
 



It is therefore most economical to use powder metallurgy for the high volume 

production of small, intricately shaped, and/or very precise parts such as gears and 

links. In addition, the process offers the potential to produce a wide variety of alloys 

with different material properties such as high temperature toughness and hardness. As 

the density of the compacted and sintered part influences its key properties of strength, 

ductility and hardness, a specific porosity is critical. For process control, metallography 

is used to check porosity, non-metallic inclusions and cross-contamination. 

Powder production and mixing is a highly specialized and complex process which 

produces custom made powder mixes designed to satisfy the needs of a specific 

application. A good powder mix not only has the ability to produce the required 

properties of a specific alloy, but also needs to facilitate handling, compacting and 

sintering. For instance, the easy flow of powder and its capability to mix evenly with 

other powders is important for an even powder distribution before pressing, and ensures 

uniform properties of the finished part. 

It presents good electrical conductivity of 0.593 (cm)
-1 

a 300K whereas in the 

temperature of 77K the conductivity of pure copper goes to 5.263 (cm)
-1 

demonstrating its excellent application in electric conductors in an ample interval of 

temperature [18, 20]. 

The object in this work has been to produce for powder metallurgy ternary copper 

alloys, CuNiAl, with good mechanical properties and electrical conductivity for use in 

electric connectors of high mechanical performance in one determined range of 

temperature. The alloys elements are added to copper aiming at improvement of the 

resistance mechanics, ductility and thermal stability, electrical and thermal conductivity, 

beyond resistance to the corrosion. 

In temperatures of the order of 20K the copper alloys even continue keeping excellent 

mechanical resistance [19]. In such a way, it enters the explored aspects in the works get 

together the electric properties of products gotten for use in low temperatures. The 

resistivity of copper, as of all the pure metals, varies with the temperature. The 

conductivity at 373K is equivalent at 80% of the conductivity at 293K. The electric 

properties also are modified in low temperatures [20]. 

Thus, beyond the studies of the mechanical and structural properties, they had been 

initiated measured of electric conductivity to the temperature of 293K, 273K, 195K and 

77K aiming at a prospection of these properties in CuNiAl alloys obtained by powder 

metallurgy. These general characteristics had been detected in mechanical tests in 

fifteen different studied copper alloys, including the commercially pure brass, bronzes 

and coppers. They had been tested for the brass industry to verify properties such as 

tensile strength, Young´s modulus and impact in temperatures up to 4 K for pure 

copper. The resistivity in metals and alloys is strongly influenced in disordered solid 

solutions for the atomic displacements, interstitial defects and vacancies [18, 19]. 

The characterization techniques utilized in this work: structural characterization (R-X 

diffraction), microstructural analysis, measurements of electrical conductivity and 

mechanical properties of the CuNiAl alloys. 

 

Experimental Procedures 

 

This project looked adequately for to acquire knowledge, in laboratory scale, obtaining 

copper-nickel-aluminum alloys with powder metallurgy processing, aiming the electric 

and mechanical properties maintenance, to get electric connectors of high mechanical 

performance or high damping that can be used in a reasonable temperature range. 



For the production of components the mixed powders are first compacted under high 

pressure in a suitable system. At this stage the part has the geometrical features of the 

finished component, but not its strength and is called the “green” part. The bonding 

occurs through diffusion between adjacent particles. In order to develop the mechanical 

and physical properties of the material, metallurgical bonding has to take place through 

sintering at high temperature in a sintering furnace. The bonding occurs through 

diffusion between adjacent particles. To avoid oxidation, which would impair the inter-

particle bonding, the sintering process is conducted in a protective atmosphere or 

convenient high vacuum. The bonding increases the density, and pressed and sintered 

powder metal parts generally contain some residual porosity.  

The as-pressed compacts were conventionally sintered in a high vacuum Carbolite 

furnace that had a hot zone of about 150mm. The Cu-Ni-Al alloys can be consolidated 

by solid state sintering. The most important conditions are presented in Table 1. 

In research and failure analysis, metallography is a major tool used to develop new 

products and improve manufacturing processes. In addition to chemical analysis, quality 

control also includes physical methods for checking density, dimensional changes, flow 

rate etc. 

 

Table 1 - Sintering parameters of Cu-Ni-Al 

Condition metallic powder premixed 

Compaction pressure 50 MPa 

Chemical alloy 

composition (wt %) 

Cu-0.5%Ni-0.5%Al; Cu-1%Ni-0.5%Al; Cu-1%Ni-1%Al; 

Cu-3%Ni-3%Al; Cu-5%Ni-5%Al 

Sample dimensions Cylinder diameter  = 10.2x10
-3

 m; h = 14.8x10
-3

m 

Sample weight 6.5x10
-3

 kg 

Sintering temperature 

and conditions 

Sintering 

temperature (K) 
premixed condition 

Vacuum 

pressure 

923 - 1073 Solid state sintering 
1,3x10

-3 

milibar  

Sintering time tS = 1.8x10
3
   a   5.4x10

3
 s

 

Homogenization time (s) tH  = 3.6x10
2   

a   28.8x10
2
 

 

Cold mounting of the sintered and homogenization sample was done by optical and 

hardness studies .The compacts were grinding with 400, 600, 800, 1000 and 1200 SiC 

papers followed by fine wet wheel polishing (diamond or alumina pastes). Vickers 

hardness of the polished specimens was measured on a hardness tester (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 utilized an Agilent 4338B milliohmmeter and for crystallographic 

parameter an R-X diffractometer [21]. 

 

Results and Discussion 

The Table 2 resume some data realized until now with the samples of copper nickel-

aluminum alloys concerning mixing, compacting, sintering, homogenizing treatments 

and also values of hardness and electrical conductivity. The intention is to continue the 

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

application with powder metallurgy processing. 

 



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

aluminum alloys obtained by powder metallurgy 

 

Alloys 

(weight %) 

Sintering Homogenizing Mechanical Resistance 

T (K) t (10
3
 s) T(K) t (10

3
 s) (MPa) 

Cu 1.0Ni 0.5Al 

1053 5,4 

-- -- (420  20) 

Cu 1.0Ni 0.5Al 773 21.6 (280  10) 

Cu 1.0Ni 1.0Al -- -- (240  20) 

Cu 1.0Ni 1.0Al 773 32.4 (370  20) 

Cu 5.0Ni 5.0Al 773 21.6 (400  20) 

 

 

Table 3 – Electrical properties at room temperature and at low temperatures of CuNiAl 

alloys obtained by powder metallurgy 

Alloys 

(weight%) 
Sintering Homogenizing 

Electrical Conductivity 

(% IACS) 

T(K) t (10
3
s) T(K) t (10

3
s) T = 300K T = 195K T = 77K 

Cu 1.0Ni 0.5Al 

1053 5,4 

-- -- (30  5) (53  6) (109  8) 

Cu 1.0Ni 0.5Al 773 21.6 (35  8) (55  5) (97±6) 

Cu 1.0Ni 1.0Al -- -- (29  7) (44  5) (85±7) 

Cu 1.0Ni 1.0Al 773 32.4 (30  5) --- --- 

Cu 5.0Ni 5.0Al 773 21.6 (28  7) --- --- 

(Observation: conductivity values obtained with electrical resistivity) 

 

The mechanical resistance in metallic alloys depends on the precipitation distribution to 

obtain similar electrical conductivity of the copper (matrix). To increase the strength, 

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

used special thermal treatments as well as variations in the chemical composition. At 

moment the mechanical strength (400MPa) and electrical conductivity (35%IACS) 

values indicate a good application for these alloys utilizing powder metallurgy instead 

conventional metallurgy. 

 
 

Figure 1 Optical micrograph of the alloy 

Cu-1%Ni-1%Al, cold compact (50 

MPa) and sintered at 650C for 1200s 

 

 

Fig.2- Optical micrograph of the alloy 

Cu-1%Ni-0.5%Al, cold compact 

(50MPa) and sintered at 780
o
C for 

5400s. 



 

Fig.3- Optical micrograph of the alloy 

Cu-1%Ni-0.5%Al, cold compact (50 

MPa) and sintered at 780
o
C for 5400s 

 

 

Fig.4- Optical micrograph of the alloy 

Cu-5.0%Ni-5.0%Al, cold compact and 

sintered at 780
o
C for 5400s and also 

homogenized at 500
o
C for 21600s. 

Concerning the microstructural aspects, figures 1 to 4 show optical micrographs of 

some Cu-Ni-Al alloys. Fine grained presences but with inadequate porosity and second 

phases until now show that new homogenization 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. The powder 

diffraction data indicate that the utilized amounts of dopants do not distorted the copper 

matrix structure significantly. No special broadening of the Bragg peaks was detected, 

which indicates that crystallite sizes are not affected.  

In the studies of electric conductivity was used the milliohmmeter 4338B (Agilent) and 

to obtaining the crystallographic parameters one rays X diffractometer [21]. The tests of 

electric conductivity were made at room temperature and also at the temperature of 

liquid nitrogen to make comparison of the sample in low temperature. 

Conclusion 

The applied powder metallurgy processing steps on the copper-nickel-aluminum alloys 

confirm a good mechanical strength (400MPa) and electrical conductivity (35%IACS) 

values that indicate a good application for these alloys utilizing powder metallurgy 

instead conventional metallurgy. The possibility to search and make fine grained 

homogenous structures, the skill to form complicated shapes with close dimensional 

tolerances and the capacity to produce parts with a superior surface finish with close 

dimensional tolerances encourage this metallurgical application. 

Also in situations that the electrical systems operate in low temperatures, according the 

results until now obtained. Although not yet conclusive, therefore if it needs specific 

mechanical testes at low temperatures (impact tests), motivates the continuity of this 

research. The obtained results showed the conductivity value of 0.650 (cm)
-1

. These 

results must be reaffirmed in the next measures in a new research. The possibility to 

search and to produce fine and homogeneous structures, the ability to get products with 

special formats of complicated dimensions and with narrow dimensional tolerance and 

the capacity to produce parts with a superior finishing, with indices of dimensional 

tolerance stimulate this technological application. 

 

Acknowledgements 

 

The authors would like to thank to UPM (PIBIC and Mackpesquisa), IPEN, CNPq and 

CAPES for financial support. 

 



References 

[1] J. Crane and J. Winter, Copper: Properties and alloying, Encyclopedia of Materials 

Science and Engineering, vol 2, Ed. MB Bewer, Pergamon Press and the MIT Press 

1986, p. 848 – 855. 

[2] P. W. Taubenblat, Copper Selection of high conductivity alloys, Encyclopedia of 

Materials Science and Engineering, vol 2, Ed. MB Bewer, Pergamon Press and the MIT 

Press 1986, p. 863-866. 

[3] H. W. Turner and C. Turner, “Copper in electrical contacts”, CDA publications 23, 

December 1980, Surrey, Great Britain, 1 – 22. 

[4] ASM Specialty Handbook: Copper and Copper Alloys, Metal, chapter 1, section 1, 

ASM International, 2001. 

[5] C. R. Brooks, "Heat Treatment, Structure and Properties of Nonferrous Alloys", ed. 

ASM, Metals Park, 1988, chapter 8. 

[6] A. Butts, "Copper, the Science and Technology of the Metal, its Alloys and 

Compounds", ed. Reinhold Publishing Corporation, New York, 1954, 3th printing 1960. 

[7] G. Gosh, J. Kiyake and M. E. Fine, JOM, March (1997), p. 56-60  

[8] A. Rotem, D. Shechtman, and A. Rosen, Metall. Trans. A .1988, vol. 19A, p. 2279-

2285.  

[9] D. Steiner, R. Beddoe, V. Gerold, G. Kostorz and R. Schmelczer, Scripta Metall., 

1983, vol. 17, p. 733-36  

[10] A. Guha, ,” Development of a high-strength, high-conductivity Cu-Ni-Be Alloy, 

high conductivity Copper and Aluminum Alloys, eds. E. Ling and P. Taubenblat W., 

TMS – AIME  Publ. 1984, p. 133-145. 

[11] Y. Sakai, K. Inoue, and H. Maeda, Acta Metall. Mater. 43 (1995), p. 1517. 

[12] W. A. Monteiro, F. Cosandey and P. Bandaru, The Effect Of Thermomechanical 

Treatment On The Microstructure Of A Cu-Ni-Be Alloy, Proceedings of 

THERMEC’97, Wollongong, Australia, July 1997. 

[13] W. A. Stadtler, Production of Metallurgy Parts. ASTM, Powder Metallurgy, Ohio, 

p.449-463, 1989. 

[14] M. Ghadiri, F. A. Farhadpour, , R. Clift, J. P. K. Seville, Particle characterization 

size and morphology, The Institute of Metals Series on Powder Metallurgy - An 

Overview. London, p.56-75, 1991. 

[15] Powder metallurgy - An overview. 1. Ed. The Institute of Metals Series on Powder 

Metallurgy, London, Great Britain, 1991. 

[16] W. A. Kaysser, Solid State Sintering. The Institute of Metals Series on Powder 

Metallurgy - an overview. London, p45-53, 1991. 

[17] F. Thümmler & R. Oberacker, Introduction to Powder Metallurgy, The Institute of 

Materials, 1993, ISBN 0-901716-26-X) 

[18] G. K.WHITE, The Thermal and Electrical Conductivity of Copper at Low 

Temperatures, Australian Journal of Physics, vol. 6, p.397, 1953 

[19] R. P. REED and R. P. MIKESELL, Low Temperature Mechanical Properties of 

Copper and Selected Copper Alloys, NBS Monograph 101, Inst. for Materials Research, 

National Bureau of Standards, Boulder, Colorado 80302, 1967. 

[20] A. F.CLARK, and R. P. REED, Advances in Cryogenic Engineering, Materials, 

volume 30, Plenum Press, New York (1984) 

[21] J. A. G. Carrió, W. A. Monteiro, V. A. Rodrigues, M. C. Terence, T. J. Masson, L. 

F. de Miranda, Structural analysis of influence of dopants in the electrical conductivity 

of CuNi alloys, European Powder Diffraction Conference – EPDIC 11, 19-22 

September 2008, Warsaw, Poland. 


