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The main limitation of high-strength Co-based bulk metallic glasses for their application as structural materials
is the large brittleness. Spontaneously emerging cracks in the alloy degrade the magnetic properties. We analyzed
the failure characteristics of Co43Fe20Ta5.5B31.5 bulk soft magnetic metallic glass deformed in the compression at
room temperature and the low strain rate. Under loading the amorphous structure stores high elastic energy. Dur-
ing the failure this energy is released and the alloy breaks into small particles or powder exhibiting a fragmentation
mode.

DOI: 10.12693/APhysPolA.127.558
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1. Introduction

Cobalt based amorphous alloys exhibit unique mag-
netic properties (a combination of saturation magne-
tization, coercitive force, permeability, magnetostric-
tion etc.) and have the high application potential.
Proper modi�cation of the composition of these alloys
can enhance glass forming ability and enable to pre-
pare these amorphous alloys named bulk metallic glasses
(BMGs) in more suitable form. At the temperatures
above the glass transition temperature they have the high
deformation ability [1�3].
Shen et al. [4] developed the BMG with the composi-

tion of Co43Fe20Ta5.5B31.5 as an ultrahigh-strength ma-
terial with the compressive true strength σf = 5185MPa.
Moreover, this alloy exhibits excellent soft magnetic
properties (saturation magnetization of 0.3 T, low co-
ercive force of 0.7 Am−1 and high e�ective permeability
of 4× 104 at 1 kHz).
High-strength BMGs usually exhibit the brittle behav-

ior at the macroscopic level (like silicate glasses) whereas
at the microscopic level they save the ductile behavior
with necking and cavitation of viscous materials in liquid-
like zone (obviously observed for metallic glasses) [5].
The plastic deformation of BMGs at room temperature
is sustained by cooperative shearing of atomic clusters
termed shear transformation zones (STZs) [6].

2. Experimental

The bulk amorphous alloy with the nominal composi-
tion of Co43Fe20Ta5.5B31.5 (at.%) in the form of cylinders
with 2 and 3 mm in diameters were produced by an ejec-
tion of the melt into a copper mold. The cylinders cut
from ingots were uniaxial loaded under the compression
up to the failure. The amorphous structure of both the
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samples was con�rmed by X-ray di�raction. The created
fracture surfaces were examined using a high resolution
scanning electron microscope.

3. Results and discussion

The form of prepared cylindric ingots is shown in
Fig. 1a. After the compression both the cylinder sam-
ples broke into many �ne fragments by bomb-like frac-
ture [7]. At the macroscopic scale the failure is fragile in
both cases. Under uniaxial compression, in the sites with
locally enhanced free volume concentration the cracks ini-
tiate simultaneously [6]. The cracks propagate in all di-
rections due to the complicated dynamic stresses condi-
tions according to the scheme in Fig. 1b. The failure is
only controlled by the applied stress without some pref-
erence orientations and does not follow the macroscopic
shear planes [8�11].

Fig. 1. The ingots of the prepared BMG (a) and the
scheme of the fragmentation under uniaxial compression
loading σ (b).

The elastic energy δE density stored in a BMG sample
upon the failure can be expressed according to [12]:

δEσ =
σ2
F

2E
,
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where E is Young's modulus and σF is the fracture
strength of the BMG materials. In the case of high
strength Co-based amorphous materials (about 5 GPa)
the stored elastic energy is very high. At the high
strength the cracks initiate at many small regions and
samples fail into many fragments by the bomb-like fail-
ure process as Fig. 2a demonstrates. The elastic energy
δE is used for the creation of new fracture surfaces.

Fig. 2. The particles of a sample fragmented after the
compression test (a) and the morphology of individual
particles with the fracture surface (b).

Figure 2b shows the individual fragments after the fail-
ure. The individual particles have an irregular form with
the fracture surfaces. The form of the fracture surface is
conchoidal as can be seen in Fig. 3a. More cracks inside
individual fragment are present in Fig. 3b.

Fig. 3. The conchoidal fracture surface morphology
with radiating cracks (a) and a detail of cracks inside of
a single fragment propagated in di�erent directions (b).

This fracture surface is divided by a crack in concurrent
directions. On the fracture surface there can be identi�ed
the crack tip moving direction. Not all cracks tend to the
particle decomposition necessary. The presence of cracks
can degrade not only the mechanical but the magnetic
properties, too [2].
The detailed observations of the fracture surface of the

failed samples showed similarities in the micromorphol-
ogy of the fracture surfaces of all observed fragments.
Figure 4a shows the typical micromorphology of the fail-
ure surface covered by small uniform dimples.
This indicates the presence of plasticity in a narrow

failure zone. The more radiating cracks originate from
the tendency to �atten the originally conchoidal form
of fracture surface into the shear plane. Rarely present
microcrystalline regions (only in the sample with the di-
ameter of 3 mm) have no principal in�uence on the main
crack propagation as can be seen in Fig. 4b.

Fig. 4. Flat segments of a failure surface covered by
periodically arranged dimples (a); an imperfection in a
sample volume revealed by the failure process (b).

The investigation of magnetic properties in ultrahigh-
strength Co43Fe20Ta5.5B31.5 bulk glassy alloy has shown
that increase of the sample diameter up to 3 mm does
not deteriorate the good soft magnetic properties [4].
A detail of the plane facette covered by nanoscaled

dimples can be seen in Fig. 5a. The arrow indicates the
crack front moving direction. Small (about 40 nm in size)
dimples are arranged in periodic stripes perpendicular to
the crack front. Strong rectangular distribution of dim-
ples are in Fig. 5a. The hexagonal distribution of dimples
observed in some small regions is marked by white circles.
A detail of the hexagonal distribution with the schematic
sketch is shown in Fig. 5b.

Fig. 5. A planar facette of failure with periodic ar-
ranged nanosized dimples, the arrow indicates the crack
front moving direction (a); a detail of the hexago-
nal distribution of nanovoids with the corresponding
sketch (b).

The nature of periodic arrangements of the voids is
in the high velocity of crack front movements. Wang et
al. [13] interpreted the regular void distribution respect-
ing the periodic corrugations at the nanoscale level in
brittle metallic glasses as a result of local dynamic soft-
ening mechanisms.
The period of corrugations (corresponding to the dim-

ple size) was measured along the crack propagation di-
rection. These values measured at the fracture surfaces
for both samples in dependence of the corrugation dis-
tance from the edge of a particle are shown in Fig. 6.
The edge of the particle was chosen as the zero value of
the position.
For the estimation of characteristic period of corruga-

tions L Jiang et al. [14] derived:
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Fig. 6. The period width of the nanoscaled stripes
along the crack propagation.

L = b

(
σth
σy

)2

,

where b is the tension transformation zone (TTZ) spac-
ing, which is considered to be of the same order as the
characteristic length size of a TTZ itself due to metallic
glass' structural similarity to the �dense random packing
of spheres� model [15]. Thus, b is less than 10 nm at a
rough estimate. For high strength metallic glasses the
yield strength σy reaches 10�50% value of the theoreti-
cal strength σth. At these assumptions the characteris-
tic period L of corrugation values can be calculated as
L = 100 nm (or smaller).
Other possible interpretation of the periodic dimple

morphology is based on the theoretical model of turbu-
lent conditions of heat generation in front of the crack
tip propagation [16]. Because the crack tip velocity is
very high, the void distribution re�ects the local temper-
ature changes. The fracture surfaces contain the state
of frozen-in conditions during the adiabatic shear band
generation and failure.

4. Conclusion

The high strength bulk soft magnetic amorphous
Co43Fe20Ta5.5B31.5 alloy exhibits macroscopic brittle be-
haviour under uniaxial compression. High stored elastic
energy releases during the failure and the samples break
into many fragments. Fracture surface morphology re-
�ects the amorphous nature of the material. The failure
is performed in a narrow region via local softening of the
amorphous structure in the region in front of crack tips.
In heated region inside the shear band, the homogeneous
nucleation of voids via merging of free volume or STZs is
present. The fracture surfaces consist from small (40 nm
in diameter) dimples arranged in periodic corrugations.
The corrugations are oriented perpendicular to the crack
tip propagation direction.
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