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Abstract: In order to develop a new type of electrical contact wires with high strength and high electrical 

conductivity, Cu-2Ag-0.5Y alloy was selected as materials. Cu-Ag-Y alloy was prepared by continuous 

casting, cold drawing and aging treatment. By means of the analysis of microhardness, electrical 

conductivity, scanning electron microscopy, and transmission electron microscopy, the aging properties 

and microstructures of the Cu-Ag-Y alloy were investigated at different aging temperatures and time after 

different cold deformation. The results show that the Cu-2Ag-0.5Y alloy has an excellent combination of 

microhardness and electrical conductivity aged at 500℃ for 4 h, the microhardness and the electrical 

conductivity reach 166 Hv and 82.2% IACS, respectively. The main strengthening mechanisms for the 

Cu-2Ag-0.5Y alloy are the work hardening and the second phase or interfaces strengthening. It was 

suggested that cold deformation prior to aging treatment can accelerate the precipitation of the second 

phase, and improve the comprehensive properties of the Cu-Ag-Y alloy. 
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摘  要：为研发一种具有高强度和高导电性的新型电接触导线，选择 Cu-2Ag-0.5Y合金为实验材料。

通过连续铸造、冷拉拔和时效处理工艺制得 Cu-Ag-Y合金。采用显微硬度仪、导电率测试仪、扫描

电镜和透射电镜，研究了不同时效温度和时间条件下预变形合金的显微组织与性能变化规律。结果

表明，经 500℃/ 4 h时效后，Cu-2Ag-0.5Y合金获得了最佳的性能组合，其显微硬度和导电率分别

为 166 Hv和 82.2%IACS。Cu-2Ag-0.5Y的主要强化机制为加工硬化、第二相强化或界面强化。时效

处理之前的冷变形可以加速 Cu-Ag-Y合金基体中第二相的析出，并提高合金的综合性能。 

关键词：金属材料；Cu-Ag-Y合金；连续铸造；时效处理；性能 

 

In recent years, a great deal attention has been 

paid to develop the copper alloys with high strength 

and high electrical conductivity for applications such 

as the electrical resistance welding electrode, liner 
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tube of continuous casting crystallizer, integrated 

circuit lead frame, electrical locomotive, high speed 

electric railways
[1-3]

. With the development of the 

electrical industry, there is a need to enhance the 

qualities of conventional electrical materials, including 

high strength, high electrical conductivity and good 

plasticity, so it is important to develop higher 

properties copper alloys
[4-6]

. The copper alloys include 

essentially two types: one is the alloy system of Cu 

with face-centered-cubic elements such as Ni, Ag, the 

other is the alloy system of Cu with body-centered- 

cubic elements such as Cr, Mo
[7]

. The microstructure 

and properties of the Cu-Ag alloy system have also 

been extensively investigated
[8-12]

. 

It has been proved experimentally that the 

microstructure and properties of Cu-Ag or Cu-Ag-M 

(M=Zr, Cr or Y) alloy were under influence of many 

factors such as the content of silver, alloy element 

addition, degree of deformation, solidification 

condition, thermo-mechanical processing etc
[13-17]

. For 

example, a newly developed Cu-Ag-Zr alloy based on 

Cu-Ag alloy has an excellent combination of 

mechanical strength and electrical conductivity. The 

high electrical conductivity of Cu-Ag-Zr alloy is due 

to the very low solubility of zirconium in copper, 

whereas the excellent strength is attributed to 

precipitation and particle dispersion strengthening 

mechanisms. It was reported that the microhardness 

and electrical conductivity of the Cu-Ag-Zr alloy can 

reach 134 HV and 84.6% IACS, respectively after 

aging treatment
[18]

. 

In order to understand further the effect of aging 

condition during the process on the microstructure and 

properties, and to develop a new Cu-Ag-Y alloy with 

high strength and high conductivity, the Cu-2Ag-0.5Y 

alloy (wt%) was selected as the object of present study. 

The electrical resistivity tester, microhardness 

measurement, scanning electron microscopy and 

transmission electron microscopy examination were 

performed to characterize the microstructures and 

properties of the alloy during the ageing process in the 

present paper. 

 

 

 

1 Experiment 

 

The 99.95% Cu, 99.99% Ag and 99.99% Y in 

purity were used to prepare the Cu-2Ag-0.5Y alloy. 

The alloy ingots were prepared by continuous casting 

equipment of RT100 made by Rautomead Company. 

The ingots were solidified rapidly through pouring the 

alloy melt into a water-cooled copper mould. 

Subsequently, the alloy ingots of 15mm in diameter 

were cold forged and drawn to wires of 2mm in final 

diameter. The aging treatments were carried out using 

a tube electric resistance furnace under an atmosphere 

of nitrogen with the temperature accuracy of ±5℃. 

The samples with different aging temperatures and 

aging times during the aging process were taken to 

determine the microhardness and electrical conduc- 

tivity and to analyze the microstructure. 

The microhardness was determined using a micro 

Vickers hardness tester with a load of 1.961N, a 

holding time of 10s and each sample was measured 

five times to obtain the value. The electrical 

conductivity was determined by measuring the alloy 

samples using a FD101 metal conductivity tester with 

the accuracy of ±0.1% IACS, and every sample was 

tested for five times. The microstructure was observed 

using SEM of Hitachi S-3400N operated at 30 kV. The 

TEM examinations were carried out using a H800 

transmission electron microscope operating at 200kV. 

 

2 Results and discussion 

 

2.1 Microstructures 

The microstructure of the Cu-2Ag-0.5Y alloy at 

typical processing state is shown in Fig.1. The results 

show that the matrix of the alloy is substantially solid 

solution at solid solution state, but there are still some 

small particles that are not solid solved completely. At 

cold rolling sate, there are a large number of 

dislocations in the matrix, which are caused by cold 

working. After aging treatment, in addition to the 

retention of the sub-dislocation structure, there are  

 

 



 

86 贵 金 属 第 35 卷 

 

some micrometer precipitates existing in the alloy 

matrix. Because the solid solubility of Y in Cu is less 

than 0.01% at room temperature in the matrix, the 

precipitates are Y or YxAg(1-x) particles which may 

have a coherent orientation relationship with Cu 

matrix. 

 

   

Fig.1 Microstructures of the Cu-2Ag-0.5Y alloy  [(a). solution; (b). cold working; (c). aging] 

图图图图 1  Cu-2Ag-0.5Y 合金的显微组织合金的显微组织合金的显微组织合金的显微组织  [(a). 固溶态；(b). 冷加工态；(c). 时效态] 

 

2.2 Aging treatment 

The effect of aging time between 1 h and 7 h for 

varying temperature on the microhardness is shown in 

Fig.2.  
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Fig.2 Curves of microhardness with aging time 

图图图图 2 显微硬度随时效时间的变化曲线显微硬度随时效时间的变化曲线显微硬度随时效时间的变化曲线显微硬度随时效时间的变化曲线 

 

It can be seen that the microhardness of the 

Cu-2Ag-0.5Y alloy increases rapidly at the initial 

stage with the increase of aging time and then 

gradually increases till it reaches a peak, and then 

gradually decreases, because of the dispersion of the 

precipitation phase and coherence along with the 

matrix. From the aging curves in the interval from 400 

℃ to 600 ℃, it can be seen that the higher the aging 

temperature is, the lower the peak microhardness will 

be, and the aging time to the peak microhardness 

decreases, meanwhile, the shape of aging curve 

changes significantly with the aging temperature. The 

higher aging temperature is, the more rapidly the 

secondary phase precipitates. Therefore the larger 

amplitude of microhardness presents at the early stage 

of aging. A peak microhardness of 166 HV is observed 

after aging at 500℃  for 4 h, beyond which it 

decreases with the increase of the aging time. In 

addition, the higher aging temperature is, the greater 

growth inclination of the secondary phase is. 

Fig.3 shows the effect of aging time between 1 h 

and 7 h at various temperatures on electrical 

conductivity of the Cu-2Ag-0.5Y alloy.  
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Fig.3 Curves of electrical conductivity with aging time 

图图图图 3 导电率随时效时间的变化曲线导电率随时效时间的变化曲线导电率随时效时间的变化曲线导电率随时效时间的变化曲线 

 

It indicates that the electrical conductivity of 
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Cu-Ag-Y alloy increases with the increase of aging 

time and temperature. At the early stage of the aging 

process, the electrical conductivity of alloy increases 

rapidly, because the precipitation force of the 

secondary phase is great and precipitation speed is fast. 

and then tends to be stable, and the higher the aging 

temperature is, the quicker the increase of electrical 

conductivity at the early stage of the aging process 

will be. For instance, upon aging at 500℃ for 4 h, the 

value of electrical conductivity is 82.2 %IACS, but it 

is only 77.0 %IACS aging at 400℃. A solute in solid 

solution with copper has a much more powerful effect 

on decreasing the electrical conductivity than that it is 

present partly or wholly as a second phase. The 

increase in electrical conductivity of the Cu-Ag-Y 

alloy is attributed to removal of Ag and Y from the 

copper solid solution to form a second phase. The 

longer the aging time, the less the supersaturated 

vacancies and thus the slower the precipitation process 

will be. From the electrical conductivity curves in the 

interval from 400℃ to 500℃, it can be seen that the 

higher the aging temperature is, the more the electrical 

conductivity of alloy increases. As a result, 

Cu-2Ag-0.5Y alloy can attain a combination of 

microhardness and electrical conductivity with aging 

at 500℃ for 4 h, and the microhardness and electrical 

conductivity is about 166 HV and 82.2 %IACS. 

2.3 Cold deformation before aging 

The cold deformation before aging can greatly 

increase the number of defect, such as dislocation, 

vacancy, and so on, leading to aberration of lattice and 

improvement of free energy, which is beneficial to the 

nucleation and growth of the second phase
[19-21]

.  

The curves showing the electrical conductivity 

and microhardness of the alloy aging at 500℃, after 

30% deformation respectively, with the time are 

presented in Fig.4. It can be seen that its tendency is 

almost as same as the one directly aging after solution. 

Due to the cold deformation before aging, the 

processes of precipitation are accelerated, making it 

possible that the amplitude of the electrical 

conductivity and microhardness are larger at the early 

stage of aging. 
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Fig.4 Microhardness and electrical conductivity of 

predeformed Cu-Ag-Y alloy with aging time at 500℃℃℃℃ 

图图图图 4 预变形预变形预变形预变形 Cu-Ag-Y 合金经合金经合金经合金经 500℃℃℃℃时时时时效后的效后的效后的效后的 

导电率与显微硬度导电率与显微硬度导电率与显微硬度导电率与显微硬度 

 

The TEM image of the alloy aging at 500℃ for 

20 min after 30% deformation is shown in Fig.5. 

 

 

Fig.5 TEM image of Cu-Ag-Y alloy aging at 500℃℃℃℃ for 

20 min after 30% deformation 

图图图图 5  30%预变形预变形预变形预变形的的的的 Cu-Ag-Y 合金经合金经合金经合金经 500℃℃℃℃/20 min 

时效后的时效后的时效后的时效后的 TEM 图片图片图片图片 

 

It can be seen clearly that the high dislocation 

density is still remained in the alloy matrix and the 

secondary phase is dispersed, hardening the alloy to 

some degree. The microstructure essentially consists 

of dislocation network and fine dispersed precipitates. 

The dislocation is the thermodynamically unstable 

defect which has higher energy, and accelerates the 

nucleation and growth of the second phase. The 

dislocations act as the heterogeneous sites and the 

volume fraction of the second phase increases. As a 
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result, the microhardness of the Cu-Ag-Y alloy with 

the cold deformation increases considerably and is 

higher than that directly aging after solution treatment. 

The electrical conductivity increases rapidly due to 

enhanced removal of Y from the copper matrix as well 

as increased volume fraction of the second phase. 

Fig.6 shows the tensile fracture appearances of 

the Cu-Ag-Y alloy aging at 500℃ for 4 h which is the 

optimum conditions. 

 

 

Fig.6 SEM image of Cu-Ag-Y alloy aging at 500℃℃℃℃ for 

20 min after 30% deformation 

图图图图 6  30%预变形的预变形的预变形的预变形的 Cu-Ag-Y 合金经合金经合金经合金经 500℃℃℃℃/20 min 

时效后的时效后的时效后的时效后的 SEM 图片图片图片图片  

 

The tensile fracture morphology shows a great 

number of large and deep dimples. It is illustrated that 

the severe plastic deformation occurs before breaking 

failure of the material. Plastic deformation takes place 

first at the crack tip and spreads across the solid as the 

applied load is increased beyond general yielding. It 

can be also seen from Fig.6 that the particles are 

occasionally separated and pulled out, and the tear 

ridges leave behind in the large and deep dimples. 

This demonstrates that the second phase particles 

combine firmly with the Cu matrix. The fracture mode 

of the material is the microporous polycondensation 

plastic fracture. 

 

3 Conclusions 

 

(1) Cu-2Ag-0.5Y alloy can obtain better 

comprehensive properties after aging at 500℃ for 4 h, 

the values of microhardness and electrical conduc- 

tivity are 166HV and 82.2% IACS, respectively. 

(2) Cold deformation prior to aging can improve 

the properties of the Cu-Ag-Y alloy. The precipitation 

of the secondary phase can also be accelerated with 

cold deformation before aging, so electrical 

conductivity and microhardness of the alloy are 

greatly improved. 

(3) The precipitation of Ag and Y element from 

the supersaturated copper solid solution results in the 

increase of electrical conductivity and microhardness 

of the Cu-Ag-Y alloy, and the cold deformation can 

accelerate the precipication of the Ag and Y from 

copper matrix. 
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