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Abstract 
 

Bulk metallic glasses (BMGs) are synthesized using high energy mechanical ball milling 

technique with the general formula, [Ni-Cr-Si]100-x:Nbx (x = 0, 3, 6 and 9 at.%, labelled as 

NCSNb0, NCSNb3, NCSNb6, NCSNb9). Interestingly, all the thermal, mechanical and corrosion 

properties are greatly enhanced with increase in Niobium (Nb) content up to 6 at.% (NCSNb6). 

XRD analysis shows that the phase attribution over all the BMGs is due to Nickel (Ni, 98-006-

0833), Chromium (Cr, 98-002-1500), Silicon (Si, 98-001-2990) and Niobium (Nb, 98-002-3331). 

The values of the largest super-cooled liquid region width and plastic strain attained are 232 K and 

0.940.1%, for the NCSNb6 BMG sample. The considerable addition of Niobium (Nb  6 at.%) 

content in [Ni-Cr-Si] BMG network (NCSNb6) is anticipated to have the best glass-forming 

ability, mechanical and corrosive resistant properties and is expected to be used as potential 

material for lightweight vehicle applications. 
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1. Introduction 
 

Initially, the research area of amorphous glasses was focused on the scientific curiosity of how 

deeply nucleation and crystal growth could be arrested by under cooling liquids below their glass 

transition temperature, until 1960 when the metallic glass system, AuSi was first introduced [1]. 

After two decades of further research, the development of multi-component compositions with 

large atomic size mismatches between constituent elements with deep eutectics was proposed [2]. 

The discovery of bulk metallic glasses (BMGs) instigated a widespread research interest owing to 

their technological and scientific importance towards glass formation phenomena. Among the 

extensive family of glasses, BMGs are possibly the youngest, owing to a number of special 

characteristics like amorphocity, high strength, etc [3]. BMGs have attracted great attention, owing 

to their unique properties attained due to different atomic configuration. In recent investigations, 

significant advances in enhancing glass-forming abilities (GFA) have paved the way for their 
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potential applications as functional and structural materials [4-8]. Perker and Johnson reported on 

the excellent glass-forming ability of the bulk metallic glass: Zr41.2Ti13.8Cu12.5Ni10.0Be22.5, prepared 

by the metal casting method [9]. As per Park and Kim, by successfully designing the BMG matrix, 

the plasticity can be controlled effectively [10].  

Feng et al. designed a new matrix by proportional mixing of binary alloys Cu50Zr50 and 

Cu73Ti27 and investigated their thermal, mechanical and corrosion properties including glass-

forming abilities [11]. Similarly, Wang and Li investigated bulk metallic glass formation in the 

binary Cu-Zr system, prepared by the copper mould casting system [12]. Furthermore, Xia et al. 

[13] reported Ni62Nb38 as the best glass former composition upon investigating binary Ni-Nb bulk 

metallic glasses. Several studies reported the glass-forming abilities and thermal stability of 

ternary Ca-Mg-Zn BMG [14, 15]. Sun et al. [16] introduced Zr-Cu-Ni-Al quaternary amorphous 

alloy compositions with super high glass-forming ability. Liu and Lu [17] provided a 

comprehensive review of the effect of minor doping on the glass-forming properties in BMGs and 

stated that the glass-forming ability was enhanced considerably using small amounts (usually < 2 

at. %) of B, Si, Y and Sc. 

Kui et al. [18] found that there was no crystallinity found in the glass alloy Pd40Ni40P20 

that had been consistently undercooled, via X-ray diffraction, SEM studies and calorimetry. 

Several researchers studied the microstructure and corrosion behavior of extruded Mg-4Zn-2Gd-

0.5Ca Alloy [19-24]. Many studies have proposed a parameter γ to quantify the glass-forming 

ability of BMGs. They have also discussed the limitations of all the discussed GFA parameters 

[25-28]. Many research findings reported the improvements in the mechanical and corrosion 

properties of Ni-Mo coatings through the incorporation of Y2O3 nanoparticles [29-36]. Trexler and 

Thadhani [37] studied  the mechanical properties of bulk metallic glasses in detail, including their 

superior strength, hardness, excellent wear and corrosion resistance. Wang et al. [38] reported the 

effects of Cr contents in Fe-based bulk metallic glasses Fe69.9−xC7.1Si3.3B5.5P8.7CrxMo2.5Al2.0Co1.0 (x = 0.0, 

2.3-12.3) (fabricated using industrial raw materials) on the glass-forming ability and corrosion resistance. 

They found that the GFA decreases and corrosion resistance increases with the addition of Cr content.  

Chang et al. [39] studied the microstructure and mechanical properties of Ni-Cr-Si-B-Fe 

composite coating that had been fabricated by laser additive manufacturing and found that this 

composite exhibited excellent wear resistance. Qiu et al. [40] concluded that addition of small 

amounts of Niobium, Nb (0, 2, 5 at.%) enhances the strength and plasticity of the base alloy Zr65-

xNbxCu17.5Ni10Al7.5  as a result of the rapid formation of a highly protective passive film. 

Inspired by all these results, we have examined the glass-forming abilities, thermal 

properties, mechanical and corrosion properties of the ternary BMG matrix [Ni-Cr-Si], which was 

doped with Niobium at various concentrations, Nbx (x = 0, 3, 6 and 9 at.%) and characterized by 

XRD, DTA, Vicker’s hardness test, Uniaxial compression test, Polarization test and then SEM 

before and after corrosion test. It is understood that minor alloying can greatly affect the 

performance of BMGs. Doping with Niobium (Nb) offers excellent resistance to oxidation and 

corrosion and even 0.1% Niobium (Nb) can significantly enhance the performance characteristics 

of metals. 

 

 

2. Materials and Methods  

The base metal matrix [Ni-Cr-Si] was prepared with pure metal powders of high purity: Nickel 

(Ni, 99.99 Wt.%), Chromium (Cr, 99.99 Wt.%) and Silicon (Si, 99.99 Wt.%), each with 33.33 At. 

Wt.%, which were mixed well in an agate mortar, for a period of 30 min to form a homogenous 

mixture. This base metallic powder (BMG) was doped with Niobium (Nb, 99.99 Wt.%) using the 

general formula, [Ni-Cr-Si]100-x:[Nb]x, (x = 0, 3, 6 and 9 at.% and labelled as NCSNb0, NCSNb3, 



Current Applied Science and Technology Vol. 21 No. 1 (January-March 2021) 

117 

 

NCSNb6 and NCSNb9). Further synthesis of this metal composition was carried out using a high 

energy mechanical ball milling apparatus in which it was further mixed and crushed to micro size, 

using a tungsten crucible, with powder to balls ratio taken as 1:10 with a rotation speed of 300 

rpm, for about 30 h. The tungsten carbide vials were initially evacuated and purged under pressure 

of 3x105 Pa. In order to control the agglomeration of the particles, the entire milling process was 

carried out in a wet medium using 30 ml hexane. At the end of successful ball milling, the samples 

were dried for about 5 h using a vacuum oven (i-therm, AI-7981Model) at 350 K and collected in 

powdered form and then analyzed with the help of ICP Spectroscopy. The amorphous nature of 

the sample and phase analysis was studied via XRD analysis and this was carried out using an 

Empyrean PANalytical X-rays diffractometer instrument using Co-K radiation with a step size of 

0.02o with 60 kV tube voltage and 5 mA of tube current for a period of 20 s/step, prior to and post 

ball milling. A Jeol JEM-1010 electron microscope was used to obtain TEM-scanned images to 

analyze the surface morphologies. In order to be sure that the samples to be tested were 

electrically conductive and dry, some sample preparation was done by embedding the BMG 

powder sample in a copper foil at first, using electrodeposition for mechanical thinning. For 

electron transparency, ion milling was used and a high energy electron beam was focused on the 

sample to achieve highly magnified and complex images to better understand the topography of 

the sample.  

The thermal properties were characterized using a Thermo-Gravity/ Differential Thermal 

Analysis (TG/DTA) analysis (CMET, Pan: Alumina). It was carried out with nitrogen gas at a 

heating rate of 40 K/min for 0.5s and 10 cel./min and a temperature range of 300 K-1300 K. 

Through this process, sharp endothermic peaks indicated any phase changes such as melting or 

fusion, and broad exothermic peaks revealed any dehydration reactions or chemical reactions 

including oxidation [41]. Then the BMG samples were put n into a vacuum hot-pressing machine 

and the pressing was carried out with a pressure of 1.2 GPa at its Tc for about an hour, to obtain 

green pellets of 10mm X 2mm size. 

Vickers indenter (Wolpert Wilson, Universal 930/250 N DigiTestor) was used to measure 

the microhardness of the samples under a load of 1 kg with a dwell time of 10s. A 3369 Uniaxial 

Compression testing machine was used to perform compression tests with a loading rate of 2X10-

4/s and an aspect ratio of 2:1. The corrosive nature of the prepared samples was investigated using 

an electrochemical polarization technique with RST500F device in 0.5 M HCL aqueous solution 

from -2.5V-5.5V at a potential sweep rate of 0.05mV/s. This test was done with a standard SCE 

(Saturated Calomel Electrode) as a reference electrode. The counter electrode was a three-

electrode cell, with a platinum foil. The samples were exposed to open air for about 20 min prior 

to the electrochemical measurements set up, to stabilize the open-circuit potentials [42]. SEM, 

JEOL, and JSM-6700F instruments were used to study the structural morphologies and find the 

crystallite sizes of the samples at 20kV, prior to and post corrosion test. 

 

 

3. Results and Discussion 
 

From XRD studies, we obtained the crystallite sizes, lattice strains and phase identifications of the 

BMG powder mixtures before and after ball milling for 30 h, using X’pert high score plus 

software. The energy utilized throughout the milling process depends on the degree of crystalline 

and amorphous phases present in the BMG matrix. The XRD profiles of all synthesized BMG 

samples (NCSNb0, NCSNb3, NCSNb6, and NCSNb9), prior to the ball milling process, are 

displayed in Figure 1. The peak positions of the diffraction peaks, aroused due to Nickel (Ni, 98-

006-0833), Chromium (Cr, 98-002-1500), Silicon (Si, 98-001-2990) and Niobium (Nb, 98-002-

3331) crystalline phases, at 0 h of ball milling are shown in Figure 1. 
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Figure 1. XRD profile of all NCSNbx BMG samples (NCSNb0, NCSNb3, NCSNb6 and NCSNb9) 

before ball milling 

 

Upon subsequent prolonged hours of milling, from 0 to 30 h most of the crystalline peak 

intensities start decreasing and almost disappeared at 30 h milling time. However, few broad peaks 

that conform to a typical amorphous state are retained (Figure 2). Hence, it is expected that 30 h 

milling time is adequate to obtain the amorphization phase of the NCSNbx BMG samples. 

Furthermore, the broad peaks of the sample containing 6 at.% of Nb content (NCSNb6), slightly 

shift to a lower position compared to the other prepared BMG samples (NCSNb0, NCSNb3, and 

NCSNb9) owing to the degree of amorphous nature that develops due to the nucleation process of 

Nb content [43]. This tendency reveals that the NCSNb6 BMG sample comprises more than 95% 

of the original compound and is expected to possess the best glass-forming ability (GFA).  
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Figure 2. XRD peak patterns of the composition [Ni-Mo-Si]94:[Nb]6 (NCSNb6 BMG Matrix), as a 

function of milling time 

 

To further justify the amorphous nature of the NCSNb6 BMG sample, the TEM bright-

field image at 30 h milling time is displayed in Figure 3. An interesting blend of the crystalline 

phase, which is precipitated together with an amorphous phase is seen in Figure 3. This can be 

attributed to the active participation of Niobium (Nb) nano-crystallites in the nucleation process so 

as to promote the rate of crystallization during the hot-pressing process. The overall XRD analysis 

can be summarized as follows: i) All prepared BMG samples, NCSNb0, NCSNb3 and NCSNb9 

have shown considerable crystalline peaks that are higher than NCSNb6 sample, ii) Also, NCSNb0, 

NCSNb3 and NCSNb9 BMG samples exhibited poor amorphization tendencies when compared to 

NCSNb6 sample. This shows that the BMG sample containing Niobium (Nb) composition of 6 

at.% (NCSNb6) exhibits superior glass-forming abilities and a decrease in surface roughness 

because of the incorporation of Niobium (Nb) into the Ni-Mo-Si matrix. This is attributed to the 

aggregation of Niobium (Nb) nano-crystallites which are expected to create an impact on 

improved corrosion resistance properties [44]. As such, more emphasis is laid on the structural 

properties, mechanical and corrosion behavior of NCSNb6 BMG sample in coming up sections. 

Using the Scherer formula, the average sizes of the crystallites were found to vary from 41 nm to 

60 nm as a function of Niobium (Nb) content (Table 1). 
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Figure 3. TEM bright-field image of NCSNb6 BMG sample 

 

Table 1. Crystallite size and lattice strain of all as-prepared NCSNbx BMG samples at 30 h of ball 

milling 

BMG Crystallite size (nm) Lattice strain (%) 

NCSNb0 60 1.5 

NCSNb3 49 0.9 

NCSNb6 41 0.4 

NCSNb9 47 1.1 

 

Based on the XRD analysis, the thermal stability and the glass-forming ability of all 

prepared NCSNbx BMG samples were measured at 30 h of ball milling and examined via DTA 

studies at a heating rate of 10 K/min and the results are shown in Figure 4. The endothermic profile 

of the DTA images is a primary characteristic that shows a glass transition phase, followed by a 

super-cooled liquid region and an exothermic crystalline reaction. As an example, for the Niobium 

free (NCSNb0) sample, the glass transition temperature (Tg) is 627 K, and the crystallization 

temperature (Tc) is 764 K. Similarly, the super-cooled liquid region (T) and liquidus temperature 

(Tl) are recorded to be 121 K and 1127 K respectively. Based on these studies, the thermal properties 

(Tg, Tc, Tl, T=Tc-Tg) and the parameter, γ (=Tc/(Tg+Tl))) for all the as-prepared BMG samples are 

calculated after 30 h of ball milling and are tabulated in Table 2. From Table 2, the decreasing trend 

of T values are found to be NCSNb6 > NCSNb9 > NCSNb3 > NCSNb0, which implies that NCSNb6 

sample possesses the best glass-forming characteristics when compared to all other BMG samples  
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Figure 4. DTA profiles of all as-prepared NCSNbx BMG samples at 30 h of ball milling 

 

Table 2. DTA parameters of all as-prepared NCSNbx BMG samples at 30 h of ball milling 

BMG Tg (K) Tc (K) Tl (K) ΔT= Tc-Tg(K) γ=Tc/(Tg+Tl) 

NCSNb0 627 764 1127 137 0.435 

NCSNb3 588 777 1125 189 0.453 

NCSNb6 613 845 1198 232 0.466 

NCSNb9 598 815 1136 217 0.470 

 

under investigation. A higher T represents higher thermal stability. As indicated in Figure 5 and 

Table 2, the addition of Nb strongly affects the thermal stability of BMGs. The value of T 

increases from 137 K to a maximum value of 232 K with increasing Niobium content from 0 to 6  
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Figure 5. Variations of ΔT and Tg with Nb content of all as-prepared NCSNbx BMG samples  

 

at.%, then decreases with increasing Niobium content from 6 at.% to 9 at.%. It is well known that 

γ and T are important parameters for estimating glass-forming ability, and therefore higher γ and 

T corresponds to higher glass forming ability [45]. 

The correlation behavior of Tg Vs T with the Niobium (Nb) composition (at.%) is 

shown in Figure 5. The super-cooled liquid region, T and γ are found to be highest for the 

sample having 6 at.% of Niobium (NCSNb6). These results are in good agreement with the XRD 

studies. Additionally, the correlation between Vickers hardness values and plastic strain with 

respect to Niobium (Nb) composition is depicted in Figure 6. It is noteworthy that the sample with 

the best glass-forming ability (NCSNb6) displayed the highest plastic strain and hardness, which is 

a significant contribution of this present family of BMG network (Figure 6 and Table 2). This 

could be due to the large negative heating effect generated with substantial doping of Niobium 

(Nb) content with base BMG matrix, [Ni-Cr-Si]. The other mechanical properties of all the as-

prepared NCSNbx BMG samples were studied with the help of compressive stress-strain curves, 

and the results are shown in Figure 7. All the BMG samples exhibit a unique behavior of 

increasing stress with the increase of strain, which is in accordance with the law of elasticity and is 

also referred as work hardening. All the curves undergo an elastic deformation followed by a 

serrated plastic deformation before fracture failure occurs. The yield strength (y), fracture 

strength (f) and p for all NCSNbx BMG samples are calculated from the stress-strain curves and 

are listed in Table 3. Nevertheless, the values of y, f and p for the Niobium free (NCSNb0) 

BMG sample are found to be 1701±27, 1732±12 and 0.33±0.1% respectively. 
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Figure 6. Correlation between Vickers hardness and plastic strain values of all prepared 

NCSNbx BMG samples 

 

 
 

Figure 7. Engineering Stress-Strain curves of all NCSNbx BMG samples at 30 h of ball milling 
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Table 3. Yield strength (σy), fracture strength (σf), plastic strain (εp), and hardness values of all as- 

prepared NCSNbx BMG samples 

BMG σy (MPa) σf (MPa) εp (%) 
Hardness 

(HV) 

NCSNb0 1701±27 1732±12 0.33±0.1 516 

NCSNb3 1549±35 1595±22 0.57±0.1 598 

NCSNb6 1363±43 1467±45 0.947±0.1 673 

NCSNb9 1605±23 1699±15 0.628±0.1 525 

 

Figure 8 displays the compressive plasticity of all the as-prepared NCSNbx BMG samples 

and it is observed from Table 3 and Figure 8 that among all the prepared samples, the p is 

maximum for NCSNb6. Indeed, the yield strength (y) and compressive strength (f) values are 

found to be minimum for the Nb composition of 6 at.% (NCSNb6) and the plastic strain (p) value 

is also found to be maximum for the same. In general, during the blending of different elements 

with different atomic weights, there is every possibility for generating positive heating effect. This 

effect will create a heterogeneous atmosphere in the BMG matrix over the entire amorphous phase 

that can lead to the formation of a large number of shear bands across the whole volume, which 

results in an improvement of the plastic strain of BMG sample up to a certain extent [46, 47]. 

Also, the excess quantities of Niobium (Nb) doping of the base matrix may lead to the aggregation 

of Nb particles causing repulsive forces among the blended elements that may definitely hamper 

the plastic strain (p) values of the BMG samples [47].  

 

 
 

Figure 8. Compressive plasticity of all NCSNbx BMG samples 
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To further investigate the evidence of the deformation nature of as-prepared NCSNbx 

BMG samples, SEM analysis was done on these samples after the compression test and the results 

are displayed in Figure 9 (a-d). The images reveal that the homogeneity of the amorphous nature is 

retained even after 30 h of ball milling and the presence of Nb nano-crystallites can be seen in all 

the images as depicted in the TEM image of NCSNb6 sample (Figure 3). From Figure 9 (a), a 

single-clustered morphology along with a considerable amount of porosity can be seen. However, 

this nature is gradually minimized with the doping of Niobium (Nb) content up to 6 at.% 

(NCSNb6) (Figure 9 (c)). Moreover, uncontrolled aggregation of Nb nano-crystallites and cracks 

can be observed above 6 at.% (Figure 9 (d)). Therefore, it can be inferred that the structural 

morphology of NCSNb6 can be the best plastic and also the best corrosive resistant sample when 

compared to the other BMGs under investigation. 

 

 

 
 

Figure 9. SEM Image Analysis of all NCSNbx BMG samples at 30 h of ball milling after 

compression tests: (a) A single-crystal morphology of Nb free BMG sample (NCSNb0), (b) 

NCSNb3 BMG sample, (c) NCSNb6 BMG sample, and (d) NCSNb9 BMG sample 

 

Further, to study the corrosive properties of the as-prepared NCSNbx BMG samples, a 

potentio-dynamic polarization test was also performed from -2.5V~5.5V in 0.5 M HCl solution, 

with a potential sweep rate of 0.05mV/s. The anodic and cathodic polarization curves from Figures 

10 (a) and (b), exhibit similar polarization tendency. From Figure 10 (a), it is noticed that the 

anodic curve does not hold good Tafel curve, which means that these curves for all the present 

BMG samples exhibit active or passive transition. However, their slopes can be extrapolated back 

to the open-circuit corrosion potential. From Figure 10 (b), the anodic current density (ip) is 

calculated by summing the experimental anodic current density with extrapolated cathodic current 

density (ic) (Table 4). It is noticed from Table 4 that the anodic current density (ip) increases 

sharply before reaching a stable value, with a slight increase in the anodic polarization. This might  
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Figure 10. (a) Potentio-metric analysis of all NCSNbx samples at 30 h of ball milling-anodic 

current density with corrosion potential, (b) Potentio-metric analysis of NCSNbx BMG samples at 

30 h of ball milling-magnification images of Figure 10 (a) 

 

Table 4. Corrosion potential (Ec), passive potential (Ep), corrosion current density (ic), and passive 

current density (ip) of all NCSNbx BMG samples 

BMG Ec (mV) Ep (V) ic (A/cm2) ip (A/cm2) 

NCSNb0 -107.1 1.2093 3.8x10-2 0.5785 

NCSNb3 -80.2 0.7321 1.7x10-2 0.7529 

NCSNb6 -65.4 0.5120 5.2x10-3 0.0062 

NCSNb9 -94.7 1.1025 4.1x10-2 0.4512 

 

be due to the corrosion tendency of the BMG network. It is also known that for the best corrosive 

resistant sample, the corrosive current density should be smaller. The ic (5.2x10-3 A/cm2) and ip 

(0.0062 A/cm2) values of the NCSNB6 BMG sample are expected to be smaller when compared 

with the other prepared samples of BMGs under investigation which shows its active nature 

towards corrosion resistance. On the other hand, the step height and serration fluctuation and the 

corrosion potential value, Ec is highest for the best corrosion-resistant sample (NCSNb6) (Figure 

10 (b)). The results show that all the prepared samples of NCSNbx BMGs exhibit self-

passivization behavior. Additionally, Ep value is found to increase at first until x = 6 at.%, 

indicating a chance of self-passivization and then decreases after x>6 at. %. As the ip value of 

NCSNb6 is of two orders of magnitude lesser than the other prepared samples of Ni-based BMGs, 

this would make it clear that the NCSNb6 sample is comparatively less prone to passive film 

formation and is the best corrosion-resistant BMG sample. The compositional correlation curves 

of Ec Vs ic and Ep Vs ip are depicted in Figures 11 (a) and (b), respectively, show and prove the 

active nature of NCSNb6 BMG sample towards corrosion resistance and self-passivization 

behaviour. 
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Figure 11. (a) Compositional dependence between corrosion current density (ic) and corrosion 

potential (Ec) values of all NCSNbx BMG samples, (b) Compositional dependence between 

passive current density (ip) and passive potential (Ep) values of all NCSNbx BMG samples 

 

 

 Lastly, to better understand the corrosion properties, the SEM morphologies of the 

prepared BMG samples after potentio-dynamic polarization tests are taken (Figure 12). It can be 

observed that Niobium free (NCSNb0) BMG sample (Figure 12 (a)) is more prone to corrosion. It 

can be seen that sufficient doping of the base metal BMG matrix, with Niobium (Nb), definitely 

produces an improvement in the surface film structure (Figures 12 (b-d)). The images show the 

separation of passive films from the standard matrix, which may be caused by corrosion attack. 

Doping with Niobium (Nb) builds a protective surface film with more chemical stability and more 

corrosive resistance with a chloride medium.  It is also clearly seen that the corroded surface of 

NCSNb6 (Figure 12(c)) is more unstable and looser than the other BMGs. 

The corrosion behavior of all the NCSNbx BMGs can be related to the variable content of 

alloying elements. For the prepared samples of BMGs, the atomic percentages of Nickel (Ni), 

Chromium (Cr) and Silicon (Si), decrease as x increases from 0 at.% to 9 at.%. But, the Niobium 

(Nb) atomic percentage increases with increasing x. A larger electrochemical potential 

discrepancy of the alloying elements allows the selective dissolution of Chromium (Cr) in [Ni-Cr-

Si] BMG. With the increase of potential, the Chromium (Cr) found on the surface could be re-

deposited into the pits, a process that accelerate pits propagation [48, 49]. Even though Ni can 

form oxides, Cr and Si are chemically more stable and structurally denser. A good corrosion-

resistant BMG always has a dense uniform passive film that contains strong passive elements [50-

52]. The ip value indicates corrosion rate and Ec value indicates corrosion tendency. So, the higher 

corrosive resistance and low Ec and ip of NCSNb6 BMG sample would be a potential candidate for 

light-weight vehicle applications. 
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Figure 12. SEM micrographs of the corroded surfaces of all prepared NCSNbx BMG samples 

 

 

4. Conclusions 

 

The XRD results reveal that NCSNb6 BMG contains more than 95% of the original compound and 

can be considered as the BMG with the best glass-forming ability (GFA). The greater the values of 

the super-cooled liquid region, T and the GFA parameter, γ, the higher will be the glass-forming 

ability. So, the DTA reports are also in accordance with XRD results. The Vickers hardness test 

and the Uniaxial compression test confirm that all the prepared samples show work hardening 

behavior and is comparatively lesser for NCSNb6 and also have high hardness value compared to 

all the other BMG samples. The y (yield strength), f (fracture strength) are respectively, in the 

range of 1.3-1.7 Gpa and 1.4-1.73 Gpa. The plastic strain value, p of NCSNb6 is the highest 

among all the studied NCSNbx BMG samples and reaches a maximum of 0.947±0.1%. Potentio-

dynamic polarization tests also report lower values of ip and ic, further confirming that NCSNb6 is 

the best corrosive resistant sample. The final SEM micrographs, after the corrosion test, show 

more unstable and looser patterns of the corroded surface of NCSNb6, which further agrees with 

the results of potentio-dynamic test. This confirms that NCSNb6 is the best corrosive resistant 

sample with good glass-forming abilities and mechanical strength. 
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