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Abstract. The magnetocrystalline anisotropy of the pseudobinary (Pr, _xNd,),Fe,,B com- 
pounds has been measured by using the singular point detection (SPD) technique. The 
measured temperature and composition dependence of the anisotropy field has been com- 
pared with the data obtained in CEF approximations using different sets of {A:}  parameters 
for Nd,Fe,,B and Pr,Fe,4B and by considering a linear combination of the anisotropy in the 
mixed system. The comparison is made by calculating the anisotropy constants, then the 
anisotropy field values, starting from the { A  :} parameters. Experimental and calculated 
data concerning the occurrence of spin reorientation transition (SRT) and of type 1 and type 
2 first-order magnetisation processes (FOMP) as a function of composition have also been 
compared. 

1. Introduction 

The intermetallic compounds R2Fe14B (R denotes a rare earth element) are the subject 
of extensive investigations in connection with high energy permanent magnets produced 
on the basis of Nd2Fe14B El]. The R2Fe14B compounds have a tetragonal structure with 
space group P4,lmnm [2]. The existence of different crystallographic sites for R and Fe 
ions and the interplay between intersublattice exchange and CEF interaction lead to the 
wide variety of the magnetic properties of this series of compounds [3-6]. 

In isostructural intermetallic compounds, with different R, the easy magnetisation 
direction is usually determined by the sign of the second-order crystal field parameter 
[7] which depends on the sign of the second-order Stevens coefficient cu,. For Pr3+ and 
Nd3+ ions aJ is negative, and both Nd2Fe14B and Pr2Fe14B present an easy c axis at room 
temperature. However when the temperature decreases a spin reorientation transition 
occurs at 135 K in Nd2Fe14B [8]. At 4.2 K the easy magnetisation direction lies in the 
plane [110] at an angle of -30" with respect to the c axis. On the other hand Pr2Fe14B 
remains easy c axis from 4.2 K to Tc [9]. In both compounds a first order magnetisation 
process (FOMP) has been observed. The FOMP is type 1 (after the transition the system is 
saturated) in Nd2Fe14B when the field is applied in the basal plane, along the [loo] 
direction at T < 200 K [lo], whilst a type 2 FOMP (system not saturated after the 
transition) has been observed below 100 Kin Pr2FeI4B with the field applied in the basal 
plane both along [loo] and [110] directions [ l l ] .  Both fourth and sixth order CEF 
parameters or anisotropy constants are required in order to explain the observed pheno- 
mena and the different behaviour of Nd and Pr compounds. 

However some contradictory data, on these systems, are still present in the recent 
literature: in some papers [12,13] the anisotropy constants K,,  K ,  and K3 were deduced 

0953-8984/90/357317 + 12 $03.50 @ 1990 IOP Publishing Ltd 7317 



7318 G Marusi et a1 

from the measurements of magnetisation curves of aligned samples (Pr, -xNdx)2Fe,,B, 
In all cases, for both the extrema, a positive value of K, was obtained. However, 
according to the theory of FOMP, a type 2process in an easy axis system must be described 
by negative K2 [ 141. 

Recently the spin structure and magnetisation curves of single crystals R2Fe14B were 
calculated using combined molecular-field and CEFapproximations [ 15,161, On the basis 
of point charge calculations and Mossbauer spectroscopy data the set of CEF parameter 
{A ;}was determined which, following the authors, describe the observed magnetisation 
curves. For Nd2Fe14B, [15-171 used practically the same set of {A;}. In the case of 
Pr2Fe14B, however, there are differences concerning not only the values, but also the 
sign of some CEF parameters. In addition it can be noted that the existence of difficulties 
in accounting for the observed magnetic properties of these systems were directly 
underlined by authors in [ 17,181 and it is evident from the analysis of the data in [ 161. 
In fact, in [18] the authors declare that CEF parameters deduced in the low-temperature 
range do not give a perfect account of the magnetisation curves above 150K. To 
obtain a good agreement the values of the parameters were reduced by 15% at room 
temperature and no explanation was found for this. The authors in [17], referring to 
Nd2FeI4B, refined the CEF parameters for each case (i.e. at various temperatures) to 
reproduce the observed phenomena. They explained the necessity for this by the fact that 
crystal-field interactions are not negligible compared to the molecular-field interactions. 
However they obtained ratios of 15 and 5 between Nd and Fe anisotropies respectively 
at 4.2 K and room temperature (RT). The analysis of experimental data gives a ratio of 
3.7 (-33%) at 293 K whilst the ratio of 15 is found to be practically correct at 4.2 K. In 
[16] it is evident from figures 10 and 11 that the calculated values of H A  at 290 K are 
about 30% larger than those measured in Nd2FeI4B and Pr2Fel,B. It is worth noting that 
in [17] and [18] the possibility of a canting between sublattice magnetisation was taken 
into account and that in [16] the effects of excited J multiplets were considered. 

The exclusive single-ion origin of the anisotropy in both Nd2Fe,,B is questioned in 
[ 191 where, from the analysis of experimental data it is inferred that a two-ion mechanism, 
connected with anisotropic exchange is responsible for the 45% of the anisotropy in this 
compound. 

In the present work, the measurements of the temperature and composition depen- 
dence of the anisotropy field of pseudobinary (Pr, -xNd,)2Fel,B compounds, performed 
by using the singular point detection (SPD) technique, are presented. With the aim of 
verifying if the R sublattice anisotropy has a pure crystal field origin (single ion) the 
values of the anisotropy field, measured at different temperatures and compositions, 
were compared with the values obtained in the CEF approximation using some available 
sets of {A ;} parameters for Nd2Fe14B and Pr2Fe,,B and considering their linear com- 
bination for the mixed system. In order to calculate the anisotropy the following pro- 
cedure was used: starting from the {A;} parameters, the values of the corresponding 
anisotropy coefficients K ;  at 0 K were derived (see equation (4)). Their temperature 
variation was obtained using the quantum analogy of the 1(f + 1)/2 power law (see 
equations (5-8)). At any temperature it was thus possible to derive the values of the 
anisotropy constants of the R sublattice (3). After the addition of the phenomenological 
anisotropy constant of the Fe sublattice both the anisotropy field values (4) and the 
temperature of the SRT ( K ,  = 0) were calculated and compared with the experimental 
data for different compositions and temperatures ( H A ) .  The present phenomenological 
procedure to verify the origin of the magnetic anisotropy is based on the assumption 
that, in the case of single ion origin of the R anisotropy, both a linear dependence of the 
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Table 1. Lattice constants and anisotropy field at 293 K and TSR of (Pr, -,Nd,),Fe,pB. 

H A  W e )  
X a ( &  c(A) ( T =  293 K) TsR (K) 

0 8.813 12.255 87.7 - 
0.2 8.812 12.255 89.3 - 
0.4 8.812 12.249 88.5 50t 
0.6 8.811 12.239 86.9 86 
0.8 8.811 12.230 86.3 112 
1 8.809 12.225 82.5 135 

t Extrapolated value. 

anisotropy on composition and a temperature dependence following the f(1+ 1)/2 power 
law are expected to be valid [20]. 

This approach was chosen because the calculation of HA and the evaluation of the 
SRT are very simple when done using the anisotropy constants. Furthermore exper- 
imental and calculated data concerning the occurrence of type 1 and type 2 FOMP, such 
as the composition dependence of the onset temperature and the critical field values can 
be easily compared using the phenomenological description. 

2. Experimental details and results 

A series of (Pr,-xNd,)2Fe14B compounds with x = 0, 0.2, 0.4, 0.6, 0.8 and 1.0 were 
prepared by melting the constituents under argon atmosphere in an induction furnace. 
All ingots were annealed at 1100 "C in argon gas for 10 h. X-ray diffraction, met- 
allographic analysis and TMA showed that all the samples were essentially single phase 
with no more than 3% of &-Fe phase. The lattice constants of all compounds are listed 
in table 1. 

The anisotropy ( H A )  and critical field of the FOMP (ElCR) were measured as a function 
of temperature and composition by using the SPD technique [21] in oriented powder 
specimens. The shape of observed SPD signals at 77K are shown in figure 1. The 
difference between the SPD signals of Nd2Fe14B and Pr2Fe14B are associated with the 
different types of FOMP present in Pr and Nd compounds. It can be seen that all com- 
pounds except (Pr0,8Nd0,2)2Fe14B display a FOMP at 77 K. A type 1 process is observed 
for x = 1, 0.8, 0.6, 0.4 whilst a type 2 FOMP is observed in Pr2Fe14B. The FOMP onset 
temperature was found to decrease with increasing Pr content from T = 220 K for x = 
1 to T -- 160 K for x = 0.4. The temperature dependence of the critical field of the 
transition is reported in figure 2(a). On the other hand the SPD signal of all compounds 
at room temperature is typical of an easy c axis ferromagnet. The temperature depen- 
dences of the anisotropy fields H A  are shown in figure 2(b). At room temperature an 8% 
variation in the H A  values is observed along the series (see table 1). As the temperature 
decreases, however, H A  in Pr2FeI4B increases more rapidly than in Nd2Fe14B. It is worth 
noting that due to the experimental conditions, as usual, only one of the two expected 
peaks relative to the two hard directions in the basal plane [loo] and [110], was detected 
in the SPD spectrum. This peak corresponds to the lower field value which is H A  (or HCR) 
along [ 1001 for both Pr2Fe14B [ 111 and Nd2Fe14B [ 101 even if in the latter case the direction 
[loo] corresponds to the hard direction in the basal plane. 

The temperature of the spin reorientation transition axis to a cone, which takes place 
at 135 K in Nd2Fe14B, decreases linearly with increasing Pr content (see table 1). TSR 
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M 100 150 200 250 

H (kOe) 

Figure 1. SPD signals d2M/dH2 against H at 
7 7 K  from various sample compositions in 
(Pr, -xNdx)2Fe~4B. 

was determined by measuring the initial susceptibility of oriented powder specimens in 
a magnetic field of 50 Oe. 

In the next paragraph a description of the observed phenomena in terms of anisotropy 
constants, calculated from CEF parameters, will be given. 

3. Analysis 

The usual phenomenological expression for the anisotropy energy of a tetragonal system, 
in terms of anisotropy constants, is: 
E A  = K, sin2 8 + (K2 + K; cos 4 q )  sin4 8 + (K, + K; cos 4q) sin6 8 + . . . (1) 
where 8 is the angle between the magnetisation vector M s  and the c axis, q is the angle 
between the projection of M s  in the basal plane and the [loo] direction. An alternative 
expression for EA is that in terms of anisotropy coefficients using the orthonormal 
Legendre polynomials: 

= K;P;(COS e )  cosmq 
n . m  

= k!P! + kip! + k:PO, + ( k i p !  + k2Pif) COS 4q. 
There is a simple relationship between anisotropy constants Ki in (1) and anisotropy 
coefficients k r  in ( 2 )  [22 ] :  

K ,  = -[#kq + 5kS + 9 kO,] K; = h[k: + 5k%]  

In such a phenomenological description the anisotropy constants (or coefficients) are 
relative to the overall anisotropy. 
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Figure 2. ( a )  Temperature and composition dependence of the critical field HCR in 
(Pr, -xNd,)zFe14B. (b)  Temperature and composition dependence of the anisotropy field H A  
in (Pr, - xNd,)zFe 14B. 

In the case in which the exchange energy of Fe-R is much larger than the CEF 
potentials energy of the R ion, Legendre polynomials are classical equivalents of Stevens 
operators. Therefore at 0 K the coefficients k: are connected directly to the CEF par- 
ameters [16,23-251: 

ky = B F ( 0 ; )  = @n(rg)(O;)Ay (4) 
where O2 = a,, O4 = pJ, O6 = yJ are Stevens parameters, ( r z )  is the average of the nth 
power of the 4f shell radius calculated respectively in [26] and [27], (0;) are the expec- 
tation values of Stevens equivalent operators tabulated in [26]; A: are the CEF 
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parameters, being 

H C E F  = B y O r  
n.m 

the Hamiltonian which describes the cminteractions of R ions, in the ground J multiplet. 
It should be emphasised that the anisotropy coefficients, as derived from (4), describe 
the rare earth sublattice anisotropy. 

The temperature dependence of the anisotropy coefficients k r  , obtained by (4) at 
0 K, can be determined either by using the functions L,(x) = k!(T)/k!(O) described in 
[25] or by directly using the 1 ( 1 +  1)/2 power law, which was shown to be valid in almost 
all the ferromagnetic range, in the case of single-ion anisotropy [20]. L,(x) functions are 
the quantum analogues of hyperbolical Bessel functions, which are used in the Callen 
and Callen theory [20]. 

In the molecular-field approximation, for a two sublattices ferromagnet, the argu- 
ment of the L,(x) functions is: 

X ( T )  = [gJpBJHm(T)I/KB ( 5 )  
where H,( T )  is the molecular field due to the Fe sublattice acting on the total moment 
J of the R ions. It is reasonable to assume that Fe-R exchange interaction does not affect 
the Fe sublattice magnetisation and that R-R interaction can be deglected, thus the 
temperature dependence of H ,  is given by: 

H m ( T )  = Hm(O)a&(T) (6) 
where a&( T )  = oFe ( T)/oF, (0) is the reduced magnetisation of Fe sublattice and can be 
deduced from the data of Y,Fe,,B. The intersublattice molecular-field parameter is 
defined as: 

E O  = [gJpBJHm(o)l/KB (7) 

X(T) = [Eo4e(T)I/T. (8) 

thus 

Using the values of the crystal field parameters at OK taken from [15-171, the 
temperature dependence of Fe sublattice magnetisation as in Y2Fe,,B [28] and mol- 
ecular-field parameters taken both from [15, 161, we calculated the values of the ani- 
sotropy coefficients k;  at 0 K (using (4)) and their temperature dependence. In order 
to compare experimental and calculated data of the ( R  ;-xR:)zFe14B pseudobinary 
system, the assumption that the resultant anisotropy is a linear combination of Nd2FeI4B 
and Pr2FeI4B contributions was made, that is: 

(k7)Pr(,-xpd,Fe14B = (k?)NdzFeljBX+ (kr)PrzFe14B(1 - x> (9) 
which can be considered a reasonable approximation in the case of a single-ion origin of 
the R sublattice anisotropy. 

In order to calculate the temperature dependence of the coefficients k r  , using the 
power law directly, the R sublattice magnetisation was obtained by subtracting the 
magnetisation of the Y,FeI4B compound from the overall saturation magnetisation. 

The anisotropy constants were obtained from anisotropy coefficients using ( 3 )  and 
the anisotropy field values were calculated using the expression: 

H A  = [2K1 + 4(& 5 K ; )  + 6(K3 k K $ ) ] / M ,  (10) 
where the - and + sign refer to the [110] (cp = 45") and [loo] (cp = 0") directions 
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Table 2. Calculated anisotropy coefficients k: calculated from crystal field parameters A :: 
of[l5](a) and[16](b)forNd,Fe,,BandPr,Fe14B.Thevaluesofthemolecularfieldparameter 

have been obtained from the best fit of the anisotropy field value H A  = (2K2 + 4K2 + . . .)/ 
M s  at 293 K.  The values in parentheses are those given in [15] ( a )  and [16] (b ) .  

Pr Nd 

A:: k:: k:: A:: k:: k:: 
n m (Ka;“) (K/ion) (lo’ erg (Ka;”) (Klion) (lo’erg c w 3 )  

4 0  
6 0  
4 4  
6 4  
Efl [Kl 

( b )  
2 0  
4 0  
6 0  
4 4  
6 4  
5 0  [KI 

+ 177.5 
+3 
-7 
-1 
- 23 

+295 
-12.3 
-6.89 

0 
-29.8 

-126.56 -14.14 
-6.36 -0.71 

-41.25 -4.61 
+2.1 +0.23 

- 135.54 -15.54 
465 (452) 

-210.34 -23.5 
+26.09 +2.91 
-40.6 -4.54 

0 0 
- 175.61 -19.62 

342 (480) 

+ 306 
- 14 
-2 
+2 
- 23 

+ 295 
-12.3 
-1.84 

0 
-15.9 

-78.95 -8.86 
+17.93 +2.01 
+17.33 + 1.95 
-2.56 -0.29 

+199.25 +22.37 
634 (669) 

-76.11 -8.54 
+15.76 +1.77 
+15.94 +1.79 

0 0 
+137.74 +15.46 

651 (725) 

respectively. K 1  is actually the overall second-order anisotropy term obtained by the 
addition of that calculated for the R sublattice and the experimental Fe sublattice 
anisotropy. For the Fe sublattice an average of the K ,  values of Y2Fe14B and La,Fe14B 
was used [6]. Due to the fact that this calculation, performed using the parameter 
given in [15] or [16], gave for HA at 293 K values which were 30-40% larger than that 
measured (see below), alternative values for Eo,  which gave the correct values of H A  at 
RT for both Nd2FeI4B and Pr2Fe,4B, were also considered (see table 2). 

4. Discussion 

Comparison of the experimental data with the results of calculations show that both the 
setsof CEFparameters used account for, at least qualitatively, the presence and behaviour 
of FOMP in the pseudobinary (Pr, -xNd,)2Fe14B. In figures 3 and 4 the representative lines 
for the compositions of the various samples in terms of reduced anisotropy constants are 
reported on a particular zone of the FOMP phase diagrams reproduced from [ 141. These 
lines correspond to the temperature variation of the anisotropy constant ratios 
K;ff/Kl = x and KSff/K1 = y .  The expression Keff indicates that fourth and sixth order 
anisotropy constants contain the planar contributions K ;  and K ;  respectively (see (1)). 

In particular figure 3 refers to the [loo] direction whilst figure 4 refers to the [110] 
direction. The results shown are obtained from the data of [16] using the go deduced 
from the best fit of the H A  value at 293 K (similar results are obtained with the parameters 
and go of [ 151 or [ 171 for the Nd system). The onset of FOMP is evidenced by the crossing 
of the lines U and t for type 1 and type 2 process respectively. Considering the [loo] 
direction, present calculations evidence the occurrence of type 1 FOMP in 
(Pr, _,Nd,),Fe14B for x = 1, 0.8,0.6.  However, in contradiction to SPD measurements, 
no FOMP is expected for x = 0.4 (figures 1 and 3). A type 2 FOMP is predicted for x = 0 
and 0.2 along [loo]. However no FOMP is observed for x = 0.2 by SPD down to 77 K 
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Figure 3. Representative lines for different compositions of (Pr, -xNd,)2Fe,4B in the dia- 
gram of FOMP, in terms of reduced anisotropy constants ( x  = ( K z  + K ; ) / K , ;  y = ( K ,  + 
K ; ) / K , )  deduced for the [loo] direction in the basal plane. Thearrows indicate thedirection 
to be followed when the temperature decreases. These values have been calculated from CEF 
parameters given in [16]. 

Figure 4. Representative lines for different compositions of (Pr, _xNd,)2Fe,4B in the diagram 
of FOMP in terms of reduced anisotropy constants ( x  = ( K 2  - K ; ) / K , ;  y = (K, - 
K ; ) / K , )  deduced for the [110] direction in the basal plane. The arrows indicate the direction 
followed when the temperature decreases. These values have been calculated from CEF 
parameters given in [16]. 
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Figure 5. Temperature dependence of the calculated anisotropy field values (from data of 
[15]) in (Pr,_,Nd,),Fe,,B for the [loo] direction in the basal plane. 

(figure 1). Along [110] the type 2 FOMP is predicted to occur only in Pr2Fe14B (figure 4). 
In conclusion some disagreement between the experiments and calculations is evident 
in the composition range 0.2 s x S 0.4, that is in the Pr-rich region. 

Comparing the temperature dependence of the measured (figure 2(6)) and cal- 
culated values of H A  along [loo] from data of [15] (figure 5) it is evident that there is a 
substantial agreement for x 0.4 down to 150 K,  however some problems are evident 
in the Pr-rich side particularly when data from [16] are used; in fact the calculated 
temperature dependence of HA is much steeper than that measured. The presence of 
the FOMP does not allow for the analysis of H A  (along [loo]) below 150 K. 

The difficulties encountered in describing Pr-rich systems could be connected with 
the fact that for Pr the assumed condition that R-Fe exchange energy is much larger 
than the CEF potential energy is not true. In this instance, as noted in [29], the analytical 
expression of the anisotropy coefficients in terms of CEF parameters (4) is no longer 
valid, thus justifying the progressive disagreement between calculated and experimental 
data with increasing Pr content. An alternative explanation of the observed difficulty 
can be that the anisotropy given by Pr ions is not purely single-ion in origin. 

Using the values of the molecular-field and CEF parameters given in [ 151 and [ 161 the 
right value of TSR was obtained for the series (expressed as the temperature at which 
K1 = 0). However a value for HA at RT is obtained which is 3 0 4 0 %  larger than that 
measured in both Nd and Pr compounds (HA = 82.5 kOe for Nd and H A  = 87.7 kOe for 
Pr). On the other hand, by using go values deduced from the best fit of HA at 293 K 
together with the CEF parameters given in [15-171, an incorrect description of the low- 
temperature SRT is found. As is evident from data in figure 6, a SRT is predicted only for 
Nd2Fe14B at TSR = 90 K. However such a reorientation transition temperature is about 
40 K lower (-34%) than that observed. In addition, contrary to the prediction, a SRT 
axis to a cone has been found experimentally, at 112 K and 86 K,  for x = 0.8 and 0.6 
respectively (table 1). 

In conclusion it was not possible to find any value of the parameter go which could 
simultaneously give the correct values of the room temperature anisotropy field and of 
TSR. It was also not possible to describe correctly both the high and low temperature 
anisotropy of the system at the same time. 

It must be admitted that actual sets of CEF parameters [15-171, which express the 
single-ion anisotropy of the system, give a good general qualitative account of the various 
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Figure 6.  Temperature dependence of the cal- 
culatedanisotropyconstant K ,  (fromdataof [16]) 
in (Pr, -,Nd,),Fe,.,B. 
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0 eo 160 240 3 
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Figure 7. Temperature dependence of the cal- 
culated anisotropy constant K,'" = K2 - K ;  (from 
data of [16]) in (Pr,+,Nd,),Fe,,B. 

magnetic processes (HA, FOMP, SRT). However, the quantitative agreement is only 
partial; in fact in accounting for the TSR value an incorrect value of the room temperature 
anisotropy field value is obtained and, vice uersa, in accounting for the right H A  value, 
an incorrect TSR is found, furthermore no completely correct predictions of the occur- 
rence of FOMP as function of composition are obtained. We recall that similar difficulties 
were also expressed in [16-18]. Previous results seem to indicate that something has 
been neglected concerning the origin of the anisotropy of these compounds. A non- 
negligible contribution to the anisotropy coming from the presence of an anisotropic 
exchange energy could explain the partial failure of the previous analysis concerning 
magnetic phenomena connected with the magnetocrystalline anisotropy in 2 : 14 : 1 inter- 
metallic compounds. 

The observed difficulty in describing the anisotropy of the R sublattice in terms of 
only a single-ion contribution is also directly evident from the phenomenological analysis 
performed in Nd2Fe14B single-crystal magnetisation curves [ 101 in terms of anisotropy 
constants. Such an analysis gives the effective overall anisotropy constants of the system, 
irrespective of the origin of the various anisotropy contributions. The set of K,, given in 
[lo] and obtained from the fit of the experimental magnetisation curves, using the 
phenomenological expression (1), accounts for all the features (anisotropy, FOMP, SRT) 
observed in Nd2Fe14B. Starting from this set of anisotropy constants K,, after the 
subtraction of the Fe contribution ( K ,  of Y2Fe14B), the anisotropy coefficients k r  of the 
R sublattice were calculated by inverting (3). Making this operation for the K,, values, 
for instance, at 150 K, it is expected that, in the presence of only single-ion anisotropy, 
the application of the power 1(f + 1)/2 law for the temperature variation of the k ;  
coefficients would allow us to obtain the correct values of the anisotropy constants at 
any temperature. This hypothesis was not verified even taking into account a possible 
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Figure 8. Temperature dependence of the cal- 
culatedanisotropyconstant K,'" = K3 - K;(from 
data of [16]) in (Pr,-,Nd,),Fe,4B. 

1 
0 

modification of the K,, values which could originate from the presence of different 
contributions to the magnetic anisotropy [3O-34]. 

This analysis further supports the hypothesis that the R sublattice anisotropy cannot 
be accounted for with crystal field arguments only, that is R anisotropy has not a pure 
single-ion origin. A two-ion mechanism, connected with an anisotropic exchange can 
have a relevant part in the formation of the magnetic anisotropy in R intermetallic 
systems. 

As a marginal result of the present analysis it can be observed that the phenom- 
enological description of the anisotropy in terms of anisotropy constants proves to be 
much more sensitive to the variation of the magnetic characteristics than that in terms 
of anisotropy coefficients kT or CEF parameters {AT} .  In fact, besides K,, which is 
positive for Pr and negative for Nd at low temperature, both the high order anisotropy 
constants K2 and K3,  as obtained from data from [16], invert their sign when changing 
composition from Nd2Fe14B to Pr2Fe14B (see figures 6,7 ,8) .  This is a generally expected 
feature if a change from a type 1 to a type 2 FOMP takes place [14]. On the other hand 
in the CEF parameters description the different properties of Pr2Fe14B and Nd2FeI4B 
compounds are simply qualified by different signs of the Bg coefficients in the two 
systems. For instance, considering the occurrence of the SRT, the analysis of: 

where B %  = y , ( rg )A%,  yJ > 0 for Pr and yJ < 0 for Nd indicate that it is the positive term 
B ;  which permits the occurrence of a change in sign of K ,  (thus a SRT) in Nd2Fe14B 
( B !  and B: are negative in both systems). Furthermore the positive Bg favours the 
occurrence of type 1 FOMP inNd2FeI4B whilst when negative it determines, in conjunction 
with a negative B: term, the occurrence of a type 2 FOMP in Pr2FeI4B. 

K1 = -(QBg(OO,) + 5B$(Oj)  + 1q Bg(O8)) (11) 
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