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Abstract 

In this work, we present the results of the substitution of aluminum for iron in Pr2Fe17' 
The polycrystalline Pr2Fe17-xAlx samples (x = 0, (l25, (L5, (L75 and 1) were prepared 
by arc melting under a high purity argon and homogenized at 1373 K for one week to 
minimize the amount of other possible impurity phases, The samples were characterized 
using powder X ray diffraction (XRD) and were refined using Rietveld method with Full­
prof program, The lattice parameters increases with the Al content (from a = 8,5646 A 
and e = 12A394 A, for x = 0, to a = 8,6194 A and e = 12,5163 A, for x = 1) and all the 
samples crystallize in the R3m of the Th2Zn17, \Ve can explain this increasing by the 
largest covalent radius of Al compared to Fc, In addition, we have shown that the Al 
substitution of Fe increases Tc from 285 K (for x = 0) to 361 K (for x = 1) due mainly 
to the magnetovolurnic effect, The magneto caloric effect (MCE) of these compounds 
has been investigated by measuring their magnetic properties, The magnetic entropy 
variation decreases slightly from 5,51 Jkg-1K-1 to 4,71 Jkg-1K-1 under a magnetic field 
change of 0 - 5T 

Introduction 

Interrnetallic compounds of the type of R2Fe17 (R: rare earth) arc considered as very 
attractive systems because of their interesting magnetic properties useful in permanent 
magnets or magnetic recording applications [1, 2, 3], Due to the large magnetic moment 
of Fe atoms and their compare low Curie temperature (Tc), they have drawn attention 
as promising materials for room temperature magnetic refrigeration technology In the 
last decade, magneto caloric materials have received considerable attentiOlL The current 
interest has been on magnetic refrigeration ncar room temperature which is energetically 
more favorable [4], The MCE is an intrinsic property of magnetic materials described for 
the first time by vVarburg [5], The Praseodymiurn-based 2: 17 compounds crystallize in 
the rhombohedral R3m space group Th2Zn17 type structure, The Fe atoms occupy four 
inequivalent crystallographic sites (6e, 9d, 18! and 18h in the vVyckoff site notation) and 
a unique 6e site is occupied by PI' [6], Pr2Fe17 compound have sorne advantages, such as 
a maximum of 6,SlvI around room temperature, In this work, we present the structural 
results and magnetic properties of Pr2Fc17-xAlx alloys, 
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Experiment 

Thc alloys with starting composition Pr2Fc17 wcrc prcparcd by co-melting thc high pu­
rity elements in an induction furnace under an atmosphere of high purity Ar. The raw 
matcrials wcrc uscd in thc form of ingots with puritics of 99.9% for Pr and for Fe. Thc 
polycrystalline Pr2Fe17-xAlx samples (x=O, 0.25, 0.5, 0.75 and 1) were prepared by arc 
melting. All ingots wcrc wrappcd on tantalum foil, homogcnizcd in thc high-purity argon 
atmosphcrc at 1373 K for onc wcck to minimizc thc amount of othcr possible impurity 
phases followed by quenching in water. The crystal structure was studied by means of 
a Bruckcr X-ray diffraction (XRD) and was dctcrmincd using Rictveld mcthod [7]. vVc 
have completed this structural characterization by magnetic and magneto caloric study 
in order to follow the effect of Al substitution for Fe on Curie temperature and mag­
nctic cntropy changc. It was mcasurcd using Physical Propcrtics Mcasurcmcnt Systcm 
PPMS9T Quantum Design equipment. The 1I!I(H) curves were plotted at T= 10 K and 
around 295 K with a maximurn applicd field of 90 kOc on sample in cpoxy rcsin. Curic 
temperatures were determined from the 1I!I(T) curves. 

Results and discussion 

Structurc analysis 
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Figurc 1: Rictveld analysis for Pr2Fc1675Alo25 ingot. 

Figurc.1 shows, as an cxample, thc XRD diagram of thc of Pr2F<~1675Alo.25 ingot. Thc 
Rietveld refinement performed for the alloys show that the compound is single phase with 
thc rhombohcdral Th2Zn17-typc structurc (spacc group: R3m) with unit ccll paramctcrs, 
a= 8.5760 Aand c= 12.4518 A. The lattice parameters, the atomic positions, RB and 
factors, obtaincd from thc bcst rcfincmcnt arc givcn in table 1 for thc diffcrcnt aluminum 
contcnt valucs (x) of Pr2Fc17-xAlx. At small Al contcnt 0 :Sx:S 1 , most of Al atoms 
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occupy the 6c site which has the largest vVigner-Seitz cell volume and the largest average 
site bond length. 

It can be seen also that cell parameters for Pr2Fe17-xAlx increase with Al content 
while c/ a is almost constant. The partial substitution of iron by aluminum resulted in 
a variation of the lattice parameters of our compounds and therefore, an increase of cell 
volume. The atomic radius of aluminum being greater than iron one, we would expect 
this evolution of crystallographic parameters. 

Table 1: Structural properties of nanocrystalline Pr2-xDYxFe17 for (x 
0.375 and 0.5) 

x a(A) c(A) cia V(A3 ) x2 RB 
0 8.5646(3) 12.4394(1) 1.452 790 1.59 3.08 

0.25 8.5760(2) 12.4518(6) 1.452 793 1.38 4.5 
0.5 8.5867(6) 12.4657(14) 1.452 795 1.14 4.676 

0.75 8.6078(4) 12.4960(8) 1.452 802 2.92 10.79 
1 8.6194(6) 12.5163(10) 1.452 805 1.91 8.33 

Magnetic properties and magneto caloric effect 
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Figure 2: Isothermal magnetization of Pr2Fe16All in a field up to 5T in different tem­
perature. 

The value of Tc has been estimated from the minimum of the temperature derivative 
of the magnetization, dM/ dT, vs. temperature [8]. vVe have shown that Tc increases 
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from 285 K. for x=O. to 361 K. for x=1. The relative increase of Curie t.emperat.ure 
/::"10/10 is around 27 % per Al atom. The magnetization isotherms !v!(H) measured at 
different temperatures, ranging bet.ween 255 and 310 K wit.h a step of 5 K, are presented 
in figure 2 for Pr2 Fe16sAlo5 alloy. 

The magnetization vs. applied magnetic field, !v!(H) curves, shows a similar trend 
for the compounds. The saturat.ion magnetization, Ms , has been est.imat.ed at. 10 K 
from the fit of the !v! (H) in the high applied magnetic field range ( 2-5 T) using a 
common approach to saturation law !v! = iVls + a/ H2 It. can be seen t.hat. the satura­
t.ion magnetization increases upon Al substit.ution reaching a maximum for x=O.5. t.hen 
decreases. 
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Figure 3: The Arrott plot.s of Pr2Fe1675Alo25. 

Figure 3 shows t.he Arrott plots of Pr2Fe16.75Alo.25. It confirms t.he second-order 
magnetic transition in these compounds. Negative slop or S-shaped Arrott plots near 
Tc means t.hat. the phase t.ransition take place in first. order. However. posit.ive slop and 
linear behavior near l'c means that the magnetic phase transition is of second-order. No 
first order phase transition was observed in the R2Fe17. 

Magnet.ic entropy change, /::,.S M was det.ermined as a funct.ion of t.emperature T and 
the applied magnetic field H through the numerical integration of the isothermally mCH­
sured !v!(H) curves [9]. In fact, in order t.o calculate/::,.SM at a given temperature, a 
numerical int.egration of two consecut.ive !v1r( H) isotherms around such t.emperature and 
the numerical derivative with temperature is performed. The results from these calcu­
lations allow us to obtain the evolut.ion of ?SM wit.h temperat.ure and/or applied field. 

Figure4 illust.rates the magnetic entropy change, /::"SM , deduced from !v!(H) of 
Pr2Fe165Alos as a function of temperature and the external field change. 

A summary of magnetic characterization of the intermetallic Pr2Fe17 -xAlx is given 
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Figure 4: Magnetic entropy change 6.SlvI vs temperature around the Curie temperature 
for Pr2Fc165Alo5 

in table 2. One can see that the magnetic entropy change decreases from 5.51 Jkg-1 K-1 

(x=O) to 4.71 Jkg-1K-1 (x=l) under a magnetic field change of 0 - 5T. The saturation 
magnetization !vIs incrcascs upon Al substitution rcaching a maximurn for x=O.5, thcn 
decreases for x=0.75 and x=1. 

Table 2: Results of the magnetic characterization of the Pr2Fe17-xAlx Curie temper­
ature, magnetocristalline anisotropy, saturation magnetization Ms at 10 K and corre­
sponding valucs of mcan magnctic momcnt pCI' formula unit. 

x 0 0.25 0.5 0.75 
Tc (K) 285 299 314 340 361 

Ms (cmu.g-1) 165 168 170 163 161 
Ms (PB/fu) 36.3 36.8 37 36.1 34.6 

6.SlvI (Jkg-1 K-1) 5.5 4.9 4.9 4.2 4.2 
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Conclusion 

The structural and magnetic properties of Pr2Fe17-xAlx interrnctallic compounds were 
performed. The influence of the Al subst.itut.ion for Fe on t.he magnetic behavior of 
the Pr2Fe17 compounds with 0 :Sx:S 1 was investigated. A single rhombohedral Th2Zn17 
phase was obt.ained aft.er one week heat. t.reatment. at 1373 K for arc melting samples. The 
crystal structure of the parent Pr2Fe17 was found to remain conserved for Pr2Fc17-xAlx 
compounds and crystallized in rhombohedral with a space group R3m. The unit-cell 
volume V increases linearly at. a rate of about 15 A3 per Al atom. Upon aluminum 
substitution, a considerable increase of 'I'c was observed. The values of Curie temperature 
are between 285 and 361 K. The entropy change 6.SM bet.ween 0 and 5 T was calculated. 
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