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Abstract: The objective of the research is to manufacture a hybrid material with a silver base and its strength with Zro2 and a fixed 

volume fraction equal to 3%. It contains variable volume fractions of the graphite (Gr) 0, 0.75, 1.5, 2.25 and 3% Powder metallurgy and 

its impact on the physical, mechanical and wear properties of silver. The mixture was mixed for 10 minutes, after which the cold mixture 

was pressured by pressing Mpa (700) to obtain the green pickles and then sintering at a temperature of 770 ° C for three hours. The 

mechanical properties of the compounds were investigated. Physical properties of volumetric and virtual density and water absorption as 

well as microscopic and thermal conductivity. The results of the study showed that the hardness decreased by 19.15% with the increase 

of the volume fracture of the graphite, while the wear rate was obtained at the lowest rate of wear at the content of graphite 1.5, 2.25% 

and then rise. The results also showed a soft relationship between the volumetric and virtual density, which decreases with the increase 

of the graphite content, in contrast to the total porosity and porosity, which increases with the increase in the content of the graphite, 

causing the increase of water absorption of the hybrid complexes. The decrease in thermal conductivity is consistent with the increase in 

Total porosity. 
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1. Introduction 
 

Silver composite materials with various additives have 

effective properties and properties that have been widely 

used in the manufacture of electrical contacts. Silver-

graphite materials have long been used as electrical contacts 

in low-voltage transformers, radar or trackers and other 

sliding conditions [2.1]. 

 

The materials used in these applications shall contain a good 

combination of electrical conductivity, wear and tear, wear 

resistance and welding. It is known that electric slip 

connections are a mobile group that cannot be used as a 

traditional lubricant. Overlapping lubricants are the most 

effective ways to solve aggregation and corrosion resistance. 

Therefore, silver-graphite compounds are typical electrical 

contact materials and are used in many engineering 

applications [4, 3]. 

 

Due to the use of electrical contacts in a variety of 

conditions, various types of silver contact materials have 

been developed to meet the requirements of different 

applications. The usefulness of the electrical contact material 

is determined by a variety of electrical, mechanical, For 

economic reasons, the basic characteristics of these materials 

from the point of view of performance are electrical 

conductivity, high thermal and good mechanical properties 

[5]. 

 

Silver-based composites are widely used due to their high 

electrical and thermal conductivity, higher than all metals, 

good resistance to properties, corrosion and high hardness 

[6]. 

 

Graphite is one of the most widely used lubricants because 

of its effectiveness in the final conditions where lubricating 

oil and grease cannot work. Graphite has unique anti-friction 

and wear characteristics, but it has imperfections such as 

fragility, low power in carrying current, electrical 

conductivity, With increased graphite content [8, 7]. 

 

The addition of particles of ceramic materials to strengthen 

metal-based composites helps to improve the trapositional 

properties of overlays, increasing the hardness of the 

composites, as well as increasing the resistance of the 

coatings to the wear. Sometimes hybrid materials are used, 

adding more than a strengthening material to obtain greater 

diversity in properties [9]. 

 

The most common methods used in the preparation of 

overlapping materials are powder metallurgy technology, 

which is widely used to obtain self-lubricating composites, 

which have the potential to produce a variety of microscopic 

structures, in addition to the possibility of obtaining 

materials that have a collection of properties that can not be 

obtained from Metals, alloyed or hot cast alloys, as well as 

the possibility of manufacturing products of almost all 

metals, as well as the possibility of controlling the particle 

size, and the structure of the microstructure is homogeneous 

and relatively regular and this method is economical and 

high productivity [10.9]. 

 

The aim of the study is to prepare a hybrid composite 

material by adding a fixed volume fraction of 3% zirconia 

oxide minutes, as well as variable volume fractions of 0, 75, 

1.5, 2.25 and 3% graphite for silver and then studying the 

mechanical properties of hardness and wear rate. On 

physical properties and thermal conductivity 
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2. Experimental 
 

2.1 Manufacture of models 

 

The samples used in this study were prepared using powder 

metallurgy technology, which can be divided into three main 

sections for the production of overlays:  

 

2.1.1 Powder preparation 

Use silver powder as a 99.9% pure base material and 

granular size 7575 micrometer, and use of Zirconia and 

graphite powder as a 99% booster and 99% granular volume. 

The weight of each component was determined using the 

volumetric ratios shown in Table 1. The weight of the 

powders was calculated using a sensitive electrical balance 

of 0.1 mg and then manually mixed for 10 min. The 

volumetric ratios were adopted due to the large difference in 

the density between the silver powder and the rest of the 

powders. 

 

Table 1: Shows the volume ratios of materials 

Ag % Zro2% Gr% 

97 3 0 

96.25 3 0.75 

95.5 3 1.5 

94.75 3 2.25 

94 3 3 

 

2.1.2 Press of powders 

After obtaining a homogeneous powder, Uniaxial was 

molded and molded into a solid steel mold with a 60 HRC 

and 10 mm diameter. The mixed mixture was then placed in 

the capsule and a pressure of 700 Mpa for half a minute to 

avoid the possibility of flexible return using the Universal 

Testing Machine Testing Machine with a capacity of 170 

KN to obtain cylindrical samples with a diameter of 10 mm 

and a height of 5.6 mm Figure (1) shows the samples after 

the clamping. 

 

 
Figure 1: Image of the specimen before the frying 

 

2.1.3 Sintering of samples 

The sintering process was carried out inside an electric oven 

with a maximum temperature of 1050 ° C after the clamping 

process, because the samples are not ready for the tests and 

have weak resistance is the green resistance. In order to 

prevent the oxidation of the samples, the sintering process 

was carried out in a reduced atmosphere by covering the 

samples with silica powder SiO2 and the iron cast iron 

inside a special ceramic container to prevent oxygen from 

reaching the sample surface. A layer of cast iron was placed 

in the bottom of the container and 1cm thick, 1.5cm The 

samples are then paired with a double K type thermocouple 

installation near the samples for temperature control and 

control. The samples were then covered with another layer 

of silica powder 1.5 cm thick and then another layer of iron 

cast iron thickness of 1 cm finally, the ceramic container 

was sealed with a layer of thermal clay after the mud dried 

and the container was placed inside the oven. The 

temperature inside the furnace was raised to a temperature of 

770 ° C and at 9 ° C / min and the charge was kept at that 

temperature for 3 h. The samples were then cooled inside the 

oven to room temperature. The following equation 

represents the temperature of the fogging [11] 

Ts =  0.7 − 0.9 Tm………………… . (1) 
whereas:  

Ts: Sintering temperature (K °). 

Tm: melting temperature of base metal (k °). 

 

2.2 Preparation of samples for microscopic examination 

and measurement of hardness 

 

The samples used in the research were prepared for 

microscopic examination and hardness measurements by 

wetting the water with water and using papers of different 

thicknesses (2500, 2000, 1800, 1500, 1200, 1000, 800, 600, 

400). The polishing process was done using a special 

polishing cloth with alumina solution. Microscopy was 

performed using an SEM scanner. The hardness test was 

then performed using a Micro Vickers Hardness Test. The 

hardness was calculated by taking a mean of 5 readings per 

sample. 

 

2.3 Examination of density, porosity and water 

absorption 

 

Physical properties were studied, both volumetric and virtual 

density and total and porous porosity, as well as water 

absorption using the Archimedes base according to ASTM 

C373 [12]. The samples are weighed using a sensitive 

electrical balance of 0.1 gm where the dry weight is Md. The 

samples are then suspended and immersed in distilled water 

with a density of 1 gm / cm3 by a suspension balance. This 

weight is Mi, Boiled for 5 hours and then immersed in 

distilled water also at room temperature for 24 hours after 

the samples are removed and removed surface water 

suspended only and weigh samples, which represents the 

saturated weight. 

 

1) Bulk Density (B.D): - The ratio between the mass and the 

total size of the sample (the size of the particles of the 

material + the volume of closed and open pores) and 

calculated from the following relationship [13, 12, 11]:  

𝑩.𝑫.=
𝑴𝒅

𝑴𝒔 − 𝑴𝒊
× 𝝆𝒘………………… .  𝟐  

2) Density (A.D): - The ratio between the mass and the 

apparent size of the sample (the size of the particles of 

the substance + the volume of the closed pores), 

calculated from the following relationship [13, 12]:  

𝑨.𝑫.=
𝑴𝒅

𝑴𝒅 − 𝑴𝒊
× 𝝆𝒘………………… 𝟑  

3) Pore Porosity (A.P.): - The ratio between the size of open 

pores to the total size (size of the particles of the 
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substance + the size of the total pores), calculated using 

the following relationship 

𝑨. 𝑷.=
𝑴𝒔 − 𝑴𝒅

𝑴𝒔 − 𝑴𝒊
× 𝟏𝟎𝟎%………… . . (𝟒) 

4) Total Porosity (T.P): - The ratio between the total open 

and closed pore sizes to the total volume (particle size + 

total pores size), calculated using the following 

relationship 

𝑻. 𝑷.=
𝑻.𝑫.−𝑩.𝑫.

𝑻. 𝑫.
× 𝟏𝟎𝟎%…… . . … (𝟓) 

whereas:  

T.D.: The theoretical density of the samples is calculated 

through the relationship 

𝑻.𝑫.=   𝝆𝒊 × 𝑿𝒊 ……………… . (𝟔)
𝒏

𝒊=𝟏
 

whereas:  

: ρi The theoretical density of the constituent elements of the 

sample. 

: Xi Ratio of each element in the sample. 

 

5) Water Absorption (W.A.): The ratio between the weight 

of water absorbed to the sample weight is dry, calculated 

using the following relationship:  

𝑾.𝑨.=
𝑴𝒔 − 𝑴𝒅

𝑴𝒅
× 𝟏𝟎𝟎%……………(𝟕) 

 

2.4 Measurement of thermal conductivity 

 

Thermal conductivity of the samples was measured using the 

Lee's method [14]. The Li-disk method is used to find the 

thermal conductivity of samples whose thickness is small 

relative to its diameter. A Li-disk device made of Polish 

wood consists of A, B, C, heating disk, and sample space to 

be selected for thermal conductivity, The thermometer is 

placed in it. A, B and C are of the same diameter and 

thickness, while the heating disc is of the same diameter but 

with a smaller thickness. The disc and samples were cleared 

and cleared from the dirt and placed in order. The heating 

disc is connected to a 6v power source. I took the final 

reading in each case after 20min minutes of taking the initial 

reading. Repeat the same procedure for all samples. 

 

 

 
Figure 2: My experiment to measure thermal conductivity 

2.5 Test of sliding dry wear 

 

The Sliding dry wear test was carried out in accordance with 

ASTM G99 [15] with the use of an Indian-based wear and 

friction checker from Duque (Wear and Friction Monitor 

ED.201) and Pin on Disc as shown in Figure 3 ). The device 

contains a timer to measure the duration of the test 

accurately and stop at the end of the pre-determined period 

of 20 min, and the device contains a load of weights used 

during the duration of the test where different loads were put 

(20, 15, 10, 5 N). The hardness of the disc installed in the 

machine is 62 HRC and 60 mm diameter, and the rotational 

speed is 480 r.p.m. The surface of the disc and the sample to 

be examined were designed by smoothing it with 1000-sheet 

paper. The weight loss was measured during the test period 

using a sensitive electrical balance. The Wear Rate (WR) 

was calculated using the following equation [15, 9]. 

WR=∆W/SD=∆W/2πRNT……………………….(8)     

whereas:  

SD: Sliding distance (m). 

R: Radius of the sample center (30mm). 

N: Rotational speed of disk (480 r.p.m). 

T: Test duration (20 min). 

 

 
Figure 3: The wear and tear device used in the research 

 

3. Results and discussion 
 

Figure 4 shows the images of the electron microscopy 

(SEM) of silver-based composites containing a fixed volume 

fraction of zirconium oxide particles (3%), as well as 

variable volume fractions of graphite (0-3%). The uniform 

distribution and dispersion of the reinforcement particles 

improves the contact properties of the silver-based 

composites, giving homogeneous distribution of properties 

to all parts of the overlay and ensuring good self-lubrication. 

[16] 
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Figure 4: Shows the images of the electron microscopy SEM scanner for the samples according to the ratios of the relay 

respectively 

 

A-Ag + 3% Zro2 + 0% Gr                                         

B-Ag + 3% Zro2 + 0.75 Gr                                       

C-Ag + 3% Zro2 + 1.5% Gr                                      

D-Ag + 3% Zro2 + 2.25% Gr                                     

E-Ag + 3% Zro2 + 3% Gr                                         

 

3.1 Hardness Test 

 

Figure (5) shows the relationship between the volume 

fracture of the graphite and the hardness of the microwaved 

Vickers. Hardness is reduced from 50.325 to 42.3 when the 

graphite content increases from 0-3%. The lower the 

hardness of the hybrid overlay, the higher the percentage of 

graphite is the lower the expected for several reasons, which 

comes in the forefront of the low hardness of the graphite 

compared to the rest of the materials of the overlays, as the 

graphite is more soft than the rest of the overlapping 

materials and the fragile nature of the graphite and its 

content increase the increase of the ease of the plastic 

deformation) By the effector (stitching tool). Moreover, 

increasing the graphite content will increase the spread and 

generation of cracks between the surfaces of the graphite 

and the other materials of the hybrid overlapping, causing a 

weak bond between them. 

 

 

 
Figure 5: Effect of the graphite fracture on the microsatellite vickers hardness 
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3.2 Bulk and Apparent density 

 

Figure (6) shows the relationship between volumetric, 

virtual and theoretical density with graphite content 

respectively. It was found in the relationship that increasing 

the graphite content resulted in decreasing both the 

volumetric density and the spectral density of the hybrid 

spectra where the volumetric density decreases from 9.2963 

gm / cm3 to 8.4677 gm / cm3). The main reason for the 

decrease in density, both volumetric and virtual, by 

increasing the content of graphite is the low density of 

graphite (2.1 gm / cm3) compared to the density of the rest 

of the overlapping materials. The graphite particles also 

inhibit the integration of silver particles and the spread of 

solid state (impede the process of condensation and 

shrinkage) Volumetric phase during sintering). In addition, 

both zirconia and graphite oxide are weak phases and do not 

react completely to silver and other compounds. Increasing 

the graphite content leads to the collection of closed and 

open pores between them and keeping them in their 

positions. As shown in the figure, both the volumetric and 

virtual densities of all overlays were higher than (8 gm / 

cm3) indicating that the overlays were rather thick. The 

figure shows that the deviation from the theoretical density 

increases with the increase of graphite content, Using [17, 7] 

using different addition ratios. 

 

 
Figure 6: The relationship between the volume fraction of the graphite and the densities 

 

3.3 Total Porosity 

 

Figure (7) shows the relationship between total porosity and 

graphite content. The ratio of total porosity with the increase 

in graphite content is increased. The total porosity increases 

from 10.23% to 16.19%. The graphite content is increased 

from 0% to 3%. The reasons that led to the reduction of the 

volumetric and virtual density, which is the increase in the 

content of the graphite, inhibits the partial integration and 

prevents the complete integration of the silver particles, ie, 

the isolation of the particles during the sintering process, as 

well as the obstruction or prevention of volumetric 

contraction, leaving the pores closed and open in their 

potential and difficulty Content of Ravit. 

 

 
Figure 7: Shows the relationship between the volume 

fracture of the graphite and the total porosity 

 

3.4 Apparent porosity and water Absorption 

 

Figure (8) shows the relationship between the apparent 

porosity and the water absorption with the graphite content. 

It is observed that there is a positive relationship between the 

porosity and the water absorption with the increase of the 

graphite content. The percentage of the apparent porosity 

from 1.05% to 4.51% The percentage of water absorption 

increases from (0.11% to 0.30%) with the addition of 

graphite content as well. The positive relationship between 

the apparent porosity and the absorption of water is a logical 

relationship because the increase of the porosity means the 

increase of open pores percentage and therefore inevitably 

increase the percentage of water absorption of the hybrid 

over any increase pores through which the water can be 

implemented within the overlapping, With total porosity 

behavior by increasing the graphite content shown in Figure 

(7) and the opposite of the behavior of the density is 

completely virtual increase graphite content shown in Figure 

(6), which indicates that the nature of the effect of increasing 

the content of the graphite on both open and open porosity is 

one nature and the factors that control the closed porosity are 

the same that control open porosity, and Mechanisms are the 

two types of porosity one. 
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Figure 8: The relationship between the fraction of the volume of the graphite% and the apparent porosity and water 

absorption% 

 

3.5 Thermal conductivity 

 

Figure (9) shows the effect of graphite content on the 

thermal conductivity of the hybrid based on silver and 

contains a fixed volume fraction of zirconia oxide (3%) and 

variable volume fractions of graphite by 0-3%, respectively. 

Graphite content reduces thermal conductivity as thermal 

conductivity decreases from 387 w / mk to 293 w / mk. The 

main reason for low thermal conductivity by increasing 

graphite content is the low thermal conductivity of graphite 

(23.9 w / mk) The main material is silver (429 w / mk). The 

reason for the decrease in thermal conductivity and the 

increase in the volume fraction of graphite can be 

understood to increase the total porosity ratio by increasing 

the graphite content as shown in Fig. 7. Porous works as 

insulators within the overlapping body and any increase in 

its proportion necessarily reduces thermal conductivity, 

Pores transform the heat transfer by conduction into 

Convection transmission and this necessarily reduces the 

thermal conductivity of the superconductor. 

 

 
Figure 9: Shows the relationship between the volume 

fraction of graphite and the thermal conductivity 

 

3.6 Wear rate 

 

Figure (10) shows the relationship between the rate of wear 

and tear with the volumetric fracture of the graphite. The 

ratio of wear and tear with the increase of the fraction of the 

graphite from 0.75-0.0% (6), since the hardness is inversely 

proportional to the rate of wear and tear and follows the 

following formula [19]: - 

𝑾 = 𝑲
𝑵𝑺

𝑯
………………………… . (𝟗) 

whereas:  

W: Wear rate (gm / cm). 

K: The wear and tear coefficient. 

N: Applied pregnancy (N). 

S: Sliding distance (cm). 

H: Overlying hardness (Mpa). 

 

The increase in the rate of wear and tear can be attributed to 

low graphite content as the amount of graphite in the debris 

of wear and tear is insufficient to form the insulating oil 

layer between the two surfaces, which reduces the wear rate. 

This is consistent with [16, 9] Necessarily to a high rate of 

wear and tear. 

 

We also notice in the figure (10) the decrease in wear and 

tear between the content of the graphite (2.25-0.75%) if this 

decrease can be attributed to the formation of the lubrication 

layer easily and reduce the wear and tear and thus the wear 

rate becomes less and this explains the low wear rate. 

Increasing the content of the graphite to (0.75 and 2.25%) 

makes the overlays more smooth during the wear and tear 

process, the lubricating layer formed prevents metal contact 

and delays the transmission of wear behavior from moderate 

to severe., 0.0037 gm) at the ratio of graphite (1.5) 2.25%, 

where the lubrication layer formed between the sliding 

surfaces acts as a solid oil due to the nature of the class 

graphite and the weak bond between those layers which are 

connected only by weak Vanderval forces, The presence of 

graphite will change the nature of machines The metal wire 

connection between the two surfaces Almenzgayn above 

each other (silver disc surface steel surface) to the case of 

contact between the two surfaces separated by a layer 

Kravite working Kmazit solid reduces stress sternoclavicular 

and improves the properties Turaabologer these surfaces and 

thus reduces wear and tear resulting from the sliding rate of 

movement. 

 

The increase in the content of the graphite (2.25-3%) is due 

to the increase in the percentage of wear and tear. This 
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increase is due to the presence of zirconia oxide minutes. 

Increasing the content of the graphite will increase the 

spread and cracks between the particles of the overlays due 

to disability In addition to the increase in the percentage of 

visible porosity and total porosity, all of them are easily 

separated for some minutes of the overlapping material. 

These are known as the debris of wear from the surface of 

the superconductor to the surface of the disc where the 

debris is rich in zirconia oxide. Aux Zirconia has a high 

hardness and its presence causes an increase in the operation 

of the surface of the sample and the high rate of wear and 

tear, and its effect between the surfaces is higher than the 

effect of increasing the composition of the graphite layer by 

increasing the content of the graphite, and increasing the rate 

of wear and tear with the increase of graphite content occurs 

due to increased plastic deformation occurring in protrusions 

and regions Near the surface due to increased wear debris 

rich in zirconia oxide. This increases the density of the 

particles by increasing deformation, which leads to the 

formation of precise cracks in the surface of the metal and 

then the intersection of these cracks with each other and with 

lines of wear and parallel to the surface of the separation, 

The increase in the wear rate can be attributed to the lower 

hardness of the overlapping (E). The increase in the wear 

and tear ratio with the increase in the content of the graphite 

is also due to the increase in the rate of wear and tear. That 

the graphite not only prevents wear and tear but also 

generates a large amount of debris, and this is consistent 

with [16.9]. 

 

 
Figure 10: Shows the relationship between the volume fraction of the graphite% and the wear rate gm /cm 

 

4. Conclusions 
 

1) The increase in the content of graphite from 0 to 3% led 

to a decrease in the density of volume complexes by 

(8.91%). 

2) The percentage of total porosity increased by (36.74%) 

with increasing the content of the graphite from (3-0)%. 

3) The behavior of the apparent porosity with the behavior 

of the water absorption of the increase in the content of 

the graphite of all proportions. 

4) Thermal conductivity decreases with increasing graphite 

content by (24.28%). 

5) Hardness decreases with the addition of graphite and 

continues to decrease with increased graphite content. 

6) The rate of wear and tear decreases to a minimum and 

increases by increasing the content of the graphite 

because the graphite not only impairs adhesion but also 

generates a large amount of debris. The study concluded 

that the wear and tear rate reaches the minimum value 

when the graphite content is about 2.25, 1.5%. 
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