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Abstract: In this research, after pressing in a cylindrical mold, the AA 7075 alloy swarf was melted and cast in a wet 

sand mold. After rolling and cutting, sheets with two different thicknesses of 6 and 20 mm were obtained. The sheets after 

homogenization were solutionized at 485°C for 30 and 90 minutes, respectively, due to differences in thickness and 

thermal gradients. The solutionized samples were quenched in 3 polymer solutions containing 10, 30, and 50% Poly 

Alekylene Glycol. The results showed that melting, casting, rolling, and heat treatment of AA7075 alloy swarf with similar 

properties to this alloy is achievable. Microstructural studies by optical microscopes (OM), Field Emission Scanning 

Electron Microscopy (FESEM), and X-ray diffraction (XRD) showed that by increasing the quenching rate after the 

solutionizing process, precipitation increases during aging. The tensile test results indicated that as the quench rate and 

internal energy increase, the diffusion driving force would increase the precipitation of alloying elements. Hence, this 

leads to an increase in hardness and a reduction of its strain after aging. 
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1. INTRODUCTION 

Optimal mechanical properties of aluminum 

alloys are obtained by alloying elements, heat 

treatment, and, consequently, the formation of 

precipitates, which create barriers that limit the 

movement of dislocations. AA 7075 is one of the 

aluminum alloys with excellent properties such as 

low density, high strength, toughness, and fatigue 

resistance. Moreover, it has been used in various 

structures. This alloy is widely used in aerospace 

structures and all structures requiring high-stress 

resistance [2, 3]. 

The AA7075 is heat treatable, and the primary 

mechanism of its strength comes by the formation 

of MgZn2 precipitates with the 2 to 1 ratio of Zn 

to Mg. Aluminum alloys are heat-treated in three 

stages, solutionizing, quenching, and aging. 

Solutionizing involves placing the alloy at the 

right temperature and time to achieve a 

homogeneous, single-phase state. After 

Solutionizing to obtain a supersaturated solid 

solution, the alloy will be quenched in diverse 

cooling environments such as water, mixtures of 

the water and polymer, oil, and air [2]. A different 

cooling rate is suggested for each alloy. Also, 

High cooling rates cause the formation of 

unwanted phases or very high residual stresses, 

which eventually lead to distortion [3, 4]. 

In 7XXX series aluminum alloys, Zn has a high 

solubility in the matrix and does not adversely 

affect the microstructure. The 7xxx aluminum 

series includes Mg, Zn, Cu, and additional 

elements such as Cr, Mn, Zr, and sometimes Fe 

and Si [5]. In the AA7075 casting alloy, 

precipitates such as (Fe, Cr)3SiAl12, Mg2Si, 

MgZn2, and Al-MgZn2 can be observed in which 

other phases are more likely a combination of Al 

and Cu as an alternative to MgZn2. These phases 

could be considered Mg (Zn, Cu, Al)2, which are 

convertible to iron-rich phases like Al7Cu2Fe as 

the temperature increases. It is noteworthy that 

the Mg2Si phase is relatively insoluble during the 

heat treatment process and will become spherical 

by diffusion [6, 7]. According to previous 

research, AA7075 samples in different cooling 

environments comprise two phases α, and β, 

which are physically distinct and separated by 

fuzzy boundaries. The precipitation process is not 

instant and involves secondary nucleation caused 

by thermal fluctuation and reaching a steady-state 

[8-10]. AA7075 age-hardening is associated with 

the formation of GP zones, which are almost 

circular. As the time of age-hardening increases, 

these areas become bigger and eventually end up 

forming alloying precipitates. GP zones 
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containing high levels of Zn and Mg become 

precipitates called ƞ' and M'. If the amount of Zn 

and Mg becomes higher than 2.2, MgZn2 and 

Mg3Zn3Al precipitates are more likely to form in 

the presence of copper (Table 4) [7]. 

The effect of precipitates on mechanical 

properties usually comes from reheating the 

quenched part to temperatures between 95°C and 

205°C. The structural alterations that occur at 

elevated temperatures are different from room 

temperature. A distinctive feature of age-

hardening effects on tensile properties can be 

more yield strength over tensile strength, which 

reduces malleability. Therefore, alloys with T6 

heat treatment will have higher strength and less 

malleability than T4 [6, 7]. 7XXX Series alloys 

are not stable in natural aging. The strength will 

increase with the growth of GP zones over the 

years. However, artificial aging and elevated 

temperature have stable properties such as high 

strength, excellent corrosion resistance, and low 

crack growth rate. Usually, 115°C to 120°C 

temperature is used to obtain the T6 hardness 

characteristic, which is less time-consuming, more 

stable, and produces high strength [6, 7, and 9]. 

Polyalkylene Glycol (PAG) has been used in 

aluminum to create a balance between water and 

oil, prevent vapor film formation, and reduce 

temperature tolerance around parts [6]. As the 

PAG percentage in water increases, the cooling 

rate decreases. PAG is usually added to the water 

to adjust the residual stress and the maximum 

cooling rate [12]. As stated, quenching by water, 

the vapor film will form around parts and leads to 

an inhomogeneous heat transfer, which by adding 

PAG to the water, this vapor film will remove, and 

the temperature around parts reduce 

homogeneously. As a result, it reduces residual 

stress and distortion [11 and 12]. 

The purpose of this study is to investigate whether 

the swarf of AA7075 machined plates could be 

recycled, and cast, and does it obtain appropriate 

mechanical properties from heat treatment. 

2. EXPERIMENTAL PROCEDURES 

In this study, initially, after putting the swarf into 

an oven to draw out moister AA7075 swarf, 

which was produced from the machining process, 

Fig. 1, was pressed into the H13 heat-treated 

cylindrical mold steel with 30 mm diameter and 

20 cm height and 400 MPa Bar pressure. The 

pressed parts were melted in a "Control Switch" 

induction furnace with 100 kg capacity while 

magnetically stirred to prevent aluminum oxides 

from trapping inside the melt. Besides, in the first 

step, swarfs were annealed for one hour at 500ºC 

under HF gas to deoxidize them. During casting, 

after ensuring the homogeneity of the melt, 

Martini N71P degasser tablets were placed in 

aluminum foil and held by a holder at the bottom 

of the cast to complete the deoxidation and 

degassing process. Afterward, the molten swarf 

was cast in a sand mold with 20x20x10 cm 

dimension. The chemical composition of the 

machined bar and the casted ingot was obtained 

by the UV-vis-double-beam-spectrophotometer 

Model-U2900, as shown in Table 1. This table 

shows that the chemical composition of the 

fragment complies with the AA7075 standard 

composition according to ASTM B209M-14 [13]. 

It is mentioned in the references that no alloying 

elements waste will be caused if separation and 

classification of AA7075 are carried out before 

melting and casting [8]. Hence, if the chemical 

composition of the used swarf is assured, there 

will be no change in the chemical composition of 

the final part. For this purpose, the spectrometry 

test was used before and after machining. 

 
Fig. 1. AA 7075 swarf produced from the machining 

process 

The ingots were cut into 8- and 22- mm 

thicknesses using a metal cutting bandsaw. Then, 

by performing five steps using a rolling machine, 

thicknesses of 6 and 20 mm were obtained. 

The samples were cut into 200 × 200 mm, 

including three 20 mm thick samples and three 6 

mm thick samples [11–14]. A total of 10 samples 

were set aside, including six targets and four 

blank samples, as shown in Table 2. The samples 

were homogenized according to the ASTM B918 
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standard in a Heat resistant furnace equipped with 

k type thermocouple. Samples first were put at 

417°C for 3 hours then cooled at 52°C every 1 

hour to reach 212°C after that, stayed at 212°C for 

3 hours, and finally were cooled in the air to 

provide homogeneous heat-transformation. 

After homogenization, samples were solutionized 

according to ASTM B918 and Table 3 [11]. 6 and 

20 mm samples were solutionized at 485°C for 30 

and 95 minutes, respectively. Afterward, samples 

were quenched in three liquid polymer solutions, 

which are water-based and can be solved in water, 

with different percentages of polymer in water, 

including 10%, 30%, and 50%. After reaching 

room temperature, samples were stored at -21°C 

to prevent microstructural changes. Based on 

standards, samples can be stored at -21°C for 90 

days after quenching to prevent microstructural 

alterations [6]. 

Vickers hardness test was performed using 

Instron Wolpert with 40 N force. After conducting 

stages mentioned on six target samples, the age-

hardening process was carried out. The AA7075-

T6 age-hardening was carried out according to the 

ASTM B918 standard [13] at 121°C for 24 hours, 

according to Table 3, and then cooled at room 

temperature. Microstructural studies were carried 

out before and after age-hardening using optical 

microscopy (OM), X-ray Diffraction (XRD) with 

a scanning speed of 0.05 degrees per second and 

with an X-ray wavelength of 1.55566 copper 

angstrom by PHILIPS diffractometer model 

PW1730, and Scanning Electron Microscopy 

(SEM) made in the Czech Republic 

VEGA/TESCAN model equipped with Energy 

Diffraction Spectroscopy (EDS). 

Table 1. Chemical composition of AA7075 (Wt. %). 

Element Rod Cast Sample Standard Sample 
Al Base Base Base 
Zn 5.895 5.900 5.100 - 6.100 
Mg 2.429 2.630 - 2.900 - 2.100 
Cu 1.215 1.210 1.200 - 2.000 
Cr 0.198 0.250 0.180 – 0.280 
Fe 0.330 0.340 0.500 > 
Si 0.092 0.100 0.400 > 

Mn 0.158 0.160 0.300 > 
Ti 0.050 0.055 0.200 > 

Table 2. Coding and Heat treatment stages. 
 

Samples 

Coding 

Thickness 

(mm) 

Homogenizing 

Condition 

Solutionizing 

(Celsius) 
Quenchant solution 

A 6 - - - 

B 20 - - - 

C 6 417˚C for 10 Hour - - 

D 20 417˚C for 10 Hour - - 
E 6 417˚C for 10 Hour 485 for 30 minutes 10% Polymer 90% water 
F 20 417˚C for 10 Hour 485 for 95 minutes 10% Polymer 90% water 
G 6 417˚C for 10 Hour 485 for 30 minutes 30% Polymer 70% water 

H 20 417˚C for 10 Hour 485 for 95 minutes 30% Polymer 70% water 

I 6 417˚C for 10 Hour 485 for 30 minutes 50% Polymer 50% water 

J 20 417˚C for 10 Hour 485 for 95 minutes 50% Polymer 50% water 

Table 3. Homogenizing and solutionizing of 7075, according to ASTM B918 [2]. 

Heat- 

treatment 

Homogenizing Solutionizing Age Hardening 

Temperature 

(˚c) 
Hint 

Metal 

Temperature 

(˚c) 

Quenchant 

Temperature 

(˚c) 

Metal 

Temperature 

(˚c) 

Time 

(h) 
Type Hint 

Plates 417 Wu 460-499 44 121 24 T6 Wu 

Wu: The temperature rising to 570˚c must be staged, every hour 12˚c.     
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Fig. 2. The diagram of the heat treatment process including homogenization, quenching, and age-hardening of 

AA 7075-T6 

To evaluate the yield strength, strain diagram, and 

mechanical characteristics of samples, the tensile 

test was carried out by the Go-Tech 7052-D30 

based on the ASTM B557 standard at 25°C and 

41% humidity with a length of 165 mm and width 

of 13 mm, with a gauge length of 50 mm. 

3. RESULTS AND DISCUSSION 

Fig. 3 shows the metallographic structure of 

recycled 7075 aluminum alloys. As seen from 

Fig. 3-a the as-cast structure is composed of 

dendritic matrix phase and interdendritic low-

melting point eutectic phase. After homogenizing 

annealing at 470°C for 24 h, most of the 

interdendritic phases in the as-cast structure are 

dissolved in the matrix (Fig 3-b), and the dendrite 

segregation is significantly improved. Due to 

holding for a long time, the atoms in the alloy are 

fully diffused, and the heterogeneity in chemical 

composition and microstructure is eliminated, 

resulting in the improvement for the plastic 

deformation ability of the alloy [14]. 

The metallographic structure of recycled 7075 

aluminum alloy plates is shown in Fig. 3-c. It can 

be seen that the recycled 7075 aluminum alloys 

obtained a proper microstructure with MgZn2 as a 

main hardening phase. In addition, it can be also 

seen that the precipitated impurity phases cannot 

be eliminated thoroughly after heat treatment. 

Fig. 4 illustrates the results of the polymeric 

cooling media on hardness. In 6-mm samples, as 

the cooling rate decline, hardness decreases while 

20 mm sample in the highest cooling rate, 10% 

polymer solution, has the lowest hardness. Due to 

the hardness number, it can be deduced that a 10% 

polymer solution creates a better supersaturated 

solid-solution than the 30% and 50%. In the  

6-mm samples, before and after aging, as the 

cooling rate decreases, hardness also experiences 

a reduction, while in the 20-mm samples, before 

and after aging, hardness initially increased and 

then decreased by decreasing cooling rate. 

During Solutionizing and quenching, after the 

metal is brought to pre-eutectic temperature and 

maintained at that temperature, precipitates are 

homogeneously dissolved and formed. 

Quenching the object creates a homogeneous 

supersaturated solid solution so that precipitates 

can be prepared for the hardening stage. The 

driving force of supersaturated solution increases 

precipitates' formation, although other factors 

such as the cooling rate and atoms' mobility can 

be influential [7]. 

The number of MgZn2, Mg3Zn3Al2, and 

Mn5ZnAl24 precipitates by studying the formation 

of precipitates before homogenization shows 

which are small in size and gray and black, among 

large black precipitates which appear to be Mg2Si. 

Also, small black precipitates are most likely to 
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be Cr, Fe, and Mn. The reason behind the large 

Mg2Si precipitates could be the non-dissolving of 

this phase during the solutionizing and 

quenching, which resulted in their growth by 

diffusion. As a result of the Mn, Cr, and Zr entities 

in the AA7075 matrix, this alloy is not sensitive 

to quenching. Therefore, low quench rate media 

such as boiling water, oil, and air do not affect the 

mechanical properties of this alloy, and it will also 

reduce the stress corrosion resistance [3, 14].  

In low percentages of polymer in water, which 

declines the cooling rate, alloying elements do not 

have the opportunity to diffuse and form 

precipitates such as MgZn2, Mg3Zn3Al2, and 

Mn5ZnAl24. This could stem from their low 

quantity in solid solution which can be seen from 

XRD results in Fig. 5-A and C. The results of EDS 

and investigation through OM results in Fig. 5 (A) 

and (B) and the XRD pattern (Fig. 5-C) indicate 

that the alloying elements did not diffuse, and 

black particles are Si, Fe, and Cr compounds. 

By studying the pre-aging conditions and 

observing the effects of incomplete 

recrystallization, the grain size appears to 

increase, and no new GP regions have formed, so 

grains continued to grow [6]. The increase in 

grain size can be attributed to the lack of driving 

force required to complete the recrystallization 

process. 

As the cooling rate decreases due to increasing the 

polymer content in water to 30% and, 

consequently, a reduction in internal energy after 

the quench, no significant change in the alloying 

elements' diffusion happened. Moreover, most of 

the alloying elements, shown in the XRD pattern 

of Fig. 6, are dissolved in the field, so there is no 

trace of MgZn2, Mg3Zn3Al2, and Mn5ZnAl24 

compounds in the field. Due to the homogeneous 

positioning of the precipitates and elements in 

Fig. 7, it can be deduced that a suitable 

supersaturated solution was produced in both 6- 

and 20-mm samples.  

 
Fig. 3. The microstructure of a) as-cast, b) annealed, and c) heat-treated AA 7075 used in this research. 

a) b) 

MgZn2 

Si, Cr, Fe 

compounds 

Impurities 

Dendritic regions  

c) 
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Fig. 4. The effect of different cooling environments on the hardness after solutionizing. 

   

    
Fig. 5. Sample E A) OM image with different magnifications, B) FESEM image and result, C) XRD results 
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Fig. 6. The XRD results of solutionized and quenched sample H. 

     
Fig. 7. AA7075 alloy solutionized and quenched in 30% polymer solution a) OM images of sample G; c) OM 

images of sample H 

 

Due to the trace of Zn in XRD results, the 

accumulation of this element was because of the 

formation of Zn and Mg base precipitates after 

age-hardening. 

The reason behind the increase in hardness can be 

credited to the greater diffusion of alloying 

elements. Based on the XRD results, the pre-

aging OM images, and comparing them with Fig. 

8, it can be seen that precipitates with a large and 

circular shape are Fe and Mg2Si, which continued 

to grow. On the other hand, according to the 

yellow zones specified in Fig. 8 A and B, the small 

circular dots are MgZn2 precipitates [6]. Based on 

OM images, the average grain size of 6- and 20-

mm samples in different quenchants are 

represented in Figures 10 and Table 5. 

According to previous research, the 

recrystallization temperature of AA7075 is 

between 185°C and 526°C. By placing Al at this 

temperature for 2 to 50 minutes can initiate the 

recrystallization process. Considering this, all 

samples exposed to the heat-treatment process at 

285°C for 30 and 95 minutes underwent 

recrystallization, and in most of the matrix, the 

grain boundary has disappeared [16-24]. 

Incomplete recrystallization can increase the 

grain size, and, as can be seen in Table 5, the grain 

size of the 20 mm samples is larger than the 6 mm 

grain. The results of Table 6, Figure 9, EDS, XRD 

results, and hardness indicate that in 6 mm 

samples, the increase in Proof strength by 

decreasing the quench rate is the volume fraction 
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of the alloying elements [6, 9, 24]. However, as 

the quench rate decreased, 20 mm samples 

experienced a decrease in ultimate yield strength 

and proof strength, which can be attributed to the 

reduction in the volume fraction of the alloying 

elements. In low-thickness specimens, the 

elasticity limit was increased by decreasing the 

kench rate and decreasing the hardness. 

Table 4. Possible phases formed in solid-solution of AA7075 [15]. 

 IF Zn, Mg> 2.3% 
Mg MgZn2 

Zn 
IF Zn:Mg> 3% 

Mn5ZnAl24 MgZn2 

Cu 
IF Cu> 1% 

CuMgAl2 Mg3Zn3Al2 

Fe 
IF Fe>Si IF Fe>Si ,Cr>1/2 Fe 

FeAl3 (FeCr)Al7 

Cr 
IF Cr>Si 

(CrFe)Al7 

 

 
Fig. 8. The sample J after aging, A) OM images with different magnifications; C) FESEM image 
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Table 5. Grains' size 

Sample's Code Smallest Grain Size (µm) Biggest Grain Size (µm) Average Grain Size (µm) 

A 169 545 345 

B 200 787 416 

C 35 148 85 

D -- -- -- 

E 145 1024 584 

F 180 442 310 

G 118 272 195 

H 150 283 216 

I 80 510 295 

J 204 740 513 

 

4. CONCLUSIONS 

The smelting and heat treatment processes of 

recycled 7075 aluminum alloy have been 

investigated in this paper. The microstructure, 

mechanical properties, and of recycled 7075 

aluminum alloy were discussed, and the 

following conclusions can be seen: 

1. The recycled 7075 aluminum alloys can be 

recovered, using swarf aluminum alloys as 

raw material. Non-aluminum such as 

impurities can be reduced by Martini N71P 

degasser tablets wrapped in aluminum foil and 

by holding it at the bottom of the cast to 

complete the deoxidation and degassing 

process. 

2. After homogenization, solid solution, and 

aging treatment, the recycled 7075 aluminum 

alloy have more uniform composition 

distribution, finer grain, and better structure. 

3. The hardness of the 6 mm thick samples 

decreased as the quench rate decreased, 

attributed to the decrease in the density of 

vacancies and dislocations due to their exit 

from the surface. The low hardness in samples 

with a thickness of 20 mm with a high quench 

rate could be because of the loss of grain 

boundaries and supersaturated solution. 

4. The diffusion process of alloying elements, 

according to EDS, XRD, hardness, and tensile 

test results, indicates that as the Cr 

concentration increases, in high-energy areas, 

precipitate growth begins. Consequently, with 

the accumulation of elements such as Mg and 

Zn, the early stages of precipitates hardening 

of these alloy zones start. 
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