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Abstract 

 

Aluminium-based composite materials are frequently preferred in many new-generation engineering 

applications due to their high strength, wear and corrosion resistance, improvement of mechanical 

properties, machinability, and low density. Mechanical alloying is essential in producing composites with 

high properties in powder metallurgy, which is one of the composite material production methods. In this 

study, the deformation of AA7075 powder was investigated with a three-dimensional ball mill designed 

and produced for use in mechanical alloying processes. In the milling processes, three different rotational 

speeds (150, 200 and 250 rpm), three different ball to powder ratios (5:1, 10:1 and 20:1) and three 

different milling times (30, 60 and 90 min) were used. The particle deformation was evaluated by particle 

size analysis and powder structure examination. The obtained results were analysed with analysis of 

variance, regression method, three-dimensional graphics, optical microscope and scanning electron 

microscope (SEM) images. When the results were examined, the maximum deformation and powder size 

among the selected experimental parameters were obtained at 150 rpm rotational speed, 20:1 ball to 

powder ratio, and 90 min. 

 

Keywords: Powder Metallurgy, AA7075, Three-Dimensional Ball Mill. 

 

1. Introduction 

 

Metal Matrix Composites (MMC) [1–5] is an important 

material group that can be used to meet some essential 

needs of the modern industry thanks to its many 

properties, especially low density, high strength, 

increased wear resistance, and high operating 

temperature [6, 7]. Powder metallurgy (PM) method, 

which is frequently used in the production of MMCs, 

provides many advantages such as low material 

consumption and high production speed, production of 

sensitive and complex profile parts of alloys that are 

impossible or difficult to produce with other production 

methods [8]. Aluminium Matrix Composites (AMC), 

which can achieve better mechanical properties 

compared to traditional monolithic materials, have 

significant potential for industrial applications in the 

field of aerospace, automotive, electronics and 

machinery in the field of MMK due to their attractive 

properties [9]. 

 

Aluminium alloys are widely used in machinery, 

electronics, automotive and aerospace industries due to 

 

their high mechanical properties and high machinability 

as well as high electrical conductivity, high corrosion 

resistance, low density and fatigue resistance [10]. 

AA7075 is an important and indispensable material in 

the aviation industry and has reliable properties, 

especially for aircraft wing pylons, airframes and rocket 

production. However, despite its wide range of 

applications, aluminium alloy industrial applications 

need even higher strength to meet their specific 

requirements [11]. 

 

Mechanical alloying (MA), ductile-ductile, ductile-

brittle, and brittle-brittle powder mixtures, which are 

applied to produce new alloys, are ground for the 

desired time until a similar structure is reached 

depending on the desired composition ratio of the 

composition of each powder particle. In the mechanical 

alloying process, metallic powders first take a flat shape 

in ductile materials and become cold-welded to each 

other as the deformation continues. With the milling 

time increase, the embrittlement powders are broken 

and the alloying process reaches a stable state after a 

specific cold welding-fracture cycle [12]. Essential 
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variables of the MA process are material, milling 

system, milling time, milling cycle, and ball to powder 

ratio [13, 14]. Different grinders such as SPEX [15–17], 

Planetary [18–22], and attritor [23–25] are generally 

used to produce mechanically alloyed powders. 

Although they have cooling, heating, etc., add-ons to 

increase the milling efficiency, they differ in their 

structures [13]. The standard devices used for the MA 

process generally grind in two dimensions and because 

the powders are affected by gravity, they are collected at 

the bottom of the milling jar. This situation causes the 

MA durations to be longer. Figure 1 shows the 

processing of mechanical alloying. 

 

 

Figure 1. Mechanical alloying process [26, 27]. 

 

Different materials such as ceramic, stainless steel, 

chrome and sometimes rubber are used as milling balls. 

[28].  The mechanical alloying process has significant 

advantages, such as homogeneous distribution of the 

reinforcement in the matrix, the fine particle size of the 

powders, and thus increasing the strength of the material 

(increasing the dislocation density). Du et al. [29] 

distributed the graphene and SiC nanoparticles 

homogeneously to the particle boundaries of the 

AA7075 matrix. However, they noted that the SiC 

nanoparticles are between the graphene layers. Feijoo et 

al. [30] achieved good dispersion and integration of 

MWCNTs in AA7075 particles after 4 hours of grinding 

with high-energy ball milling. They found a reduction in 

grinding time by changing the rotational speed. 

Deaquino et al. [31] found that the particle size 

decreased by increasing the grinding time from 5 to 10 

hours. It has been observed that the dust particles 

agglomerate exhibiting irregular shapes (similar to 

flakes) of different sizes. Salur et al. [32] stated that the 

ball milling time increase was influential in the uniform 

distribution of Y2O3 in the AA7075 matrix and the 

hardening of MMCs. However, prolonged grinding time 

(2–10 hours) was found to have a detrimental effect on 

tensile strength. Razavi et al. [33] stated that WC 

particles facilitate the grinding process, penetrate the 

aluminium powders, and show a good distribution. A 

change in particle size from micro to nano size was 

observed. Hernández et al. [34] observed that instability 

in the tetragonal structure occurred during the 

mechanical grinding of ZrO2 powders. However, they 

state that the presence of ZrO2 particles significantly 

affects the powder morphology and particle size of the 

matrix during the grinding process. A relatively good 

homogeneous distribution of ZrO2 particles was 

observed after ball milling. Table 1 shows the 

parameters of the mechanical alloying of various 

AA7075 composites.

 

Table 1. Mechanical alloying parameters of various AA7075 composites. 

Alloy Reinforcement Milling Time 

Ball to 

Powder 

Ratio 

Rotational Speed 
Ref. 

Nu 

AA7075 Graphene and SiC 6 h 5:1 50 rpm [29] 

AA7075 MWCNT 2 and 4 h 10:1 1300 and 1000 rpm [30] 

AA7075 Graphite 5 and 10 h 14:1 - [31] 

AA7075 Y2O3 0.25, 1, 1.5, 2, and 10 h 10:1 400 rpm [32] 

AA7075 TiO2  10 min and 20 h 10:1 200 and 300 rpm [35] 

AA7075 WC 20 h 20:1 - [33] 

AA7075 Al2O3 12 h 10:1 250 rpm [36] 

AA7075 ZrO2 2, 5, 10 and 15 h 8:1 120 rpm [34] 

AA7075 Graphene 30 min 10:1 240 rpm [37] 

 

When Table 1 is examined, it is seen that the 

mechanical alloying process is between 10 minutes and 

20 hours. Furthermore, it is seen that the rotational 

speed is between 50 and 1300 rpm and the ball to 

powder ratio is between 5:1 and 20:1. In this study, the 

deformation of AA7075 powder was investigated with a  

 

 

three-dimensional ball mill designed and produced for 

use in mechanical alloying processes. In the 

experiments carried out, three different rotational speeds 

(150, 200 and 250 rpm), three different ball to powder 

ratios (5:1, 10:1 and 20:1) and three different durations 

(30, 60 and 90 min) were used.  
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In addition, the deformations occurring, the particle size 

analysis, and the per cent areas covered by the deformed 

powders were evaluated. Taguchi L9 orthogonal array 

was used for experimental design. Experimental results 

were analysed with analysis of variance, regression 

method, three-dimensional graphics, optical microscope 

and SEM images. 

 

2. Materials and Methods 

2.1. Three-dimensional ball mill 

 

For this study, a new high-energy three-dimensional 

grinder was designed and produced, inspired by a 

commercially produced device [38], which has not been 

studied in the literature, to improve MA performance 

and reduce milling times. The milling performance will 

be increased with low heat generation and high 

homogeneity distribution, without agglomerations, with 

the three-dimensional rotational movement and the 

higher proportion of powder involved in the MA 

process compared to other devices and the continuous 

movement of the powders. The developed high-energy 

three-dimensional grinder was designed and produced to 

rotate the milling jar in three dimensions with the help 

of a single electric motor (1600 rpm, 50 hertz). As 

hardware, it has a structure that can provide rotation in 

both directions and the rotational speeds can be 

adjusted. The milling jar, driven by an electric motor, 

performs rotational movement and shaking movement 

in two axes. In two-dimensional (uniaxial) ball mills, 

the problem of powders sticking to the container walls 

and not mixing into the composition can be eliminated 

by adding another rotational movement (axis) 

perpendicular to the rotation axis and rotating it at a 

high rotational speed [39]. Therefore, in the milling 

system, the milling jar has been designed and produced 

in such a way that the rotation process in the X and Z 

axes, as well as the shaking movement in the Y-axis. In 

this way, it is ensured that the powders are included in 

the mixing and milling processes at a higher rate 

without sticking to the container wall. In Figure 2, the 

rotational and shaking axes of the three-dimensional 

ball mill are given. 

 

Figure 2. Three-dimensional ball mill and rotational-agitation axes. 

 

2.2. Powder materials used in experiments and 

milling jar 

 

AA7075 alloy powder with a spherical structure with an 

average size of <325 mesh was used for the 

experiments. The chemical, mechanical and physical 

properties of AA7075 alloy powder are shown in Tables 

2 and 3.  

 

Table 2. Chemical properties of AA7075 powder [42]. 

 

Al Bal 

Cu 1.57% 

Fe 0.12% 

Si 0.17% 

Mn ≤0.01% 

Mg 2.75% 

Zn 5.46% 

Ni 0.01% 

Cr 0.24% 

 

Table 3. Mechanical and physical properties of AA7075 

powder [42]. 

Purity  99.5+ % 

Average diameter <325 mesh 

Melting point 477-635 °C  

Density 2.81 g/cm3 

Poisson's ratio 0.33  

Tensile strength 572 MPa 

Hardness 175 HV 

 

Before the experiments, the image was taken with a 

SEM to examine the particle structure of the AA7075 

alloy powder, and this image is shown in Figure 3. SEM 

analysis of the particles was performed by scanning 

electron microscopy (Gemini 500, Zeiss). After the 

images are analysed, the conclusion is that the AA7075 

powder is mostly rounded in structure. 
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Figure 3. SEM image of AA7075 alloy powder 

(1000x). 

 

 

Figure 4. Milling jar. 

 

 

For the deformation experiments, 35 gr AA7075 alloy 

powder, 800 ml milling jar with rubber inner walls 

(Figure 4), and 10 mm diameter Zirconium Oxide 

(Zirconia) balls were used. 

 

3 Experimental Design and Experiments 

 

The Taguchi method also reduces the number of 

experiments [40]. The milling parameters and levels 

used in the experiments and selected as factors are given 

in Table 4. 

 

Table 4. Factors and levels used in experiments. 

Symbol Factors 
Levels 

1 2 3 

A Rotational speed 

(rpm) 
150 200 250 

B Ball to powder 

ratio 
5:1 10:1 20:1 

C Milling time (min) 30 60 90 

 

The L9 (33) orthogonal array was chosen for the 

experimental design. Therefore, nine experiments were 

performed using the Taguchi L9 orthogonal array 

instead of 27 for the full factorial experimental design. 

The particle size analysis of the particles was performed 

by particle size analyser (Malvern Mastersizer 2000) 

and optical micrographs of the deformed particles were 

performed by Celestron 44308 optical microscope. The 

experimental results obtained according to the factors 

and levels used in the deformation/milling experiments 

of the AA7075 alloy powder in the three-dimensional 

ball mill are given in Table 5. 

 

Table 5. Particle size achieved in the experiments and per cent area of deformed particles. 

 Factors Results 

Test 

Number 

A 

Rotational Speed 

(rpm) 

B 

Ball to Powder Ratio 

C 

Time (min) 

Particle Size 

(D50, µm) 

Deformation % 

Area 

1 150 5:1 30 34 0.268 

2 150 10:1 60 38 2.215 

3 150 20:1 90 42 7.07 

4 200 5:1 60 37 1.632 

5 200 10:1 90 40 3.831 

6 200 20:1 30 38 2.163 

7 250 5:1 90 41 4.4 

8 250 10:1 30 37 0.775 

9 250 20:1 60 41 4.414 

 

4. Evaluation of Experimental Results 

4.1. Evaluation of experimental results with analysis 

of variance 

 

The effects of the rotational speeds, the ball to powder 

ratio and the milling time on the deformation and  

 

 

particle size of the powders were analyzed by the 

ANOVA method. ANOVA values for the deformation 

of the powders and the achieved particle size are given 

in Table 6. 
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Table 6. ANOVA results for the particle size obtained in the experiments and the per cent areas covered by 

the deformed particles. 

Variance Source 

Degree of 

Freedom 

(DF) 

Sum of 

Squares 

(SS) 

Mean 

Square (MS) 
F-Value P-Value 

Contribution 

(%) 

Per cent area of deformation  

Rotational speed 1 0.0002 0.8344 10.09 0.086 0.00 

Ball to powder ratio 1 8.9964 1.08654 13.14 0.068 24.44 

Milling time 1 24.3815 0.05872 0.71 0.488 66.23 

Error 2 0.1653 0.08267 - - 0.45 

Total 8 36.8115 - - - - 

Particle size (µm) 

Rotational speed 1 4.1667 0.31174 0.94 0.436 8.01 

Ball to powder ratio 1 13.500 0.03061 0.09 0.790 25.96 

Milling time 1 32.6667 0.66667 2.00 0.293 62.82 

Error 2 0.6667 0.33333 - - 1.28 

Total 8 52.000 - - - - 

 

In Table 6, the per cent areas covered by the deformed 

particles were compared with ANOVA results 

according to the importance of the parameters, the 

milling time and ball to powder ratio in the chart 

effective. When the effects of the parameters are 

examined according to Table 6, the milling time is 

66.23%, the ball to powder ratio is 24.44%, and the 

error is 0.45%. According to Table 6, the most 

influential factor affecting the deformation of particles 

is milling time, with a rate of 66.23%. After the milling 

time, the influential factor was the ball to powder ratio 

with 24.44%. When the effect of the parameters for the 

achieved particle size ANOVA results are analysed as a 

percentage, it is determined that the rotational speeds 

are 8.01%, the ball to powder ratio is 25.96%, the 

milling time is 62.82% and the error is 1.28%. 

According to Table 6, the most influential factor 

affecting the particle size is milling time, with a rate of 

62.82%. After the milling time, the influential factor 

was determined as the ball to powder ratio with 25.96%. 

 

4.2 Evaluation of experimental results with 3D 

graphics 

 

Depending on the factors used in the experiments and 

their levels, the per cent deformation area in the 

particles obtained from the experimental study and the 

achieved particle size graphs are given in Figure 5. In 

Figure 5(a), the rotational speed of the three-

dimensional ball mill and the effect of the ball to 

powder ratio on the deformation of the particles are 

shown as per cent area. In the graph, it is observed that 

the deformation of the particles increases as milling 

time increase. However, when the rotational speed and 

milling time are increased, the percentage areas of the 

deformed powders decrease. This situation caused the 

particles to break without deformation and thus to break  

 

into smaller pieces. However, the increase in rotational 

speed causes the balls to be affected by the centrifugal 

force. This situation restricts the movements of the 

balls. Although the balls are affected by the centrifugal 

force, the deformation of the powders increases due to 

the high collision speeds. Figure 5(a) shows that the 

maximum deformation is at 150 rpm rotational speed 

and 20:1 ball to powder ratio, while the minimum 

deformation is at 150 rpm rotational speed and 5:1 ball 

to powder ratio. In Figure 5(b), the effect of milling jar 

ball to powder ratio and milling time on the deformation 

of the particles is given as per cent area. The graph 

shows that the deformation of the particles increases as 

the ball to powder ratio and the milling time increase. 

As the ball to powder ratio increases, more balls in the 

milling jar affect the deformation, and the deformation 

of the particles increases with the increase of milling 

time. Figure 5(b) shows that the maximum deformation 

is at 20:1 ball to powder ratio and 90 min. 

 

Figure 5(c) shows the effect of three-dimensional ball 

mill rotational speed and ball to powder ratio on particle 

size. When the graph is examined, it is observed that the 

particle size increases as the rotational speed and ball to 

powder ratio increase. When the rotational speed is 

increased to 250 rpm and 20:1 ball to powder ratio, 

although the balls are affected by the centrifugal force, 

the size of the particles increases due to the high 

collision speed of the balls. This situation caused the 

particles to break without deformation and thus to break 

into smaller pieces. The largest particle size reached in 

Figure 5(c) was obtained at 150 rpm rotational speed 

and 20:1 ball to powder ratio. The smallest particle size 

reached at 150 rpm rotational speed and 5:1 ball to 

powder ratio. The effect of the ball to powder ratio and 

milling time on particle size is given in Figure 5(d). In 

the graph, the particle size increases with the ball to 
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powder ratio and the milling time. With the increase in 

the number of balls included in the deformation process 

and the milling time, the high collision speed at high 

rotational speeds plays an influential role in increasing 

the particle size. The largest particle size reached in 

Figure 5(d) was obtained at 20:1 ball to powder ratio 

and 90 min. The smallest particle size reached at 5:1 

ball to powder ratio and 30 min.

 

  
(a       b 

   

     c       d 

Figure 5. Effect of deformation in particles on per cent area and obtained particle size.

4.3. Regression method for experimental results 

 

In the study, the level of relationship between the 

deformation of the particles and control factors was 

determined using the polynomial regression model. 

Multiple regression analysis is used to derive the 

estimation equations of the continuous dependent 

variables obtained through experimental designs with 

each combination of control factors [41]. The 

mathematical Equation 1 derived for the quadratic 

regression model is given to determine the 

deformation of the particles in per cent area.

 

 

𝑬𝒒. 𝟏 = 11,02 − 0,1036 × 𝑅𝑃𝑀 − 2,979 × 𝐵𝑃𝑅 + 0,0231 × 𝑇 + 0,000259 × 𝑅𝑃𝑀2 + 1,051 × 𝐵𝑃𝑅2 +
0,000368 × 𝑇2                                     (1) 
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Eq.1 expresses the predictive equation generated by 

using the control factors to calculate the deformation 

of the particles in per cent area. In Eq. 1, "RPM" is 

rotational speed, "BPR" is the ball to powder ratio, 

and "T" is time. Using Eq.1, the estimated 

deformation of the particles in per cent area for 

different parameters can be calculated.  

 

The R2 value for the per cent area occupied by the 

deformed AA7075 powders was 99.55%.  
 

In order to determine the particle size to be reached, 

the mathematical equation derived for the quadratic 

regression model is given in Equation 2. 

 

Eq. 2 expresses the predictive equation generated by 

the use of the control factors for calculating reached 

particle size. For the particle size equation to be 

reached for AA7075, the R2 value was obtained as 

98.72%. 

 

 
 

𝑬𝒒. 𝟐 = 37 − 0,0633 × 𝑅𝑃𝑀 − 0,50 × 𝐵𝑃𝑅 + 0,0778 × 𝑇 + 0,0002 × 𝑅𝑃𝑀2 + 0,5 × 𝐵𝑃𝑅2                             (2) 
 

 

4.4 Evaluation of per cent area covered by deformed 

particles 

 

The particles obtained from the experiments carried out 

at specific cycles, the ball to powder ratio, and milling 

times according to the test parameters and levels have 

adhered to a transparent tape measuring 10x10mm.  

 

The images of the powders adhered to a transparent tape 

measuring 10x10mm were taken with an optical 

microscope at 20x magnification. The per cent areas 

covered by the deformed particles were determined with 

ImageJ, an image analysis program. Obtained images 

are given in Figure 6.

 

Figure 6. Optical microscope images of AA7075 alloy powder after milling: (a)150 rpm-5:1 ball to powder ratio-

30 min, (b) 150 rpm-10:1 ball to powder ratio-60 min, (c) 150 rpm-20:1 ball to powder ratio-90 min, (d) 200 rpm-

5:1 ball to powder ratio. 

 

When Figure 6 is examined by the image analysis 

program in terms of the deformation of the particles, 

0.268% in Figure 6(a), 2.215% in Figure 6(b), 7.07% 

in Figure 6(c), 1.632% in Figure 6(d), 3.831% in 

Figure 6(e), 3.831% in Figure 6(f), 2.163% in Figure 

6(g), 0.775% in Figure 6(h), and 4.414% in Figure 

6(i) was detected. When the test parameters are 

evaluated among themselves, it is observed that the 

particles' deformation is at least 150 rpm, 5:1 ball to 

powder ratio, 30 minutes (Figure 6(a)). It has been 

determined that the particles' deformation is a 

maximum at 150 rpm, 20:1 ball to powder ratio, 90 

min (Figure 6). The most influential factor in the 

deformation of the particles stated in the results 

obtained by ANOVA analysis, from the most 

effective to the least effective, is the milling time, 

ball to powder ratio, and rotational speed. For this 

reason, the low milling time, ball to powder ratio, and 

milling time minimise the particles' deformation. 

Likewise, the increase in the milling time, ball to 

powder ratio, and milling time increase the particles' 

deformation ratios.  

 

When the results obtained at the same rotational 

speeds are examined in terms of the ball to powder 

ratio and milling time, the percentage areas covered 

by the deforming particles increase significantly with 

the increase in the ball to powder ratio and milling 

time in all rotational speeds. 
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In particular, the high ball to powder ratio visibly 

increases the particles' deformation, even at low 

milling times. In the experiments, it is observed that 

the per cent deformation area obtained at 200 rpm-

20:1 ratio-30 min is 1.33 times higher compared to 

5:1 ball to powder ratio and 60 min at the same 

rotational speeds. Therefore, a more effective 

deformation process will be performed using the 

highest ball to powder ratio in a shorter milling time. 

With the mathematical model obtained to calculate 

the per cent deformation areas in particles by the 

regression method, the per cent deformation area 

calculated for 150 rpm-20:1 ratio-30 min is 10.63 and 

1.29 times, respectively, higher than the other 

parameters in the same rotational speeds. As 

mentioned above, it has been proven that particles 

can be deformed more effectively in a shorter milling 

time at the highest ball to powder ratio.  

 

In order to compare the milling performance of the 

designed and produced three-dimensional ball mill, 

the milling process was carried out at 150 rpm, 5:1, 

10:1 and 20:1 ball to powder ratio and 30, 60, and 90 

min. In addition, the images of the particles (350x) 

obtained from the experiments were taken by SEM to 

examine their performance in milling processes. It is 

given in Figure 7.

 

 
 

Figure 7. SEM images of ground AA7075 powders: 5:1 ball to powder ratio-30 min (a), 10:1 ball to powder ratio-

60 min (b) and 20:1 ball to powder ratio-90 min (c). 

 

When Figure 7 is examined, it is observed that the 

deformation of the particles increases with increasing 

milling times and ball to powder ratio by keeping the 

rotational speed constant. Thanks to the rotational 

and shaking movements obtained with the designed 

and manufactured device, the fact that the particles 

are in constant motion compared to other devices 

reveals a milling performance without the 

agglomeration with low heat generation. 

 

5. Results and Discussion 

 

In the study carried out, no studies were found in the 

literature with the three-dimensional ball mill. 

Therefore, in this study, the deformation of AA7075 

powder, frequently used in the industry, was 

investigated using a three-dimensional ball mill 

developed, designed, and produced for use in 

mechanical alloying processes. Three different 

rotational speeds (150, 200 and 250 rpm), three 

different ball to powder ratios (5:1, 10:1 and 20:1) 

and three different milling times (30, 60 and 90 min) 

were used in the experiments. In addition, 

deformations occurring in the particles, particle size 

analysis, and per cent areas covered by the deformed 

particles were evaluated. The results obtained from 

the experimental study can be listed as follows; 

 

• The best combination of the parameters used in 

the experiments was 150 rpm-20:1 ball to 

powder ratio-90 min. 

• According to the results of the variance analysis 

applied for the per cent areas covered by the 

deforming particles, the most influential factor 

is the milling time, with a rate of 66.23%. On 

the other hand, the influential factor after the 

milling time is the ball to powder ratio with 

24.44%. 

• According to the variance analysis applied for 

the particle size obtained, the most influential 

factor is the milling time with a rate of 62.82%. 

After the milling time, the influential factor was 

the ball to powder ratio with 25.96%. 

• According to the results of the analysis of 

variance, the rotational speed is not effective. 

• In the three-dimensional graphics, it is observed 

that the deformation and particle size of the 

powders increase as the ball to powder ratio and 

milling time increase.  

• By increasing the rotational speed to 250 rpm, 

the balls are affected by the centrifugal force. 

However, due to the high collision speed of the 

balls, there is an increase in the size and 

deformation of the particles. 
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• Thanks to the rotational and shaking movements 

obtained with the designed and manufactured 

device, it is observed that the powders are in 

constant motion compared to other devices and 

that it exhibits a milling performance without 

the agglomerations together with low heat 

generation. 

• The fact that the walls of the milling jar used in 

the experiments are covered with rubber 

prevents the deformation mechanism that will 

occur between the balls and the milling jar wall. 

Therefore, using a zirconium oxide milling jar 

will increase the milling performance. 

• The large diameters of the balls make the 

deformation of micron-sized particles difficult. 

However, deformation can be increased by 

choosing a smaller ball diameter. 

 

6. Conclusion 

 

AA7075 alloy powder, which is frequently used in 

the industry, was used for this study. The method 

used in the study can be used for the mechanical 

alloying of all aluminium alloys and metal matrix 

composites. However, designed and produced, the 

three-dimensional ball mill is thought to be more 

effective, especially in milling brittle materials. 
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