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a b s t r a c t 

Metallic glasses (MGs) exhibit excellent corrosion resistance, attributed to their disordered atomic struc- 

ture and the synergistic effect of multiple components. However, the growing demand for highly 

corrosion-resistant materials has made traditional trial-and-error development strategies increasingly 

labor-intensive and challenging. Here, one combinatorial development strategy for corrosion-resistant 

MGs based on the electron work function (EWF) was proposed. Using the promising Ni-Nb-Ta and Co- 

Fe-Ta-B alloy systems as a model, the microstructure, composition, and EWF for the combinatorial MG 

libraries were systematically investigated. The optimal composition of Ni49.92 Nb11.75 Ta38.33 with the largest 

EWF and best corrosion resistance was successfully screened out. The exceptional corrosion-resistant 

property is mainly attributed to the formation of a stable and dense passive film resulting from a high 

EWF. The current research not only enlightens the intrinsic correlation between EWF and corrosion be- 

haviors but also offers an efficient strategy for developing MGs with exceptional corrosion resistance in 

harsh environments. 

© 2025 Published by Elsevier Ltd on behalf of The editorial office of Journal of Materials Science & 

Technology. 
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. Introduction 

Metallic glasses (MGs) are well-known for their superior cor- 

osion resistance compared to conventional crystalline alloys [ 1–

 ]. This advantage is generally attributed to their unique chemi- 

al homogeneity, disordered atomic structure, and the absence of 

tructural defects such as dislocations, vacancies, and grain bound- 

ries. Additionally, MGs can form supersaturated solid solutions 

ith beneficial alloying elements without undergoing phase sep- 

ration, further enhancing their corrosion resistance [ 5–7 ]. These 

istinctive structural features and chemical stability make MGs 

deal candidates for developing novel corrosion-resistant materi- 

ls. However, traditional strategies for developing MGs primarily 

ely on various empirical trial-and-error approaches. These ap- 

roaches are costly, time-consuming, and yield uncertain results. 

o overcome these challenges, modern materials development in- 

reasingly incorporates the concept of Materials Genome includ- 
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ng high-throughput computational design, high-throughput exper- 

mentation, and materials databases. These new development ap- 

roaches offer data-driven and systematic strategies that accelerate 

he design and optimization of new materials. As one key essence, 

igh-throughput experimentation approaches have been success- 

ully applied in the field of MGs, particularly in improving their 

lass-forming ability (GFA) [ 8 , 9 ], catalytic properties [ 10 ], and me-

hanical performance [ 11 ]. However, considering that the corrosion 

f MGs usually involves various complex physicochemical factors 

 12 , 13 ], there have not been effective experimental strategies to 

apidly develop MGs with excellent corrosion resistance till now. 

he limited MG systems and the urgently needed improvement in 

orrosion resistance have greatly hindered their potential applica- 

ions in various key fields under extremely harsh environments. 

herefore, it is critical to propose one simple and flexible parame- 

er that integrates various influencing factors for high-throughput 

creening of corrosion-resistance performance in MGs. 

Metal surfaces firstly corrode and degrade when exposed to hu- 

id atmospheres or electrolytes. The corrosion and degradation re- 

ult from multiple physicochemical reactions that lead to early fail- 

re and significant material losses. Consequently, the surface char- 

cteristics of metals often play a crucial role in their corrosion re- 
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istance performance [ 14 , 15 ], such as surface roughness, chemical 

omposition, and residual stress. Nevertheless, the above surface 

haracteristics only influence the corrosion behaviors in a certain 

spect and cannot reflect the combined effect of various influenc- 

ng factors. Compared to the above surface properties, the parame- 

er of electron work function (EWF) reflects the intrinsic and com- 

rehensive electronic property of the minimum energy to move 

lectrons at the Fermi level inside a metal to its surface. It has 

een reported that EWF is well correlated with various physical 

nd chemical properties, such as mechanical properties, catalytic 

roperties, and solid-state electronics [ 16–19 ]. Especially, a large 

umber of recent studies have shown that there exists a direct 

orrelation between EWF and corrosion resistance of MGs [ 20 ]. 

or example, Yao et al. linked the corrosion behaviors of Ti-Zr- 

e-(Ni/Fe) MGs to EWF [ 21 ]. They observed that a low EWF re-

ults in better corrosion resistance in NaCl solutions. This was at- 

ributed to higher electron activity, which promoted the formation 

f a highly protective passive film enriched with TiO2 and ZrO2 . 

onversely, Li et al. studied the EWF and corrosion behaviors of 

opper alloys [ 22 ]. They found that a decrease in EWF leads to

ncreased corrosion rates, indicating higher electrochemical activ- 

ty and reduced corrosion resistance [ 22 ]. Mukherjee et al. exam- 

ned the correlation between the EWF and the corrosion resistance 

or Zr56.2 Ti13.8 Nb5 Cu6.9 Ni5.6 Be12.5 MG composites [ 23 ]. It was found 

hat the amorphous matrix with its lower EWF was more prone 

o corrode compared to its crystallized counterpart. Yue et al. also 

eported that the Zr65 Al7.5 Cu17.5 Ni10 MG with a higher EWF owns 

etter corrosion resistance compared to the crystallized phases 

 24 ]. Essentially, corrosion in metals is a process of gradual degra- 

ation through chemical or electrochemical reactions. This involves 

 series of reactions and charge exchanges at the solid-solution in- 

erface in the electrolyte, driven by electrons and ion transfer [ 25 ]. 

 higher EWF reduces electron loss, lowers electron activity, and 

akes the surface less reactive. From this perspective, whether in 

rystalline alloys or MGs, a higher EWF should mean better cor- 

osion resistance. In addition, while factors like alloying element 

nteractions and atomic size differences do influence corrosion per- 

ormance, it is important to note that these are single-aspect fac- 

ors. In contrast, the EWF serves as a comprehensive metric that 

ncompasses all such factors [ 26 , 27 ]. Therefore, by combining the 

arameter of EWF with high-throughput experimental techniques, 

t becomes possible to rapidly develop MGs with exceptional cor- 

osion resistance. 

Herein, by taking the EWF as the screening parameter, we pro- 

osed one effective high-throughput experimental strategy to fast 

dentify MGs with superior corrosion resistance. First, based on the 

ombinatorial approach, we synthesized and characterized the sur- 

ace morphology, chemical composition, and structure of Ni-Nb- 

a and Co-Fe- Ta-B alloy libraries. Previous research indicated that 

b and Ta are metal elements with high passivation tendency, and 

he Ni-Nb-Ta system may have better corrosion resistance than the 

o-Fe-Ta-B system [ 28 , 29 ]. Thus, the Ni-Nb-Ta system was con- 

idered the main research object, and the Co-Fe-Ta-B system was 

sed to verify the validity of our strategy. Then, using the Kelvin 

robe force microscopy (KPFM), the corresponding EWF maps were 

recisely measured. The EWF maps display the obvious compo- 

ition dependence. To verify the effectiveness of the above high- 

hroughput screening strategy, three MG compositions with signif- 

cantly different EWFs were selected. A series of electrochemical 

ests and microscopic structural and electronic structural charac- 

erizations were conducted. It was found that the MG composi- 

ion with the largest EWF exhibits the best corrosion resistance 

mong the two MG alloy libraries. Finally, we provided one com- 

arison of the self-corrosion potential and passive current density 

f various metals in sulfuric acid solution, including MGs and crys- 

alline alloys. Our findings offer valuable insights into the corrosion 
112
echanisms of MGs and provide guidance for fast designing novel 

orrosion-resistant MGs. 

. Experimental 

.1. Sample fabrication 

The Ni–Nb–Ta and Co-Fe-Ta-B thin film alloy libraries were fab- 

icated using magnetron co-sputtering with three elemental tar- 

ets. High-purity ( > 99.95 %) pure elements were used as sput- 

ering targets. The films were deposited onto 2-inch-diameter Si 

afers. Each Si wafer was loaded with a mask plate that divides 

he wafer into 37 zones. The base pressure in the chamber was 

aintained below 5.0 × 10−5 Pa. The applied working pressure 

as set to 0.5 Pa by introducing high-purity Ar gas at a flow rate of

0 standard cubic centimeters per minute. The deposition process 

or all of the films lasted 90 min, with sputtering power of 30–

20 W for Ni, 40–120 W for Nb, 80–100 W for Co, 80–120 W for

e7 B3 , and 25–80 W for Ta. For the fabrication of the MG ribbons, 

he single copper-wheel melt spinning method was used. The mas- 

er alloy was prepared by arc-melting the high-purity ( > 99.95 %) 

lements. The obtained master alloy was then re-melted in a 

uartz tube using induction heating, followed by injected onto a 

oller with a spinning tangent speed of about 45 m s−1 to form the 

ibbons. The prepared ribbons had a thickness of around 26 μm, a 

idth of about 1.5 mm, and a length of several meters. 

.2. Compositional and structural characterizations 

The chemical compositions of two thin film alloy libraries were 

nalyzed by a Zeiss scanning electron microscope (SEM) equipped 

ith an energy-dispersive X-ray spectrometer (EDS). Structural 

haracterization was performed by X-ray diffractometer (XRD) us- 

ng a Malvern PANalytical Empyrean X-ray diffractometer with a 

u-K α radiation source, scanning from 30 ° to 60 ° at a scan rate of 

0 ° min−1 . Fast X-ray diffraction mapping was conducted with a 

pot diameter of 1 mm. The microstructures of the ribbons were 

lso analyzed using XRD (D8 DISCOVER) with a Cu-K α radiation 

ource, scanning from 20 ° to 90 ° at a scan rate of 6 ° min−1 . 

he thermal properties were measured by differential scanning 

alorimetry (DSC, 404 F1). The surface morphologies of the ribbons 

fter potentiostatic polarization were observed using a Thermo 

cientific scanning electron microscope (Verios G4 UC) equipped 

ith an energy-dispersive X-ray spectrometer. The surface chemi- 

al states and compositions of the passive films were analyzed by 

sing X-ray photoelectron spectroscopy (XPS, AXIS SUPRA). Before 

PS characterization, the samples were rinsed with deionized wa- 

er and dried by blowing nitrogen gas. High-resolution XPS spectra 

ere obtained and then analyzed by CasaXPS software, with the 

 1s peak at 284.8 eV used as a reference for charge calibration. 

igh-resolution transmission electron microscopy (HRTEM) obser- 

ations were conducted using a JEOL F200 microscope. TEM sam- 

les for HRTEM were prepared by a FEI SEM/focused-ion beam 

SEM/FIB) system. 

.3. EWF characterizations 

Kelvin probe force microscopy (KPFM) was used to measure the 

WF of two thin film alloy libraries, while the corresponding sur- 

ace morphology was simultaneously scanned in AFM. The mea- 

urements were performed using a Brucker Dimension ICON in- 

trument with a conductive AFM and PeakForce KPFM. KPFM tests 

ere conducted at a scan rate of 0.996 Hz in air at room tem- 

erature (about 298 K) over an area of 50 μm × 50 μm with 

56 × 256 measurement points. The EWF of the ribbons was also 
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ested using ultraviolet photoelectron spectroscopy (UPS, Axis Ultra 

LD). 

.4. Electrochemical measurement 

The electrochemical tests were conducted using a ZAHNER elec- 

rochemical workstation in 0.5 M H2 SO4 , 3.5 % NaCl, and 1 M HCl 

olutions at room temperature (298 K). A three-electrode system 

onsisting of the sample working electrode, Pt counter electrode, 

g/AgCl, and saturated calomel reference electrode was used. The 

pen circuit potential (OCP) was recorded over a period of 1800 s. 

hen, electrochemical impedance spectroscopy (EIS) measurements 

ere performed with an amplitude perturbation of 10 mV, cov- 

ring a frequency range from 10 mHz to 100 kHz. The EIS data 

ere analyzed using equivalent circuits fitted with ZSimpWin soft- 

are. Subsequently, the potentiodynamic polarization curves were 

ecorded at a potential scan rate of 0.5 mV s−1 from −300 mV vs. 

CP. To investigate the growth and dissolution kinetics of the pas- 

ive film, the steady-state current density ( Iss ) was measured using 

otentiostatic polarization tests. The value of Iss was determined 

y averaging the final values of the current-time transient curves. 

. Results and discussion 

.1. Preparation and characterization of combinatorial Ni-Nb-Ta alloy 

ibrary 

To display the high-throughput experimental strategy for 

creening the corrosion resistance in this work, the Ni-Nb-Ta MG 

ystem was specially selected as the research object. This alloy sys- 

em is promising due to the presence of the easily passivated el- 

ments of Ta and Nb, which form a stable and dense passive film 

 30 ]. Additionally, the Ni-Nb-Ta alloy system exhibits good GFA and 

igh glass transition temperature ( Tg ). The high Tg helps suppress 

elaxation and crystallization, contributing to good thermal stabil- 

ty under high-temperature environments [ 31 , 32 ]. First, a combi- 

atorial Ni-Nb-Ta alloy library was fabricated using magnetron co- 

puttering ( Fig. 1(a) ). To enable precise characterization of chem- 

cal compositions as well as their corresponding microstructures 
ig. 1. Combinatorial synthesis and high-throughput characterizations of Ni-Nb-Ta alloy li

mage of the fabricated Ni-Nb-Ta alloy library. (c) Surface morphology and roughness of on

sing automated EDS and XRD. (e) XRD patterns from 37 regions on one of the prepare

lloy library. 

113
nd EWFs, the whole alloy library was divided into 37 indepen- 

ent subregions using a mask template. The detailed series num- 

ers for the subregions can be seen in Fig. S1 in Supporting Infor- 

ation. Fig. 1(b) presents the optical image of the obtained combi- 

atorial Ni-Nb-Ta alloy library. It is clear that all of the subregions 

ook very shining and smooth. Furthermore, in order to eliminate 

he influence of surface roughness on the determination of subse- 

uent compositions and the measurement of EWF, the roughness 

f thin film samples within all of the subregions were measured. 

he measured surface morphology by AFM corresponding to one 

f the subregions was exhibited in Fig. 1(c) . The measured rough- 

ess for all of the subregions is within 5 nm over a 50 μm range,

hich well meets the requirements for the following tests. 

To confirm the microstructures and the chemical compositions 

f the subregions, automated X-ray diffraction (XRD) and energy 

ispersive spectroscopy (EDS) were applied and the measurement 

cheme was shown in Fig. 1(d) . The XRD patterns for 37 subre- 

ions are displayed in Fig. 1(e) . One can see that all of the sub-

egions are in a completely amorphous state. Except for the MG 

lm in Fig. 1(b) , more Ni-Nb-Ta alloy films were also prepared 

nd the corresponding compositions were confirmed by EDS. Fig. 

2 shows the surface morphology and elemental distribution for 

ne subregion, confirming smooth surface and uniform composi- 

ion distribution. In this work, the obtained Ni-Nb-Ta alloy library 

ontains a total of 407 independent MG compositions, covering a 

road compositional range of 30–80 % Ni, 0–50 % Nb, and 5–50 % 

a, as shown in Fig. 1(f) . 

.2. High throughput EWF mapping of combinatorial Ni-Nb-Ta alloy 

ibrary 

For metals, EWF is a crucial factor in understanding various 

orrosion behaviors. It usually determines the behavior of elec- 

rons and can be used to evaluate the corrosion tendency of the 

etals [ 17 , 27 , 33 ]. Thus, compared to the traditional experimen-

al methods, EWF should be considered as a simple and direct 

arameter for high-throughput evaluation of corrosion resistance 

or different MG com positions. The common experimental meth- 

ds to determine the EWF are KPFM and ultraviolet photoelectron 
brary. (a) Schematic of the magnetron co-sputtering fabrication process. (b) Optical 

e subregion by AFM. (d) Schematic of compositional and structural characterization 

d 11 films. (f) Composition space of all of the prepared MGs within the Ni-Nb-Ta 
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pectroscopy (UPS) with high spatial resolution and reliability [ 34–

6 ]. For high throughput measurement, the KPFM technology is 

he preferable and feasible tool. The detailed measurement prin- 

iple is shown in Fig. 2(a) . Different metals exhibit distinct sur- 

ace electrostatic potentials. When the AFM probe tip approaches 

he metal surface, a contact potential difference (CPD) is gener- 

ted between them. The measurement principle of KPFM is based 

n the response to contact potential difference induced by elec- 

rostatic forces. A compensating DC bias is applied to nullify the 

orce signal, resulting in a DC bias equal to the CPD, counteracting 

he potential difference between the two metals. Then, KPFM al- 

ows the CPD value to be directly measured. Once the EWF of the 

robe is known, the EWF of the sample surface can be decided. 

hus, based on the above KPFM, the detailed EWF values for the 

orresponding Ni-Nb-Ta MG composition space in Fig. 1(f) can be 

apped and exhibited in Fig. 2(b) . Clearly, the distribution of EWF 

hows the obvious composition dependence. Moreover, the com- 

osition regions of Ta-rich and Nb-poor exhibit higher EWF values, 

hile the composition regions with nearly equal proportions of Ni, 

b, and Ta own lower EWF values. Considering that a higher EWF 

orresponds to a more stable electron state and thus a higher resis- 

ance to corrosion reactions, the Ta-rich and Nb-poor composition 

egions may own the better corrosion resistance. 

.3. Verification of the effectiveness of the corrosion resistance 

creening strategy based on EWF in the Ni-Nb-Ta alloy library 

.3.1. Preparation of three selected Ni-Nb-Ta MGs with significantly 

ifferent EWFs 

To verify the effectiveness of the screening strategy based 

n EWF, three compositions of Ni49.92 Nb11.75 Ta38.33 (Ni49.92 ), 

i65.16 Nb10.09 Ta24.75 (Ni65.16 ), and Ni42.79 Nb27.11 Ta30.1 (Ni42.79 ) with 

ignificantly different EWF values were selected. For simplicity, 

hree alloys were separately labeled as samples 1, 2, and 3, as dis- 

layed in Fig. 2(b) . In the below, three ribbon-like MG samples 

or these compositions will be prepared by melt-spinning technol- 

gy [ 37 , 38 ] and the corresponding corrosion resistances will be in-

estigated. This technique allows for rapid cooling of the melt at 
ig. 2. High throughput mapping of EWF for Ni-Nb-Ta alloy library. (a) Schematic diagram

lloy library. Three compositions (1: Ni49.92 , 2: Ni65.16 , 3: Ni42.79 ) were selected to verify t

he films and ribbons corresponding to three selected MGs in (b). The inset shows an opti

ow curves for the prepared ribbons with the heating rate of 20 K min−1 . The onset temp

lack arrows. 

114
 rate of 106 K s−1 , which quickly freezes the melt to form the 

morphous ribbons. Since our thin films were prepared via mag- 

etron sputtering with a cooling rate of approximately 109 K s−1 , 

e chose the melt-spinning technology to minimize potential mi- 

rostructural variations arising from differences in cooling rates. As 

hown in the inserted photo picture of Fig. 2(c) , three ribbon-like 

amples are very shining, indicating a good and smooth surface. 

he dimensions of the ribbons are about 26 μm × 1.5 mm (thick- 

ess × width). Moreover, one of the ribbon samples (Ni49.92 ) can 

e deformed by winding them around a ceramic rod with a diame- 

er of 10 mm (the mandrel), which demonstrates its excellent flex- 

bility. XRD patterns ( Fig. 2(d) ) confirm that all of the ribbons have

 fully amorphous structure. The differential scanning calorimetry 

DSC) curves for three Ni-Nb-Ta MGs are shown in Fig. 2(e) . No- 

ably, only the Ni65.16 MG shows a distinct glass transition event, 

ith a Tg is 958 K. The initial crystallization temperatures ( Tx ) 

or the Ni49.92 , Ni65.16 , and Ni42.79 MGs are 980, 991, and 1014 K, 

espectively. These thermal properties further confirm the amor- 

hous nature of the Ni-Nb-Ta MGs and highlight their superior 

hermal stability. 

To check if the cooling rate affects the EWF of MGs, the EWFs 

or the above three MG films and ribbons were measured by KPFM 

nd UPS. The detailed surface morphology and the EWFs by KPFM 

nd UPS are shown in Figs. S3–S5. Fig. S3 clearly shows the surface 

orphology and EWF distributions by KPFM for three MG films are 

elatively homogeneous. And all surface roughness values remain 

elow 5 nm. The quantitative information of EWF fluctuations for 

hree films is displayed in Fig. S4. One can see that the Ni42.79 MG 

xhibits a range of 4.25–4.28 eV, with a mean value of 4.267 eV. In 

ontrast, the Ni65.16 MG has an EWF range of 4.47–4.51 eV, with a 

ean value of 4.492 eV, and the Ni49.92 MG shows an EWF range 

f 4.53–4.59 eV, with a mean value of 4.562 eV. The EWFs of three 

G ribbons by UPS were also shown in Fig. S5 and the detailed 

alues of the EWFs were included in Table S1. Clearly, the values 

f EWFs by KPFM and UPS are very close, which indicates that the 

PFM is one reliable experimental tool for high-throughput maps 

f the EWF. Furthermore, the corresponding EWF values for the 

ibbon and film MG samples with the same composition were plot- 
 illustrating the KPFM technology to measure EWF. (b) EWF map for the Ni-Nb-Ta 

he validity of the screening strategy based on the EWF. (c) Comparison of EWF of 

cal photograph of the prepared ribbons. (d) XRD patterns of three ribbons. (e) Heat 

eratures of glass transition and primary crystallization were marked by a series of 
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M

ed in Fig. 2(c) . It is evident that the EWFs for the same composi-

ion with different cooling rates are very close. This result implies 

hat when the sample structure is amorphous, the EWF of MGs is 

rimarily governed by the chemical composition. 

In addition to absolute EWF values, the local distribution of 

WF should play a critical role in evaluating the corrosion resis- 

ance of alloys [ 21 ]. By extracting EWF distribution data from the 

orphological scans in Fig. S4, we calculated the full width at half 

aximum (FWHM) to assess the extent of EWF fluctuations and 

he uniformity of its local distribution. Notably, the FWHM for the 

i49.92 ( ∼0.021) is the widest among the three MGs, indicating the 

reatest fluctuations of the EWF distribution at the microscale. Re- 

ent studies reported that the microstructure of MGs at the mi- 

roscale is intrinsically heterogeneous, and there exist solid-like 

nd liquid-like regions [ 39 , 40 ]. Different local regions own differ- 

nt viscoelastic properties, such as elastic modulus, hardness, and 

ensity [ 41 ]. Thus, the EWFs within different local regions should 

e different. The above results indicate that the Ni49.92 MG has the 

argest EWF and the most heterogeneous structure, which should 

e good for the comprehensive performance of corrosion-resistant 

nd mechanical properties. 

.3.2. Potentiodynamic polarization tests 

To investigate the corrosion and passivation behaviors of three 

elected Ni-Nb-Ta MGs, a series of potentiodynamic polarization 

ests were conducted in 0.5 M H2 SO4 solution at room temper- 

ture. Fig. 3(a) presents the open circuit potential (OCP) curves 

or the Ni49.92 , Ni65.16 , and Ni42.79 MGs. Specifically, Ni49.92 MG 

xhibits the highest OCP, followed by Ni and Ni showing 
65.16 42.79 

Table 1 

Typical electrochemical corrosion parameters of the

potentiodynamic polarization curves in 0.5 M H2 SO4

potential ( Ecorr ), pitting potential ( Epit ), passive cur

rate ( vcorr ). 

Alloys Concentration (M) Ecorr (mV) Epit 

Ni49.92 0.5 56 168

Ni65.16 0.5 13 160

Ni42.79 0.5 −4 162

ig. 3. Electrochemical measurements for corrosion resistances of Ni42.79 , Ni65.16 , and Ni4

f three MGs. (b) Potentiodynamic polarization curves of three MGs. (c) Plot of EWF and

urves for three MGs at 1 VAg/AgCl . The inset gives the magnified view corresponding to t

Gs. (f) Bode phase angle and corresponding bode impedance plots of three MGs. The in

115
he lowest OCP. The OCP of MGs obviously exhibits a positive re- 

ationship with the corresponding EWFs. To further quantitatively 

haracterize the correlation between the EWF and the corrosion 

ehaviors, the potentiodynamic polarization curves for three MGs 

ere displayed in Fig. 3(b) . Based on the curves of Fig. 3(b) , typical

lectrochemical corrosion parameters including the self-corrosion 

otential ( Ecorr ), pitting potential ( Epit ), passive current density 

 Ipass ), corrosion current density ( jcorr ), and equivalent corrosion 

ate ( vcorr ) can be determined and included in Table 1 . The evolu-

ions of Ecorr with the EWFs for three MGs were plotted in Fig. 3(c) .

t is evident that Ecorr increases with the increase of EWF, which 

irectly shows the positive correlation between the EWF and the 

orrosion resistance for MGs. Specifically, Ni49.92 MG demonstrates 

he highest Ecorr of 56 mVAg/AgCl and the lowest Ipass of 0.55 μA 

m−2 . In comparison, Ni65.16 has an Ecorr of 13 mVAg/AgCl and an 

pass of 0.73 μA cm−2 , while Ni42.79 exhibits the lowest Ecorr of 

4 mVAg/AgCl and the highest Ipass of 1.70 μA cm−2 . In addition, 

i49.92 MG with the largest EWF has the highest pitting potential 

f 1689.6 mVAg/AgCl . During electrochemical corrosion, the anode 

eaction involves the loss of electrons from metal atoms, leading 

o the formation of metal ions in the solution. Metals with higher 

WF are less likely to lose electrons, which enhances their stabil- 

ty in corrosive environments, as reflected by higher Ecorr values 

 42 , 43 ]. Ni49.92 MG with the highest EWF also has the largest Ecorr 

nd exhibits the best corrosion resistance, followed by Ni65.16 MG. 

n contrast, Ni42.79 MG with the lowest EWF has the lowest Ecorr 

nd the poorest corrosion resistance. Overall, these results demon- 

trate that a large EWF is beneficial to the improvement of corro- 
 Ni49.92 , Ni65.16 , and Ni42.79 MGs derived from 

 

solution at room temperature: self-corrosion 

rent density ( Ipass ), and equivalent corrosion 

(mV) Ipass ( μA cm−2 ) vcorr (mm a−1 ) 

9.6 0.55 3.5 × 10−7 

2.6 0.73 3.1 × 10−6 

5.1 1.70 9.7 × 10−6 

9.92 MGs in 0.5 M H2 SO4 solution at room temperature. (a) Open circuit potentials 

 self-corrosion potential for three MGs. (d) Potentiostatic current density vs. time 

he part in (d) marked by the magenta dashed rectangle. (e) Nyquist plots of three 

set shows the equivalent circuit model. 
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.3.3. Potentiostatic tests 

During the electrochemical processes of the metals, the reduc- 

ion in current density over time is mainly attributed to the for- 

ation of a passive film. The formed passive film effectively re- 

tricts metal dissolution and reduces the rate of reactions asso- 

iated with the current. As the passive film grows and stabilizes, 

he current density continues to decrease and eventually reaches a 

table and lower value [ 44 ]. Thus, by detecting the evolution pro- 

ess of the current density during corrosion, the information of the 

assive film can be obtained. Herein, for the Ni49.92 , Ni65.16 , and 

i42.79 MGs, the potentiostatic tests in the 0.5 M H2 SO4 solution at 

 VAg/AgCl were performed. Fig. 3(d) shows the measured current 

ensity as a function of time. It is evident that all of the current 

ensity curves for three MGs decrease rapidly in the initial period 

nd then gradually reach the stable stage. To more clearly display 

he fast decrease stage of the current density, the magnified curves 

arked by the magenta dashed rectangle were also plotted in the 

nsertion of Fig. 3(d) . Usually, the smaller the current density value 

t the stable stage, the better the corrosion resistance [ 45 ]. Herein,

e took the current density values at the time of 3600 s as the 

table current density. From Fig. 3(d) , Ni49.92 MG exhibits the low- 

st current density, followed by Ni65.16 MG, and Ni42.79 MG shows 

he highest current density. This trend further confirms that Ni49.92 

G with the highest EWF results in the best stability of the passive 

lm among three Ni-Nb-Ta MGs. Moreover, Ni49.92 MG with the 

ighest EWF is the most resistant to electron loss, leading to the 

owest current density in the anodic reactions. Therefore, Ni49.92 

G owns the superior corrosion resistance. 

.3.4. Electrochemical impedance spectrum measurement 

To better understand the differences in corrosion behaviors of 

hree selected Ni-Nb-Ta MGs with varying EWF, the electrochem- 

cal impedance spectrum (EIS) tests were performed to analyze 

he interface characteristics between the electrode and the solu- 

ion. Fig. 3 (e, f) shows the Nyquist and Bode plots for the Ni49.92 ,

i65.16 , and Ni42.79 MGs obtained after the OCP test. As shown in 

ig. 3(e) , the Nyquist spectra for all three MG samples appear as 

ell-defined depressed semi-arcs. This result indicates that while 

he same passive mechanism for three MGs is involved, the ca- 

acitive arc radius corresponding to the passive film’s polarization 

esistance varies. For the EIS spectrum, the presence of a capac- 

tive arc suggests that the passive film on the electrode surface 

ignificantly affects the overall electrode behavior and alters the 

harge transfer process at the metal/solution interface [ 46–48 ]. The 

iameter of the Nyquist curve reflects the corrosion resistance of 

he metal. A larger diameter indicates higher charge transfer resis- 

ance, higher impedance values of the passive film, and better cor- 

osion resistance [ 49 ]. The capacitive arc diameter for three MGs 

ncreases in the order of Ni49.92 > Ni65.16 > Ni42.79 . Thus, the above 

esults and discussions confirm that the screened Ni49.92 MG ex- 

ibits the largest polarization resistance and best corrosion resis- 

ance. In addition, the corrosion rates of three MGs can be es- 

imated according to the equivalent corrosion rate formula (See 

upporting Information). The corresponding values of the corrosion 

ate for Ni49.92 , Ni65.16 , and Ni42.79 are 3.5 × 10−7 , 3.1 × 10−6 , and 

.7 × 10−6 mm a−1 , and were included in Table 1 . Obviously, the 
Table 2 

Equivalent-circuit parameters derived from the fitting of EIS curve

of the solution, Rf is the film resistance, Qdl represents the double

Qf represents the film capacitance. 

Alloys Rs ( � cm2 ) Rf ( � cm2 ) Qf ( �−1 cm−2 sn 1 ) 

Ni49.92 0.945 4.131 × 103 1.371 × 10−5 

Ni65.16 1.149 4.394 × 104 1.825 × 10−5 

Ni42.79 0.928 1.563 × 105 2.364 × 10−5 

116
orrosion rate for Ni49.92 MG is the smallest, which directly shows 

ts best corrosion resistance. 

Meanwhile, according to the Bode diagrams in Fig. 3(f) , the dy- 

amics information about the corrosion processes for three MGs 

an be obtained. First, the parts within the high-frequency seg- 

ent (10–100 kHz) show a constant | Z | value with frequency and 

 phase angle close to 0 °, indicating that the impedance responses 

or all MGs are dominated by the resistance of the electrolyte. In 

ontrast, at lower frequencies (0.001–1 kHz), all MG samples show 

 linear slope close to −1 and phase angles near 90 °, indicating 

trong capacitive behavior. The above results show that the elec- 

rode/solution interfaces of all three Ni-Nb-Ta MGs are primarily 

ontrolled by double-layer capacitance and there appears the for- 

ation of a stable passive film on the MG surfaces [ 50 , 51 ]. What is

ore, the width and asymmetry of the phase angle curve suggest 

hat the two-time constants from the middle and low-frequency 

egions overlap at the extreme phase angle values [ 52 , 53 ]. Notably,

i42.79 MG exhibits a lower phase angle in the low-frequency range 

nd a narrower frequency range for phase angles between 10−2 –

04 Hz compared to the other MGs. 

For the electrochemical corrosion behaviors of metals, the elec- 

rical equivalent circuits (EECs) are commonly used to analyze the 

IS results of metal/passive film/electrolyte systems [ 54 ]. Herein, 

he fitted curves for the experimental Bode diagram based on the 

EC model were provided, as shown in Fig. 3(f) . The scheme of the 

pplied EEC model was also included in the insertion of Fig. 3(f) . 

ue to the depressed semi-arcs in the Nyquist plot, the double- 

ayer capacitance of the passive film is described by two constant 

hase elements (CPE, denoted by Q ) [ 55 ]. In this model, Rs , Rf ,

f , Rct , and Qdl represent the solution resistance, film resistance, 

lm capacitance, charge transfer resistance, and double-layer ca- 

acitance, respectively [ 56 ]. The impedance of the CPE is mathe- 

atically defined by the following formula: 

CPE =
[ 

Q
(

jw 

)n 
] −1 

(1) 

here Q represents the CPE magnitude, j is the imaginary unit 

f 
√ −1 , ω is the angular frequency, and n is the CPE power 

0 ≤ n ≤ 1). When n = 1, the CPE behaves like an ideal capacitor; 

hile for 0.5 < n < 1, it represents a non-ideal capacitor. Clearly, 

rom Fig. 3(f) , the EEC model provides a good fit with reasonable 

alues for the fitting parameters, and the detailed values are in- 

luded in Table 2 . Ni49.92 MG has the highest n1 value of 0.983, 

hich is close to 1, indicating that it exhibits the characteristics of 

n ideal capacitor and that the passive film provides effective pro- 

ection. Additionally, the Rct of Ni49.92 MG (2.677 × 106 � cm2 ) 

s 21.5 times higher than that of Ni42.79 MG (1.245 × 105 � cm2 ). 

his result further confirms that Ni49.92 MG with the highest EWF 

xhibits the best corrosion resistance, which is in line with the po- 

entiodynamic and potentiostatic polarization results. 

.3.5. Corrosion morphology 

Corrosion morphology is closely linked to the corrosion resis- 

ance of the metals. Metals with excellent corrosion resistance 

ypically exhibit uniform corrosion, fewer and shallower pits, and 

bundant protective corrosion products, all of which reflect strong 
s for the Ni49.92 , Ni65.16 , and Ni42.79 MGs: Rs is the resistance 

-layer capacitance, Rct is the charge transfer resistance, and 

n1 Rct ( � cm2 ) Qdl ( �−1 cm−2 sn 2 ) n2 

0.9825 2.677 × 106 1.575 × 10−6 0.7054 

0.9761 9.623 × 105 9.301 × 10−7 0.6509 

0.9743 1.245 × 105 4.687 × 10−5 0.8296 
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esistance to corrosion [ 57 ]. Here, we also observed the surface 

orrosion morphologies of the Ni49.92 , Ni65.16 , and Ni42.79 MGs af- 

er potentiostatic polarization for 60 min at 1 VAg/AgCl , as shown 

n Fig. 4 . Clearly, three MGs display distinct surface morphological 

eatures. For Ni42.79 MG with the lowest EWF, there appear numer- 

us dense pits and some corrosion products (marked by the yel- 

ow dashed circle in Fig. 4(a) ), indicating relatively poor corrosion 

esistance. Ni65.16 MG with the medium EWF shows some localized 

orrosion pits ( Fig. 4(b) ). In contrast, Ni49.92 MG with the highest 

WF shows no significant noticeable in pitting corrosion ( Fig. 4(c) ), 

ndicating a more uniform corrosion process and less severe corro- 

ion. 

To further quantitatively characterize the change of surface el- 

ment distribution for three MGs, the EDS was applied and the 

etailed element distributions after corrosion were shown in the 

ight part of Fig. 4 (a–c). One can see that as EWF increases, the

istribution of corrosion products (O-element-rich region) becomes 

ore uniform. Especially, for Ni49.92 MG with the highest EWF, 

here is no obvious oxygen element enrichment occurring, which 

s consistent with the result of Fig. 4(c) . To sum up, the above re-

ults suggest that MG with higher EWF is more effective at forming 

rotective passive films and there is a uniform distribution of cor- 

osion products and minimal pits, further confirming its superior 

erformance in corrosive environments. 

.3.6. Surface chemical state characterization by X-ray photoelectron 

pectroscopy 

The corrosion behaviors of the metals are closely related to 

heir surface chemical states. Therefore, studying the chemical 

tate of Ni-Nb-Ta MGs is crucial to understanding the correlation 

etween their EWF and corrosion resistance. For simplicity, we in- 

estigated and compared the chemical states for the Ni49.92 and 

i42.79 MGs with completely different EWFs after potentiostatic 

olarization for 60 min at 1 VAg/AgCl by XPS. The detailed XPS spec- 

ra of Ni 2p, Nb 3d, Ta 4f, and O 1s for 2 MGs were displayed

n Fig. 5 . From Fig. 5(a) , the Ni 2p spectrum is composed of Ni

p 3/2 and Ni 2p 1/2, indicating that Ni with the metallic state 

xists in the passive film. Fig. 5(b) shows the Nb 3d 5/2 and Nb
ig. 4. Characterization of corrosion morphologies and chemical element distributions of N

t 1 VAg/AgCl . The formed pits were highlighted by the yellow dashed circles. 
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d 3/2. These two chemical states correspond to metallic Nb and 

he oxidized state (Nb5 + ). This result indicates that there exists the 

etallic Nb in the passive film and some Nb are oxidized. Similarly, 

ig. 5(c) displays the Ta 4f 7/2 and Ta 4f 5/2, representing metal- 

ic Ta and the oxidized state (Ta5 + ). There exists the metallic Ta in 

he passive film and some Ta are oxidized. Fig. 5(d) shows the O 

s spectra and it can be fitted with three peaks. The main peak is 

ttributed to Nb or Ta oxides (such as Nb2 O5 or Ta2 O5 ), indicat- 

ng strong binding of oxygen to metal oxides. The second peak is 

elated to hydroxyl groups (OH−), possibly from hydroxides or de- 

ective oxides, reflecting changes in the local chemical state [ 58 ]. 

he third peak corresponds to water (H2 O) adsorbed on the sur- 

ace [ 21 ]. From the above analyses, one can see that the passive 

lms for Ni49.92 and Ni42.79 MGs are primarily composed of Nb2 O5 

nd Ta2 O5 . Considering that Nb and Ta have higher REDOX poten- 

ials than Ni, it is easier for the elements of Nb and Ta to form

table oxide passive film in the electrolyte. 

Considering that the elements of Nb and Ta elements possess 

reater thermodynamic stability and chemical inertness compared 

o Ni, it is beneficial for Ni-Nb-Ta MGs to form a more stable oxide 

ayer that is resistant to dissolution in acidic environments. Mean- 

hile, the strong passive tendencies of the elements of Nb and 

a allow them to form a dense and stable passive film and en- 

ance corrosion resistance [ 59 ]. Additionally, the binding energies 

f Nb, Ta, and O in Ni42.79 MG shift to lower values, suggesting a 

eaker passive film. The decrease in binding energy indicates that 

he metal-metal and metal-oxygen electronic bonding on the sur- 

ace of Ni42.79 MG is weaker, which is in line with its poorer cor- 

osion resistance. 

.3.7. Microstructure characterization of formed passive film on the 

urface 

To investigate the effect of EWF on passive film formation in 

i49.92 and Ni42.79 MGs, TEM and EDS analyses were conducted. 

amples were treated by potentiostatic polarization for 60 min at 

 VAg/AgCl and the detailed results are shown in Fig. 6 . Clearly, A 

assive film was observed on the surfaces of both MGs, marked 

y white dashed lines. The MG matrix keeps an amorphous state 
i42.79 (a), Ni65.16 (b), and Ni49.92 (c) MGs after potentiostatic polarization for 60 min 
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Fig. 5. Electronic structure analyses via XPS for Ni (a), Nb (b), Ta (c), and O (d) in the Ni49.92 MG with superior corrosion resistance compared to the Ni42.79 MG with poor 

corrosion resistance after potentiostatic polarization for 60 min at 1 VAg/AgCl . 

Fig. 6. Microstructure and element distribution of the formed passive films on Ni49.92 MG (a, b) with superior corrosion resistance and Ni42.79 MG (c, d) with poor corrosion 

resistance after potentiostatic polarization for 60 min at 1 VAg/AgCl . The formed passive films were marked by two white dashed lines and the corresponding film thickness 

was also given in (a, c). The detailed element concentrations were included in (b, d). The red rectangles in (b, d) stand for the EDS acquisition area. 
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or both of the 2 samples (see the inserted selected area elec- 

ron diffraction patterns in Fig. 6 (a, c)). To quantitatively de- 

ect the composition of the passive film, the corresponding ele- 

ent concentrations and the element distribution maps were dis- 

layed in Fig. 6 (b, d). First, for Ni49.92 MG, a passive film about 

.1 nm thick was formed on the surface, enriched mainly by Ta, 

b, and O elements ( Fig. 6 (a, b)). In contrast, on the surface of

i42.79 MG, a passive film about 3.6 nm thick was formed and 

a, Nb, and O elements were enriched in the formed passive film 

 Fig. 6 (c, d)). 
118
The Ni49.92 MG has a higher EWF, and its surface not only binds 

lectrons more strongly, but also, due to the large energy gap be- 

ween its Fermi level and the redox potential of the solution, re- 

uces the driving force for corrosion reactions. This helps in form- 

ng a more stable and dense passive film, significantly enhancing 

ts corrosion resistance. In contrast, the Ni42.79 MG, with a lower 

WF, forms a thicker but less compact passive film, leading to re- 

uced corrosion resistance. Additionally, the higher Nb content in 

i42.79 MG disrupts the stabilizing effect of Ta in the passive film 

 60 ], reducing its stability and further compromising corrosion re- 
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istance. Since Ta has a higher free energy of formation than Nb, it 

referentially reacts with oxygen to form stable oxides, contribut- 

ng to passive film repair and stability [ 61 ]. As a result, the Ta-

ich passive film in Ni49.92 MG is denser and more stable than that 

n Ni42.79 MG. These findings indicate that MGs with higher EWFs 

end to form denser, more stable passive films, significantly im- 

roving corrosion resistance. 

.4. Overall correlation between EWF and corrosion resistance 

The current results and discussions clearly exhibit the crucial 

ole of EWF in determining the structure and corrosion resistance 

f the passive film. To more clearly illustrate the underlying mech- 

nism of the screening strategy based on the EWF, one scheme of 

he EWF effect on surface passivation during corrosion was pro- 

osed in Fig. S6. From Fig. S6, the high EWF surface not only ex- 

ibits stronger electronic confinement but also shows a larger en- 

rgy gap between the Fermi level and the solution redox potential, 

eading to a decrease in the driving force for corrosion reactions. 

hus, the micro-mechanism for high EWF induced the formation 

f a stable passive film to improve corrosion resistance mainly 

hrough the dual mechanisms of physical barrier effect and band 

odulation. 

To compare the corrosion resistance with other corrosion- 

esistant metals, one plot of the corrosion performance of various 

etals including the crystalline metals and MGs was displayed in 

ig. 7 . It is evident that the Ni49.92 Nb11.75 Ta38.33 lies in the right 

art of the plot, which directly shows the best corrosion resistance 

mong various metals. For traditional crystalline and corrosion- 

esistant metals, such as AISI 321, 304 SS, and FeCoNiCr0.5 , the 

uperior corrosion resistance is mainly from the presence of cer- 

ain passive elements [ 62–65 ]. In contrast, traditional MGs, such 

s Fe-based [ 66 ] and CuZr-based MGs [ 67 ], typically display high

pass and low Ecorr due to the lack of passive elements, indicating 

oorer stability in corrosive environments. However, the incorpo- 

ation of Cr significantly enhances the corrosion resistance of MGs 

y improving their passive properties [ 68 , 69 ]. Notably, newly de- 

eloped high-temperature MGs, such as Ir-Ni-Ta [ 8 , 56 ], exhibit out- 

tanding corrosion resistance. This family of Ir-based MGs exhibits 

uch lower Ipass along with the relatively high Ecorr compared to 

rystalline metals. Different from Ir-based high-temperature MGs, 

he Ni-Nb-Ta MGs in this work display excellent thermal stabil- 

ty and strong passive ability due to the introduction of the re- 

ractory elements of Nb and Ta. Especially, Ni49.92 Nb11.75 Ta38.33 MG 

xhibits an extremely low Ipass (as low as 0.55 μA cm−2 ), a high 

corr (up to 56 mVAg/AgCl ), and an extremely low corrosion rate of 

.5 × 10−7 mm a−1 (calculated in Supporting Information). In ad- 

ition, the price of the applied elements of Ni, Nb, and Ta is much 
ig. 7. Comparison of self-corrosion potential and passive current density of various corro

119
ower than the element of Ir, which displays greater application 

otential. 

It should be noted that Nb is an element known for its excellent 

orrosion resistance, the MGs with higher Nb content do not ex- 

ibit the expected improvement in corrosion performance. For this 

ssue, the apparent contradiction between the high EWF in Ta-rich 

egions and the lack of significant improvement in corrosion resis- 

ance in high-Nb-content alloys should arise from the passive film 

ormation mechanism in the Ni-Nb-Ta MG system. The surface ox- 

de of Ta2 O5 , characterized by its dense and defect-free amorphous 

tructure, provides a high electron potential barrier and excellent 

tability in acidic environments. In contrast, the oxide of Nb2 O5 has 

 lower intrinsic EWF, weaker passivation capability, and slower 

elf-repair kinetics. An increase in Nb content reduces the Ta/Nb 

atio in passive films, leading to a higher proportion of Nb2 O5 . 

his reduces film compactness and chemical inertness while delay- 

ng defect repair. Although Nb enhances glass-forming ability, ex- 

essive Nb disrupts the optimal Ta/Nb balance, compromising both 

he protective performance and dynamic self-healing capability of 

he passive film. Therefore, the precise control of the Ta/Nb ratio 

s essential for optimizing corrosion resistance, rather than simply 

ncreasing Nb content. 

To evaluate the environmental adaptability under different cor- 

osion environments of the screened Ni49.92 Nb11.75 Ta38.33 MG, other 

wo corrosion environments of 3.5 % NaCl (simulating marine cor- 

osion) and 1 M HCl (representing a strongly acidic environment) 

ere applied. In the NaCl solution (Fig. S7(a)), Ni49.92 Nb11.75 Ta38.33 

G exhibits a self-corrosion potential of −0.250 VSCE and a pit- 

ing potential of 1.40 VSCE . Notably, it maintains a stable passiva- 

ion region spanning 1.41 V, with an exceptionally low passive cur- 

ent density of 8.39 × 10−8 A cm−2 , demonstrating exceptional re- 

istance to chloride-induced pitting. Remarkably, in a strongly HCl 

cidic solution (Fig. S7(b)), the MG exhibits a self-corrosion poten- 

ial of 0.03 VAg/AgCl , a pitting potential of 1.76 VAg/AgCl , and an even 

ower passive current density of 4.77 × 10−8 A cm−2 . Obviously, 

he screened Ni49.92 Nb11.75 Ta38.33 MG has a passive current density 

s low as 10−8 A cm−2 in 3.5 % NaCl and 1 M HCl solution, indicat-

ng excellent corrosion resistance in various harsh environments. 

Through the above comprehensive investigation and analyses, 

i49.92 MG with the highest EWF exhibits the best corrosion re- 

istance, Ni65.16 MG with the medium EWF owns the interme- 

iate corrosion resistance, and N42.79 MG with the lowest EWF 

as the poorest corrosion resistance. For various MG systems with 

ifferent chemical com positions, there are distinct structures and 

lectronic structures, that determine the corresponding EWFs. To 

erify the universality of our screening strategy of corrosion re- 

istance based on EWF, another MG system of Co-Fe-Ta-B with 

otential corrosion resistance was chosen. One MG library cover- 

ng Co (40 %–55 %), FeB (45 %–60 %), and Ta (0–5 %) was pre-
sion-resistant metals in sulfuric acid solution, including MGs and crystalline alloys. 



F. Han, F. Li, Y. Chen et al. Journal of Materials Science & Technology 244 (2026) 111–121

p

T

a

B

t

C

l

t

p

h

c

c

r

t

o

t

t

t

t

s

F

a

7

c

l

s

t

b

s

b

e

l

t

h

c

s

c

a  

i

r

a

f

h

t

s

a

t

s

4

a

n

p

t

m

b

h

s

l

M

d

a

r

s

t

t

c

D

c

i

C

d

M

F

g

s

r

c

o

t

i

A

u

5

P

v

S

f

R

 

 

 

 

 

 

 

 

 

 

ared by the same magnetron co-sputtering technology (Fig. S8(a)). 

he corresponding map of the EWF was also measured by KPFM 

nd was shown in Fig. S8(b). Clearly, the EWF for the Co-Fe-Ta- 

 system is also dependent on the composition. Two composi- 

ions of Co46.42 Fe30.27 Ta3.41 B19.9 (Sample 1, the maximum EWF) and 

o52.13 Fe23.49 Ta2.04 B22.34 (Sample 2, the minimum EWF) were se- 

ected to test corrosion resistance. The potentiodynamic polariza- 

ion curves of two samples in 0.5 M H2 SO4 solution at room tem- 

erature are shown in Fig. S8(c). One can clearly see that the 

igh-EWF composition (Sample 1) exhibited significantly enhanced 

orrosion resistance in 0.5 M H2 SO4 solution, with a more noble 

orrosion potential (−0.309 VAg/AgCl ) and a lower corrosion cur- 

ent density of 3.407 × 10−6 A cm−2 than Sample 2. According 

o our current research, the developed MG of Ni49.92 Nb11.75 Ta38.33 

wns the highest EWF and the best corrosion resistance within 

he Ni-Ni-Ta and Co-Fe-Ta-B MG systems. Thus, the proposed high- 

hroughput screening strategy of the corrosion resistance based on 

he EWF for MGs in this work is effective and universal. 

It is expected that EWF, a simple but fundamental parame- 

er, may lead to more new methodologies to enhance the corro- 

ion resistance of MGs by tailoring on a feasible electronic base. 

or example, for MGs, the energy state can be easily adjusted by 

ll kinds of thermal, mechanical, and ultrasound treatments [ 70–

3 ]. MGs with different ener gy states usually own different me- 

hanical and functional properties. Considering the direct corre- 

ation between the EWF and the physical properties, the energy- 

tate tuning strategy may be used to adjust the EWF and improve 

he intrinsic corrosion resistance of MGs. The related research will 

e the focus of the future plan. Meanwhile, whether the corro- 

ion resistance screening strategy based on the EWF is applica- 

le to crystalline alloys is an interesting and important topic. Gen- 

rally speaking, whether it is a crystalline metal or an MG, the 

arger the EWF is, the higher the energy barrier that electrons need 

o overcome to escape from the metal surface will be. Thus, the 

igher the EWF, the better the corrosion resistance for both the 

rystalline metals and MGs. However, different from MGs without 

tructural defects, there exist a great deal of various defects in- 

luding the point defects, the dislocations, and the grain bound- 

ries in crystalline metals [ 74 , 75 ]. These structural defects are the

nitial corrosion places and lead to the occurrence of severe cor- 

osion. Moreover, the structural defects usually produce multiple 

nd heterogeneous local EWFs on one metal surface. All the above 

actors will greatly increase the difficulty of using the EWF as a 

igh-throughput screening method for corrosion resistance of crys- 

alline metals. Certainly, it may be feasible to measure the corro- 

ion resistance of crystalline alloys by using the EWF distribution 

s a screening index based on the consideration of the distribu- 

ion character of the EWF, which will need more experiments and 

imulations to verify. 

. Conclusions 

In conclusion, an experimental strategy for simply, effectively 

nd rapidly screening corrosion-resistant MGs based on the combi- 

atorial material library synthesis and high-throughput EWF map- 

ing is proposed. By taking the Ni-Nb-Ta and Co-Fe-Ta-B MG sys- 

ems with potential corrosion resistance as an example, the opti- 

al composition of Ni49.92 Nb11.75 Ta38.33 with the largest EWF and 

est corrosion resistance was successfully identified. This MG ex- 

ibits a low Ipass (0.55 μA cm−2 ) and a high Ecorr (56 mVAg/AgCl ), 

urpassing the currently reported corrosion-resistant crystalline al- 

oys and MGs. The exceptional corrosion-resistant property of this 

G material is mainly attributed to the formation of a stable and 

ense passive film on the surface, primarily composed of Ta2 O5 

nd Nb2 O5 . Higher EWF makes it harder for electrons to escape, 

educing oxidative electron loss and forming denser and more 
120
table passive films. The current work illustrates that our high- 

hroughput screening approach based on the EWF offers a prospec- 

ive way to effectively identify new MGs possessing outstanding 

orrosion resistance from the electronic foundation perspective. 
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