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Abstract— In this paper concentration upon the study of the 

microstructural, wear and hardness properties of Copper and 

some additive powder produced by powder metallurgy 

method. Powder metallurgy is a process in which materials 

or components are made from metal powders. Powder 

metallurgy is a unique method which reduces metal removal 

process. Powder metallurgy is also used to make unique 

materials which is impossible to produce by other process. 

Therefore, this process reduces  not only metal losses in 

manufacture but also production costs. This study shows the 

processes of Powder Metallurgy and focuses on the 

microstructure, wear and hardness of Cu-and alloying 

metals by Powder Metallurgy. In this study some basic 

machines like UTM, LATHE etc. are used. The powder 

metallurgy process involves pressure and heat to produce 

the component unloading. 
Key words: UTM Machine, Lathe, Copper, Wear, Hardness, 

Microstructure 

I. INTRODUCTION 

copper is one of the most useful metal having variety of 

properties like excellent resistance against corrosion, high 

thermal conductivity, high electrical conductivity, easy to 

joining, capability of hot and cold work, and one of the most 

unique property is that it is very economical and easily 

available. That’s why copper is most preferable metal in 

engineering field. Major application of copper is in electrical 

industries and electronic industries. Because of high 

electrical conductivity it uses in cable for electric power 

transmission, wires. Copper has high thermal conductivity 

so it used in heat exchangers, for making refrigeration tubes. 

There are numbers of the application of copper but very few 

are described. although there are some drawbacks also like 

resistance against wear is very low, hardness is also low and 

strength is also poor ,if used as pure copper.so for improving 

all these drawbacks could be remove by augmentation of 

copper by preparing copper composite. And one of best way 

to prepare copper composite is powder metallurgy 

A. Powder metallurgy method 

Powder metallurgy process consists of following stages  

 
Fig. 1: 

In the process of powder metallurgy components are 

produced by the application of pressure and heat. the 

pressure and heating processes are separate .the first stage of 

the application pressure is known as compacting and second 

stage uses heating is known as sintering. This is the basic 

process of powder metallurgy. Apart from this there are 

number of steps which is used to manufacture the 

component .these steps are in series and as follows. 

1) Manufacture of Powder 

In this process metal powder of required size is  

manufactured by crushing, rolling and milling. 

2) Blending or Mixing of Powder 

The mixing of different powder produces by an efficient  

mixer to produce a homogeneous mixture. 

3) Compacting 

This process is conducted on room temperature in a die 

setup on press. Die is cavity of our desired shape. Now the 

mixing powder is poured into the cavity usually two to ten 

times deeper according to the material to be handled. 

Pressure used for compacting may be mechanically 

generated or hydraulic or a combination of both. value of 

pressure depends upon the powder which is  compacting.it 

may be from 100 to 1000 MN/m
2
.after the application of 

pressure the product produce is known as “green compact” 

and considered as fragile and in a defined size but it can be 

handled. 

4) Presintering 

This is the process in which green compact is heated below 

the sintering temperature to remove the lubricants and 

binders which is added during blending. But all metals do 

not require presintering. 

5) Sintering 

After the process of compacting the substrate is heated into 

furnace below the melting temperature of the basic metal 

.this process is carried out in controlled atmosphere 

furnace.in sintering process metal powder partly melt. For 

better result sintering time is very important. 

B. Material Properties 

1) Hardness 

Hardness is the property of a material to resist plastic 

deformation, usually by indentation. And as the study shows 

that hardness of a Cu composites mainly depends upon 

factor like temperature of sintering and sintering time, 

powder grain size, compacting pressure and microstructural 

bonding between constituent particulate. Following 

observation were made regarding Cu composites: 

 A study by M.Ardestani et al. [1] shows that in the 

W/Cu composite containing 20%wt.Cu, the hardness 

improved upon elevating the ST up to 1200°C whereas for 

composite with 30%wt. and 40%wt. Cu as reinforcement 

had the maximum value of hardness, electrical and thermal 

conductivity was observed at the ST of 1150 °C [2]. A. 

Ghorbani et al.[3] has been studied Cu-Chromium-CNT 

based Nano composite which was hot pressed. It was found 
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that pressing temperature had a significant influence on 

improvement of hardness and was observed that  the 

hardness of composite increased by about 65%. Study of 

Kahtan S. Mohammed et al.[4] reported that after milling 

time of 8 hours, W-brass composites showed maximum 

micro-hardness of 234and a relative sintered density (i.e. 

98% True Density) . A study by A. Upadhyaya et al.[5] 

shows that an increase in Al2O3 content increases hardness 

in Cu/Al2O3 composite, but a loss in electrical conductivity 

was observed. Ch. Guiderdoni et al.[6] study revealed that 

Cu/CNT composite showed 50% higher value of micro- 

hardness as compared to that of pure copper. Ke-Chu et 

al.[7] study shows that in Cu-Cr/CNT composite, there was 

an increase of 128% in hardness due to improved interfacial 

bonding between Cu–Cr and CNT in the composites. With 

the increase of reinforcement content hardness first 

increases attains a maximum value and then further addition 

of reinforcement decreases hardness. 

 
Fig. 2: Hardness v/s Reinforcement Content (CNT) in 

CNT/Cu and CNT/Cu–Cr Composites. [7] 

 A study by H. Deng et al.[8] showed that in 

Cu/CNTs composite with smaller the grain size of the 

matrix greater homogeneous dispersion could be achieved 

therefore increasing wettability which considerably 

improved its mechanical properties. A.S. Prosviryakov et 

al.[9] found that with increase in SiC content the hardness of 

the Cu/SiC composites also increases due to the refinement 

of reinforcing particles and homogeneous  microstructure. 

The general trend shows that with the increase in amount of 

reinforced particle, the hardness of fabricated composite 

also increases. But, Lin C.B. et al.[10] who fabricated 

Cu/CNT composite observed that with increase in 

concentration of CNT particulates hardness tend to decrease 

and maximum value of hardness was observed at 5 vol.% 

CNT content. Various studies have shown that with increase 

in compacting pressure there is increase in the density and 

hardness of the composite due to reduction in porosity as 

shown in Fig.2.[11] [12] [13] 

 
Fig. 3: Change in Hardness with Varying Compacting 

Pressure [9] 

C. Strength 

Strength is defined as the ability of a material to endure 

stress (applied load) without failure or plastic deformation. 

As it is evident from previous research that pure copper has 

low strength, hence in order to improve its strength Cu is 

reinforced with various types of reinforcement. The critical 

parameters that affect the strength of Cu metal composites 

are concentration of reinforcement, sintering temperature, 

particulate size and interfacial bonding between constituent 

particulate. Following researchers studied the strength of Cu 

metal composite and following observations were made: K. 

Chu et al. [7] Investigated Copper chromium (Cu–Cr) 

matrix/CNT composite and found improved interfacial 

bonding due to formation of Cr3C2 at interface of CNT/Cu–

Cr composites and showed 135% increase in Yield strength 

(YS). Fig.shows that with increase in reinforcement content 

YS first increases attains a maximum value and further 

addition of reinforcement decreases YS. 

 
Fig. 4: Yield Strength v/s Reinforcement Content (CNT) 

/vol.% in CNT/Cu and CNT/Cu–Cr Composites. [7] 

 Due Z.W. et al.[9] added CNT as reinforcement 

and observed that with a slight increase in CNTs 

concentration in the Cu matrix, remarkable improvement in 

the Tensile Strength (TS) and YS of Cu matrix can be 

achieved, where a TS was found to be around 380 MPa. A 

similar trend was observed by Daoush W.M. et al. [15] who 

investigated Cu/CNT composite and result showed that with 

increase in CNT content in Cu matrix, YS improved 

considerably. Z. Wang et al. [16] studied multi-walled 

carbon nanotubes (MWCNTs)/Cu composites fabricated by 

amalgamation of electro-deposition and PM route. It was 
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observed that there was increase in TS (451.57 MPa) due to 

high interfacial bonding strength between the 

reinforcements and Cu matrix with homogeneous 

distribution of MWCNTs. D. Jianhuaet al.[17] studied Cu/n-

SiO2Cu composites (reinforced with 1.0 wt.% nano-SiO2 

particles) between the temperature range of 850 -950℃, the 

higher temperature does favor to the dispersion of SiO2 

nanoparticles in copper matrix, which improve the strength 

of Cu matrix. 

D. Frictional Coefficient 

In general term Frictional Coefficient (FC) could be defined 

as the minimum force needed to allow the surfaces to start 

sliding, divided by the force pressing acting on the contact 

surfaces. In material science FC plays a vital role as it one of 

the most important factor determining wear resistance and 

therefore the life of a material. In accordance to the Cu 

composites FC is generally dependent on factors like 

concentration of reinforcement, FC of reinforcement, sliding 

velocity, presence of lubricants, sintering temperature. 

Research analysis done by various authors made following 

observation regarding FC of Cu metal composite: S.F. 

Moustafaet al.[18] fabricated Cu–graphite composites and 

studied tribological properties and found that composites 

made by uncoated graphite and Cu-coated have lower wear 

rates and frictional coefficients as compared to pure copper. 

A similar study was made by Hirotaka Kato et al.[12], 

which showed that addition of lubricants like graphite aids 

in reducing frictional coefficient. X. Jincheng et al. [19] 

studied tribological properties of the Cu matrix composite 

reinforced with short carbon fibres and reported that with 

increase in carbon fiber concentration in the composite, the 

frictional coefficient tend to decrease. D. Jianhua et al.[17] 

studied Cu/n-SiO2Cu composites (reinforced with 1.0 wt.% 

nano-SiO2 particles). It has been observed that with the 

increase in sintering temperature (between 800 and 950 ℃), 

the dynamic FC and wear rate of the composites also 

increases gradually. A.Ghorbani et al.[3] studied mechanical 

and microstructural properties of Cu-Chromium-CNT 

nanocomposite. The result indicated that with presence of 

CNTs, the FC decreased by 82%; whereas wear resistance 

decreased by 72% as compared to Cu-1wt.%Cr without 

CNT. LinlinSu et al.[20] studied the tribological property of 

Cu-based friction materials taking Cu powder as exogenous 

third body and the results indicated that the FC was 

increased by 0.03 in presence of exogenous Cu particulates 

as compared to non-exogenous Cu particulates, this is 

because exogenous Cu particulates acts as third body which 

further increases the contact area and thus increasing FC. 

E. Wear Resistance 

Wear Resistance (WR) is defined as the ability of a material 

to resist wear. WR is generally dependent on factors like 

sintering temperature, compacting pressure, concentration of 

reinforcement and presence of lubricant, compacting time, 

sintering time and frictional coefficient. Various research 

analysis shows following observation: Lin C.B. et al.[10] 

studied Cu/CNT composite and result presented that 

minimum wear rate was observed at concentration 10–

15vol.% CNT. Ch. 

 Guiderdoniet al.[6] studied Cu/CNT composite and 

found a reduction in value of wear rate by a factor of 10 to 

20 due to the presence of CNT as reinforcement. 

 
 Hirotaka Kato et al.[12] study shows that addition 

of graphite aids in reducing friction and wear in Cu/Sn 

alloys but addition of lubricants such as molybdenum 

disulfide (MoS2) or graphite has an opposing effect on the 

mechanical properties of the composites which could be 

overcome by the use of Cu-coated lubricant powders which 

improves the bending strength. Xu Wei et al.[22] studied the 

tribological properties of Cu/CNT and it was found that with 

increasing the electrical current, FC and wear rate also 

increases. It was also observed that the wear rate and anti-

friction properties of CNTs/Cu composite are far superior to 

those of pure Cu bulk fabricated by the same route. X. 

Jinchenget al.[1] studied tribological properties  of the Cu 

matrix composite reinforced with short carbon fibres and 

their study shows that the WR of the composite can be 

improved by the addition of alloying elements like Al and 

Tin. 

II. METALLURGICAL ANALYSIS 

Metallurgical properties of the composites are mainly 

dependent upon the compacting pressure and sintering 

temperature. During compacting due to high pressure the 

constituent particles come very close to each other and often 

form bonds causing mechanical alloying of the particles, 

therefore increasing compact green density. While during 

sintering the elevated temperature helps in formation of 

interfacial bonds among the constituent particles which is 

mainly helps in improving mechanical properties such as 

strength, hardness, wear resistance etc.[4] 

III. CONCLUSION 

1) Hardness of copper increases with the increause of 

composite material normally if the hardness of 

composite material is higher than copper. 

2) Strenth of copper also increases with the increase of 

composite material. 

3) Wear decreses with the increase of composite material. 

4) Metallurgical properties enhanced like bonding between 

the base metal and the composite material. These 

bonding is mainly depend upon the compacting 

pressure and the sintering temperature. 

5) As the sintering temperature increases friction 

coefficient also increases and wear also increases. 
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6) It is found that as the sintering temperature increases, 

density of the composite is also increased and wear rate 

is decreased. 

7) It is found that if graphite is used as lubricant then it 

reduces frictional coefficient. 
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