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Abstract 

In this study, 5% by weight copper powder was added to the aluminum powder and 

this powder mixture was used as the matrix component. As a reinforcement element, 

5%, 10%, and 15% ZrO2-Y2O3 powder was mixed into the Al+ 5% Cu matrix 

component. The mixed powders were pressed unidirectional with 300MPa pressure 

to obtain powder metal samples. Pressed specimens were sintered at 500 ºC. Optical 

microstructure and SEM images of sintered samples were taken. EDS, XRD, and 

microhardness analyzes were performed. According to the results obtained, the 

highest microhardness value was measured in the sample with 15% ZrO2-Y2O3 

powder sintered at 500 ºC. In the XRD examination, it was determined that ZrO2, 

AlCu, Cu3Al, Al3Y and Al2O3 compounds were also formed together with the Al 

main phase. 

 

 
1. Introduction 

 

Powder metallurgy is a technology that prepares 

high-performance materials by forming high metals, 

alloys, and composites with high yield and tensile 

strength, fine-grained, uniform structure, good 

thermal processing treatment, and isotropy [1]. With 

powder metallurgy technology, scrap losses can be 

reduced, material tolerances can be followed closely, 

complex-shaped products can be designed, and 

reproducibility can be allowed. [2]. Powder 

metallurgy includes processes such as mixing, 

pressing, and sintering of pre-alloyed or pre-mixed 

powders. In addition, it is a method that can be 

applied to many materials and is still under 

development [3]. 

The powder metallurgy method has many 

advantages over metal matrix composite methods. In 

this method, the matrix material (continuous phase) 

and reinforcement materials (discrete phases) are 

mixed and compressed under sufficient pressure and 

the green compact is formed. The green compacts are 

heated at a high temperature below the melting point 

of the matrix material for a sufficient time for 

diffusion bonding to occur. This process is also 

known as the sintering process. The powder 
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metallurgy process is most affected by the 

compaction pressure, holding temperature, and time 

parameters [4], [5], [6]. 

Many researchers have been working on 

aluminum matrix composites in recent years. These 

advanced composites are used in engineering 

applications, automotive, and aerospace industries. 

In addition to some reinforcements, intermetallics 

have also been found as reinforcement material for 

aluminum. Their coefficient of thermal expansion 

(CTE) is close to aluminum and less brittle than 

ceramic [7]. 

The packaging, automobile, defense, and 

aerospace industries highly demand Aluminum 

Matrix Composites (AMCs) or Aluminum-based 

Metal Matrix Composites (MMCs) due to their high 

strength, lightweight, and excellent tribological 

properties. These parameters play an important role 

in determining the properties of a powder metallurgy 

product. In addition, reinforcement materials are also 

effective in defining the properties of the composite 

material. The nature of the reinforcement materials 

and their bonding with the matrix material also affect 

the properties of composite materials. [4]. While 

aluminum matrix composite materials are produced 

by powder metallurgy, their strength can be 
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increased with reinforcement particles such as SiC, 

Al2O3, ZrO2, MgO, B4C, TiB2 [8]-[13]. 

Zirconium dioxide (ZrO2) can be widely 

used in high-tech engineering applications because it 

has remarkable properties such as the ability to work 

at high temperatures, resistance to corrosion and 

abrasion, high strength and fracture toughness, 

semiconductivity, thermal and diffusion barrier 

behavior, and biocompatibility [10]. Cubic zirconia 

(YSZ) stabilized with Ytria (Y2O3) is used in many 

fields such as aerospace, aviation, automobile, 

health, high-temperature turbine blades, and most 

importantly solid electrolyte [14]. YSZ has 

properties such as high melting point (∼2700 °C), 

low thermal conductivity (∼2.6W/m K), relatively 

low density (6.4 g cm-3), high hardness (14GPa), high 

resistance to atmospheric and high-temperature 

corrosion [15].  

In this study, 5% by weight of copper 

powder was mixed with aluminum powder. As a 

reinforcement element, 5%, 10%, and 15% ZrO2-

Y2O3 powder was added to this matrix mixture 

powder. The effect of the reinforcement particle ratio 

on the samples after sintering at 500 °C was 

investigated. 

 
2. Material and Method 

 

In this study, Al powders were used as matrix 

material. The aluminium was used as a matrix with 

purity level were 99% manufactured by (Praxair Al-

104, -90 µm/+45 particle size) and remaining are 

impurities. ZrO2-8%Y2O3 (Yttria stabilized zirconia) 

powder was manufactured by Oerlikon Metco’s 

(with 99.5% purity and –125 +11 µm particle size). 

5% Cu powder (Alfa Aesar, -45 µm , 99%) was 

added to the Al powder. Prepared mixtures are 

shown in Table 1. 

 
Table 1. Prepared powder mixes 

Specimens Matrix Powder 

(Al+%5Cu) 

Supplement powder 

(ZrO2-Y2O3 ) 

1 %100 0 

2 %95 %5 

3 %90 %10 

4 %85 %15 

 

5%, 10%, and 15% ZrO2-Y2O3 powders 

were added to the Al+5% Cu powder mixture as 

reinforcement material. For the homogeneous 

distribution of the powders, the mixing process was 

carried out at a speed of 45 rpm in 45 minutes. 

Mixing of powders was carried out dry. 
After mixing, each powder mixture was cold 

pressed unidirectionally at a pressure of 300 MPa 

with a size of 12 mm diameter. The sintering process 

was applied to the pressed samples in the Protherm 

brand furnace in the Advanced Research Laboratory 

of Bitlis Eren University (see Figure 1). Samples of 

each powder mixture were sintered at 500 ºC for 60 

minutes. The sintering temperature was chosen by 

examining the Al-Cu equilibrium diagram. The 

amount of Cu and temperature at which precipitation 

hardening can be achieved were selected. 

 

 
Figure 1. Sintering furnace. 

 
In order to be able to examine 

metallographically, the samples were sanded with 

320, 600, 800, and 1200 mesh sandpapers, 

respectively. After the sanding process, the samples 

were polished with the help of diamond paste on the 

polishing felt. Then, the etching process was carried 

out in order to see the grain boundaries of the 

samples more clearly. The composition of the 

cauterizer used in the etching process consists of 1 

ml of HF, 2.5 ml of HNO3, and 95 ml of H2O. Etching 

of the samples was done for 10-15 seconds and 

washed with alcohol and dried. After etching, the 

microstructure pictures of the samples were 

examined and illustrated with a Nikon brand optical 

microscope in the Yahya Eren Advanced Research 

Laboratory of Bitlis Eren University. In addition, 

SEM images and EDS analyzes were made with a 
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Zeiss scanning electron microscope in Van Yüzüncü 

Yıl University Science Research and Application 

Center laboratory. The hardness measurements of the 

samples were made in the Qness Q10M 

microhardness device in Vickers (HV0.5) type 

(Figure 2). XRD analyzes were performed for 

compound phase detection. XRD analyzes of the 

samples were made on the Rigaku brand RadB model 

XRD device in the Scientific and Technological 

Research Laboratory of İnönü University. 

 

Figure 2. Microhardness tester. 

3. Results and Discussion 

 

3.1.  Microstructure Characterization of 

Specimens 

 
(a) 

 
(b) 

Figure 3. Optical microstructure pictures taken from 

Al+5%Cu based sample sintered at 500 °C. 

 

In Figure 3, optical microstructure pictures of the 

Al+5% Cu sample are shown. Grain boundaries are 

clearly visible in the microstructure. In the structure 

consisting of equiaxed grains, it is seen that the 

element Cu (in red color) is located at the grain 

boundaries. Porosity is inevitable in samples 

produced with powder metallurgy. The black-

colored pores can be seen in Figure 3. 

 
(a) 

 
(b) 
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(c) 

Figure 4.  a) SEM photograph taken from Al+5%Cu 

based sample sintered at 500 ºC, b) EDS analysis no. 1 

and c) EDS analysis no. 2. 

The SEM photograph and EDS analysis 

results taken from the Al+5%Cu-based sample are 

shown in Figure 4. It is seen that the structure, which 

is seen in different colors at the grain boundaries and 

mentioned in the optical microstructure pictures 

(Figure 3), consists of a high-weight Cu element by 

EDS field analysis no 1. In addition, it was 

determined that 1.36% Al and 1.91% O elements 

were also present in the analysis. As a result of this 

EDS, it is thought that CuxAly type intermetallic 

compounds and oxide compounds of Cu and Al 

elements are formed in area 1. In the EDS analysis at 

point 2 given in Figure 4-c, the presence of Al matrix 

structure is seen. In addition, Cu element dissolved 

in the matrix and a small amount of O element 

belonging to possible oxide compounds are present 

at point 2. 

 
(a) 

 
(b) 

Figure 5. Optical microstructure pictures taken from 

Al+5%Cu+5% ZrO2-Y2O3 based sample sintered at 500 

ºC. 

Optical microstructure pictures of Al+5%Cu 

+ 5% ZrO2-Y2O3 sample are shown in Figure 5. 

Grain boundaries can be seen in the microstructure 

of this sample. In the structure of equiaxed grains, the 

element Cu (in red color) is located at the grain 

boundaries. The black colored pores can be seen in 

Figure 5. The porosity increased more compared to 

the Al+5%Cu sample with 5% added ZrO2-Y2O3 

oxide compound. 

 

 
(a) 
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(b) 

Figure 6. Optical microstructure pictures taken from 

Al+5% Cu+10% ZrO2-Y2O3 based sample sintered at 

500 ºC. 

Figure 6 shows the optical microstructure 

pictures of the Al + 5% Cu + 10% ZrO2-Y2O3 

sample. Grain boundaries can be seen in the 

microstructure of this sample. In the structure 

consisting of equiaxed grains, the element Cu (in red 

color) is located at the grain boundaries. It is seen in 

Figure 6-b that the ZrO2-Y2O3 oxide also settles at 

the grain boundaries during sintering and is found in 

black colored pores. It can be seen in Figure 6 that 

the porosity increased even more compared with the 

samples with Al+5% Cu and Al+5% Cu +5% ZrO2-

Y2O3. 

 
(a) 

 
(b) 

Figure 7. Optical microstructure pictures taken from 

Al+5% Cu+15% ZrO2-Y2O3 based sample sintered at 

500 ºC. 

Optical microstructure pictures of the  Al + 

5% Cu + 15% ZrO2-Y2O3 sample are shown in 

Figure 7. It is seen in Figure 7-b that the ZrO2-Y2O3 

oxide also locates at the grain boundaries during 

sintering. It is seen in Figure 7 that the porosity 

increased with the addition of 15% ZrO2-Y2O3 oxide 

compound compared to the other samples. It was also 

observed that pieces of ZrO2-Y2O3 dust particles 

were broken off and voids were formed in the dust 

particles during sanding. 

 
(a) 

 
(b) 
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(c) 

 
(d) 

 
(e) 

Figure 8. Al+5%Cu+15% ZrO2-Y2O3 based sample 

sintered at 500 ºC taken from a) SEM photograph, b) 

EDS analysis no. 1 and c) EDS analysis no. 2 d) EDS 

analysis no. 3 e) EDS analysis no. 4. 

SEM photograph and EDS analysis results 

taken from Al + 5% Cu + 15% ZrO2-Y2O3 sample 

sintered at 500 ºC are shown in Figure 8. EDS 

analyzes were taken from matrix structure, grain 

boundaries, and dust particles. The presence of Zr, Y, 

Al, and O elements is seen in the EDS analysis given 

in Figure 8-b, taken from the light gray area no 1 in 

Figure 8-a. It is thought that area no. 1 consists of the 

added ZrO2-Y2O3 powder and the oxide compound 

of the Al element. The same situation is seen in the 

EDS analysis taken from point 4 (Figure 8-e). At this 

point, the presence of Zr, Y, Al, and O elements 

indicates that ZrO2-Y2O3 and Al2O3 type compounds 

can be formed. In the EDS analysis given in Figure 

8-c, Cu can be seen at the point 2. The presence of 

98.78% Cu and 1.22% Al elements indicates that 

CuxAly type intermetallic compounds can be formed. 

In the EDS analysis given in Figure 8-d, the point 3 

is composed of the matrix dust Al element, a small 

amount of Cu and O elements. At point 3, it is 

thought that Cu, Al and O elements possible brought 

about CuxAly, AlxOy and CuxOy type compounds.      

 

Figure 9. XRD analysis of Al+5%Cu+15% ZrO2-Y2O3 

based sample sintered at 500 ºC. 

The XRD analysis of the sample obtained 

from Al+5%Cu+15% ZrO2-Y2O3 powder mixture is 

shown in Figure 9. As a result of XRD analysis, it 

was determined that different types of compounds 

were formed. The main phase was determined as the 

Al element, which is the matrix powder. In addition, 

AlCu, Cu3Al, Al3Y, and Al2O3 compounds were 

formed together with the ZrO2 compound.  

It was observed that the possible compounds 

related to the detected elements in the EDS analyses 

(Figure 8) taken from the Al + 5% Cu + 15% ZrO2-

Y2O3 sample sintered at 500 ºC are compatible with 

the XRD analysis taken from the same sample. 

3.2. Microhardness Test Results 

 
Figure 10. Microhardness value of specimens. 

The microhardness values of the samples are given 

in Figure 10. The microhardness value was measured 

as 22.3 HV from the sample obtained by adding 5% 

Cu powder to Al. Microhardness values of 18.4 HV 

in the sample obtained by adding 5% ZrO2-Y2O3 

powder into Al+5% Cu powder, 21.5 HV in the 

sample obtained by adding 10% ZrO2-Y2O3 powder 
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into Al+5% Cu powder, and 22.5 HV in the sample 

obtained by adding 15% ZrO2-Y2O3 powder into 

Al+5% Cu powder were measured. With the addition 

of ZrO2-Y2O3 powder, the number of pores in the 

microstructure increased in comparison to the 

sample without ZrO2-Y2O3 powder, as can be seen in 

the microstructure photographs in Figures 3, 5, 6, 7. 

While the microhardness value was expected to 

increase with the addition of the ZrO2-Y2O3 oxide 

compound, the microhardness value decreased 

generally due to the increase in the pore amount. 

However, a small increase in the microhardness 

value was observed as the amount of added ZrO2-

Y2O3 powder increased to 15% (see Fig. 10). 

 

4. Conclusion and Suggestions 

 

1. With the addition of ZrO2-Y2O3 powder, the 

pores became more prominent at the grain 

boundaries. 

2. In the samples sintered at 500 ºC, the 

microhardness value decreased depending 

on the number of pores increased with the 

addition of ZrO2-Y2O3 powder.   

3. Among the samples, the highest 

microhardness value was found as a value of 

22.5 HV in the sample having 15% ZrO2-

Y2O3 in Al+5%Cu. The hardness value 

increased with the increase of the ZrO2-Y2O3 

ratio.    
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