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Abstract: This paper investigates the fatigue behavior of Fe58.12 Nb13.74B28.14.  Suct ion mold cast ing 

technique was used to  fabricate the Fe-based bulk metallic glass. The endurance limit of the Fe-based 

bulk metallic glass was investigated by using computer-controlled electrohydraulic testing machine, operated at 

25 Hz with stress ratio of 0.1., using tension-tension mode. Xrd and dsc experiments were carried out to 

ascertain whether the material is truly amorphous. The fatigue endurance limit of Fe58.12Nb13.74 B28.14 was 

obtained to be approximately 975 MPa for stress range definition. Fractography of the fracture surfaces 

indicated that there are crack initiation sites. 
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I. Introduction 
Fatigue failure has played a significant role in structural analysis. A number of researches have made 

attempts to understand the influence of fatigue on material integrity. Others have investigated fatigue failure in 

steels, aluminum and ceramics etc. There have also been advances in fatigue crack growth in materials such as 

steel and aluminum alloys [1-7]. For instance, L.P. Borrego [8] investigated the fatigue crack growth in heat-

treated aluminum alloys. In his research, alloys aged hardened by artificially ageing and simultaneously with a 

lower content of these alloying elements possessed plasticity-induced closure is dominant.  

Recently, there have been research advances in Fe-based bulk metallic glasses (BMGs).  These 

materials possess excellent magnetic properties and good mechanical properties [9–12]. 

For instance, in based bulk metallic glasses, magnetic properties and glass-forming ability (GFA) are 

among the most concerned aspects that are needed in industries. Most researchers have tailored their ability to 

manipulate the mechanical properties such as magnetic and GFA by substitution method [13-20]. For BMG’s, 

many factors could influence fatigue behavior; example, chemical environment, specimen geometry, mean 

stress, material quality, cyclic frequency and surface condition [21]. Hence, understanding of BMG fatigue 

mechanism is very limited because of these multiple factors.  

This research paper investigated the fatigue behavior of Fe58.12 Nb13.74 B28.14 (BMG) under uniaxial 

tension-tension mode. The BMG fatigue behavior was characterized with different loading modes. The Fe-

based bulk metallic glass was fabricated using the suction mold casting method (arc melting).  XRD and DSC 

tests confirmed that the as-cast material is amorphous. The corresponding S-N curve is also presented. The 

fracture surfaces were analyzed by scanning electron microscope (SEM).  

 

II. Materials and Methods 
2.1.1 Materials Sample Preparation 

Fe58.12  Nb13.74 B28.14 bulk metallic glass was used in the experiment. It was fabricated via copper mold 

cast technology with a mixture of pure iron (Fe), Niobium (Nb) and Boron (B) metals in an argon atmosphere. 

The as-cast samples had an 8 mm diameter and 80 mm length (Fig.1). The as-cast samples were machined into 

the un-notched tapered specimens with screw-head to follow ASTM standard before fatigue test. This was to 

minimize surface effects in the uniaxial fatigue tests. Each specimen was then visually inspected to ensure no 

surface defects or notches which might cause crack initiation sites. The transverse cross sections of the as-cast 

samples were studied by X-ray diffractometer with Cu-Kα radiation. Phase transformations during heating were 

studied by differential scanning calorimetry (DSC-2000) at a heating rate ranging from 20 K/min. X-ray 

diffraction (XRD) and differential scanning calorimetry (DSC) results confirmed that the metallic grass is fully 

amorphous (Figs. 4 (a) and (b)). Furthermore, the samples were polished and etched with Nitric acid 40 ml 

(HNO3), also known as aqua fortis, 20 ml Hydrofluoric acid (HF), and 40 ml water (H2O) and examined by 

electronic optical microscopy to observe if any crystallites were present (Fig.3.). The etched samples were also 

examined by SEM (Fig.2).  However, no crystallites were observed. 

 

https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Aqua_fortis
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Fig. 1. As-cast Fe58.12 Nb13.74 B28.14 Fig. 2.  SEM view of as-cast sample, no crystalline phases Seen 

 

 
Fig.3. Microscope view of as-cast Fe58.12 Nb13.74 B28.14 showing no crystalline phases 

 

 
Fig. 4. (a) X-ray diffraction of Fe58.12 Nb13.74 B28.14 showing broad Bragg’s peak without crystalline phases (b) 

DSC curve for the Fe-based bulk metallic grass showing grass transition Tg and crystallization temperature Tx. 

 

III. Fatigue Experiment 
Before fatigue test was conducted on the samples, we performed a tension test at a speed of 0.255 

mm/min to obtain the tensile strength of the sample to enable computation of fatigue ratio. The value of the 

tensile strength was approximately 2220 MPa. For fatigue test, samples were tested at stress amplitudes with 

stress ratio (R), (i.e. R=

max

min




), where σmin and σmax denote minimum and maximum stresses for one cyclic 

loading respectively. The stress ratio was 0.1 and the frequency was 25 Hz. Approximately 10
7 

high-cycle 

fatigue was pre-set for all the fatigue test. Stress-controlled mode was used for the fatigue test. Which 
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presuppose that all samples tested must fail before the pre-set cycle limit. After failure, samples are assembled 

for fractography examinations using scanning electron microscopy (model; Supra 35). 

 

IV. Results and Discussion 
S-N curve result of the as-cast Fe58.12  Nb13.74 B28.14 is as shown in Fig.5. It could be seen that at 

approximately 105 cycles to failure, a value of 975 MPa remains appreciably constant. This is indicated by 

arrow A in Fig.5.Low cycle regime is less than 105 cycles to failure and greater than that is described as high-

cycle regime (Fig.5.). If the stress range is higher than 975 MPa, the fatigue live is not stable. The samples fail 

at a lower cycles to failure (Nf) under the various loading modes. If the stress range is less than 975 MPa, the 

sample could have run forever without failing.   Hence, the fatigue endurance limit under cyclic tension-tension 

mode was 975 MPa. The fatigue ratio which is defined as ratio of fatigue limit to ultimate tensile strength was 

0.44.  

What would have contributed to the fatigue endurance limit of 975 MPa? Published papers claimed that 

the present of strong stress gradients and reduced stress at the crack initiation sites (Fig.6 (a), (b) and (c)) could 

account for this fatigue limit. However, fatigue life is controlled more by crack propagation than crack initiation. 

But, the as-cast samples had a small stress gradient instead of stress concentration, hence it will be very difficult 

for stress concentration to be accounted in this result. It could also be seen that the samples fractured with a 

maximum radius between 0.4 to 0.8 mm depending on the loading condition. The radius value where the 

fracture occurred was approximately 0.6 mm, meaning the stress at the fatigue initiation site was almost equal to 

the nominal stress (Fig.6 (a), (b) and (c)). Hence, the result discrepancy under different loading modes had little 

or nothing to do with reduced stress at the fatigue initiation site. The relationship between the fatigue limit (σa) 

and cycles to failure can be derived by plotting the values above fatigue limit with cycles to failure (Nf). That 

will yield a linear equation in the form: 

)(2.9815.4876 fa N          (a) 

The equation was found to fit the data with a correlation coefficient of 0.96. The intercept on the 

vertical axis is 4876.5 MPa.  Fractography of the fractured surfaces of the samples revealed three regions: the 

fatigue-crack initiation, crack propagation and final fractured site. The crack initiation sites are illustrated with 

black arrows, the final fractured area is indicated by the red circles and between the crack initiation sites and the 

final fractured surface is what we named as crack propagation (Fig.6 (a), (b) and (c)) . It was observed that 

crack initiation sites where more profound at higher cyclic stresses than lower cyclic stresses (Fig.6 (a) and 

(b).  Two kinds of crack initiation mechanisms in bulk metallic glasses are known. (1)  Shear banding and (2) 

Intrusive defects. In shear banding mechanism, higher cycle stresses caused the sample to fail below yield 

strength promoting shear bands propagation on the tensile surface due to cyclic softening. From that state, final 

shear band openings in the BMG’s lead to microcrack formation given birth to crack initiation. Material defect 

is also another fatigue crack initiation mechanism. At higher cycle stresses, fatigue crack initiates from 

inhomogeneities, however, it has little effect on fatigue endurance limit because it is mainly controlled by crack 

propagation in low cyclic stresses regime. Regardless of the crack initiating from the shear bands or defects, 

fatigue endurance limit was observed to be approximately 975 MPa. The microcrack initiation was evidenced at 

cyclic stresses above 975 MPa. Once the microcrack is formed, it propagated quickly to failure (Fig.6 (a), (b) 

and (c)). For the specimens under uniaxial tension-tension loading, when the applied stress was too low to 

form a microcrack from the shear bands or some large defect on the surface, the crack initiation shifted to 

another place which was relatively weaker than the perfect amorphous matrix and needed more crack initiation 

time. As for cyclic microcrack propagation in BMGs, the mechanism could be related to the blunting and re-

sharpening of the crack tip while the necessary plastic flow alternately to blunt and sharpen the crack tip 

occurred by limited shear band at crack tip. The change of initiation site was similar with the high-cycle fatigue 

and ultrahighcycle fatigue regime in crystalline materials.  

Fig. 6(d) shows the enlarged view of final fractured site sample surface at a lower cyclic stresses of 

995 MPa. The surface resembles a group of irregular particles. Based on the appearance of these particle sheets, 

the interfaces along the surfaces of the sheets were weak and facilitated crack initiation and propagation. At a 

stress level above 975 MPa, the shear bands were also a determined mechanism for crack initiation. In general, 

the fatigue cracks grow unimpeded once initiated because of lack of microstructural barriers in BMG’S.  

The un-notched round samples employed in the current work exhibited a much higher endurance limit.  

The as-cast BMGs always consist of many defects such as porosity, inclusion, and other imperfect 

amorphous phase. At a higher stress level, the defects may have little influence on the crack initiations but not 

the case at a lower stress level in high cycle fatigue range. Whatever the mechanisms were, once the crack 

initiation was formed it propagated fast to failure The total fatigue life was controlled by crack initiation instead 

of crack propagation at lower stress level in high cycle fatigue range with a change of the crack initiation site 

from surface to interior under uniaxial TT loading mode. The total life may be mainly determined by crack 

propagation despite of the high crack growth rate and low threshold intensity range in low cycle fatigue range, 
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because the stress was so high that the crack could initiate from shear bands easily, but not necessary from the 

defects in material. Thus, the defects have little effect on the crack initiation compared with that in high cycle 

fatigue mechanism.  

The fatigue properties must have a larger improvement if the defects in the BMGs decrease.  

 

 
Fig. 5. S-N curve under uniaxial tension-tension loading mode 

 

 
Fig. 6. (a), (b) and (c) indicate initiation location on the fractured surface cycled at 1900 MPa, 1300 MPa, and 

995 MPa  respectively  (d) the detailed morphology of the final fractured site . 

 

V. Conclusion 
 Fatigue behavior of Fe58.12 Nb13.74B28. has been studied. The fatigue endurance limit was observed to be 975 

MPa under uniaxial tension-tension mode. The engineering equation fitting the behaviour above fatigue 

limit was proposed to )(2.9815.4876 fa N (uniaxial tension-tension mode). Fractography of the 

fractured surfaces indicated that there are crack initiation and final fractured sites. At higher cyclic stresses 
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greater than 975 MPa, cracks are caused by both shear banding or material defect and the fatigue life was 

controlled by crack propagation till failure. 

 

VI. Recommendations 
Fatigue behavior for a Fe-based bulk metallic glass (BMG) notched specimen should be investigated. 
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