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Abstract: The structural and magnetic properties of the off-stoichiometric (x= 0, 

1, 2 and 3) have been investigated through X-ray diffraction and magnetization studies. The lattice 

parameters, saturation magnetization and Curie temperature of the compounds were 

obtained.StructuralcharacterizationwascarriedoutbytakingX-

raydiffractionpatternsonsamplepowders.MagnetizationandCurietemperaturesweredeterminedusing

avibratingsamplemagnetometer up to an applied field of 12 kOe. All the compounds up to x= 3 are 

formed in a single-phase type hexagonal structure with the traces of α - Fe. The unit cell 

volume decreased with the addition of Co due to the smaller size of Co than that of Fe. The 

saturation magnetization and Curie-temperature values are found to increase with the addition of 

Co from130emu/g to 150emu/g and from 410K to 708K respectively. This could be due to the 

additionalCo-Co,Fe-CoexchangewhosemagnitudeislargercomparedtothatofFe-

Feexchange.Magneticallyalignedsamplepowdersindicatethepresenceof plan a ran isotropy for all 

the compounds. 
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Introduction 

 
Rare earth–iron inter metallic compounds of the type (R=rareearth) have attracted 

significant attention as possible candidates for high-performance permanent magnet materials 

[1].These compounds have been reported to crystallize in the rhombohedral type structure 

with the space group , for rare earths lighter than Gd and in the hexagonal type 

structure with the space group P63/mmc, for rare earths heavier than Tb. The Curie temperatures(

)of the compound sare low[ is reported to have a of 468 K, the highest] 
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duetothesmallexchangesplittinginthe3dbands.Inaddition,theroomtemperatureanisotropywhichispre

dominantly due to the Fe sub lattice is small and planar. Partial substitution of non magnetic 

elements such as Al, Ga, and Si for iron has been reported to cause considerable increase in the 

and magneto 

crystallineanisotropyofthesecompounds[2],[3].Thesesubstitutionalelementspreferentiallyoccupy12j

,12k,and6c(18h,18f,and6c)forFeinhexagonal (rhombohedral) structure in the order of preference. 

Interstitial modification by N/C is known to improve the as well as the magneto crystalline 

anisotropy in these compounds [4]. It has been reported that the 4p orbitals of Gahybridize with 

the 3dband of Fe to form a common4p, 3db and where as Si and Al hybridize through (3p, 3d) 

hybridization. The partial density of 

states (PDOS) of Ga extends up to the Fermi level of the 3d band, and the PDOS of Si are to some 

extent near to the  whereas PDOS of Al lies at the bottom of the 3d band, which makes them 

alter the3dbandinarelativelylesseffectivewayresultinginsmallerchangesinthevaluesof and in 

these compounds compared to the former ones [5], [6]. The magnetic properties of off-

stoichiometric compounds of the type (TM-deficient type) have been 

Investigated by Pourarian et al. [7] and (TM-Rich type) compounds by Renet 

al [8]. They have reported that due to the dual (magnetic and nonmagnetic atoms) substitution, the 

enhancement in and in these compounds with substitution was larger compared to that of 

stoichiometric 2:17 compounds. As Al, Si, and Ga substitution for Fe cause an increase in the 

Curie temperatures of the compounds, it will be of interest to investigate the effect of 

addition of these elements on the magnetic properties. As Si causes the largest increase of 

theCurie temperatures, this has been chosen. Along with this,   substitution of part of Fe by Co too 

was attempted as Co-based compounds are known to have high Curie temperatures. Thus, 

in this paper, the magnetic properties of the off stoichiometricYGdFe17-xCoxSi compounds are 

presented. 

Experimental details: 

 
The (x = 0 - 3) compounds were prepared using an arc furnace and in an argon 

atmosphere, starting from Y and Gd of 99.9% purity, Fe and Si of 99.95% purity, and Co 
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of99.99% purity. The constituents were melted several times to ensure homogeneity. 

Theingotswereannealedinvacuum[      torr]at for seven days and furnacecooled. Structural 

characterization was done by taking X-ray diffraction (XRD) patterns on sample powders 

employing Fe-Kα radiation. Magnetization and Curie temperatures were determined using 

vibrating sample magnetometer (Model No PAR 155) up to an applied field of 12 kOe. For the 

determination of easy magnetization directions (EMDs), the sample powders were mixed with 

epoxy resin and were aligned in the presence of a magnetic field of 2.5 T applied perpendicular to 

the substrate.XRD patterns were taken on these compounds to determine the EMD. 

Results and discussions: 

 
X-ray diffraction patterns (Fig.1) show that all the compounds are for medin hexagonal ( ) 

structure as shown by the representative planes in Figure 1. The lattice parameters calculated 

aregiveninTableI.ThereisadecreaseintheunitcellvolumewiththesubstitutionofCoforFein 

compounds which could be attributed to the small era to mic size of Co compared to that 

of  Fe. 
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Fig.1.X-raydiffractionpatternsof (x=0, 1, 2and3) compounds. 
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Compound a(Å) c(Å) V(Å3) MS 

(emu/g) 

TC(

K) 

 

 8.61 8.4 622 130 410 

 

 8.59 8.39 619 134 573 

 

 8.58 8.37 616 146 637 

 

 8.56 8.35 611 150 708 
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Table:1.latticeconstants,saturation magnetization,andCurie-temperaturein

 (x=0,1,2And3)co

mpounds. 

Themagnetizationmeasurementsdoneat300KareshowninFigure.2.Thesaturationmagnetizationvalue

sweredeterminedfromHondaplotsandaregiveninTableI.Thevalueof  isseen toincreasefrom 

130emu/gfor to150 emu/gfor .Thisincrease in could be due to the 

exchange between Co and Co and Fe and Co moments inadditiontoFe-Feexchange,basedonthe 

rigidbandmodel. 
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Figure.2.Magnetization curves ofYGdFe17-xCoxSicompounds measuredat80K. 
 
 
TheCurietemperature( )valueswere determinedfromMversusTmeasurements(Figure.3)inthe 

presence of a magnetic field of 100 Oe. These values are found to increase to a large extent 

ofabout 288K from 410 K for to 708 K for . The strong ferromagnetic Fe–

Co and Co–Co exchanges whose magnitudes are more than that of Fe–Fe exchange may cause 

theincrement. 

 
This increase in values can also be explained on the basis of Friedel model [9], in which 

theinteraction between two magnetic moments would be strong and ferromagnetic if the distance 

―‖betweenthemissmallerthanthedistance―‖ coveredbythemainpeakoftheFriedeloscillations,i.e.,(
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.Incompoundscontaining3dtransitionmetals,ithasbeenestablished 

that the magnetic coupling is governed mainly by the nearest-neighbor interactions and that 

isproportionaltothelatticeparameters. 
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Figure.3.Temperaturevariation ofmagnetization ofYGdFe17-xCoxSicompoundsmeasuredat100 Oe. 
 
Similarly, it has been shown that    is inversely proportional to the    band Fermi wave vector, 

.For the 3d band in the compounds, is large. Substitution of Si decreases the holes in 

the3d band and hence decreases . Since the substitution of Si and Co brings about the reduction 

inthe lattice parameters, there is hence an increase in the value of   and . Thus, the 

dualsubstitution of both Si and Co seems to improve the magnetic properties more effectively than 

thesingle substitution. 
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Figure.4.X-raydiffraction patternsofaligned YGdFe17-xCoxSicompounds. 
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The EMD of all the compounds were determined by taking the X-ray diffraction patterns on 

thealigned sample powders. Fig. 4 shows the XRDpatterns for the aligned powders. It is 

observedthat only two reflections (300) and (220) are seen. If the EMD is parallel to the ab-plane 

then only(hk0)reflectionswillbeseen,andiftheEMDisalongthecaxisthenonly(00l)reflectionswill 

be intense. From the XRD patterns taken on the aligned samples shown in Fig. 4, the presence 

ofplanaranisotropyinthesecompoundsisseeninallthecompounds.Thus,thecombinedeffectofSiandCo

does notseemtocause anyconsiderablechangeintheanisotropy. 

 
Summary: 

 
The structural and magnetic properties of were studied by X-ray diffraction 

andmagnetization measurements. All the compounds are formed in hexagonal structure. Decrease 

inthe cell volume is due to the smaller size of Co compared to that of Fe. There is a 

significantincrease in the values of and in these compounds which are attributed to the 

additional Fe–Co,Co–Coexchanges along with Fe–Fe exchange,and alsoto the dual substitution of 

both CoandSiatoms. 
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