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ABSTRACT  

This research was aimed to produce pure copper by powder metallurgy method. Uniaxial pressing was done by 

application of (400,500,600,700 and 800) MPa to produce the green compacts. Green density of the compacts 

increased by increasing the applied pressure until it is got its largest value at (700 MPa) then slightly decreased at 

higher applied pressure. Sintering of the first set of green compacts achieved in electric type furnace in argon gas 

r at temperatures (800, 850, 900 and 950) oC for (2hr) ,while the second set of the samples were sintered at the 

same situations at (850oC) for soaking periods including (1, 1.5, 2 and 2.5) hr. XRD technique is used to observe 

the variation in the structure. The results showed the appearance of very little amount of oxidation, especially for 

the compact samples sintered at high temperature of 950 oC. Results of hardness and density of the sintered 

compacts exemplified that the superlative sintering period and temperature were 2 hr and 850 oC, respectively, 

where the maximum hardness value was (54.8 HV) and density was (8.07 gm/cm3). Optical microscopy was also 

done to observe the microstructure of the sintered compacted samples. 
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INTRODUCTION 

Controlling manufacturing elements such as sintering and temperature modify certain features of a material such 

as density, hardness during powder metallurgy (PM) route [1]. Sintered components account for over 80% of 

all global copper powder output. The manufacturing process entails using pressure and heat to shape a custom-

made powder mixture. Sintered components provide design flexibility, nearly 100% material usage, and a variety 

of other advantages. Every day, over 40 million sintered components are produced for usage in a variety of 

applications, including automobiles power tools and white goods (Air conditioners, refrigerators, stoves, etc.) 

[2]. Many sintered components begin with a copper-based powder mix as the starting ingredient. Copper (Cu) 

powder is a natural component of our environment. It is made with casting resin, epoxy, polyester, or 

polyurethane for cold casting. It combines an average of 50 percent to 100 percent by volume of Cu powder 

in the resin, depending on the type of part to be manufactured. Cu powder is also used as an anti-fouling and 

antifouling coating (when blended with epoxy resin). Cu is the key to electricity generation and distribution, as 

it is a superb conductor of energy, and a modern house requires roughly 200 kilos of metal, nearly double what 

was used 40 years ago. It is the most frequent raw material in the fabrication of telephone cables in the 

telecommunications industry as well as the development of new technologies to improve data transmission 

efficiency. For a long time, they have had a vast industrial application such as rust resistant colors, particularly 

marine pigments. Several applications in space and defense are also depended on the usage of Cu [3, 4, and 5]. PM 

has increased considerably in recent years, both in terms of the type of metal powders available and the quantity 

produced [6]. A substantial proportion of Cu and Cu alloy powder is making use of in flake form, i.e., as a 

powder whose width is small in respect to its length. Mor eover, to the above applications of granular Cu 

powder, anti-fouling paints, protective and ornamental coatings, and inks for printing all employ such particles. 

Non-structural applications for Cu and Cu alloy powders include cold soldering, mechanical plating, brazing, medals 

and medallions, goods for metal-plastic decorative, and chemical and medical applications [7, 8]. Powders differ 
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from bulk metals in having a much bigger ratio of surface area to volume. Thus, the surface energy is larger. 

Throughout sintering, variations in the pore’s shapes and a decrease in their volume reduce the surface energy.  

The main aim of this research is to determine the most important parameters for preparing samples made of 

Cu powder by PM such as cold pressing pressure, temperature and time of sintering. 

EXPERIMENTAL METHODOLOGY 

The specification of as received Cu powder from China Jingan Chemicals and Alloy Limited Company such as 

chemical composition and particle size are displayed in table 1. Uniaxial pressing machine type KWP 80 M-

Knuth-Germany was used for cold pressing stage. The pressing pressure applied included (400,500,600,700 and 

800) MPa in order to determine the optimum pressure. Green density (𝞺Gr) was calculated according to equation 

(1) [9]. The mass of each sample was measured by OHAUS-USA digital balance with 0.1mg accuracy. The 

volume of the samples was determined with the aid of their measured principal dimensions. 

𝞺Gr=Mc/ VGr                                                                                                                                                       (1) 

𝞺Gr: - Green compact density (g/cm3) 

Mc: - Compacted sample mass (gm) 

VGr: - Compacted sample volume (cm3) 

Theoretical density (ρth) of pure Cu is [ ], and the compacted samples total porosities (PO) were measured by the 

equation (2) [9]. 

PO% = (1-𝞺Gr / ρth) ×100                                                                                                                                         (2) 

Rendering to the (𝞺Gr) results the applied (700) MPa was the optimum pressure, as agreed with the researcher (S. 

Mohanty and A. Mohanty -2012) [10], thus (700) MPa was applied in the preparation of all cold pressed samples. 

Then they are sintered in electric furnace type CARBOLITE-UK in a nonstop supplied argon gas stream from the 

start of sintering till room temperature. A sample from the first pressed group of samples was heated to each one 

of sintering temperatures (800, 850, 900 and 950) oC almost like as researchers (M. A. Elmasay, and  W. S. 

Elkinawy..etc.1995) were did [11]. Samples were hold for 2 hrs at those temperatures. The heating rate was at 10 
oC/min. The furnace was turned off and the samples left to gradually cooling inside it. The two faces of the 

cylindrical samples were wet ground using emery papers of silicon carbide type with (250, 800, 1000, 2000 and 

3000) grit, and then polished using 2 µm alumina suspension solutions. The samples then etched with etchant 

solution consisted of potassium permanganate 4g per 1000 cm3 water and 10-part H2SO4 fur 30 sec than washed 

with distilled water [12]. Microhardness of the samples were measured by Metkon tester with 500 gm applied 

load in the Laboratory of Mechanical Engineering Collage-Tikrit University. Second group of samples are sintered 

at (850) oC following the same above thermal cycle but for soaking periods including (1, 1.5, 2 and 2.5) hr. Optical 

microscopy was performed by trinacular invert microscope type OPTIKA-Italy, to observe the microstructure of 

the samples, Also XRD was performed by lab X XRD-6000 Shimadzu-USA. 

Table 1. The used Cu powder manufacturer specifications 

RESULTS AND DISCUSSION 

Figure 1 explains the spherical shape of the Cu powder used in the current study, where every several powder 

particles are accumulated together. In order to identify the powder and the sintered samples and study the structure 

properties, hence X-ray diffraction (XRD) analysis was performed by means of an X-ray diffractometer using a 

monochromatic Cu-Kα radiation (wavelength 1.54) over a range of (30-85) ° with a size step of 0.02 °. The 

detected diffraction peaks of the samples were compared to the reference pattern of pure Cu and various Cu oxides 

from the ICDD database It was observed that it corresponds to Cu File No. 04-0836 and ASTM 03-1005- Face 

Powder Purity% Average particle size (µm) 

Cu 99.9 150 

Chemical composition wt% 

Cu Ni Fe Mg C S Ca Na O Others 

99.8 0.001 0.003 0.001 0.008 0.002 0.001 0.001 0.1 Rem. 
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Centered Cubic Cu Phase - Standard Powder Diffraction Card. Three peaks at 2θ values of 43.64, 50.80 and 74.42 

degrees correspond to (111), (200) and (220), it was also identical to the results of the researchers (M. J. Kadhim.. 

etc .2015),(T. Theivasanthi, 2010) and (Halo. D. Omar, 2016) [13-15]. The intensity of Cu powder sample peaks at 

each 2θ values is larger than their corresponding values for sintered compacted Cu samples as illustrated in the figure-2- a 

and b, for Cu Bulk the intensity was 5138 (cps), According to XRD results figure (1-b), three peaks at 2θ 

values of 44.78°, 51.87°, and 75.38° respectively corresponding to (111), (200) and (220) planes of Cu have been 

observed. The examination was carried out with (Under 45kV/40mA - X-Ray, 2θ/θ-Scanning mode). The 

X R D  results obtained confirm that the sintering process at (850 oC) for two hours is suitable for the studied 

models, Despite the argon atmosphere, oxidation appeared in the sintered samples in a very small percentage as in 

Figure (1-b) like a researcher (Diana Vaz ,2018) [16]. A little shift in the values of the XRD angles was observed as 

a result of the effects of the pressure applied during powder compaction and the surface morphology of the sintered 

compact samples, and with a little difference with the angles values reported by [17].  Table -3 the standard and 

excremental measured 2θ angles values for Cu. 

 

Figure 1. Optical microscope photo of the used Cu powder 

 

Figure 2. XRD spectrum for (A) Cu powder, (B) sintered sample at 850 oC for 2 hrs. 

Table 3. Experimental and Standard diffraction angles Cu and sintered samples  

No. 
Diffraction 

plane 

Standard 

diffraction Cu 

JCPDS angle [2θ in 

degrees 

04-0836 

Experimental 

diffraction powder Cu 

angle [2θ in degrees 

diffraction sintered samples 

Cu angle [2θ in degrees 

1 111 43.2 43.4 44.7 

2 200 50.4 50.4 51.8 

3 220 74.1 74.1 75.3 

By noting the figure-3 the green density curve of the non-sintered samples varies with the pressure applied. The 

density increased with the increase in the applied pressure to the extent that the porosity reaches the minimum 

at 700 MPa where the vacuum (porosity) filling mechanism was recorded to its maximum and then slightly 

decreased at higher applied pressure due to high plastic deformation which enhanced the breakage of some small 

parts from the pressed samples during desertion them from the die This is what the researchers found separately 

(H.shukor,2017 and M. Dixit,2018).[18, 19]. As a result a decrease in the percentage porosity was observed by 

increasing the pressing pressure to 700 MPa as illustrated in the figure - 4. 



Characterization of the Effect of Some Parameters on the Properties of Copper Fabricated by Powder - Metallurgy 

 

279 
 

 

Figure 3. Relationship between green density and applied pressure. 

 

Figure 4. Relationship between porosity and applied pressure. 

After sintering and slow cooling process, it is observed from the microstructure images generally that that there 

are no cracks or cleavages in the microstructure, but the open porosity was clearly detected by optical microscopy. 

Figure-5-A indicates the microstructure of the sintered sample at 800 oC before etching where the spherical pores 

and some are cavities are seen with great appearance in the enlarged part shown in the figure-5-B. As it is known 

the sources of the porosity is the remainder non connected areas between the powder particles even after the 

sintering where these areas at particles boundaries will appear as black spots. In turn the cavities are mainly refer 

to the absences or fragmentation of some particles from their positions during sample surface preparation by 

grinding and polishing processes due to their weak bonding with the surrounding particles at those positions. The 

etching process is made to recognize the powder particles and their boundaries more easily, as illustrated in the 

figure - 5- C and at the enlarged part shown in the same figure-D. The proper sintering temperature 850 oC tend 

to obtain samples with more homogeneous microstructure and with stronger bonding between powder particles 

which were reflected in the absence of the particles fragmentation and with lower porosity as it us clearly displayed 

in the figure-6 A and B. The interface bonding amelioration at particles boundaries and increased condensation 

ratio and decreased porosity indicated that the sintering mechanism was operating efficiently at 850°C for 2 hours 

to obtain more cohesive structure [20]. 
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Figure 5. Optical microscope images for the sintered sample at 800 oC for 2 hrs., (A) and (B) before (C) and (D) 

after etching. 

 

Figure 6. Optical microscope images for the sintered sample at 850 oC for 2 hrs., (A) before (B) after etching 

There was not any observable change in the microstructure of the sintered samples at 900 oC for 2 hrs. as it is 

clear from the image shown in the figure-7 A and B when it compared with the microstructure displayed in the 

figure- 6. 

 

Figure 7. Optical microscope images for the sintered sample at 900 oC for 2 hrs., (A) before (B) after etching 

Increasing the sintering temperature to elevated temperature which was 950 oC has a harmful effect on the sintered 

samples which was detected from the appearance of the surface of the prepared samples for microscopcal 

examination by means of the oxidation of some positions which were appeared as black colored areas as shown 

in the figure-8 A and B.  
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Figure 8. Optical microscope images for the sintered sample at 950 oC for 2 hrs 

Although the sintering was done under argon gas atmosphere, but it was not enough to prevent oxidation 

particularly when the sintering was performed at elevated temperature. Hence, the density of the sintered samples 

was deceased when the process was performed at temperatures above 850 oC. This is due to the oxidation of some 

positions of the samples where, the density of Cu-oxides is much lower than the Cu as explained in the figure-9. 

Accordingly, instead of density increasing with the increasing of sintering temperature the opposite action was 

detected here as explained in the figure-10.  Consequently, because the porosity values are strongly depends on 

the density thereafter the it was appeared from the figure-10 that the porosity value was the minimum at 850 oC 

and increased when the sintering temperature was increased, but actually there was not any increase in the porosity 

and the increase of the oxidization has its indirect effect on the porosity curve fashion as displayed in the figure-

10. 

 

Figure 9. Effect of sintering temperature on the density of Cu samples. 

 

Figure 10. Effect of sintering temperature on the porosity of Cu samples. 

The effect of sintering time on the density and then on the porosity of the sintered samples at 850 oC but, at 

different sintering holding times at this temperature including (1, 1.5, 2, and 2.5) hrs. was lower if it is compared 

which sintering temperature which was discussed formerly. Sintering at 2 hrs. tend to obtain the highest density 

and the lowest percentage porosity. These results are explained in the figures-11 and 12 



Characterization of the Effect of Some Parameters on the Properties of Copper Fabricated by Powder - Metallurgy 

 

282 
 

 

Figure 11. Effect of sintering time on the density of Cu samples. 

 

Figure 12. Effect of sintering time on the density of Cu samples. 

The microstructures of the sintered Cu green compacts at 850 oC but for different holding times including (1, 1.5, 

2 and 2.5) hrs. generally have the same features from point view of pores shape as illustrated from the figures-13 

and 14. The enlarged part in the figure-13-C explains how the pores are distributed at the Cu particles boundaries. 

Increasing the sintering time to 2.5 hr also contributed in the oxidation of the samples as shown in the figure-14, 

but with lower extent as it is reveled from the existence of some black colored oxide spots when it is compare 

with the samples sintered at elevated temperatures which was explained in the figure-8.   

 

Figure 13. Optical microscope images for the sintered sample at 850 oC for 1 hrs 
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Figure 14. Optical microscope images for the sintered sample at 850 oC for 2.5 hrs 

In turn hardness results show a substantial increase of this property for sample sintered for 2 hr and at 850 ˚C with 

respect to the other samples sintered at lower and higher temperatures as explained in the figure-15. This is actually 

is the result of the decease of the porosity in the sintered compacted samples for 2 hr and at 850 ˚C and also the 

formation of strong bonding between the particles beside the lower oxidation which has a very harmful effect on 

the hardness of the samples sintered at 900 and 950 oC. Also the lowest value of hardness was at 950 ˚C can be 

due to of the softening of the sintered compacts at this elevated temperature [21]. While the effect of increase of 

the sintering holding time tends to increase of the hardness of Cu samples until it is reached its maximum value 

when holding time became 2 hrs. But, further increase in sintering time caused the hardness to drop as displayed 

in the figure-16. The reason is due to the oxidation which tends to Cu-oxide formation at some portions of the 

samples as explained above, thereafter the measured hardness values were deceased.    

 

Figure 15. Effect of sintering temperature on the hardness of Cu. 

 

Figure 16. Effect of sintering time on the hardness of Cu. 
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CONCLUSION 

PM method succeeded to prepare samples from Cu powder. The research included finding out the best amount of 

cold pressing of samples, which is 700 MPa, through the results of the green density which reached to 75.9% of 

the ρth of pure Cu. The results of micro-hardness and sintered compact density revealed that the best combination 

of sintering temperature and time was 850oC and 2 hrs. respectively. The achieved density at the best combination 

of sintering temperature and time was 90.07% of ρth of pure Cu. Mainly the formed pores were spherical in their 

shape. Some oxidation was detected when Cu samples sintere at temperature greater than 850 oC. Also increasing 

the sintering time tends to oxidation of Cu particles at some positions. It can be concluded from the optical 

microscope observation that the effect of increasing of sintering temperature on the oxide formation was greater 

than increasing of the sintering time. The results analyze of the XRD showed the success of the sintering process 

in the argon atmosphere by being free from impurities and with very little amount of Cu-oxide when the process 

was done at 850 oC for 2 hrs.   
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