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Abstract: A first-principles plane-wave pseudopotential method based on the density 
functional theory was used to investigate the mechanical properties and electronic properties of 
AgCu and AgZn solid solution. The VCA models have been set up for solid solution, and 
elastic constants, bulk modulus and shear modulus, Young modulus and density of states of Cu 
or Zn doped Ag system were also analysed. The results show that Cu and Zn in Ag alloy play a 
role of solution strengthening, the solid solution strengthening effect was obviously improved 
by adding a small amount of Cu(less than 2at.%) or Zn(less than 1at.%). The total DOS of 
AgCu(Zn) Solid solution is mainly constituted by the Ag 4d and Cu(Zn) 4d states. The AgZn 
Solid solution has a more stable structure than AgCu solid solution. 

1.Introduction 
Ag-Cu-Zn alloys are widely used for sliding electrical contact materials, jewelry, coins, silverware[1-

3]due to their high hardness and strength and good performances of electrical conductivity，thermal 
conductivity and wear resistance. Nowadays, Ag-Cu-Zn alloys researches are mainly focused on the 
effects of Zn on microstructure and mechanical properties of materials, corrosion resistance, anti-
tarnishing and strengthening mechanism [4-8] etc. However, many properties (including elastic 
properties, as well as electronic properties) of AgCu and AgZn solid solution still need to be 
understood at an atomic level. The maximum solid solubility of Cu and Zn in Ag is about 14 and 30wt, 
respectively. In the practical application, the content of Cu is 3-6wt. % and Zn is 1-2wt. % while the 
Ag-Cu-Zn alloys used for electrical contact materials, jewelry and coins. Here, we performed first 
principles calculations to investigate the elastic properties and electronic properties for AgCu and 
AgZn solid solution added less than 10at. % Cu and 10at. % Zn, in order to understand the solution 
strengthening effect of Cu and Zn on Ag Alloy. 
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3. Results and Discussion 

3.1Mechanical Properties 
The elastic constants of solids are closely related to its mechanical properties. It can be used to 
characterize the response of crystals to external stresses and as the interaction between atoms standard. 
Therefore, to research the elastic constants of Ag-Cu and Ag-Zn solid solution alloys is of great 
importance to understanding the mechanical properties of alloys. In the case of cubic crystals, there 
are three independent elastic constants (C 11, C 12 and C44). According to the Voigt-Reuss-Hill 
arithmetic approximation, the bulk modulus (B), shear modulus (G) and Young's modulus (E) can be 
obtained from the following equation[9]: 
 

଴ܤ ൌ ௏ܤ ൌ ோܤ ൌ
௖భభାଶ௖భమ

ଷ
(1) 
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ହ
(2) 
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(3)	

ܩ ൌ
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ଶ
(4)	

ܧ ൌ
ଽீ஻

ଷ஻ାீ
(5)	

Where BV is Voigt elastic modulus, BR is Reuss elastic modulus, GV and GRare Voigt shear modulus 
and Reuss shear modulus, respectively. 

The calculation result of the elastic constants, bulk modulus, shear modulus and Young's modulus 
of Ag-Cu and Ag-Zn are showed in Table 1 and Table 2. It can be seen that the mechanical constants 
of pure Ag are close to the calculated value of ref.[10] and experimental values of ref.[11], so the 
calculation result is credible. 

Table 1. Mechanical property parameters of Ag-Cu alloys (GPa) 

Composition C11 C12 C44 B GV GR G E 
Ag 131.67 80.43 58.41 97.51 45.29 38.63 41.96 110.09 

Ag-1Cu 147.48 89.05 61.84 108.52 48.79 42.75 45.77 120.38 
Ag-2Cu 157.66 95.29 59.13 116.08 47.95 43.53 45.74 121.29 
Ag-3Cu 157.91 99.87 54.39 119.22 44.24 40.30 42.27 113.40 
Ag-4Cu 157.39 103.20 50.72 121.26 41.27 37.60 39.44 106.74 
Ag-5Cu 157.87 106.71 47.94 123.77 39.00 35.52 37.26 101.58 
Ag-6Cu 158.60 108.44 46.57 125.16 37.97 34.68 36.33 99.37 
Ag-7Cu 159.81 110.40 45.77 126.87 37.35 34.13 35.74 98.01 
Ag-8Cu 160.69 110.62 45.57 127.31 37.35 34.31 35.83 98.28 
Ag-9Cu 160.35 111.57 45.49 127.83 37.05 33.80 35.42 97.29 
Ag-10Cu 160.11 111.92 45.87 127.98 37.16 33.69 35.43 97.30 

Table 2.Mechanical property parameters of Ag-Zn alloys (GPa) 

Composition C11 C12 C44 B GV GR G E 
Ag 131.67 80.43 58.41 97.51 45.29 38.63 41.96 110.09 

Ag-1Zn 144.78 84.02 59.71 104.27 47.98 43.08 45.53 119.23 
Ag-2Zn 143.11 85.33 59.60 104.59 47.32 41.82 44.57 117.07 
Ag-3Zn 135.80 83.47 57.97 100.91 45.25 39.01 42.13 110.95 
Ag-4Zn 130.09 84.30 56.78 99.56 43.23 35.67 39.45 104.53 
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(2)The total DOS of AgCu(Zn) Solid solutionis mainly constituted by the Ag 4d and Cu(Zn) 4d 
states. The AgZn Solid solution has a more stable structure than AgCusolid solution. 
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