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Compounds in the series Sm2Fe14_xCoxAI3 ( x=  0, 1,2, 3, 4 and 5) have been shown to be of the 
Th2Zn17 structure. The Curie temperature is found to increase monotonically from a critical 
temperature, Tc equal to 471 K for the x=0  sample, to Tc=681 K for the x=5  sample. X-ray 
diffraction measurements of magnetic field oriented powders showed that all compounds exhibit 
a room temperature uniaxial anisotropy. Magnetization measurements show that the magnetic 
anisotropy of Sm2Fe14AI3 can be increased substantially by the substitution of even a small 
quantity of Co for Fe. Results are discussed in terms of possible applications of these compounds 
as particulate recording media. 

1. Introduction 
The hard magnetic properties of the rare earth iron 
compounds of the composition R2Fe17 have been 
studied extensively in recent years. These materials 
can be formed as single phased compounds across the 
entire rare earth series [1], and show high values of 
saturation magnetization [2]. Typical properties of 
these compounds include relatively low Curie temper- 
atures [3] and easy plane anisotropy at room temper- 
ature. In fact none exhibit an easy axis anisotropy at 
room temperature and with the exception of TmzFel v, 
which exhibits an easy axis anisotropy below 72 K 
[4], there is no clear evidence in any R2Fe~7 binary 
compound for a spin reorientation transition at low 
temperature. In order to increase the Curie temper- 
ature of these materials and to induce room temper- 
ature uniaxial anisotropy, a number of investigations 
concerning the substitution Of other elements into the 
R2Fel 7 structure, or the preparation of materials with 
interstitial atoms, have been undertaken. While the 
substitution of Co, Ni and Si for Fe [5-8], as well as 
the introduction of interstitial hydrogen, nitrogen and 
carbon [9-14], in many of these materials will sub- 
stantially increase the Curie temperature, only a few 
cases of room temperature uniaxial anisotropy have 
been reported. Wang and Dunlap have shown that 
substitution of AI or Ga for Fe in Sm2Fe17 can intro- 
duce uniaxial anisotropy [15, 16]. As well, the intro- 
duction of interstitial carbon and nitrogen has been 
shown to yield uniaxial anisotropy in the case of 
Sm2Fe17C r (y > 0.5) and Sm2Fe~ 7Ny (y > 0.8) [9, 12]. 
In some cases (e.g. for interstitial hydrogen) it has been 
shown that compositional changes that are advant- 

ageous in increasing the Curie temperature are detri- 
mental to the formation of uniaxial anisotropy [17]. 
Recent studies of Sm2Fet 7 - xAlx compounds [15-17] 
have shown that a room temperature uniaxial anisot- 
ropy is produced for x >~ 3, and that the Curie temper- 
ature is a maximum for x = 3. Here new results are 
reported concerning investigation of the magnetic 
properties of Sm2Fel,~-xCo~A13 compounds. These 
studies demonstrate that the Curie temperature of 
Sm2Fe14A13 can be increased substantially by the 
substitution of small quantities of Co for Fe while 
simultaneously increasing the saturation magnetiz- 
ation and the magnetic anisotropy. The measured 
magnetic properties of these compounds suggest that 
they are suitable materials for use as recording media 
and possible applications in this area will be discussed. 

2. Experimental procedure 
The compounds Sm2Fe14_xCoxA13 (with x = 0, 1, 2, 
3, 4, 5) were prepared by arc melting high purity 
elemental components, followed by annealing at 
1273 K for 72 h and quenching into ice water. Ingots 
were then ground to yield powder samples. 

Room temperature X-ray diffraction measurements 
were made using a Siemens D500 scanning dif- 
fractometer with CuK= radiation. Magnetic aniso- 
tropy studies were undertaken using X-ray diffraction 
methods on samples which had been field oriented. 
Powders with particles of diameter 125 ~tm or less 
were mixed with epoxy resin and aligned at room 
temperature in an external field of 1.0 T. 
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Curie temperatures were obtained from calorimetry 
measurements carried out on a Fisher Series 300 
quantitative differential thermal analyser. Magnetiza- 
tion measurements were made at 10 K in applied 
magnetic fields up to 3.0 T using a Quantum Design 
superconducting quantum interference device 
(SQUID) magnetometer. 

Curie temperatures measured for the Sm2Fe~4_~ 
CorAl3 series of alloys are shown as a function of 
composition in Fig. 2, and indicate that the substitu- 
tion of Co for Fe results in a consistent and substantial 

TABLE I Lattice parameters obtained from X-ray diffraction 
studies of single phase Sm2Fe14 C o A l  3 compounds with the 
Th2Zn~ ~ structure 

3 .  R e s u l t s  
A room temperature X-ray diffraction pattern of the 
Sm2FeloCo4Ala compound is illustrated in Fig. la. 0 
Indices of the major peaks for the rhombohedral  1 

2 
Th2Zn~ 7 phase are indicated in the figure. No signific- 3 
ant diffraction from impurity phases is observed. Dif- 4 
fraction patterns of the other alloys studied in the 5 
present work show that these alloys are also single 
phase compounds of the rhombohedral  Th2Zn~7 
structure. Lattice parameters, as derived from the 
present measurements, are given in Table 1. The lattice 
parameters are seen to decrease with increasing Co 7oo 
content. This change occurs isotropically as evidenced 
by the fact that the c/a ratios are independent of 
composition. ~,o 

A typical room temperature CuK~ X-ray diffraction 
pattern obtained for the SmzFe~4-~Fe~Ala com- ~ aoo 
pounds after alignment in an applied magnetic field of Q .  

E 1.0 T is illustrated in Fig. lb. Indices of the existent 
diffraction peaks are shown in the figure. X-ray dif- -~ 

o 

fraction patterns of the other compounds studied here .= 5oo - . - .  

showed the existence of the same peaks as seen in Fig. tJ 
lb. The characteristic magnetic anisotropy of the 
sample is determined on the basis of the X-ray peaks 
present. The present results indicate an alignment of 
the samples along the c-axis and are consistent with 40r 
the existence of a uniaxial anisotropy in all samples. 

X a (nm) c (rim) c/a 

0.8642 1.2562 1.453 
0.8641 1.2531 1.450 
0.8624 1.2527 1.452 
0.8609 1.2515 1.453 
0.8595 1.2506 1.454 
0.8595 1.2486 1.452 
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Figure 2 Composition dependence of the measured Curie temper- 
ature of SmzFe14_xCo.Al 3 compounds. 

4 

r  

r  

CO 

]- 

(a) 

CO 
0 
CO 

0 
t',l 

(',,I 

0 
0 

CO 
09 ~ 0 

~ | ~  0 
C',I! CO 

~0 
0 
0 

(b) 
I I I I I 

20 40 60 80 

20 (deg) 

Figure 1 Room temperature CuK~ X-ray diffraction pattern for 
Sm2FeloCo4A13: (a) unoriented and (b) field oriented. Indices for the 
ThzZn~v phase are indicated, 
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Figure 3 Easy axis ( - - )  and hard axis (- - -) magnetization curves 
obtained at 10 K for the compound Sm2Fel 1Co3A13. 
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Figure 4 Composition dependence of the saturation magnetization 
(measured in an applied field of 3.0 T) of the Sm2Fe~4_.Co~AI3 
compounds obtained at a temperature of 10 K. The solid line is not 
a fitted curve. 
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Figure5 Composition dependence of the coercivity of the 
SmzFe14-~Co~A13 compounds obtained at a temperature of 10 K; 
easy axis (0) and hard axis (o) data are shown. 
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Figure 6 Composition dependence of the values of A~ro of the 
Sm2Fe14-=CoxAla compounds at 10 K. 

increase in magnetic ordering temperature. Magneti- 
zation measurements were made at 10 K for mag- 
netically aligned samples oriented in both the easy and 
hard magnetic directions, as illustrated in Fig. 3. 
Values of the saturation magnetization have been ob- 
tained from easy axis magnetization curves and are 
shown as a function of compound composition in 
Fig. 4. The results show that the addition of small 
quantities (i.e. x = 1) of Co to the present compounds 
increases the magnetization, although further in- 
creases in the Co content have a comparatively small- 
er effect. As well, hysteresis loops as obtained from 
easy axis magnetization measurements have yielded 
values of the coercivity as illustrated in Fig. 5. The 
coercivities of these compounds are relatively small, 
typically of the order of 0.01 T. The difference between 
the easy axis magnetization and the hard axis magnet- 
ization, Ao = g,a~y - (&,ra, has been extrapolated to 
zero applied field. This is a measure of the magnetic 
anisotropy and is illustrated in Fig. 6. The present 
results indicate a consistent increase in the anisotropy 
field as Co is substituted for Fe in these compounds. 

4 .  D i s c u s s i o n  
The uniaxial anisotropy observed for all compounds 
studied in this work may be compared with the results 
for SmzFe17, which exhibits an easy plane anisotropy 
at room temperature. In contrast to earlier reports I-7] 
that the substitution of A1 or small amounts of Co for 
Fe in SmzFel7 does not alter the planar anisotropy; 
previous investigations of Sm2Fezv_rAly [15] and the 
present results on the SmzFe~4-~CoxAla series of 
compounds clearly show that uniaxial anisotropy is 
developed in alloys with sufficient A1 and Co content. 
In many cases previous studies have dealt with limited 
ranges of compositions and in some cases the mag- 
netic anisotropy was not considered carefully or was 
assumed to be planar on the basis of other studies. 

The net anisotropy in the R2Fe17 compounds is 
determined by the sum of the Fe sublattice anisotropy 
and the rare earth sublattice anisotropy [3, 10, 11, 18]. 
Since the Fe sublattice exhibits a planar anisotropy, 
a uniaxial anisotropy of the rare earth sublattice is 
necessary to yield a material with a net easy axis 
behaviour. A uniaxial anisotropy exists when the 
product of the second order Stevens coefficient, %, and 
the second order crystal field parameter, A ~ is neg- 
ative. As A ~ is typically negative in the 2' 17 com- 
pounds 1-3, 10], it is in cases where the second order 
Stevens coefficient is positive that easy axis anisotropy 
is favoured. This explains the tendency for Sm (which 
has positive ~j) compounds to exhibit uniaxial anisot- 
ropy, while compounds of many other rare earths with 
negative ~j exhibit planar anisotropy. Previous studies 
1,15] of Sm2Fe~7_xAlx compounds have shown that 
increasing the A1 content of the compound increases 
the magnitude of the negative A ~ and increases the 
uniaxial contribution of the Sm sublattiee to the total 
anisotropy. As Sm2Co17 shows a room temperature 
uniaxial anisotropy it is not surprising that the substi- 
tution of Co for Fe in Sm2Fe14A13 does not alter the 
uniaxial anisotropy. 

5 3 3 5  



The Curie temperature of rare earth-transition 
metal compounds is primarily dependent on the mag- 
nitude of the exchange coupling between transition 
metal atoms, JxT I-7, 8]. The generally low values of 
the Curie temperature in R2Fel 7 compounds resul~t in 
a weak transition metal exchange coupling due to the 
relatively small Fe-Fe distance in these materials. The 
increase in Curie temperature observed seen in many 
substituted rare earth-transition metal compounds 
and compounds with interstitial atoms typically res- 
ults from an increased exchange coupling correspond- 
ing to an increase in lattice parameter. 

The Curie temperature can be increased by up to 
about 80 K in SmzFe17 by the substitution of A1 for 
Fe [15]. The Co containing alloys studied here show 
that a further, substantial increase in the Curie tem- 
perature results for the partial substitution of Co for 
Fe in the Sm2Fe14A13 compound. This indicates 
a strong ferromagnetic Fe-Co coupling which in- 
creases the Curie temperature more rapidly with in- 
creasing Co content than the possible reduction in 
Tc caused by the decrease in Fe-Fe neighbour dis- 
tance. 

5. Conclusions 
In conclusion, the possible applications of the mater- 
ials studied in the present work may be considered. 
The possibility of producing commercially viable hard 
magnetic materials in cost-effective Fe-based rare 
earth compounds has been one of the motivating 
factors for much of the recent work on 2 : 17 materials; 
the present compounds are promising in this respect 
as they exhibit uniaxial anisotropy, high values of the 
Curie temperature and high saturation magnetization. 
However, the values of the coercivities observed in this 
work are, like those of many rare earth-transition 
metal compounds, relatively small. This is evidenced 
as well by the differences between the easy axis and 
hard axis magnetization curves. The materials studied 
here, however, have magnetic properties which are 
compatible with their application as particulate re- 
cording materials [e.g. 19]. The 2 : 17 Sm-Fe-Co-A1 
compounds offer certain advantages in this area: 

1. good thermal stability, 
2. relative ease of preparation, 
3. high saturation magnetizations, 
4. suitable coercivities, and 
5. relatively low cost of components. 

In this latter case the compound with x --- 1 has the 
advantage of an increased saturation magnetization 

and magnetic anisotropy over the Sm2Fe14A13 com- 
pound, while minimizing the Co content of the mater- 
ial. Increasing the Co content further increases the 
magnetic anisotropy, although it yields little benefit to 
the saturation magnetization and is clearly disadvant- 
ageous from a cost standpoint. 

The present results indicate the possibility of the use 
of these materials in particulate recording media and 
suggest the suitability of further investigations dir- 
ected towards this area of application. 
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