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A new Fe-based metallic glass with a larger supercooled liquid region
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Fe-based amorphous alloys are widely studied be-
cause of their lower raw material cost in preparation
and higher mechanical or magnetic properties [1, 2]
in application. Search of new Fe-based alloys with a
better glass-forming ability and a larger supercooled
liquid region (�Tx, defined by the temperature inter-
val between crystallization temperatures Tx and glass-
transition temperatures Tg) is of great interest because
it can widen application and improve thermal sta-
bility against crystallization [3–5]. The larger super-
cooled liquid region implies that a longer duration time
and a wider temperature range are expected during
warm-working of amorphous alloys into various bulk
shapes through the viscous flowability of the super-
cooled liquid.

For ternary Fe-based alloys, a large �Tx that was
found by an addition of transition metals such as nio-
bium and zirconium respectively, to the Fe–B based
system can reach as high as 71 K for Fe–Nb–B [6] and
83.2 K for Fe–Zr–B [7] alloy systems. The atomic radii
of beryllium and boron are the smallest, except car-
bon, among possible metallic and metalloid alloying
elements respectively. Both of them are lower than that
of iron element. Compared with previous Fe-based bulk
metallic glasses, Fe–B–Be alloy has a different atomic
size distribution which is expected to have higher GFA
according to Senkov’s analyses [8]. Therefore, a new
alloy composition, i.e., Fe80−xB20Bex(x = 20, 25, 30,
35) alloys, was designed and examined in this paper.

The ternary alloys with composition of Fe80−x
B20Bex(x = 20, 25, 30, 35, in atomic percentage) were
prepared by arc melting the mixture of pure Fe, Be met-
als and commercial Fe–B alloy, which contains 80.2
wt.% of Fe, 17.6 wt.% of B and 2.2 wt.% of other
constitutes, such as Si, C, P and S etc, under a Ti-
gettered argon atmosphere. The purity of pure metals
is about 99.5% in weight percent. Rapidly solidified
ribbons with thickness of 40, 65 µm and a width of
5 mm were prepared by a single roller melt spinning
the master ingots in an argon atmosphere. The amor-
phous structure was examined by X-ray diffractometer
(XRD) using CuKα radiation. Thermal stability asso-
ciated with glass-transition temperature, supercooled
liquid region and crystallization temperature was ex-
amined by differential scanning calorimeter (DSC) at a
heating rate of 20 K/min. The onset and offset melting
temperatures of the alloys were determined by using
differential thermal analysis (DTA).
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Fig. 1 shows the XRD patterns for the
Fe80−xB20Bex(x = 20, 25, 30 and 35, respectively)
ribbons with thickness of 40 µm. It is obvious that the
alloys with x = 20 and 25 are almost in amorphous
state and a broad diffraction maximum in the range of
35 < 2θ < 55◦ are present. In others some crystalline
diffraction peaks are superimposed on the amorphous
halo. With further increasing the ribbon’s thickness to
65 µm, the as-cast Fe50B20Be30 alloy contains more
amorphous phase than Fe52B20Be25 alloy as shown in
Fig. 2. Therefore the Fe50B20Be30 exhibits the largest
GFA among the alloys concerned.

DSC scans for the amorphous alloys with a thickness
of 40 µm are shown in Fig. 3. For each of the two al-
loys, an endothermic event due to the glass-transition
is observed, followed by an exothermic peak as the
metastable supercooled liquid transforms into equilib-
rium crystalline phases. The glass-transition temper-
ature, Tg, and the crystallization temperature, Tx, de-
fined by the onset temperatures of the endothermic and
exothermic events, respectively, are 787 and 837 K for
the Fe55B20Be25 amorphous alloy, 812 and 867 K for
Fe50B20Be30 amorphous alloy, respectively. The super-
cooled liquid regions are 50 K for the former and 55 K
for the latter. The very large supercooled liquid region
before crystallization for Fe50B20Be30 amorphous al-
loy indicates that it has a high thermal stability and
workability during warm-working process. No glass-
transition for binary Fe80B20 amorphous alloy was ob-
served on the DSC curve at heating rate of 40 K/min
and crystallization event occurred at Tx = 745.7 K [7].
The existence of glass-transition and supercooled liquid
region means that the ternary alloys are metallic glass.
The larger supercooled liquid region is corresponding
to the larger GFA as many investigators observed [9–
11]. In order to investigate the reason of better GFA for
Fe50B20Be30 alloy we have checked the melting behav-
iors of Fe80−xB20Bex alloys as shown in Fig. 4. Each
of them has at least two melting peaks, indicating that
they are all off eutectic composition. The changes of
onset melting temperature, Tm, the offset melting tem-
perature, Tl, and the temperature interval between them,
�Tm, are given in Fig. 5. It can be seen that the cor-
relation between Tm and composition is weak which
indicates that there is a eutectic melting plane near Tm.
The offset melting temperatures, however, varies with
the composition of the alloys. Therefore the tempera-
ture interval �Tm changes too. For Fe50B20Be30 alloy,
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Figure 1 XRD patterns taken from Fe80−xB20Bex(x = 20, 25, 30 and
35 respectively, marked in the figure) ribbons with a thickness of 40 µm.

Figure 2 XRD patterns taken from Fe80−xB20Bex(x = 25 and 30 as
marked in the figure) ribbons with a thickness of 65 µm.

Figure 3 DSC traces obtained at heating rate of 20 K/min for
Fe55B20Be25 and Fe50B20Be30 amorphous alloys.

it has the lowest Tl and is corresponding to the low-
est �Tm, which may be the reason why it exhibits the
largest GFA [12].

The atomic sizes and relative numbers of atoms are
the two most important topological parameters in desta-
bilization of the crystal lattice [7]. The atomic radii of
alloying and host elements are 0.1128 nm for beryl-
lium, 0.082 nm for boron and 0.12412 nm for iron. The

Figure 4 DTA traces obtained at heating rate of 20 K/min for
Fe80−xB20Bex(x = 20, 25, 30 and 35 respectively, marked in the
figure).

Figure 5 Tm, Tl and �Tm as a function of Be content in the
Fe80−xB20Bex(x = 20–35) alloys.

radii of both of the alloying elements are smaller than
that of the base element. Therefore alloying elements
can occupy both interstitial and substitutional sites and
produce attractive short-range order complexes, and a
higher fraction of the elements in the interstitial sites
is required to destabilize the crystal lattice [7]. This
causes a higher packing density. The higher the pack-
ing density, the higher is the thermal stability [3]. The
increased concentration of interstitials should produce
a dramatic softening of shear modulus and a decrease
in melting temperature [13]; and at a critical concentra-
tion the melting transformation changes from first order
to second order. Such a defective crystal becomes ab-
solutely unstable and undergoes a continuous transfor-
mation to the supercooled liquid (frozen glassy state).

It should be pointed that atomic size mismatch may
not be the only one reason that destabilizes the crys-
tal lattice. Many other reasons, such as the interac-
tion between atoms, the configuration of entropy and
chemical band effect, etc. may also play an important
role in amorphization of glass-forming alloys. The role
of each of them may be different in different glass-
formation system. Therefore many attempts, such as
three empirical rules [14], reduced glass-transition tem-
perature Trg (Tg/Tl) [15], supercooled liquid region
[16] have been made to explain GFA of glass-forming
alloys. Among them, the reduced glass-transition
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temperature Trg is one of the widely used indicators
of GFA of alloys due to the glass-formation composi-
tion range generally coinciding with a eutectic region.
Trg for the Fe55B20Be25 and Fe50B20Be30 are 0.528 and
0.585, respectively. Therefore Fe50B20Be30 exhibited a
relatively large GFA.

In the present Fe80−xB20Bex(x = 20–35) alloys, a
larger supercooled liquid region as high as 55 K, which
is corresponding to its higher GFA, was found in
Fe50B20Be30 alloy. Atomic difference in Fe > Be > B
series may soften shear modulus and decrease melting
temperature that coincides with the larger spercooled
liquid region, which increases the GFA of F50B20Be30
alloy.
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