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Variation in the local atomic structures in (Fe, Co)-Ln-B (Ln=Nd) and Fe-M-B (M=Nb) glassy alloys was 
investigated in wide composition ranges of boron ·by the X -ray diffraction method. Distorted dense 
random network of trigonal prism-like local ordering structure around boron was identified in both alloys 
within the glassy composition region. In this network structure, Nd atoms are located between the prisms 
and Nb atoms are on the vertex site of the prisms, respectively. It is suggested that the strong chemical 
affinities of Nd-B or Nb-B and Nb-Fe. pairs with large atomic differences between the constituents 
contribute to the strengthening of the network of the prisms so as to suppress the rearrangement of the 
constituent elements on a lorig-range scale in these alloys. 
Keywords: iron-base glassy alloys, iron-niobium-boron, iron-neodymium-boron, x-ray diffraction, local 
atomic structure 

1. Introduction 

Recent fmdings of ferrous glassy alloys with a 
large glass-forming ability enable us to synthesize the 
bulk-formed soft magnetic materials. For example, by 
adding transition metal in Fe-B based system, (Fe, 
Co)-(Zr, Hf, Nb)-B [1] and (Fe, Co)-(Zr, Nb, Ta)-(Mo, 
W)-B [2] glassy alloys have been synthesized in a thick 
sheet with thickness up to 5 mm. These alloys satisfY 
Inoue's three empirical rules [3-5] for the achievement 
of high glass-forming ability, i.e., (1) the 
multicomponet system consisting of more than three 
elements, (2) the different atomic size ratios beyond 
about 12 % among the main components, (3) the 
negative heats of mixing among their elements. 
According to these rules, a new series of glassy 
Fe-Co-(Nd, Sm, Tb, Dy, Pr)-B alloys exhibiting glass 
transition and supercooled liquid state before 
crystallization was found by Zhang et.al [6-8]. In their 
glassy alloys with these rules, the existence of a kind of 
unique local atomic structure leading to the suppression 
of the nucleation and crystal growth upon heating has 
been thought. Actually, a trigonal prism-like local 
atomic structure has been reported in glassy Fe-Co-(Sm, 
Tb, Dy)-B and Fe-(Zr, Hf, Nb)-B alloys [9,10]. 
However, there is no systematic study on the variation 
of the local atomic structures with their boron 
concentration. In this paper, we intend to present the 
dependence of boron concentration on the thermal 
stability and the local atomic structure of typical 
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Fe-Ln-B and Fe-TM-B glassy alloys and to discuss the 
origin for high thermal stability of these alloys. 

2. Experimental 

Two series of glassy alloys, Fe87.xCo10Ln:J3x 
(Ln=Nd, x=16, 18, 20, 22, 26,30, 35 or 40) and 
Fe90.xTMIOBx (TM=Nb, x=10, 20 or 30), were prepared 
by single-roller melt spinning technique in an argon 
atmosphere from the master ingots of their nominal 
compositions. Thermal . sbtbility was examined by 
differential scanning calorimetry (DSC) at a heating 
rate of 0.67 K/s. Densities of the samples were 
measured by Archimedean method with toluene [11] 
for the X-ray diffraction analysis. 

The ordinary X-ray diffraction measurements 
were carried out by using monochromatic Mo Ka. 
radiation in order to obtain the local atomic structures 
of Fe87.xCo10Nd:J3x (x=16, 26, 35 or 40) alloys. The 
maximum Q-value (Q = 41tsinlNIL) of the present study 
was 150 nm·1

, which is considered to be large enough 
not to give serious truncating effect in Fourier 
transformation [12]. Scattered intensities were 
corrected for air scattering, absorption and polarization, 
and then converted to electron units per atom with the 
generalized Krogh-Moe-Norman method [12] using the 
X-ray scattering factors and the theoretical Compton 
scattering intensity. 

The anomalous X-ray scattering (AXS) 
measurements near the energy ofNb K absorption edge 



8 Local Atomic Structures in (Fe, Co )-Nb-B and F e-Nb-B Glassy Alloys studied by X-ray Diffraction 

(Eabs,Nb K = 18.9896 Ke V) were carried out in the case 
ofFew-xNb1oBx (x=l0,20 or 30) alloys at the beam line 
BL-7C in the Photon Factory of the National 

Laboratory for High Energy Accelerator Research 
Organization, Tsukuba, Japan. Two incident X-ray 

energies at 30 and 300 e V below Eabs,Nb K were selected 
in order to gain a large difference in the anomalous 

dispersion term for Nb, f 'Nb· The ordinary intensity 
profiles were analyzed by using the data at 300 e V 

below Eabs,Nb K· The obtained differential intensity 
profiles were corrected and converted to electron units 
per atom with the same way as the ordinary X-ray 
diffraction analysis. 

The ordinary or differential interference functions 
were Fourier transformed to obtain the total or 

environmental radial distribution functions. The 
least-squares calculation of Narten and Levy formula 
[13,14] for the interference function was. used to 
determine the structural parameters of coordination 
numbers (N) and interatomic distances (r) for the 
neighboring pairs. The details of the data processing 
have been already explained in previous papers [10, 12, 
15]. 
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Fig.l The DSC curves ofFe87_xCo1oNd:J3x (x=l6, 
18, 20, 22, 26,30, 35 or 40) glassy alloys. 

3. Results and discussion 

Figures 1 and 2 show the DSC curves for the 

Fes7-xCo1oNd:J3x (x=l6, 18, 20, 22, 26,30, 35 or 40) and 

Fe9o-xNb1oBx (x=l0,20 or 30) alloys. Although the 
amorphous alloys were obtained over the whole 
composition range, the glass transition followed by the 
appearance of supercooled liquid region is seen in the 
composition range of 18 to 30 at.% boron for 

Fes7-xCoioNd:J3x and 20 to 30 at.% boron for 
Fe9o-xNb1oBx alloys. The values of the glass transition 
temperature (Tg), crystallization temperature (T x) and 
t:J.Tx (=Tx -Tg) are summarized in Table I. 

Structural analyses were carried out for the 

Fes7-xCoioNd:J3x (x=l6, 26, 35 or 40) and Few-xNbioBx 
(x=l0,20 or 30) alloys. The observed densities and 
number densities for the present samples are 
summarized in Table IT. With increasing boron 
concentration, the density decreases, whereas the 
number density increases in both alloy series. 
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Fig.2 The DSC curves ofFe9o-xNb1oBx (x=lO, 20 or 
30) glassy alloys. 
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Table I The values of Tg, Tx. and 11Tx. fo the 
Fes7-x.Co 10Nd~x. (x=l6, 18, 20, 22, 26,30, 35 or 40) and 
Fe9o-x.NbtoBx (x=l0,20 or 30) alloys. 

T8 ( K) Tx( K) 6Tx( K) 

X=16 --- 793 ---
18 780 814 34 

20 798 835 37 

Fes7-xCo,oNd3Bx 
22 811 846 35 

26 843 879 36 

30 878 909 31 

35 --- 916 ---
40 --- 961 ---

X=10 --- 815 ---
F e9o-xNb, oBx 20 833 886 53 

30 934 1001 67 

Table ll The observed densities, p and· number 
densities, #D of Fe87.x.Co10Nd~x (x=l6, 26, 35, 40) 
and Fe9o-xNbtoBx (x=IO, 20, 30) alloys. 

p #D 
( Mwm3) ( atoms/run3) 

X=16 7.70 89.9 

26 7.58 96.9 
Fes7-xCo10Nd3Bx 

35 7.43 103.9 

40 7.24 106.9 

X=lO 7.96 87.1 

Fe9o-xNb!oBx 20 7.68 91.5 

30 7.54 98.6 

The ordinary interference functions Qi(Q) of the 
Fes7-xCo 10Nd~x (x=l6, 26, 35 or 40) glassy alloys are 
shown in Fig. 3. The solid and dotted curves are the 
experimental functions and calculated ones derived 
from the least-squares fitting analysis, respectively. The 
total radial distribution functions (RDFs) calculated 
from the Fourier transformation of the interference 
functions are shown in Fig. 4. The main possible 
atomic correlations ofB-Fe, Fe-(Fe,Co) and Fe-Nd are 

indexed in this figure. Similarly, the ordinary and 
differential interference functions, Qi(Q) and QruNb(Q), 
of the Fe90.x.Nb10Bx (x=IO, 20 or 30) glassy alloys are 
shown in Figs. 5 and 6, respectively. The main periodic 
features of the experimental curves of QruNb(Q) in Fig. 
6 were well reproduced by the fitting calculation with 
the environmental structural parameters around Nb. 
The total structural parameters were calculated 

combining the AXS and the ordinary X-ray analyses. 
Figure 7 shows the total RDFs of the Fe90-xNb10Bx 
(x=lO, 20 or 30) glassy alloys. The main possible 
atomic correlations of B-Fe, Fe-Fe and Nb-Fe are also 

indexed in this figure. 
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Fig.J Ordinary interference functions, Qi(Q) in 
Fe87.x.Co10Nd3Bx (x=l6, 26, 35 or 40) glassy alloys. The 
solid and dotted curves correspond to the experimental 
and calculated ones. 
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Fig.4 Radial distribution functions (RDFs) of 
Fes7-xCo 10Nd3Bx (x=l6, 26, 35 or 40) glassy alloys. The 
positions of the atomic correlations of B-(Fe,Co), 
F e-(F e, Co) and Fe-Nd are indicated by arrows. 
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Fig.S Ordinary interference functions, Qi(Q) in 
Fe90.xNb1013x (x=lO, 20 or 30) glassy alloys. The solid 
and dotted curves correspond to the experimental and 
calculated ones. 
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Fig.6 Energy differential interference functions of Nb, 
Q~iNb(Q) in amorphous Fe9o.xNb1013x (x=IO, 20 or 30) 
alloys. The solid and dotted curves correspond to the 
experimental and calculated ones. 
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Fig.7 Radial distribution functions (RDFs) of 
Fe90.xNb1013x (x=lO, 20 or 30) glassy alloys. The 
positions of the atomic correlations of 13-Fe, 13-Nb, 
Fe-Fe and Nb-Fe are indicated by arrows. 

In transition metal-metalloid amorphous alloys, 

especially in Fe-13 system, amorphous structures can be 

classified into two types, i.e. the 13ernal type and 
chemical order type by their composition [16]. When 

boron content is larger than 18 at.% in Fe-13 system, a 
kind of chemical ordering structure around boron 

becomes dominant and the .stereo-chemical model with 

the random network of the trigonal prism unit ofF e~ 
has been identified [17]. With the analogy of the 

classical amorphous Fe-13 alloys, we intend to 

characterize the present alloys by the fitted structural 

parameters, especially the coordination number of 
metals around boron. 

Figure 8 shows the coordination numbers of frrst 

nearest neighboring 13-(Fe, Co) pairs (Na.(fe,Co)) and 
~Tx in the Fe-Co-Nd-13 alloys. TheN values in Fe~ 

prism and the typical Fe8oB20 amorphous alloy [18] are 

also shown in this figure. It is noted that the Na.(fe,Co) 

values for the Fe71Co 10Nd:J316 and Fe61Co10Nd~26 
alloys are very similar to the values in these reference 

alloys, indicating that trigonal prism-like local ordering 

units of 13-(Fe, Co) may exist. The atomic distance of 

Nd-Fe pair was fitted to be 0.301 to 0.304 nm (see Fig. 

4 ). Considering the large atomic size mismatch of about 

46 %between Fe (atomic radius; r = 0.125 nm) and Nd 

(r = 0.182 nm), Nd atoms might be located at the 

second neighboring positions from 13 in the similar way 
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as tetragonal Nd2Fe1,J3 crystal and coiUlect the trigonal 

prism units of B-(Fe, Co) to form a random network of 
them. Although the prism-like structure was identified, 

no supercooled liquid region was observed in the 

Fe71Cou1Nd:J316 alloy, implying that the network of the 
prisms is not strong enough to maintain during heating 

at the lower boron concentration. As for the alloys with 
higher boron contents (x=35 or 40), the trigonal 
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Fig.8 Coordination numbers of B-(Fe,Co) pairs, Na.(Fe,Co) (open square) and /',.Tx (full circle) in 
Fes7-xCo10Nd:J3x (x=16, 26, 35 or 40) glassy alloys. The values of Na-Fe in FesoB20 and Fe:J3 are also indicated 
for comparison. 
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Fig.9 Coordination numbers ofB-Fe pairs, Na.Fe (open square) and /',.Tx (full circle) in Fe9o.xNbloBx (x=lO, 
20 or 30) glassy alloys. The values of Na.Fe in Fe8oB20 and Fe:J3 are also indicated for comparison. 
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prism-like local structure is no longer dominant 
because the average Na.(Je,Co) values are much smaller 
than those in the reference alloys. 

Figure 9 shows the variation of Na-(Fe,Nb) in the 
Fe-Nb-B alloys. We can see from this figure that the 
coordination number around boron is nearly 6 in the 
glassy alloy region, suggesting that the local atomic 
unit in these alloys is similar to the trigonal prism of 
B-(Fe, Nb), in which Nb atom substitutes for Fe at the 
vertex site of the prism. 

The prism should be somewhat distorted because 
of the rather large atomic size mismatch of about 18 % 
between Fe and Nb atoms. This feature has been 
identified in various Fe-M-B (M=transition metal) 
glassy alloys [19]. In the case of Fe8oNbuJ310 alloy, it is 
hard to distinguish the chemical short range ordered 
structure around boron. 

The significant atomic size mismatches between 
the constituents and the large chemical affinities of 
Nd-B (M/mix= -34 kJ/mol) pair in (Fe, Co)-Nd-B alloy 
or Nb-B (M/mix= -39 kJ/mol) and Nb-Fe (M/mix= -16 
kJ/mol) pairs in Fe-Nb-B alloy may contribute to the 
strengthening of the network of the prisms, leading to 
the difficulty of rearrangements of the constituent 
elements on a long-range scale in these alloys. 

4. Conclusions 

The essential structural feature of the (Fe, 
Co)-Nd-B and Fe-Nb-B glassy alloys in the 
composition range exhibiting supercooled liquid region 
was characterized as the formation of the distorted 
dense random network of trigonal prism-like local units 
around boron connected with inserted Nd or substituted 
Nb. The significant difference in atomic sizes between 
the constituents and the strong chemical affmities of 
Nd-B or Nb-B and Nb-Fe pairs contribute to the 
strengthening of the network of the prisms, leading to 
the suppression of the rearrangement of the constituent 
elements on a long-range scale in these alloys. 
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