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The rapidly solidified Cu75Sn25 alloys were prepared by injecting the liquid metal into copper mold at 

1173K (CS1173 alloy) and 1373K (CS1373 alloy) respectively. The phase compositions, electronic 

resistivity of two rapidly solidified Cu75Sn25 alloys were analyzed by XRD and four probe method. 

And the corrosion behaviors of rapidly solidified Cu75Sn25 alloys in 0.1mol/L H2SO4 and 0.1mol/L 

NaOH solutions were studied by potentiodynamic polarization and Electrochemical Impedance 

Spectroscopy (EIS). Analysis of potentiodynamic polarization and EIS results indicate that the 

corrosion resistance of CS1173 alloy was better than CS1373 alloy in 0.1mol/L H2SO4 solution 

whereas CS1373 alloy has more excellent
1
 corrosion resistance than CS1173 alloy in 0.1mol/L NaOH 

solution.  

 

 

Keywords: Rapidly solidified alloy; CuSn; Corrosion; Potentiodynamic polarization; EIS 

 

 

1. INTRODUCTION 

CuSn alloy is one of the first alloys developed by human beings, which is cheap, pollution free 

and steady in the air. As yet, CuSn alloys have been widely used in many application fields including 

machine, materials and war industry due to their high strength, good wear resistance and easy casting 

properties [1-3]. And it also can be used as lithium battery electrode materials [4-6], art foundry, 

archeological artefacts [7], gear, pump impeller, piston ring [8], electronics and networking sectors. 

Though CuSn alloy usually has good corrosion resistance, it will be corroded in certain condition[9]. 

With the deterioration of circumstance contamination or scientific technology, all of which have 

poised a higher demand for the corrosion resistance of CuSn alloy. However, it is difficult for CuSn 

alloy fabricated by conventional method to improve its’ corrosion resistance obviously. Rapid 
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solidification processing (RSP) is a special alloy preparation process, which can obtain a refine 

microstructure unlike regularly solidification structure of metallic materials and offer some distinct 

advantages over conventional ingot metallurgy to meet the increasing demand for high performance 

materials [10-12]. By rapidly solidification, CuSn alloys with metastable structures play an important 

role in the infrastructure of modern civilization [5]. At the same time, the different rapid solidification 

process results in different microstructure and properties of rapidly solidified CuSn alloys. According 

to previous studies, a structural change from short rang order to medium range order was found in 

liquid Cu75Sn25 alloy at about 1200K during cooling process [13-15]. In this work, two rapidly 

solidified Cu75Sn25 alloys were fabricated by injecting beside the liquid structural change temperature. 

We try to learn the structure and corrosion properties of two rapidly solidified Cu75Sn25 alloys. It will 

be an important work to explore the new kind of CuSn alloys. 

 

 

 

2. EXPERIMENTAL PROCEDURE 

Ingots of composition Cu75Sn25(wt.%) alloys were prepared by arc melting with high purity 

metals(purity of Cu is 99.95% and Sn is 99.99%) under an argon atmosphere, which were melted four 

times to ensure the uniformity of alloy. Then the Cu75Sn25 alloy was cut into small mass and put in the 

quartz tube, which was heat in a high frequency induction furnace. During the heat process, the 

temperature of Cu75Sn25 melt in quartz tube was measured by infrared radiation thermometer. And then 

molten Cu75Sn25 alloys were injected into a copper mold of diameter 3mm at 1173K (CS1173 alloy) 

and 1373K (CS1373 alloy) (i.e. beside liquid structural change temperature) respectively. 

The θ-θ X-ray diffractmeter used in this work is X‘Pert-Pro MRD. The wave length is 

λ=0.154nm (Cu Kα radiation), the accuracy of the angle is 0.0001
o 

and the range of scanning angle 

(2θ) is 30~100
o
. 

The electrochemical measurements were performed using a conventional three-electrode cell in 

two corrosion mediums. It contained a platinum grid and a saturated calomel reference electrode 

(SCE). The exposed diameter of circular working electrode is 3 mm. The corrosive mediums were 

0.1mol/L H2SO4 and 0.1mol/L NaOH solutions, which were prepared from reagent grade chemical and 

distilled water respectively.  

 The electrochemical behavior of the samples were analyzed by polarization curves and 

electrochemical impedance spectroscopy, using an Electrochemistry Station (Solartron 1287 

Electrochemical interface connected with Solartron 1250 frequency response analyzer). Polarization 

measurements were performed in different solutions at ambient temperature with a  potential scan rate 

of 1 mV•s
-1

. Electrochemical impedance spectroscopy (EIS) tests were carried out potentiostatically at 

Ecorr, with voltage perturbation amplitude of 10mv in the frequency range from 100kHz to 10mHz . 

Electrochemical impedance spectroscopy tests were also performed in above two solutions at ambient 

temperature.   
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3. RESULTS AND DISCUSSION 

3.1 X-ray diffraction and resistivity 

The rapidly solidified Cu75Sn25 alloys prepared at different injecting temperatures were 

examined by X-ray diffraction (XRD) cover the range from 30～100°, which are shown in Fig 1.  
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Figure 1. XRD diffraction patterns of rapidly solidified CuSn alloy at different injecting temperature 

 

In Fig 1, X-ray diffraction shows that the structures are different for two rapidly solidified 

CuSn prepared at different injecting temperature. The intermetallic compound Cu10Sn3 (P63/173) 

formed in addition to the formation of (Cu,Sn) (Pmmn/59) phase for CS1173 alloy and CS1373 alloy 

was composed of intermetallic compound Cu41Sn11 (F-43m/216).  

From the peak position and the half-height width of the X-ray diffraction peak, The mean 

crystallites average sizes of two alloys have been calculated using the Scherrer equation[16-18], and 

the results are shown in Tab 1. 

d =kλ/(bcosθ)                             (1) 

where d is the crystalline size, k is a dimensionless number of the order unity, λ is the wavelength of 

the radiation, θ is the diffraction angle and b is the halfwidth at half height for the diffraction peak. In 

Tab1, it is clear that CS1173 alloy has smaller crystallite size compared with CS1373, which maybe 

results from the lower injecting temperature.  

A four-point collinear probe method was used to measure resistivity of rapidly solidified CuSn 

alloy. Two probes were used for the current testing, and the other two were used for the voltage testing 

[19].The resistance of CS1373 and CS1173 alloys can be determined, and the resistivity of the alloy 

was calculated by the following equation. With four point probe method, the calculation formula of 

resistivity for rapidly solidified Cu75Sn25 alloy is shown as follows [19]: 

ρ=R*S/L=（R*πr
2
)/L                            (2) 
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where ρ is the resistivity of sample, R is resistance, S is the area of cross section, L is the length 

of sample, r is the radius of cylindrical sample. The resistivity, phase and crystalline size of rapidly 

solidified Cu75Sn25 alloy are shown in Tab 1. 

 

Table 1. Phase composition, crystalline size and resistivity of rapidly solidified Cu75Sn25 alloys 

 

Sample 
Injection  

temperature 
Phase 

Crystalline 

size(Å) 

Resistivity 

(Ω.m) 

CS1173 1173K Cu10Sn3+(Cu,Sn) 259 0.3367×10
-3

 

CS1373 1373K Cu41Sn11 599 3.376×10
-3

 

 

In comparison with CS11377 alloy, the rapidly solidified CS1373 has higher resistivity nearly 

an order of magnitude compared with CS1173 alloy. Anything increases the frequency of collisions 

with ions and decreases the free electrons will raise the resistivity such as thermal vibrations, foreign 

atoms in solid solution, plastic deformation of the lattice and formation of intermetallic compound 

[18]. There may be several reasons for the higher resistivity of CS1373 alloy. The formation of 

intermetallic compounds always leads to the increase of resistivity due to the decrease of conduction 

electrons. Thus the formation of intermetallic compounds increases the electrical resistivity, as well as, 

these enclosures as scattering centers for the electrons [18]. From XRD results, it is clear that an 

intermetallic compound Cu41Sn11 forms in CS1373 alloy while there are (Cu,Sn) phase except the 

intermetallic compound Cu10Sn3 in CS1173 alloy. The formation of more intermetallic compound in 

CS1373 alloy results in more decrease of conduction electrons, which increase the resistivity. On the 

other hand, the smaller crystalline size of CS1173 alloy produces more crystalline boundary, which 

increase the frequency of collisions with ions and lead to higher resistivity. 

 

3.2 Electrochemical properties 

In order to investigate the corrosion property of rapidly solidified Cu75Sn25 alloy in different 

solutions, the electrochemical behavior of two samples were 

analyzed  by  polarization  curves and electrochemical  impedance  spectroscopy.  

 

3.2.1 Potentiodynamic polarization 

The polarization curves of CS1373 and CS1173 alloys were studied in 0.1mol/L H2SO4 and 

0.1mol/L NaOH solutions at ambient temperature respectively, which were shown in Fig 2 and Fig 3. 

The determined values from the polarization curves were obtained, which were tabulated in Tab 2. 
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Figure 2. Polarization curves of rapidly solidified Cu75Sn25 alloys in H2SO4 solution 

 

 
 

Figure 3. Polarization curves of rapidly solidified Cu75Sn25 alloys in NaOH solution 

 

In Fig 2, the polarization curves of rapidly solidified Cu75Sn25 alloys in H2SO4 solution are 

similar to that  of Sn-0.75Cu solder joints in NaCl solution [20].  

 

Table 2. Potentiodynamic polarization parameters for rapidly solidified Cu75Sn25 alloy 

 

Sample Solutions 
Ba 

 

Bc 

 

Ecorr 

(mv) 

Icorr 

(μA/cm
2
) 

Ep 

(mv) 

Ip 

(μA/cm
2
) 

△Epd 

(mv) 

CS1173 H2SO4 63.9 367.1 -131 0.52 1585.7 27.9 1338.8 

CS1373 H2SO4 70.82 381.6 -92 1.27 1476.4 44.1 1216.4 

CS1173 NaOH 101.3 68.7 -316 0.1 411.3 1.51 518.6 

CS1373 NaOH 30.0 66.9 -312 0.06 362.4 1.59 471.3 
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As we known, higher Icorr represents higher corrosion rate of system and more positive 

corrosion potential means lower thermodynamic tendency of corrosion [21]. It can be seen from Tab 2, 

CS1173 alloy possesses lower corrosion current (Icorr =0.52μA/cm2) compared with CS1373 alloy 

(Icorr =1.27μA/cm
2
) in 0.1mol/L H2SO4 solution. And the anodic and cathodic processes slopes of 

CS1173 alloy are smaller than that of CS1373 alloy in H2SO4 solution which shows the anodic and 

cathodic processes of CS1373 alloy corrosion in solution were suppressed effectively by the phase 

transition from Cu10Sn3+(Cu,Sn) to Cu41Sn11 for rapidly solidified CuSn alloy. And the converse trend 

occurred in NaOH solution. The results indicate CS1173 alloy has more excellent corrosion resistance 

than CS1373 alloy from the view of corrosion dynamic in H2SO4 solution [22].  

In Fig 2, after the maximum current peak on the anode curve, the current decrease abruptly, and 

then a passivation period occurred for CS1173 and CS1373 alloys. The current decreases to some 

extent due to formation of passive film on electrode surface, which has protective effect and reduces 

the active dissolution of metals from the surface. However, it is clear that there is a small oxidation 

peak at about 950mv during the passivation period for CS1373 alloy while no peak for CS1173 alloy. 

The current increases and decreases soon accompanied with a small increase of potential, which 

possibly due to the redox transformation from Cu
+
 to Cu

2+
. 

Passive films are susceptible to localized damage caused by mechanical and chemical effects 

[23]. The chemical effect responsible for the developed of localized dissolution and oxide film 

breakdown (pitting corrosion) were ever analyzed [24-25]. In Fig 2, a break in the passive region is 

observed for CS1173 and CS1373 alloys in H2SO4 solution. Combining Fig 2 and Tab 2, CS1173 alloy 

has higher pitting potential (Ep), lower pitting current (Ip) and passivation domain (△Epd) than CS1373 

alloy, which suggest CS1173 alloy has higher passivation capability and protection performance of the 

passive film than CS1373 alloy.  

In Fig 3, the anodic polarization curves of CS1173 and CS1373 alloys have same shape and 

typical passive behavior in NaOH solution, which indicate the formation of passive film on the surface. 

In Tab 2, though the corrosion potential Ecorr of CS 1173 and CS1373 alloys has no clear difference 

between CS 1173 and CS1373 alloys, CS1373 alloy has lower corrosion current (Icorr =0.06μA/cm
2
 ) 

than CS1173 alloy (Icorr =0.1μA/cm
2
) in 0.1mol/L NaOH solution. The results suggest CS1373 alloy 

has better corrosion resistance than CS1173 alloy in NaOH solution, which has a contrary trend 

compared with that in H2SO4 solution. Whereas, the passive domain (△Epd) of CS1173 alloy is more 

extensive than that of CS1373 alloy, which means it’s passive film exist steadily in more wider 

potential. 

 

3.2.2 Electrochemical impedance spectroscopy 

Electrochemical impedance spectra (EIS) is a powerful and non-destructive electrochemical 

technique to affirm electrochemical reactions and investigate corrosion behavior at the 

electrode/electrolyte interface [26]. In order to obtain information on the protective properties of 

corrosion product layer formed on CS1173 and CS1373 alloys, EIS measurements were performed in 
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0.1mol/L H2SO4 and 0.1mol/L NaOH solutions. As known, EIS spectra is usually displayed in the 

form of a Nyquist plot or a Bode plot [27].  

 

3.2.2.1 Corrosion behavior in H2SO4 solution  

The Nyquist plots of rapidly solidified Cu75Sn25 alloy in 0.1mol/L H2SO4 at ambient 

temperature are presented in Fig.4. It is obvious that CS1373 and CS1173 alloy exhibited similar 

behavior in H2SO4 solution. 

 

 
 

Figure 4.  Nyquist plots of rapidly solidified Cu75Sn25 alloys in H2SO4 solution 

 

A well-known equivalent circuit R(QR)(QR) model has been adopted in order to provide 

quantitative support to the present experimental EIS results of rapidly solidified Cu75Sn25 alloys in 

H2SO4 solution. The circuit was shown in Fig 5. The process can be modeled as a constant phase 

element of passive film in parallel with a film resistor, which is in parallel with a circuit containing a 

constant phase element of double electric layer capacitor with a charge-transfer resistor, all in series 

with solution resistance. Using this equivalent circuit and ZView software, the impedance parameters 

have been obtained, which are shown in Tab 3. Rs is the solution resistance; Qpf is the capacitance of 

passive film; Rpf is the resistance of passive film; Rct is charge-transfer resistance; QdI is double-layer 

capacitance; n (dimensionless exponent) is a parameter independent of frequency (n =1 stand for a 

perfect capacitor, and the lower n values directly reflect the roughness of the electrode surface; n =0.5, 

it is equal to a Warburg impedance; n = 0, Q is reduced to a resistor) [28].  
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Figure 5. Equivalent circuits of rapidly solidified Cu75Sn25 alloys  

 

Table 3. Impedance parameters of rapidly solidified Cu75Sn25 alloys in H2SO4 solution 

 

R(QR)(QR) RS 

(ohm-cm
2
) 

Qpf-YO npf Rpf 

(ohm-cm
2
) 

QdI-YO ndI Rct 

(ohm-cm
2
) 

CS1173 8.68 1.04E-2 0.8 936.5 2.55E-4 0.8 515.2 

CS1373 6.499 0.47E-2 0.57 834.5 4.5E-4 0.79 261.2 

 

Compared to CS1373 alloy, n of CS1173 alloy is higher, which mean the surface of CS1173 

has lower roughness than that of CS1373 alloy. The values of charge-transfer resistance (Rct) is a 

parameter relative to corrosion rate, the higher Rct means lower corrosion rate. In Tab3, it is obvious 

that CS1173 alloy has higher charge resistance Rct (515.2) than CS1373 alloy (261.2), which indicates 

the corrosion rate of CS1173 alloy is lower than CS1373 alloy. The diameter of the semicircles is 

associated with the film resistance (Rpf) which may be correlated to the rate of corrosion: the larger is 

the resistance, the lower is the rate of corrosion [29]. And the higher resistance of passive film Rpf 

(936.5) of CS1173 than that (834.5) of CS1373 alloy, which further confirm it.   

 

 
 

 Figure 6.  Bode plots of rapidly solidified Cu75Sn25 alloy in H2SO4 solution 

 

The corrosion behavior of the rapidly solidified Cu75Sn25 alloy in H2SO4 solution is further 

illustrated by Bode plots in Fig 6. The values of |z| of CS1173 alloy are significantly higher than that of 

CS1373 alloy, which indicate the passive film formed on CS1173 alloy is more protective. It 
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confirmed that CS1173 provides better corrosion protection than CS1373 in H2SO4 solution, which is 

agreed with the results obtained from its polarization curves [30]. 

 

3.2.2.2 Corrosion behavior in NaOH solution  

The Nyquist plots of rapidly solidified Cu75Sn25 alloy in 0.1mol/L H2SO4 at ambient 

temperature were presented in Fig 7. 

 

 
 

Figure 7. Nyquist plots of rapidly solidified Cu75Sn25 alloy in NaOH solution 

 

The same equivalent circuit R(QR)(QR) was used to model the rapidly solidified electrode and 

the electrolyte surface in 0.1mol/L NaOH solution. The values of impedance parameters are obtained 

by fitting the impedance data with Zview software using the proposed circuit, which were shown in 

Tab 4. 

 

Table 4. Impedance parameters of rapidly solidified Cu75Sn25 alloys in NaOH solution 

 

R(QR)(QR) RS 

(ohm-cm
2
) 

Qpf-

YO 

npf Rpf 

(ohm-cm
2
) 

QdI-YO ndI Rct 

(ohm-cm
2
) 

CS1173 8.41 2.16E-4 0.8445 1.56E4 4.867E-5 0.8501 7.1E3 

CS1373 7.59 1.15E-4 0.8852 2.85E5 1.266E-4 0.8672 2.181E4 

 

In Tab 4, it is clear that the resistance of passive film Rpf of CS1373 and CS1173 alloy is 

higher, which appears to have similar stable film to protect the surface. However, the increased Rct 

values of CS1373 alloy suggests it has more resistant to corrosion than CS1173 alloy in NaOH 

solution. It further confirmed the results of their potentiodynamic polarization.  
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4. CONCLUSION 

The rapidly solidified Cu75Sn25 alloys were prepared at injecting temperature of 1173K 

(CS1173 alloy) and 1373K (CS1373 alloy) respectively. The intermetallic compound Cu10Sn3 and 

(Cu,Sn) phase  formed for CS1173 alloy while CS1373 alloy was composed of intermetallic compound 

Cu41Sn11. CS1173 alloy has lower resistivity compared to CS1373 alloy, which may be due to the 

formation of intermetallic compound and crystalline size.  

Polarization and EIS test results indicated passive films formed on rapidly Cu75Sn25 alloy in 

H2SO4 and NaOH solutions. In H2SO4 solution, CS1373 alloy has more stable passive film formed 

compared to CS1173 alloy. CS1173 alloy has more excellent corrosion resistance than CS1373 alloy 

and it is inferred that there is a transition from Cu
+
 to Cu

2+
 in passive film on the surface of CS1373 

alloy. However, CS1373 alloy has better corrosion resistance than CS1173 alloy in NaOH solution 

while it has a contrary trend compared with that in H2SO4 solution. 
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