of the alloy obtained from magnetometric 
measurements. As far as the Co alloys are concerned, 
the (U, Co) magnetic moment increases non-linearly 
with the cobalt concentration. Such behavior is quite 
clear because UComSi2 is also ferromagnetic below 
550 K [10] and an increase in the (U, Co) moment 
corresponds mainly to the Co moment, although a 
contribution of the U moment is also possible. The 
non-linear plot can result from complex substitution 
of the Fe by the Co atoms and also from the contribution 
of uranium. The negative value for x ~< 2 suggests both 
some contribution of the uranium atom moment (es- 
timated for Ul_xY~FeloSi2 at pu=0.5/zB [11]) and/or 
the antiparallel contribution of the Co magnetic moment 
at 8(f) and 8(j) sites. 

For the Ni system, this plot is much more complicated. 
The value of the (U, Ni) sublattices moment exhibits 
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Fig. 5. T h e  total  m a g n e t i c  m o m e n t  o f  the  U + Ni /Co subla t t ices  
vs. Ni /Co concen t ra t ion ,  x. Resu l t s  for UFel0_xCo~Si2 are  eva lua ted  
us ing  da ta  f rom ref. 9. 

a pronounced maximum for x=4.  Since UNiloSi2 is 
non-magnetic, one could expect that in the 
UFelo_xNi/Si2 alloys, the magnetic moment of the Ni 
sublattice is absent and the magnetic moment of the 
(U, Ni) subsystem is determined by the uranium sub- 
lattice exclusively. The present results show that it is 
not the case, and the presence of the Fe atoms induces 
a magnetic moment also in the Ni sublattice. The 
strongest indication of this follows from the value of 
the magnetic moment for x = 4  amounting to about 
3/zB, which cannot be ascribed exclusively to the ura- 
nium sublattice. The magnetic moment for x = 2 is close 
to 0.3 tzB and is in fair agreement with the previously 
determined value of 0.5/xB for the U sublattice [11]; 
for this alloy the contribution of the Ni sublattice seems 
to be non-existing. These results, together with earlier 
crystallographic and M6ssbauer data, suggest a change 
of band structure for alloys with x--2-4. The value of 
magnetic moment extrapolated to x=  10 did not find 
any confirmation either in magnetic [1] or NMR ex- 
periments [2]; however, the value is very small and can 
be attributed to experimental uncertainty. 

Unfortunately, we cannot separate the contribution 
of either the U or the Ni sublattices from the present 
experiments; this can be done only in neutron diffraction 
experiments. Nevertheless, the present experiment pro- 
vides a new indication of the U sublattice contribution 
to the magnetism of ThMn12-type uranium interme- 
tallics. 
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4. Conclusions References 

T h e  resul ts  p r e s e n t e d  conf i rm the  f e r romagne t i c  char-  
ac te r  of  the  al loys inves t iga ted  be low 300 K. Magne t -  
iza t ion  curves  at  4.2 K m e a s u r e d  in magne t i c  fields up  
to 14 T y ie ld  va lues  of  s a tu ra t i on  m o m e n t  which in 
turn,  a f te r  sub t rac t ing  the  va lue  of  the  magne t i c  m o m e n t  
of  the  F e  sub la t t i ce  d e t e r m i n e d  f rom the  57Fe M 6 s s b a u e r  

effects,  p rov ide  a d e t e r m i n a t i o n  of  the  magne t i c  m o m e n t  
of  the  U and  Ni  sublat t ices .  T h e s e  resul ts  suggest  a 
modi f i ca t ion  of  the  band  s t ruc ture  o f  the  alloys in- 

ves t iga t ed  and  an a p p a r e n t  magne t i c  con t r ibu t ion  of  
the  u r a n i u m  subla t t ice .  
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