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Abstract: The aim of this work, using the powder metallurgy process, is to synthesize metallic 

alloys with high mechanical strength and high electric conductivity, after melting optimizing and 

thermal treatments. The Cu-Ni-Cr (wt%) alloys are characterized in their mechanical and electrical 

properties as well as the obtained microstructure. Through the process of powder metallurgy, 

contacts and structural parts can be obtained. The alloys elements are added to copper with the 

intention to improve their strength, ductility and thermal stability, without causing considerable 

damages in their form, electrical and thermal conductivity, and corrosion resistance. The metallic 

powders were mixed for a suitable time and then they were pressed in a cold uniaxial pressing 

(1000 kPa). Afterwards, the specimens were sintered in temperatures varying from 700 up to 800oC 

under vacuum. At last, the samples were homogenized at 550oC under vacuum, for special times. 

The comparative analysis is based on the sintered density, densification parameter, hardness, 

macrostructures and microstructures of the samples. The alloys were characterized by optical 

microscopy, x rays powder diffraction, electrical conductivity and Vickers hardness. 

Introduction 

Products based on copper alloys such as porous material filters, electric friction equipments, 

contacts and structural parts can be manufactured through the process of powder metallurgy, which 

have the advantages of making fine grained homogenous structures, forming complicated shapes 

with close dimensional tolerances and the ability to produce parts with a superior surface finishing 

[1-13]. These advantages reduce or eliminate costly machining processes and allow less scrap loss, 

compared to other forming methods. The alloy elements are added to copper with purpose to 

improve its resistance, ductility and thermal stability, without causing considerable costs on its 
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form, electric and thermal conductivity and its resistance to the corrosion, typical characteristic 

aspects of pure copper [14-18]. It is well known that the mechanical resistance in metallic alloys 

depends on the size, type, form and regular distribution of precipitations, which is also fundamental 

to obtain an electrical conductivity similar to that of the copper matrix. To increase the strength, 

ductility and formability keeping good electric conductivity of these alloys, there have been used 

special thermal treatments, as well as variations in the chemical composition. In this work were 

synthesized Cu-Ni-Cr alloys with the aim of obtaining a steadily alloys production by powder 

metallurgy in laboratory scale and optimizing the electrical and mechanical properties. 

 

Experimental 

 

High purity powders of copper, nickel and chromium were mixed for a suitable time and then 

compacted under 1000 kPa in a cold uniaxial pressing. Afterwards, the specimens were sintered in 

temperatures varying from 700 up to 800oC in a high vacuum Carbolite furnace that had a hot zone 

of about 150mm under vacuum. At last, the samples were homogenized at 550oC under vacuum, for 

special times. For process control, metallography was used to check porosity, non-metallic 

inclusions and cross-contamination. The most important preparation conditions of the samples are 

presented in Table 1. 

Table 1 – Sintering Parameters of Cu-Ni-Cr 

Condition Premixed 
Compaction pressure [kPa] 1000 
Chemical alloy composition 
[wt %] 

Cu-0.5%Ni-0.5%Cr; Cu-1.0%Ni-0.5%Cr; Cu-1.0%Ni-
1.0%Cr; Cu-1.5%Ni-0.5%Cr 

Sample dimensions [mm] Cylinder diameter ϕ=10.2 e h=12.4 
Sample weight [g] 6.4 

Sintering temperature and 
conditions 

Sintering 
temperature [°C] 

Condition for 
premixed 

Vacuum 
pressure [torr] 

650 - 800 Solid state sintering 10-4 
Sintering time [s] 1.2x10³ to 5.4x10³ 
Homogenization time [s] 21,600 to 172,800 

 

The sintered and homogenized samples were cold mounted for optical and hardness 

characterization. The compacts were grinding with 400, 600, 800, 1000 and 1200 SiC papers followed 

by fine wet wheel polishing with diamond paste. Vickers hardness of the polished specimens was 

measured on a HXD 1000TM (Pantec) hardness tester with a load of 100g. Acidic FeCl3 was used 

as the etchant. The microstructures of selected etched samples were observed in an optical 

microscope. Special samples for electrical conductivity studies were measured using an Agilent 
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4338B milliohmmeter. X rays powder diffraction data were collected with a conventional Rigaku 

MultiFlex diffractometer with a fixed monocromator. The experimental conditions were: 40 kV, 

20 mA, 10o ≤ 2θ ≤ 120o, ∆2θ = 0.02o, λCuKα, divergence slit = 0.5o, reception slit = 0.3 mm and step 

time 5 s. 

Results and discussion 

The results of mechanical and electrical characterization in dependence of treatment of the samples 

are resumed in Table 2. 

Table 2 – Some mechanical and electrical properties of the copper-nickel-chromium alloys obtained 

by powder metallurgy 

Alloys Sintering Homogenizing 
Mechanical 
Resistance 

Electrical 
Conductivity 

Cu-Ni-Cr T [°C] t [s] T [°C] t [s] [MPa] [% IACS] 
Cu-0.5%Ni-0.5%Cr 780 5,400 500 32,400 330 32 
Cu-0.5%Ni-0.5%Cr 800 5,400 -- -- 420 37 
Cu-1.0%Ni-0.5%Cr 780 5,400 500 21,600 290 36 
Cu-1.0%Ni-0.5%Cr 780 5,400 -- -- 460 33 
Cu-1.0%Ni-0.5%Cr 800 5,400 -- -- 430 27 
Cu-1.0%Ni-1.0%Cr 800 5,400 -- -- 370 37 
Cu-1.0%Ni-1.0%Cr 800 5,400 500 172,800 400 37 
Cu-1.5%Ni-0.5%Cr 780 5,400 500 32,400 370 35 

 

The powder diffraction pattern indicate that the used amount of dopants do not affect noteworthy 

the copper crystalline structure. The Bragg peaks present no special broadening, which indicates 

normal crystallite sizes approximately between 5 and 10 µm. 

The resulted average mechanical strength of 400MPa and the electrical conductivity of 35%IACS 

for the Cu-1.0%Ni-1.0%Cr homogenized sample indicate a good application for this alloy using 

powder instead conventional metallurgy. Further thermal treatments shall be applied to continue the 

study of these alloys and to obtain the best conditions for electrical and mechanical applications 

using powder metallurgy processing. 

Optical micrographs of some of the samples are presented in Figures 1 to 3 to show their 

microstructural aspects. Fine grained presences but with inadequate porosity and second phases 

indicate that further treatments will be necessary to overcome this situation and also investigations 

with scanning and transmission electron microscopy to identify the presence of second phase on 

these alloys. 
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Figure 1 - Optical micrograph of the alloy Cu-0.5%Ni-0.5%Cr, cold compact (1000kPa) and 

sintered at 780oC for 5,400 s and also homogenized at 500oC for 32,400s. 

 

Fig.2 - Optical micrograph of the alloy Cu-1.0%Ni-0.5%Cr, cold compact (1000kPa) and sintered at 

780oC for 5,400 s and also homogenized at 500oC for 21,600s. 

 

Fig.3 - Optical micrograph of the alloy Cu-1.0%Ni-0.5%Cr, cold compact (1000kPa) and sintered at 

780oC for 5,400s and also homogenized at 500oC for 21,600s. 
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Fig.4 - Optical micrograph of the alloy Cu-1.0%Ni-0.5%Cr, cold compact (1000kPa) and sintered at 

800°C for 5,400s and also homogenized at 500oC for 172,800s. 

 

Conclusions 

The conventional powder metallurgy processing steps on the copper-nickel-chromium alloys 

resulted in first-rate mechanical strength (400MPa) and electrical conductivity (35%IACS) values 

that indicate a good quality employment for these alloys using powder metallurgy instead 

conventional metallurgy processing. The possibility to look for and construct fine grained 

homogenous structures, the ability to produce parts with a superior surface finish and the ability to 

form complex shapes with close dimensional tolerances induces this metallurgical application. 
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