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To elucidate the excellent anti-corrosion properties of a Sn-Ni alloy compared to those of a pure Sn 

coating, the accelerated corrosion behavior of an as-deposited Sn-Ni alloy coating from a 

pyrophosphate bath was investigated by salt spray tests and electrochemical methods in a neutral mist 

of 5% NaCl solution. Scanning electron microscopy (SEM), X-ray photoelectron spectroscopy (XPS), 

X-ray diffraction (XRD), potentiodynamic and electrochemical impedance spectroscopy (EIS) 

techniques were used to study the changes in the physical and electrochemical properties of the Sn-Ni 

alloy coating during salt spray testing. A thin compact passive film consisting of metal oxides (Sn and 

Ni) formed on the surface of the as-deposited Sn-Ni alloy coating, resulting in an improved corrosion 

resistance in the neutral mist compared to that of a pure Sn coating. The initial passive film was 

destroyed, and the metallic metals (Sn and Ni) were dissolved and formed oxides during the initial 

stage of salt spray testing. The composition of the oxide film on the surface of Sn-Ni alloy varied with 

the duration of the salt spraying. Finally, a compact passive film consisting of Ni(OH)2, SnO and SnO2 

was produced and remained stable in the neutral solution when the salt spray testing time reached 72 h. 

The regeneration of a compact passive film on the surface of Sn-Ni alloy demonstrated excellent 

resistance to electrochemical corrosion of the Sn-Ni alloy in the neutral chloride-containing solution. 

The good corrosion resistance of the Sn–Ni alloy supports the application of Sn-Ni alloys in neutral 

solutions.   
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1. INTRODUCTION 

Sn-Ni alloys have been of great interest in industrial applications because they have a 

significant resistance to corrosion, wear, tarnishing and also have a high hardness [1]. Hence, detailed 

investigations of Sn-Ni alloys are ongoing. In the early years of the 20th century, Sn–Ni alloys, one of 

the key systems for lead-free soldering, have been intensively investigated as an interlayer between 

copper and gold deposits to increase their wear resistance and as a resist material for the etching 
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process that is used for printed circuit board manufacturing in electronic applications [2-6]. Later, the 

development of electroplating technology for Sn-Ni alloys widened its application field. For example, 

electrodeposited chromium has been applied to different industrial products, such as automobiles, due 

to its high hardness, wear and corrosion resistance [7]. However, the chromium (VI) electroplating 

process usually produces air pollution and water contamination [8, 9]. In light of the health and 

environmental issues, Sn-Ni alloy plating is a good substitute for chromium plating because of its high 

corrosion resistance and high resistance to tarnishing [10, 11]. Sn has been found to be a promising 

anode material for lithium-ion batteries [12-14], and Sn-Ni alloys also show application potential as an 

anode material in lithium-ion batteries [15-17] and pseudocapacitors [18] or as cathodes for hydrogen 

evolution in alkaline solutions [19]. 

As an electrodeposited coating, the corrosion resistance of Sn-Ni alloy is the reason for its 

decorative and engineering applications. Many works have focused on how to deposit Sn-Ni alloys 

[20-23] and found that the corrosion stability of Sn–Ni alloys is due to the presence of a stable 

“natural” oxide film on the alloy surface that forms upon air exposure [24, 25]. However, the anti-

corrosion mechanism of the oxide film has not been reported. Several corrosion studies on Sn-Ni 

alloys have been reported, and electrochemical techniques (cyclic voltammetry, polarization curves 

and ambient continuous immersion in aerated solution) have been applied to investigate the corrosion 

and passivation behaviors of Sn-Ni alloys [24-28]. However, few studies have been reported that 

elucidate the corrosion behaviors of Sn-Ni alloys [26, 28]. The salt spray test is an effective technique 

to study the corrosion resistance of materials and surface coatings in an accelerating mode [29, 30]. 

Studying the composition of the Sn-Ni surface during salt spraying is a good way to understand the 

action of the oxide film that covers the surface in a corrosive environment and can further elucidate the 

excellent anti-corrosion behavior of Sn-Ni compared with that of pure Sn coatings. In this study, Sn-Ni 

alloy coatings were deposited on copper in a pyrophosphate bath. The corrosion behaviors of the 

coatings were tested by the neutral salt spray method, and the corresponding corrosion mechanism was 

investigated.  

 

 

 

2. EXPERIMENTAL 

Electrodeposition of the Sn–Ni alloy coating was carried out in a pyrophosphate bath 

containing 230 g L-1 K4P2O7·3H2O, 45 g L-1 NiSO4·6H2O, 30 g L-1 SnCl2·2H2O, 12 g L-1
 NH4Cl, and 2 

g L-1 saccharin sodium. Solutions were freshly prepared from analytical reagents and distilled water. 

The pH of the solutions was adjusted and controlled to a value of 8.5 using ammonia, and the 

temperature was maintained at 45 °C using a constant-temperature bath. The current density of metal 

deposition was 1A dm-2. Pure copper was used as the substrate. Before metal deposition, Cu was 

mechanically polished with 2000-mesh sandpaper, cleaned ultrasonically in distilled water for 10 min, 

activated in 5% H2SO4 for 30 s, and finally washed with distilled water. For comparison, a pure Sn 

coating was also electrodeposited in a pyrophosphate bath that did not contain nickel salt. The 

thickness of all samples for testing was controlled to be in the range of 5±0.5 μm. 
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The Sn-Ni alloy and pure Sn samples were exposed to a continuous indirect spray of 5 wt. % 

neutral NaCl solution in a salt spray chamber at 35 °C designed for salt spray tests. When testing, the 

weighted samples were placed facing upwards on the bracket and tilted at 30 degrees to prevent 

effusion. The different exposure times were applied, and the salt spray test time was up to 120 h, at 

which apparent corrosion was visible on the surface of the pure Sn coating. After exposure, the 

samples were first gently washed in clean and running distilled water to remove salt deposits and then 

washed with absolute ethanol. Finally, the washed samples were dried with nitrogen gas.   

The electrochemical tests of the samples were conducted in a neutral 5 wt. % NaCl solution 

using a three-electrode cell. The samples with the different salt spray testing times were used as the 

working electrode, while a platinum sheet and a calomel electrode (SCE) acted as the counter electrode 

and the reference electrode, respectively. The potentiodynamic corrosion curves were carried out at a 

potential sweep rate of 1 mV s-1. The electrochemical impedance spectroscopy (EIS) experiments were 

measured from 0.1 Hz to 100 KHz at the open circuit potential (OCP) with an alternate current 

amplitude of 5 mV. All the electrochemical experiments were carried out on a Gamry Reference 600+ 

electrochemical working station. 

The crystallographic phases on the surface of the samples were identified with X-ray 

diffraction (XRD; PANalytical X'pert Pro, Almeo, The Netherlands) with CuKα radiation at a 

λ=1.54187 Å and voltage of 30KV. The morphologies of the coatings were examined using scanning 

electron microscopy (SEM; FEI Nova NanoSEM x30) equipped with energy dispersive X-ray 

spectroscopy (EDS). The chemical composition of the Sn-Ni alloys was determined by EDS analysis 

(measurement area was 1 μm×1 μm) and the reported results were the average of three measurements. 

X-ray photoelectron spectroscopy (XPS; Thermo Scientific ESCALAB 250Xi spectrometer) was also 

carried out to analyze the chemical state of the coating in the salt spray test. 

 

 

 

3. RESULTS AND DISCUSSION 

3.1 Characterization of Sn-Ni alloy  

 

 

 

 

 

 

 

 

Figure 1. SEM image (a) and XRD patterns (b) of the as-deposited Sn-Ni alloy coating 
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The morphology of the Sn-Ni alloy coating obtained from the pyrophosphate bath is presented 

in Fig. 1a. The Sn-Ni alloy deposit is compact and consists of fine grains. EDS analysis was performed 

to determine the composition of the obtained Sn-Ni alloy, and it was found that the weight percent of 

Sn in the Sn-Ni alloy is (67±2)% and that of Ni is (33±2)%. The XRD patterns of the as-deposited Sn-

Ni alloy coating are presented in Fig. 1b. It is clearly shown that there are three strong peaks at 43.4°, 

50.6° and 74.2° and a weak peak at 30°. According to the XRD standard diffraction pattern from the 

Joint Committee on Powder Diffraction Standard (JCPDS), the three strong peaks can be assigned to 

the Ni4Sn phase (JCPDS 10-0193). However, some works based on the theoretical assessment 

(CALPHAD method) of the Ni-Sn system exclude the existence of this phase [3, 31, 32]. According to 

Schmetterer et al. [3], a sample with nominal composition of Ni80Sn20 consists of two phases: Ni and 

Ni3Sn. All the peaks shown in Fig. 1b can be assigned to the Ni-rich Ni3Sn phase, and the peak at 

approximately 50.6° is the result of an overlap of the Ni and Ni3Sn peaks [3]. Here, we concluded that 

the phase of the obtained Sn-Ni alloy is a Ni-rich Ni3Sn phase. 

 

3.2 Corrosion behavior of the Sn-Ni alloy in salt spray test 

  

  

 

 

 

 

 

 

Figure 2. Macro morphologies of coatings before (a Sn; b Sn-Ni) and after salt spray test (c: Sn-120h, 

d: Sn-Ni-120h) 

 

The Sn-Ni alloy coatings and pure Sn coatings were both treated in salt spray mode for 

subsequent corrosion measurement. Fig. 2 presents the macromorphologies of the tested coatings 

before and after salt spray testing for 120 h. Prior to the salt spray test, the morphologies of the Sn-Ni 

alloy coating and pure Sn coating are fairly homogeneous and uniform. Both coatings appear bright. 

After salt spray testing, severe corrosion occurs for the pure Sn coating, and corrosion pits are visible 
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on its surface. No obvious corrosion pits are detected on the surface of the Sn-Ni alloy coating, but it 

was slightly tarnished. Compared with that of the pure Sn metal coating, the enhanced corrosion 

resistance of the Sn-Ni alloy coating is clearly verified by the salt spray test. 

Fig. 3 shows the weight loss of the Sn-Ni alloy coating and pure Sn coating at different salt 

spray testing times. It is clear that high corrosion rates occur during the first 24 h of salt exposure for 

both the Sn-Ni alloy coating and pure Sn coating. After 24 h of testing, the weight loss of the pure Sn 

coating is much larger than that of the Sn-Ni alloy coating, indicating that the Ni-doped Sn alloy 

coating has an improved corrosion resistance compared to that of the pure Sn coating. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Weight loss of Sn-Ni alloy coating and pure Sn coating at different salt spray testing times 

 

 

3.3 Characterization of the corrosion behavior 

The Sn-Ni alloy exhibits an improved corrosion resistance compared to that of the pure Sn 

coating. To elucidate the anti-corrosion behavior of the Sn-Ni alloy, Sn-Ni alloy samples that 

experienced different salt spraying times were collected and investigated with physical and 

electrochemical methods. XPS is an effective and powerful tool for determining elemental components 

and their chemical state. The surface corrosion of the Sn-Ni alloy can be easily obtained with XPS. 

The Ni 2p3/2 and Sn Sn3d5/2 XPS spectra from the Sn-Ni alloy coatings exposed to the salt spray for 

different times are shown in Fig. 4a and b, respectively. For the as-deposited Sn-Ni alloy coating, the 

Ni 2p3/2 peaks located at 852.3 eV, 855.9 eV and 860.3 eV could be attributed to the binding energies 

of metallic Ni, Ni(OH)2 and NiO[33, 34], respectively. The Sn3d5/2 spectra show that there are three 

kinds of bonding energy for the Sn species on the surface of the Sn-Ni alloy coating. The main Sn3d5/2 

peak detected at 486.3 eV can be attributed to SnO, and the peaks found at 484.2 eV and 484.8±0.3 eV 

can be attributed to metallic tin [33, 35]. Evidently, there is an oxide film on the surface of the as-

deposited Sn-Ni alloy coating. The oxide film consists of NiO, Ni(OH)2, and SnO and is formed by 
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natural air. This oxide film, also called a passive film, should be responsible for the high corrosion 

resistance of the Sn-Ni alloy coatings [24, 25]. When a Sn-Ni alloy coating is exposed to salt spray, the 

composition of the oxide film covering the surface of the Sn-Ni alloy coating varies with the salt spray 

testing time. The contents of metallic Sn and Ni increase during the first 2.5 h of salt spraying, 

indicating that the oxide film is attacked and dissolved. The metallic species decrease with a further 

increase in the salt spray testing time, and there is no metallic Sn or Ni on the surface of the Sn-Ni 

alloy coating when the salt spraying time is up to 72 h, indicating that metallic Ni and Sn are gradually 

oxidized during the salt spraying test. Finally, the surface of the Sn-Ni alloy coating is completely 

covered by an oxide film composed of Ni(OH)2, SnO and SnO2 (bonding energies from 486.5-486.8 

eV in the Sn3d5/2 XPS spectrum). There is no evident change in the phase structure after 72 h of salt 

spray testing. The percentage of each phase under different testing times can be determined by 

A(x)/Atotal, where A(x) is the area under the corresponding peak and Atotal is the total area of the 

Ni2p3/2 and Sn3d5/2 peaks in the XPS curve. The proportion of each phase after peak-fitting and the 

Sn/Ni atomic ratios are both shown in Table 1. It can be observed that the composition of the Sn-Ni 

alloy surface varies with the salt spray testing time, indicating that Ni and Sn species dissolve due to 

the dissolved oxygen in the NaCl solution [24]. The following reactions may occur [36, 37]: 

Ni+H2O(aq.)             NiOH(ads.)+ + 2e       (1) 

NiOH+             NiO + H+                   (2) 

The metallic Sn is dissolved to form Sn(OH)2 and Sn(OH)2 and can be further oxidized to form 

Sn(OH)4. Sn(OH)2 and Sn(OH)4 can both be dehydrated to produce thermodynamically stable tin 

oxides (SnO and SnO2) [28, 38]; the reaction equations are as follows:  

Sn + H2O(aq.)          Sn(OH)2  + 2H+ + 2e       (3) 

Sn(OH)2 + H2O(aq.)           Sn(OH)4 +2H+ + 2e     (4) 

Sn(OH)2            SnO + H2O                  (5) 

Sn(OH)4             SnO2 + H2O          (6) 

Due to the dissolution of the metallic species (Sn and Ni) and the transpassive dissolution of 

the metal oxides between the interface of the oxide film and the solution, the composition of the 

passive films formed on the surface of the Sn-Ni alloy coatings changes over the duration of the salt 

spraying during the initial stage of salt spray testing. After 72 h of salt spray testing, the surface of the 

Sn-Ni alloy coating is completely covered by a passive film composed of Ni(OH)2, SnO and SnO2. 

The “surface” atomic Sn/Ni ratio also changes greatly during the first 24 h of testing. Before salt spray 

testing, the Sn/Ni atomic ratio on the surface of Sn-Ni alloy coating is 2.7 and decreases to ca. 1.2 after 

24 h the testing and finally maintains this value with an increase in the testing time. A decrease in the 

Sn/Ni atomic ratio may be due to the rapid dissolution of stannous oxide into Sn2+ as opposed to Ni2+ 

for transpassive dissolution in the passive oxide layer [28]. When considering the surface morphology 

(Fig. 2) and the weight loss curves of the Sn and Sn-Ni alloy (Fig. 3), it is clear that the existence of Ni 

in the alloy inhibits the dissolution of Sn species and helps the formation of passive oxide layers 

because nickel is easily passivated[39]. Evidently, the stable passive oxide layer composed of 

Ni(OH)2, SnO and SnO2 that forms on the surface of the Sn-Ni alloy is responsible for the excellent 

anti-corrosion properties of the Sn-Ni alloy in a chloride-containing neutral medium.  
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Figure 4. XPS spectra of Ni2p3/2 (a) and Sn3d5/2 (b) of the Sn-Ni alloy coating exposed to salt spray 

testing for different times 

 

Table 1. The proportions of each peak after peak-fitting and atomic ratios under different conditions 

 

Phase 0 h 

(%) 

2.5 h 

(%) 

6 h 

(%) 

24 h 

(%) 

72 h 

(%) 

120 h 

(%) 

NiO 21.9 28.9 23.1 25.4 - - 

Ni(OH)2 49.3 30.4 50.5 47 100 100 

Ni 28.8 40.7 26.4 27.6 - - 

SnO2 0 0 0 32.2 72. 1 84.0 

SnO 71.3 70.4 75.0 42.5 27.9 16.0 

Sn 28.7 29.6 25.0 25.3 - - 

Sn/Ni 2.7 2.2 1.4 1.2 1 1.2 

 

 

EIS can be used to detect a change in the property of the oxide passivation film with different 

salt spray testing times. The electrochemical impedance spectra of the Sn-Ni alloy coating for different 

salt spray test times at the OCP in the 5% NaCl solution are shown in Fig. 5. All Nyquist diagrams 

show a semicircular arc in the relatively high frequency range. The capacitive loop indicates that the 

corrosion process of the Sn-Ni alloy coating is controlled by the charge transfer process [28, 40]. The 

charge transfer resistance (Rct) can be easily estimated on the real impedance axis by extrapolating the 

impedance trend at the lowest frequencies, and this value corresponds to the extent of the anti-

corrosive nature of the coatings [38, 41]. The protective properties of the film that forms on the surface 

of the Sn-Ni alloy increase with increasing diameter of the semicircle [42]. Before salt spray testing, 

the Rct value of the Sn-Ni alloy coating is approximately 57200 Ω cm2. After treatment with a salt 

spray, the Rct values change to approximately 23000, 20900, 9700, 54200 and 55200 Ω cm2 when the 
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testing time extends to 2.5 h, 6 h, 24 h, 72 h and 120 h, respectively. Evidently, the protective 

properties of the “natural” oxide film that formed upon air exposure are deteriorated due to erosion 

from the NaCl solution during the first 24 salt spraying and then recover when the surface of the alloy 

coating is eroded further. After 72 h of salt spraying, the surface is covered by a new compact oxide 

film composed of Ni(OH)2, SnO and SnO2. Hence, the excellent corrosion resistance of the Sn-Ni 

alloy in the NaCl solution is due to the regeneration of the compact passive film consisting of metallic 

oxides. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Nyquist plots of Sn-Ni alloy samples after salt spray testing for different times 

 

A potential polarization test can be applied to evaluate the properties of the electrochemical 

corrosion resistance of the passive film that forms on the surface of the Sn-Ni alloy coating. Resistance 

to electrochemical corrosion can be estimated from the self-corrosive potential (Ecorr) and the self-

corrosive current (icorr) calculated from E versus log(i). A high Ecorr indicates a good resistance to 

electrochemical corrosion, and a low icorr indicates a low corrosion rate[40, 43]. The recorded 

potentiodynamic polarization curves for the Sn-Ni coatings that are treated with different salt spray 

testing times in a 5% NaCl solution are presented in Fig. 6, and the parameters derived from the E 

versus log(i) plot are given in Table 2. The Ecorr for the passive film on the Sn-Ni alloy coating shifts 

toward a slightly more negative value after 24 h of salt spraying, and the icorr increases from 2.75 uA 

cm-2
 to 7.23 uA cm-2, indicating that the passive film that forms on the surface of the Sn-Ni alloy 

coating is destroyed due to erosion by the NaCl solution during the initial salt spraying stage. After 72 

h of salt spraying, the Ecorr and icorr of the passive film on the Sn-Ni alloy coating return to their original 

states before the salt spray testing, revealing that the oxide film that forms during exposure to the NaCl 

solution has a high resistance to electrochemical corrosion. The change in icorr is related to the change 

in the Rct value of the passive film that forms on the surface of the Sn-Ni alloy at different salt spraying 

times. The larger the Rct value is, the lower the corrosion current. Compared to that of the fresh Sn-Ni 

alloy, the regeneration of the electrochemical anti-corrosion layer on the Sn-Ni alloy in an erosive 

medium indicates the self-repairing ability of the oxide passive film on the surface of the Sn-Ni alloy. 
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Without nickel, the Sn erosion occurs continuously during salt spraying because tin is not passivated 

like nickel. The formation of the stable passivation film on the surface of a Sn-Ni alloy should 

correspond to the self-repairing ability of a Sn-Ni alloy against electrochemical corrosion.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Polarization curves for Sn-Ni alloy in 5 wt.% NaCl solution for different salt spray testing 

times 

 
Table 2. Corrosion parameters obtained from polarization studies for Sn-Ni coatings in 5 wt. % NaCl 

solution for different salt spray testing times 

 

 0 h 2.5 h 6 h 24 h 72 h 120 h 

Ecorr (V) -0.476 -0.544 -0.581 -0.630 -0.574 -0.463 

Icorr (uA/cm2) 2.75 4.85 6.35 7.23 3.80 2.47 

 

A change in the surface composition during the spraying test may affect the morphology of the 

Sn-Ni alloy surface. Fig. 7 shows SEM images of Sn-Ni alloy coatings exposed to a salt spray solution 

containing 5 wt. % NaCl for different time intervals. Before salt spray testing, the Sn–Ni alloy deposit 

is compact, uniform and there are no distinguishable boundaries between grains (Fig. 7a). After 

exposure to the salt spray, the grain boundaries become clear during the first 24 h of exposure (Fig. 7 

b, c and d) and then become unclear and blurry again (Fig. 7 e and f). After 120 h of salt spray testing, 

the surface of the Sn-Ni alloy coating is still compact, and the porosity of the Sn–Ni layer is nearly 

negligible, although the gloss on the Sn-Ni alloys coating somewhat decreases. Although a change in 

the morphology of the Sn-Ni alloy coating with the exposure time to salt spray indicates that the Sn-Ni 

alloy corrodes to some extent, the passivation film that forms can exist on the surface of the alloy in 

the corroded system (Fig. 5) and remains compact, which hinders the further erosion of the alloy and 

maintains the properties of the Sn-Ni alloy. 
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Figure 7. SEM images of Sn-Ni alloy exposed to salt spray for (a) 0 h, (b) 2.5 h, (c) 6 h, (d) 24 h, (e) 

72 h and (f) 120 h. 

 

The XRD patterns of the Sn-Ni alloy coatings exposed to the salt spray testing for different 

times are shown in Fig. 8. Before 72 h of salt spray testing, even though no evident phase change is 

detected at the surface of the Sn-Ni alloy coatings, but the intensity of the peaks at 43.3° and 50.6° 

changes. This suggests that the quantitative ratio of the Ni and Ni3Sn phases changes. When the salt 

spray testing time is extended to 120 h, several small peaks appear in addition to the peaks of the Sn-

Ni alloy itself, indicating that some chemical reactions evidently take place on the surface of Sn-Ni 

alloy and produce new phases when the alloy experiences a sufficient amount of salt spray testing. 

Considering the possible reactions, the new peaks located at 30.6°, 33.5°, 44.2°, 50.5° and 55.6° may 

result from the regeneration of the SnO (JCPDS07-0195 and JCPDS 24-1342) and Ni(OH)2 phases 

(JCPDS02-1112). The presence of new phases indicates that the surface of the Sn-Ni alloy changes, a 

new oxide film forms when Sn-Ni is exposed to a salt spray, and corrosion reactions occur. According 

to the XPS results (Fig. 4), there is an oxide film that forms in the air on the surface of the deposited 

Sn-Ni alloy. Here, the absence of these oxide materials in the XRD spectra for the sample treated for 

less than 72 h indicates that this oxide film is very thin. Compared to that for the surface of Sn-Ni alloy 

treated in salt spray for 72 h, the presence of new peaks in the XRD spectrum of the Sn-Ni alloy 
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coating after 120 h salt spray testing indicates that the amount of the oxide film increases as the salt 

spray testing time increases. The increased oxides are composed of an apparent oxide passivation film 

that is compact and improves the anti-corrosion ability of the Sn-Ni alloy.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. X-ray spectra of Sn-Ni alloy coatings for different periods of salt spray testing in 5 wt. % 

NaCl solution. 

 

 

4. CONCLUSIONS 

A Sn-Ni alloy containing approximately 33 wt. % Ni was electrodeposited from a 

pyrophosphate electrolyte, and its corrosion behavior was studied by a neutral salt spray method that 

used a 5 wt. % NaCl solution and electrochemical methods. Compared to that for the pure Sn coating, 

the Sn-Ni alloy shows a high corrosion resistance in neutral solution. The physical measurements 

indicate that there is a thin compact passive film on the surface of the as-deposited Sn-Ni alloy coating. 

At the initial stage of salt spray testing, the passive film that formed in the air on the surface of the Sn-

Ni alloy is destroyed by the medium containing NaCl, and the metallic Sn and Ni in the Sn-Ni alloy 

are dissolved to form their oxides. The newly formed oxides produce a new passive film that covers 

the surface of Sn-Ni alloy and provides excellent resistance to electrochemical corrosion. The good 

corrosion resistance of the Sn–Ni alloy is due to the regeneration of a passive film composed of nickel 

and tin oxides. The good anti-corrosion performance of the Sn–Ni alloy suggests that it can be used for 

applications in neutral mediums containing NaCl. 
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