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Nanoscale Fracture Morphologies of Soft Magnetic CoFeTaB
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We analyzed the failure characteristics of the bulk metallic glass Co43Fe20Ta5.5B31.5 (at.%) deformed by
compression and by bending of the ribbons. Under the load the amorphous structure can store high elastic
energy. The surface morphology of nanoscale fracture is in accord with the micromechanisms of the failure of the
amorphous structure. The fracture surface consists of a smooth mirror cleavage zone and a river pattern zone with
nanosized dimples, arranged in lines respecting the periodic corrugation zones, oriented perpendicular to the crack
propagation direction. The presence of the failure initiation centers in the ribbon in�uences the dynamics of crack
propagation and also the surface morphology of the fracture.

DOI: 10.12693/APhysPolA.126.96
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1. Introduction

Although the mechanical behaviour of bulk metallic
glasses (BMGs) has been extensively studied for a num-
ber of years, the nature of the deformation mechanisms is
still unclear. The main limitation for their application as
structural materials is the large brittleness. During the
failure processes the material characteristics, especially
deformation defects act and in�uence the �nal fracture
surface morphology [1, 2]. High-strength bulk metallic
glasses usually exhibit the brittle behavior at the macro-
scopic level (like silicate glasses) whereas at the micro-
scopic level they keep the ductile behavior with necking
and cavitation of viscous materials in liquid-like zone (ob-
viously observed in metallic glasses) [3].
Co43Fe20Ta5.5B31.5 bulk glassy alloy has the best glass-

forming ability among Co-based glassy alloys, and the
highest strength (the compressive true strength σf =
5185 MPa) among all known bulk crystalline and glassy
alloys. In addition, the ultrahigh-strength glassy alloys
simultaneously exhibited excellent soft magnetic proper-
ties, i.e., saturation magnetization of 0.32 � 0.35 T, low
coercive �eld of 0.7 � 1.1 Am−1, and high e�ective per-
meability of (3.9 � 4.77)× 104 at 1 kHz [4].
The combination of glassy nature and metallic bonds

makes the deformation and fracture mechanisms in bulk
metallic glass BMGs remarkably di�erent from either
crystalline metals or non-metallic glasses. The plastic
deformation of BMGs at room temperature is sustained
by cooperative shearing of atomic clusters, termed the
shear transformation zones (STZs) [5].

2. Experimental

The bulk amorphous alloy with nominal composition of
Co43Fe20Ta5.5B31.5 (at.%) in the form of cylinders with
diameters of 2 mm produced by an ejection copper mold
casting method and ribbons 3 mm×0.030 mm were used
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for the experiments. During compression tests the cylin-
der samples break into many �ne fragments. Ribbons
were tested at bending. The created fracture surfaces
were examined using a high resolution scanning electron
microscope.

3. Results and discussion

The observations of the fracture surface of failed sam-
ples in the form of ribbons and bulk cylinders showed
simmilarities in micromorphology of the fracture surface.
Although the cooling rate during the preparation of bulk
and ribbon samples di�er by several tens of times, the
macroscopic failure is regarded as fragile in the both
cases. In the case of samples loaded by bending, on the
tension surface side the shear bands act as the initia-
tion of cracks in the mixed mode [6]. The chevron pat-
tern, typical for brittle failure of metallic glasses, is very
�ne in the observed alloy. Figure 1 demonstrates the
crack propagation from free surface with the transition
from chevron-like micromorphology to nanoscaled corru-
gations [7]. As a crack propagates along the sample, the
stress and speed of crack propagation increase. The ar-
row in Fig. 2 indicates the crack propagation direction.
With the increase of crack propagation velocity, the size
of periodic stripes shows the tendency to decrease from
90 nm to about 35 nm. The high strength BMGs store
a lot of elastic energy under the loading. The cracks
initiate at many locations and samples fail into many
fragments [8, 9].

Fig. 1. Fracture surface of ribbon samples after bend-
ing - left and a detailed view of the corrugations - right.
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Fig. 2. A detail of corrugations with decreased dimples
size along the crack propagation direction marked by the
arrow.

Fig. 3. Typical periodic structure of nanosized dim-
ples.

A detailed view of periodical stripes observed for the
majority of fragments is shown in Fig. 3. The period of
the corrugation in the case of bulk samples appears to be
uniform in the contrary to the fracture surface of ribbons.
The corrugation period along the given distances in the
crack propagation direction on the fracture surface of the
ribbon and bulk samples can be seen in Fig. 4.

Fig. 4. The wavelength of the nanoscale stripes along
the crack propagation.

The meniscus instability process is a widely accepted
mechanism for the explanation the ductile failure mor-
phology in amorphous alloys [10]. It is assumed that at
a high velocity of the crack tip propagation, the acous-
tic waves are generated and due to their interferences
the periodic free volume collapses and the generation of
the voids occurs [5, 11]. Other possible interpretation
of periodic dimple morphology is based on the theoret-
ical model of turbulent conditions of heat generation in
front of the crack tip propagation [12]. The fracture sur-
faces contain the state of frozen-in conditions during the
adiabatic shear band generation and failure.

4. Conclusion

The morphology on the nanoscaled level is in accord
with the micromechanisms of failure in the amorphous al-
loy structure. The fracture surface consists of a smooth
mirror cleavage zone and a river pattern zone with the
nanosized dimples, arranged in lines according to the pe-
riodic corrugation zones (approximately 40 nm), oriented
perpendicular to the crack propagation direction. Inside
the shear band, the homogeneous nucleation of voids via
merging of free volume or STZs in the heated region is
present.
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