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Abstract 

In the present study, the structural and creep resistance properties of S9Z1 alloys with Cu-addition in concentrations (0.1 and 

0.3% Wt.) have been investigated using x-ray diffractions (XRD) and Creep testing machine respectively. The three samples 

were prepared from high purity 99.99% by melting technique in the Pyrex tubs with CaCl2 to invaded the oxidation. The obtained 

samples were rolled drawn (cold rolling) into two groups. The first group was as wires for the creep resistance testing. The 

second group was as small sheets for structural investigations. Patterns of XRD showed that the S9Z1 alloy was primarily 

composed of two phases; a body centered tetragonal β-Sn matrix phase, and a secondary phase of hexagonal Zn. while with 

addition Cu (0.1 and 0.3% Wt.) to S9Z1 Alloys the results showed new peaks in the ternary compositions, such as Cu6Sn5, 

Cu5Zn8, phases respectively. The average of particle size (D) of β-Sn matrix was decreased with increasing Cu -adding, whereas 

the dislocation density (δ) increased with increasing addition. Creep properties of S9Z1, S9Z2 and 3 Alloys were examined at 

different temperatures (25, 40 and 80°C) under two constant loads (ζ= 18.7 and 24.94 MPa). The creep behaviors of ternary 

alloys were higher than the S9Z1 alloys with all different temperatures under two constant loads. Also, the S9Z3 alloy with all 

different temperatures and two loads exhibited greatest creep resistance, due to the refinement structure and formation of new 

IMCs. Values of stress exponent (n) were found to be in the range of 1 to 10.55, for all S9Z2 and 3 alloys respectively. Values of 

activation energy (Q) of alloys were found to be in the range of 36.48 to 37.49 kJ/mol, for ζ = 18.7 Mpa and 27 to 34.8 kJ/mol for 

ζ = 24.94 Mpa for the S9Z1 alloys with Cu addition respectively. At room temperature (25°C), the electrical conductivity of the 

samples was calculated, and its values increased with Cu additions. 
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1. Introduction 

Lead-free Sn-Zn solder is available in a range of raw 

materials and melts at a temperature that is nearly the same as 

conventional Sn-Pb solder. It is currently a possibility to 

replace the Sn-Pb solder. Since it satisfies industry 

requirements for electronics without raising the soldering 

temperature, Eutectic Solder Sn-9wt%Zn is regarded as one 

of the greatest and most practical substitutes for Eutectic 

Solder Sn-37Pb in the field of electronic packaging [1, 2]. Due 
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to lead's high toxicity and detrimental effects on human health, 

which are the primary driver of global progress, its use is 

strictly prohibited [3, 4]. In light of the economic revolution, 

numerous researchers have carried out numerous tests to 

produce lead-free solder with the appropriate mechanical 

qualities, melting point, and low cost. High electrical qualities 

and performance are now standard. [5, 6]. Sn-Zn alloys are 

widely used because of their low melting temperature (about 

198°C), which relates them to the solder alloy Sn-37Pb 

(183°C) [9, 7], and their excellent mechanical properties. 

Their low cost also motivates them to take on the main 

challenges in the new development of lead-free solder [8, 9]. 

Sn-Zn alloys are therefore a good option because of their 

practical characteristics. In addition to its high wettability and 

strong ductility, zinc's low cost makes it one of the most 

significant characteristics in the classification of welding 

materials. notably influences the establishment of trustworthy 

solder connections, particularly in low volume applications 

like electronic services, automated processes, and robotics 

[10-12]. Only a few substitute alloys based on Sn with other 

elements are being studied because to the limited melting 

point window. A viable substitute for Sn-Pb alloy would need 

to meet not only the temperature criteria but also a variety of 

metallurgical and mechanical qualities of the original alloy. 

Scientists have created a wide range of binary Pb-free solder 

alloys, including Sn-Zn, Sn-Cu, Sn-Ag, Sn-Bi, Sn-Sb, and 

Sn-In. Between these binary systems, Sn-Zn solder alloys 

have a number of intriguing characteristics. For example, 

Sn-9Zn eutectic alloys have a melting point of 198°C, which 

is quite similar to Sn-Pb eutectic alloys' 183°C. They also 

have superior mechanical qualities than traditional Sn-Pb 

solders Furthermore, according to El-Daly et al [7, 13], Cheng 

et al. [14], it is inexpensive, nontoxic to humans and the 

environment, and has a low reflow temperature of 222°C. 

Salesm, [15], B. YAVUZER2020. examined the impact of Cu 

addition on the Sn-9Zn-1.5Ag solder alloy's transient creep 

capabilities. The presence of extra intermetallic Cu5Zn8 

phases during solidification was verified by XRD in two 

samples. The stress exponent of Sn-9Zn solder was 

discovered to be around (n = 5.0) by Shrestha et al. [16] 

during their investigation of the creep qualities of it. Chen et al. 

[17], Cheng et al. [14], Yu et al. [18] and Al-Salmi et al. [19], 

have reported that although Sn-Zn solders have good 

mechanical integrity, their resistance to oxidation and 

corrosion is low. Consequently, because of its low strength 

(creep resistance), short shelf life, quick oxidation, and micro 

void formation, Sn-9Zn eutectic solder is challenging to work 

with. To get over these problems and improve the creep 

resistance characteristics of lead-free Sn-Zn even more. 

Although Sn-Zn solders have good mechanical integrity, they 

are not very resistant to oxidation and corrosion [18, 17, 14]. 

The Four objectives of this study were to: 

a) To create pure Sn-9Zn binary alloys and Sn-9Zn ternary 

alloys by melting method addition of Cu at values of 0.1 

and 0.3 weight percent. 

b) To examine the impact of Cu addition on the Sn-9Zn 

alloy's structural characteristics, such as particle size, 

dislocation density, lattice parameters, and crystal 

structure. 

c) To examine how Cu addition affects the Sn-9Zn alloy's 

creep properties (elongation, stress exponents, 

activation energy, and creep resistance). 

d) To examine the impact of Cu) addition on the alloy Sn-9 

weight percentage Zn's electrical conductivity 

characteristics. 

2. Experimental Procedure 

2.1. Materials and Methods 

Table 1. Alloys' Chemical compositions (all in wt.%). 

S. No. Alloys Sn Zn Cu 

1 S9Z1 91 9 0 

2 S9Z2 90.9 9 0.1 

3 S9Z3 90.7 9 0.3 

Sn-9wt.%Zn, Sn-9wt.%Zn-0.1 wt.% Cu, and Sn-9 

wt.%Zn-0.3 wt.% Cu are the solder alloys employed in this 

work, and they are referred to as S9Z1, S9Z2, and S9Z3, 

respectively. Table 1. displays the produced alloys' 

experimental weighted compositions. High purity (99.99%) 

Sn, Zn, and Cu were used to produce them. All components 

were melted using an electrical furnace set to 750°C in a 

Pyrex tub containing CaCL2 (to impede the oxidation of the 

compositions). They were homogenized by hand agitation at a 

temperature of 200°C above their melting temperatures. After 

shaking them to guarantee that the melt was homogenized, 

they were allowed to gently solidify to room temperature (RT) 

in order to produce samples that included all of the 

precipitated phases. The Pyrex container was then shattered in 

order to extract the sample. The raw alloy materials (as-cast) 

were rolled into wires of 60 mm in length and one mm in 

diameter, as well as sheets that were one millimeter thick. 

Samples of the sheet and wires were polished with grades of 

silicon paper and then cleaned in a CH3COCH3 solution. 

Following that, the sheets and wires were treated for six hours 

at 100°C, and they were then allowed to cool gradually to 

room temperature (RT) at a rate of 0.90°C per minute in order 

to investigate the structural, creep mechanical, and 

conductivity, respectively. 

2.2. Materials Investigation 

All of the alloys' chemical compositions Using the XD-2 

x-ray diffractometer and the CuKα (λ=1.54 Å) NF model with 
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measurement accuracy of 0.001° and scanning radius of 180 

mm, China (in the Yemeni Geological Survey and Minerals 

Resources Board, YGSMRB), the structural properties of the 

prepared alloys have been investigated. The XD2 features a 

minimum step size of 0.00025°, runs at 36 kV and 20 mA, and 

has mechanical repeatability that exceeds 0.0006°. n wt.%). 

The X-ray tube's focus measurements are 1.0×10
2
 mm

2
. Using 

a computerized vertical tensile approach, the tensile creep 

tests were conducted on all samples at various temperatures 

(25, 40, and 80˚C) with constant loads (18.7 and 24.94) MPa. 

Using a simple circuit (DC) of Ohms law, electrical resistance 

and conductivity were measured. 

3. Results and Discussion 

3.1. Structural Analysis 

Figure 1 exhibits the diffraction patterns observed for each 

of the three alloys. Drawing from Figure 1a. These patterns 

clearly show two phases: a secondary phase of hexagonal Zn 

and a body-centered tetragonal β-Sn matrix phase. There are 

more Tin Peaks than Zinc Peaks. Because tin is approximately 

nine times more abundant than zinc. The solid solubility of 

one in the other is relatively limited, and the Sn-Zn phase 

diagram indicates that there is no interaction between them. 

Thus, no additional phases of the system, like those in Figure 

1a, are anticipated. This concurs with the findings of Salem 

[15]; El-Daly and Hammad, [20]. Using the search and match 

function of the measured data with the relevant reference file 

and the jade6.5 program, the acquired diffraction patterns 

have been compared with conventional powder diffraction 

data (pdf). As per the XRD file presented in Table 2. The Joint 

Committee on Powder Diffraction Standards at the 

International Center for Diffraction Data (JCPDS-ICDD) 

attributes the presence of sharp peaks in the diffraction 

patterns to the crystalline nature of the three samples (S9Z1, 

S9Z2, and S9Z3 alloys). based on Figure 1b & c. It is evident 

that the intensity of all Sn peaks is significantly impacted by 

Cu-content, and Cu-Sn IMC phases are visible, while the peak 

broadening and intensity of all Zn peaks have changed. The 

α-Zn phase peak intensities decrease as the Cu content 

increases; this IMC, Cu6Sn5, has a monoclinic structure. The 

New Cu-Zn IMC phase was depicted in Figure 1b & c. and is 

the product of a chemical reaction between copper and zinc. 

Cu5Zn8, which has a cubic structure, is this IMC, based on the 

Cu-Zn phase diagram and S/M process. As can be observed 

from Figure 1, the density of this compound increases as the 

Cu-content increases, leading to higher intensity peaks Zn, 

however, is reduced by the Cu5Zn8 compound's production. 

All of these findings are consistent with El-Daly and Hammad 

[20, 21] Additionally, a study of the phases and crystal 

systems resulting from the addition of Cu (0.1 and 0.3 wt%) to 

the S9Z1 binary alloy revealed that in Table 2. When Cu was 

added (0.1 and 0.3%) to S9Z1 Alloys, the β-Sn phase peaks 

increased and the Zn phase peaks decreased, as seen in Figure 

1a, b and c. Due to the appearance of IMCs (Cu-Sn) and IMCs 

(Cu-Zn), which are Cu6Sn5 and Cu5Zn8, respectively. The 

IMCs (Cu6Sn5) phases for small (0.1%wt) Cu-addition to 

S9Z1 Alloy were appearance in three peaks at 2θ (30.32°, 

38.621° and 58.5°), but for large (0.3%wt) Cu-addition, the 

IMCs of (Cu6Sn5) phases was appearance in once peak at 2Θ 

(32.458°), also the IMCs (Cu5Zn8) phases for small (0.1%wt) 

Cu-addition to Sn-9Zn Alloy was appearance in once peak at 

2θ (43.101° while, the IMCs of (Cu5Zn8) phases are an 

appearance in three peaks at 2Θ (40.12°, 42.9° and 64.4°) at 

0.3% wt. Also, rustles showed the effect of Cu in to ternary 

alloys, the IMCs (Cu5Zn8) was increased and the IMCs 

(Cu6Sn5) was reduced with increased Cu-addition in Figure 

1b and c. 

 
Figure 1. XRD patterns for all three samples. (a) S9Z1, (b) S9Z2 and 

(c) S9Z3. 
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Table 2. Three compositions: phases, crystal systems, and PDF Reverence. 

S. wt% Phases peaks Crystal system (JCPDS-ICDD)Re. 

S9Z1 β-Sn 9 Body centered tetragonal PDF#04-0673 

 Zn 5 Hexagonal PDF#04-0831 

S9Z2 β-Sn 9 Body centered tetragonal PDF#04-0673 

 Zn 1 Hexagonal PDF#04-0831 

 Cu6Sn5 3 Monoclinic PDF#45-1488 

 Cu5Zn8 1 Cubic PDF#25-1228 

S9Z3 β-Sn 9 Body centered tetragonal PDF#04-0673 

 Zn 1 Hexagonal PDF#04-0831 

 Cu6Sn5 1 Monoclinic PDF#45-1488 

 Cu5Zn8 3 Cubic PDF#25-1228 

 

Particle sizes of all the as-cast S9Z1, 2 and 3 alloys were 

determined using the Scherer Formula: [22] 

𝐷 =
0.9𝜆

𝛽𝐶𝑜𝑠𝜃
                   (1) 

where: B is the broadening of diffraction line measured at half 

its maximum intensity (radians), t is the diameter of crystal 

particle, 𝜃B is the Bragg angle and λ is the wavelength of 

x-ray. Table 3. displayed the values for the particle size, lattice 

distortions, dislocation density (𝛿), and lattice characteristics. 

With the addition of Cu, the particle sizes of Zn and β-Sn have 

dropped, whereas Cu6Sn5 has decreased and Cu5Zn8 has 

increased. In the Sn-matrix phase, zinc atoms migrate towards 

Sn-grain borders, reducing their mobility and preventing grain 

formation as a result. Various literature sources have 

discovered and reported this. Zinc has been observed to 

reduce the β-Sn phase's particle size when added to tin. 

Reportedly, the same conduct has been [21]. The addition (0.3 

wt.% of Cu) cause to shift Cu6Sn5 IMC 2𝜃 (30.32°) from 

(22-1) orientation to (113) orientation at 2𝜃 (32.458°) and the 

disappearance of the appearance of the three peaks from 

Cu6Sn5 IMC in 0.1 Cu-addition. On the other hand, addition 

(0.3 wt.% of Cu) cause to shift Cu5Zn8 IMC 2𝜃 (43.101°) from 

(330) orientation to (400), (330) and (611) orientation at 2𝜃 

(40.12ᵒ, 42.9° and 64.4°). It is good to mention that the shifted 

Cu6Sn5 IMC and Cu5Zn8 IMC cause to slightly increasing 

lattice distortion (1.79×10
-3

 and 1.61 ×10
-3

) in the β-Sn matrix 

[23] for 0.1 and 0.3 Cu addition to S9Z1 Alloys respectively. 

The lattice distortion values were calculated according to G. K. 

Williamson and W. H. Hall. [22] 

𝛽 = *
1

𝐷
+ + 5 ≤ 𝜀2 ≥

1

2 𝑆𝑖𝑛
𝜃

𝜆
            (2) 

where D is the size of the crystallite in the β-Sn matrix and ε is 

a local lattice distortion. About the defects in the S9Z1, 2 and 

3 alloys were studied using some factors such as: dislocation 

density (𝛿), the results showed that as a function of Cu there is 

increasing in dislocation density as more Cu added as shown 

in Figure 2. A slight change has been occurred in (c/a) values 

from (0.542) to (0.55) due to a lattice expanding in (a) and 

(c)-axes with Cu additions. Furthermore, Table 3. illustrates 

how the cell volumes of all as-cast alloys have been rising 

with Cu additions. Particle size and dislocation density as a 

function of Cu-addition are displayed in Figure 2. 

 
Figure 2. The particle size and dislocation density as function of 

Cu-addition. 

 

http://www.sciencepg.com/journal/ijmsa


International Journal of Materials Science and Applications http://www.sciencepg.com/journal/ijmsa 

 

65 

Table 3. The details of the XRD analysis particle size (D), dislocation density (𝛿) and lattice parameters. 

S. in wt.% 
D β-Sn 

(nm) 
D Zn (nm) 

D Cu5Zn8 

(nm) 

D Cu6Sn5 

(nm) 

(ƹ) x10-3 of 

β-Sn phase 

c/a of β-Sn 

phase 

V (Å)3 of 

β-Sn phase 

δ (nm) (-2) 

*10-3 of 

β-Sn phase 

S9Z1 23.6 16.4 - - 1.2 0.542 109.14 179 

S9Z2 16.5 16.1 3.8 9.7 1.8 0.547 109.7 367 

S9Z3 16.4 13.77 14.7 3.5 1.6 0.55 110.7 374 

 

3.2. Creep Properties Strain-Time 

For S9Z1, 2 and 3, the creep strain-time curves were 

displayed in Figure 3a, b, c, d, e, and f, respectively. 

Following annealing at 100°C and testing at 25°C, 40°C, and 

80°C under two distinct constant stresses (ζ = 18.7 and 24.94 

MPa), the samples were examined. As seen from the Figure 3a, 

b, c, d, e, and f respectively, S9Z1 alloy at (T=25°C, 40°C and 

80°C) for loads (𝜎 = 18.7 and 24.94 MPa) respectively, which 

showed lowest creep resistance, appeared on all the three 

stages of creep at (𝜎 = 18.7 and 24.94 MPa) with (T=25°C, 

40°C and 80°C) whereas other at (T=25°C) for all loads alloys 

were still in primary creep stage and the steady state creep 

stage. It can be observed that the S9Z3 and S9Z2 Alloys have 

greater creep resistance than S9Z1 at all temperatures and 

under constant loads because of the refinement structure and 

formation of new IMCs in these as-cast alloys. This is similar 

to the earlier case, where the stress and temperature (ζ = 18.7 

and 24.94 MPa) and the temperature (T = 25°C, 40°C, and 

80°C, respectively) showed greater creep resistance (low 

strain rate). Cu5Zn8 and Cu6Sn5 IMC forms in ternary alloys 

have the potential to more effectively impede dislocation 

movement and result in an alloy with a lower creep rate. The 

S9Z1 alloy exhibits similar behaviours when Cu is added, 

which rustles agree with D'Souza et al [24]. 

Using the following equation, the elongation (El.%) for 

each sample was determined: 

EL.%= Strain × 100              (3) 

Table 4 lists the elongation for each of the three alloys, 

which was computed using the data in Figure 3a, b, c, d, e, and 

f. Additionally, Figure 4 displays the El.% plots. When 

compared to the EL.% of S9Z2 and S9Z3 at the same load, 

Figure 4 shows that the EL.% of S9Z1 is increasing at 

different temperatures (T= 25°C, 40°C, and 80°C) under 18.7 

and 24.94 MPa. Conversely, when compared to the eutectic 

S9Z1 and S9Z3 alloys, the S9Z2 alloy exhibits the longest 

elongation at T=40°C and 24.94 MPa load. 

The creep rate 

ε ̇=(∂ε/∂t)                  (4) 

of the S9Z1, 2 and 3 alloys was determined by looking at the 

slope of the creep strain-time curves displayed in Figure 3a, b, 

c, d, e, and f. The values of ((ε)) ̇ for the three alloys were 

listed in Table 5 and plotted in Figure 5, which illustrates how 

the secondary creep rate (ε ̇) decreases as the creep life 

increases at this stage at various temperatures and loads. 

Table 4. Three samples' varying elongations with Cu addition. 

S. 

EL.% 

18.7 MPa 24.94 MPa 

Tem. 25°C 40°C 80°C 25°C 40°C 80°C 

S9Z1 4.92 7.45 16..74 11.38 26.39 16.55 

S9Z2 3.94 6.64 14.1 5.04 27.62 15.26 

S9Z3 2.83 3.26 5.72 3.07 8 7.26 
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Figure 3. Creep strain-time curves for Sn-9Zn-xCu at. 

a) T=25°C &18.7 MPa, b) T=25°C & 24.94MPa, C) T=40°C &18.7 MPa, d) T=40°C &24.94 MPa, e) T=80°C &18.7 MPa and f) 

T=80°C&18.7 MPa. 
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Figure 4. The elongation for Sn-9Zn-xCu at (T= 25, 40 and 80°C) 

with 18.7 and 24.94 MPa. 

 
Figure 5. The creep rate (𝜀̇) for Sn-9Zn-xCu at (T= 25°C, 40 and 

80°C) with 18.7 and 24.94 MPa. 

The strain rate sensitivity parameter (m=1/n) and stress 

exponent (n) parameters were calculated by using equation. 

[25]. 

n =  
∂Ln(ϵ̇)

∂Ln(σ)
                  (6) 

The calculated value of n at different temperatures with loads 

for the tested alloys are listed in the figure 6. From figure 6, the 

stress exponent values are slightly reduced with high 

temperature (T= 80°C) in all alloys investigated, this reducing 

is owing to the instability of microstructure at elevated 

temperatures [13, 19, 24]. The experimental results show that 

the S9Z1, S9Z2 and S9Z3 alloys have the stress exponents (n); 

(6, 6.7 & 4), (5.8, 10.55 & 6.1) and (4.46, 6.8, 1) correspond to 

the testing temperatures (25, 40 and 80)°C, respectively. The 

eutectic S9Z2 at temperature (T= 40°C) is the particles 

reinforcement. Whereas, the dislocation movement 

(climb-creep) controlling mechanism for the all S9Z1, at 

temperatures (T= (25, 40 and 80)°C), S9Z2 at temperatures (T= 

(25 and 80)°C) and S9Z3 at temperatures (T= (25 and 40)°C) 

alloys. While, at temperature (T= 80°C) the n value of S9Zalloy 

revered to the diffusional creep mechanism. The decrease of 

n-value with 0.3Cu-addition and increasing temperature is a 

well-known phenomenon that is attributed to the instability of 

microstructure at elevated temperatures. Softening and 

dissolution of second phase particles IMCs (Cu5Zn8) are 

possible causes for the observed instability. In general, the 

enhancement in creep resistance with the addition of 0.1 and 

0.3 wt.% of Cu to S9Z1 alloy can be attributed to the 

interactions of dislocations with the (Cu5Zn8 IMC) particles, 

which hinder the climb of dislocations. Other similar results 

obtained by the researches of El-Daly, A., et al. [26, 27]. 

 
Figure 6. The stress exponent (n) values at different temperature 

with Cu-addition. 

Activation energy (Q) of creep is described as the energy 

barrier that is needed for an atom to move from a high energy 

location to a lower energy location [25, 28, 29]. The activation 

energy of steady state creep at constant stresses was calculated 

using equation. 

Q = −R (
∂Ln(ε̇)

∂Ln(
1

T
)
)               (7) 

Also, the activation energy of steady state creep was 

calculated from the relation between Ln (Creep rate) and 

1000/T at (T=25, 40 and 80°C) for S9Z1 eutectic, S9Z2 and 

S9Z3 alloys under two different applied stresses in the Figure 

7a and b. The activation energies for the binary eutectic and 

ternary alloys have been found to be (Q= 36.48: 34.88: 34.59 

kJ mol−1) and (Q= 27: 33.98: 34.1 kJ. mol−1) in the low and 

high stress, respectively seen Figure 7a and b and are listed in 

the Table 5. It is clear that the average (Av.) of activation 

energy for Sn-9Zn binary alloys are small than ternary S9Z2 

and S9Z3 alloys in low and high stress, this is consistent with 
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its high creep resistance and agree with [25-27]. 

  
                               a                                                  b 

Figure 7. a. The relation between Ln(𝜀̇) and 1000/T for S9Z1, 2 and 3 alloys at 18.7 MPa; b. The relation between Ln(𝜀̇) and 1000/T for S9Z1, 

2 and 3 alloys at 24.94 MPa. 

Table 5. The variation of (Q) of three samples with Cu-addition at 

different Stress. 

S. in%wt. 

Q (KJ/mol) 

Av. Q (KJ/mol) 

18.7 MPa 24.94 MPa 

S9Z1 36.48 27 31.74 

S9Z2 37.97 33.98 35.98 

S9Z3 37.49 34.8 36.15 

4. Conductivity and Electrical Resistivity 

Regarding electrical properties, electrical resistivity (ρ) and 

conductivity (ζ) were calculated using following equations: 

ρ = R
𝐴

𝑙
 and σ =

1

ρ
               (8) 

respectively, where L is the length of the specimen, R is the 

ohm resistance and A is the cross-section area. [30, 31]. 

Figure 8 shows the S9Z1, 2, and 3 alloys' electrical resistivity 

and conductivity at room temperature (T= 25°C). At room 

temperature (T = 25 ˚C), Table 6 and Figure 8 display the 

electrical resistivity and conductivity of S9Z1, 2 and 3 alloys. 

Additions of Cu have generally resulted in an decrease in the ρ 

values, but an increase in the ζ values. Cu5Zn8 and Cu6Sn5 

formation in S9Z1 Alloys with Cu-Additions may be 

enhanced, which could explain the decreasing and increasing 

values for ρ and the ζ receptively. 

 
Figure 8. Electrical resistivity and conductivity behaviour for S9Z1 

alloys with Cu additions at T= 25°C. 

Table 6. The (ρ) and (σ) fluctuation at different Stress for three 

samples with Ag addition. 

S. in Wt.% 𝝆 (Ω-Cm) * 10-3 𝝈 (Ω-Cm)–1 

S9Z1 1.83 546.45 

S9Z2 1.13 884.96 

S9Z3 1.12 892.88 
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5. Conclusions 

The influence of Cu addition in two weight percent 

concentrations (0.1 and 0.3 wt%) on the structural, 

mechanical (creep resistance), and conductivity properties of 

S9Z1 alloys have been examined in this work. The following 

is a summary of the findings: 

According to structural analysis, body-centered tetragonal 

β-Sn, hexagonal Zn, monoclinic Cu6Sn5, and cubic Cu5Zn8 

phases are formed when Cu is added to Sn-9Zn eutectic 

alloys. 

The creep resistance of S9Z2 and S9Z3, alloys are higher 

than that of S9Z1 alloy at all different temperature with tow 

constant loads. Also, S9Z3 alloy exhibited greatest creep 

resistance (low strain rate), due to the refinement structure 

and formation of new IMCs in alloys. 

The n values referred to the deformation mechanism is 

dislocation climb for all S9Z1, 2 and 3 alloys, Excepted, at 

T= 40°C for S9Z2 the creep mechanism is the particles 

reinforcement and at T= 80°C for S9Z3 alloy the dislocation 

movement (diffusional creep) controlling mechanism. 

In general, increasing of Average (Q) with Cu,-Addition, 

this is consistent with its high creep resistance. Also, it is 

noticeable that activation energy decrease with increase the 

applied stress which means that activation energy depends 

strongly on applied stress. 

The decreasing and increasing for ρ and 𝜎, may be due to 

enhancing the Cu6Sn5 and Cu5Zn8 formation in S9Z1 Alloys 

with Cu-Additions. 

Abbreviations 

°C Temperature Percentage " Celsius" 

β Rigid Solution 

Sn Tin 

Zn Zinc 

Cu Copper 

XRD X-Ray Diffraction 

FWHM Full Width at Half Maximum 

IMC Intermetallic Compound 

MPa Mega Pascal 

RT Room Temperature 

D Particle Size 

𝛿 Dislocation Density 

JCPDS-ICDD Joint Committee on Powder Diffraction 

Standards at the International Center for 

Diffraction Data 
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