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Introduction 

Metallic glasses have a unique combination of properties that often makes them superior to their 
crystalline counterparts, such as high strength, high corrosion resistance and good soft magnetic 
properties [1]. Fe- and Co-based amorphous alloys have been the subject of considerable research 
interest and activities for the last two decades due to the applications related to their outstanding 
soft magnetic properties [2]. The Fe-based BMGs typically exhibit a wide supercooled liquid region 
of over 40 K between the glass transition and the onset of crystallization, and good soft magnetic 
properties, such as 1.2 T for saturation magnetization and less than 2 A/m coercivity [3]. In the 
present work, the changes induced by partially substitution of Fe with Co are studied. As working 
alloy was chosen [(Fe1-xCox)71.2B24Y4.8]96Nb4 for x = 0, 0.1, 0.3 and 0.5 atomic fraction. 

Experiment 

The series of bulk metallic glasses with nominal composition of [(Fe1-xCox)71.2B24Y4.8]96Nb4 for x = 
0, 0.1, 0.3 and 0.5 atomic fraction was prepared by copper mould casting. In our work, in order to 
keep the repeatability and to have samples suitable for other measurements, we cast 2 mm diameter 
rods with a length of 60-70 mm. The structure of the as-cast rods was examined by x-ray diffraction 
in transmission geometry at HASYLAB, DESY (Hamburg, Germany), on the wiggler beamline 
BW5 at the DORIS III positron storage ring using monochromatic high energy high intensity 
synchrotron radiation of 100 keV (λ = 0.0124 nm). The samples measured were exposed for 10 s by 
a well collimated incident beam having a cross section of 1 x 1 mm2. Two-dimensional XRD 
patterns were collected using a MAR345 image plate detector (2300 x 2300 pixels, 150 x 150 µm2 
pixel size) carefully mounted orthogonal to the X-ray beam. For magnetic measurements, M-H 
hysteresis loops were measured with a vibrating sample magnetometer (VSM) at ambient 
temperature. Additionally, the density of the amorphous samples was evaluated by Archimedes’s 
law, using a computer controlled microbalance and glycol as working liquid. In order to minimize 
the errors and reject the bad data, the final values were obtained by averaging 50 experimental 
values.  

Results 

 

Figure 1: Structure factor S(q) for  as-
quenched samples. The inset shows the 
first coordination shell of the reduced pair 
distribution function G(r) together with 
interatomic bond lengths (based on the 
sum of atomic radii) and x-ray weight 
factors calculated for Q=0 Å-1. 

 



X-ray diffraction confirmed fully amorphous state of all bulk metallic samples. Figure 1 shows 
structure factors S(q) obtained from diffracted intensities. All curves look rather similar and exhibit 
broad maximum located around 3 Å-1. The inset in Fig.1 shows the first coordination shell of 
reduced pair distribution function G(r). It is seen that the Fe-Fe atomic pairs mostly determine the 
peak maximum whereas the Fe-Y atomic pairs contribute to its right shoulder. Small pre-peak 
located at 2.1Å is due to Fe-B interatomic correlations. Partially substituting Fe by Co does not 
change the shape of the first coordination shell as seen by G(r). That is mostly due to similarities 
between the two atoms in terms of their similar atomic radii and X-ray atomic scattering factors. 

The coercivity values, which are almost around 1 A/m, are typical for soft magnetic amorphous 
alloys. From Fig. 2 one can see that the loops are characteristic to very soft magnetic materials. The 
saturation increases when x = 0.1, following a descendent trend, perfectly linear, for increasing Co 
concentration. Fig. 3 shows in detail the saturation polarization, together with the density values, as 
a function of Co content. It is interesting that the maximum magnetic saturation value corresponds 
to a minimum in density. However, at first glance the density variation is striking, because the 
density of Co (i.e. 8.92 g/cm3) is higher than that of Fe (i.e. 7.86 g/cm3). More, the radii of the two 
atoms are very close (1.25 Å for Co and 1.26 Å for Fe) and one would expect a monotonous 
increase of the density as Fe is replaced by Co. This could be true in the case of crystalline 
materials, but it does not necessarily apply to amorphous structures.   

 

Figure 2: DC hysteresis loops for as-cast [(Fe1-

xCox)71.2B24Y4.8]96Nb4, x = 0, 0.1, 0.3 and 0.5 glassy 
samples. 

Figure 3: Variation of the density and magnetic 
saturation for [(Fe1-xCox)71.2B24Y4.8]96Nb4 as-cast 
amorphous samples as a function of the atomic 
fraction x. 
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