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Abstract— In this investigation, AA6061 milled particle size was fabricated by milling machine and 
later compacted by hydraulic press in room temperature. Seven specimens were chosen for the heat 
treatment process. For reference, one specimen was treated solely by the quenching and another one was 
treated by the aging only, On top of that, there were five specimens were subjected to various holding 
times during the aging. The experimental results show that the maximum value of compression strength 
was 300.47 MPa for the specimen subjected to quenching and aging of holding time 4 hours and the 
maximum value for microhardness was 100.44 Hv for the same specimen. While the density value was 
decreased with increasing the holding time. The maximum value of the density was 2.61 g/cm3 for the 
specimen (Quenching only). X-ray inspection was detected some of chemical compound were created such 
as (Al86Fe14) and (Cr13Ni5Si2).   
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I. INTRODUCTION 

6xxx Al-Mg-Si alloys have been widely used in automotive body panels as main substitute materials for weight 
reduction [1]. The industry has been focused on the materials as recycling, specifically the materials have been 
used more and more costly.  These recycling offers several advantages which include their relatively lower 
production costs, isotropic properties and the possibility of using conventional shaping methods (e.g. Extrusion, 
forging, and rolling) for component manufacturing [2]. Among the various physical and chemical methods, a 
mechanical ball-mill technique is recognized as a simple and cost-effective method to produce fine and 
homogeneous powders [3]. During the past 20 years, high energy ball milling has extensively been utilized as a 
versatile method to produce a variety of advanced compound powders. The main difference between high 
energy milling by the planetary ball mill, Spex, Attritor mill, etc. and conventional milling is that the former 
applies much larger doses of energy to particles over time [4]. This large input energy makes high energy mills 
capable of producing materials with special properties that could not be synthesized by other methods. The 
milling process produces considerable strain hardening in the Al powder, which is directly reflected on the final 
properties of the composite powders, therefore, it is needed to treat with heat treatment process [5]. A 
commercial AA6061 aluminum alloy is one of the Al, Mg, Si(Cu) system alloys that can be significantly 
hardened by a proper heat treatment. Because of its medium strength, excellent corrosion resistance, and 
weldability, the AA6061 alloy has been widely used as structural material for construction, transportation and 
sports [6]. (Lipeng  et.al.2015) has been treated aluminium AA6022 by various aging temperature (80, 100, 130 
and 170 °C) and various holding times (2,3,4 hrs). He has concluded that the 100 °C by 3hrs is the best attempt. 
Other than that, there were researchers had been published some other research related to this field [9,10,11]. 

In this study, the heat treatment has an effect on the mechanical properties of AA6061. The object of this 
study is the selection of the optimal process of the heat treatment which has been given the best mechanical 
properties. Otherwise, The holding time of aging process affected to density, hardness and compression strength. 
Therefore, these mechanical properties are the basic characteristics of composites produced by powder 
metallurgy technique. On the other hand, the significance of this study is reuse the aluminum scrap such as the 
chip returned from turning or the semi finished product. This research helps to save the cost of the aluminum 
manufacturing and the protection of the environment against pollution. 
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II. EXPERIMENTAL WORK 

A. Material 

AA6061 is a relatively light metal compared to other metals such as steel, nickel, brass and copper with a 
specific gravity of 2.7 g/cm3, the Chemical Composition for Aluminium AA6061 is shown in Table I. Zinc 
stearate was used as a binder to make the compaction process easier [13]. 

TABLE I chemical composition of aluminium aa6061 (ASTM b308/b308m) 

Element Percentage  %  

Si 0.59 

Fe 0.092 

Cu 0.289 

Mn 0.08 

Mg 0.975 

Cr 0.2 

Zn 0.031 

Ni 0.1 

Al Rem 

B. Chip production  

Firstly, the chips were as produced by using CNC milling machine, type HSM (SODICK – MC430l), Feed 
rate (1100 mm/min), Depth of cut (1.0 mm) and cutting velocity (345.4 m/min) [12].  

C. Chip cleaning and drying 

Milled aluminium particles were cleaned by ultrasonic bath apparatus, type Fritsch (ultrasonic cleaner 
labarette 17). The duration was 1 hour for each patch. After that, it was treated with acetone solution for 20 min. 
Finally, the drying process was used (Kuittho Linn High Therm type of furnace) for 1 hour [14]. 

D. Milling process 

The chip was milled by planetary ball mill type (Retsch PM100) under conditions of the speed 350 RPM for 
20 hrs. The ratio of ball to powder (RBP) was 20:1 [15]. 

E. Mixing and compaction 

The ball mill machine was used for mixing the powders for the duration of 1hr at the speed of 300 RPM to 
make sure that the distribution was completed. The composition of mixture to produce the samples between the 
AA6061 and Zinc stearate was equal along the size that equal to 99% of AA6061 and 1% of zinc stearate. 

Cold compaction of powder blends was performed in this study. Cold compaction was performed at room 
temperature (RT). In cold compaction, the mixed powder with a given amount of lubricant was pressed by 
uniaxial hydraulic operated press, The die was supported by two circular blocks of steel to allow uniform 
movement of the die during compaction, The cleaned surfaces of die wall and tools (upper and lower punch) 
were sprayed with a lubricant-saturated solution 

F. Sintering process 

Sintering process is to provide extra bonding between atoms. The atomic diffusion takes place and welded 
areas created during the compaction will increase bonding by this process. The controlled parameters during the 
sintering were heating rate time; temperature and atmosphere, all are necessary to obtain a consistent results. 

The equipment used during the sintering process was tube furnace [16], the inert gas used during the process 
was Argon gas. The sintering temperature was used as mentioned in eq. 1 

Sintering Temperature = (0.7-0.9) Tm      (1) 

Hence: Tm = melting point 

Physical property inspection 

Density, microhardness and compression strength were investigated in this study. Density (DB) and dense, 
usually refer to a measure how much of some entities are within a fixed amount of space. Then, the mass of 
many particles of a particulate solid or a powder, divided by the total volume they occupied is called Bulk 
density.  
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G. Heat treatment process 

Heat treatment of aluminium is a heat-treating process whereby the aluminium is exposed to an elevated 
temperature for a period of time and cooled off, which transforms or changes the mechanical properties without 
changing the specimen shape. The heat treatment can be defined as an operation or set of operations in a metal 
involving heating and controlled cooling. Transformation in the solid state can be obtained using heat treatment 
procedures, which cause changes in microstructure resulting in materials with a wide range of hardness and 
mechanical properties [11]. Although an exact relationship between hardness and wear behavior does not exist, 
hardness has traditionally been the properly used for quality control, and heat treatment and performance 
evaluation.  

Two processes were performed in this step (quenching & artificial aging). The quenching process was 
performed at 530ºC for 2 hrs, after that quenched by water to room temperature (≈ 25 ºC ). Subsequently, the 
aging process was carried out at 175 ºC for various of time (2, 4, 6, 8, 10) hrs, after that cooled by air to room 
temperature. Fig.1 shows the profile of the quenching and the aging process. Table II shows the classification of 
specimens. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1 the profile of heat treatment process 
 

TABLE II The classification of specimens 
 

Specimen symbol Description 

JQ Quenching only at (530º) for (2 hrs) 

JQA1 Quenching (530º) for (2 hrs) + Aging (175º) for (2 hrs) 

JQA2 Quenching (530º) for (2 hrs) + Aging (175º) for (4 hrs) 

JQA3 Quenching (530º) for (2 hrs) + Aging (175º) for (6 hrs) 

JQA4 Quenching (530º) for (2 hrs) + Aging (175º) for (8 hrs) 

JQA5 Quenching (530º) for (2 hrs) + Aging (175º) for (10 hrs) 

JA Aging only (in optimum aging time) 

III. RESULTS AND DISCUSSION 

The manufactured parts by powder metallurgy have been getting lower bonding force between the particles 
compare with the traditional method of the melting of metals, at the same time, many of the advantages have 
been getting by using powder metallurgy. Therefore, the heat treatment process was improved the bonding 
between the particles and was increased the desirable mechanical properties. Therefore, some physical and 
mechanical properties of the prepared material were studied.  Density, microhardness and compression strength 
were selected for this study.   

The application of the term heat treatable to aluminium alloys is limited to the specific operations used to 
increase strength and hardness by precipitation hardening thus the term heat treatable used to distinguish the 
heat treatable alloys from those alloys in which no significant strength improvement can be achieved by heating 
and cooling. 

Heat treatment process was applied to the prepared material and involves a heat treatment whereby the 
alloying constituents are taken into solution and retained by rapid quenching. Subsequent, artificial aging was 
performed at lower temperatures. The aging process was allowed for a controlled precipitation of the 
constituents, thereby achieving increased hardness and strength. 
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Seven specimens were chosen for this step of the test. Fig.2 shows the relation between compression 
strength and the type of specimen. 

 

 
 

Fig.2  The relation between compression strength and the type of specimen. 
 

It can be seen that the specimen type JQA2 has the highest value for compression strength (300.47 MPa) 
compared with the others.So, the strength was slightly enhanced with the increasing of the aging time until 4 hrs 
as indicated by the specimen  JQA2. Consequently, when the aging holding time increased, the compression 
strength value decreased. The improvement ratio for the specimen JQA2 was taken 53% compares with the 
specimen (as fabricated). These changes of values attributed to the amount of the created compound by the heat 
treatment process. Al86Fe14 and Cr13Ni5Si2 were found as created compound. Fig. 3 shows the created compound 
by x-ray inspection. Improvement value of compression strength was applicable for the specimen JQ, it was 41% 
of as fabricated specimen, which was 276.47 MPa.  The aging process caused the pore volume fraction was 
reduced by the compound created. So, it was as a barrier between the particles. The largest content of the 
compound was found at the specimen JQA2. Therefore, the compression strength was improved. When the 
amount of created compound decreased, the compression strength decreased due to the precipitation of the 
created compound was less amount. Table III shows the value of compression strength and the improvement 
ratio of each heat treated specimens. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.3  the created compound by x-ray inspection 
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TABLE III  the value of compression strength and the improvement ratio 
 

Specimen symbol Compression strength MPa Improvement ratio % 

JQ 276.47 41 

JQA1 297.84 52 

JQA2 300.47 53 

JQA3 277.5 41 

JQA4 246.76 26 

JQA5 221.78 13 

JA 209.31 7 

These seven specimens were subjected to Microhardness test. Fig.4 shows the relation between the 
Microhardness value and the types of specimens. It can be seen that the microhardness value increased with the 
increasing of aging time and reached its peak at the specimen type JQA2, subsequently, the value was steadily 
falling until the specimen JA due to the decreasing of the created compound was happening.   
 

 
Fig.4 The hardness values for various specimens 

Heat treatment process was effected on the density values for the specimens. The above seven specimens were 
subjected to the density test. Fig.5 shows the relation between the density value and the types of specimens.   

The specimen JQA2 (quenching and aging) has the biggest density value 2.61 g/cm3. So, when the aging time 
increased, the density value decreased due to the amount of the created compound was decreased between 
particles according to X-ray results. The particles were saturated by the created compound during the quenching 
process, then the aging process was affected by the amount of the compound. When the aging time increased, 
the compound increased with aging time 4hrs, after that decreased. The precipitation amount was caused to 
increase the density. The created compound was driven out by the aging time, as well as, the increasing of aging 
time after aging time 4 hrs were led to decreasing of the amount of created compound. On the other hand, the 
increasing of the amount of created compound leads to increasing of density.   

By the three tests mentioned above, the specimen JQA2 has the highest values for both microhardness and 
compression strength. 

 
 

Fig.5  The relationship between the density value and the types of specimens 
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IV. CONCLUSIONS 

According to the experimental results, it is revealed that the heat treatment process were successfully 
conducted. So, it can be concluded the effect of aging time on the density, microhardness and compression 
strength. When the aging time increased, the mechanical properties increased. The maximum value was 
obtained at the aging time of 4 hrs due to the created compound caused that the pores between the particles were 
reduced. After that, the mechanical properties showed a decrease trend after the 4 hrs aging time. The maximum 
value of compression strength was 300.47 MPa, while the maximum value of the microhardness was 100.44 Hv. 

On the other hand, high density value was given by the specimen quenching and aging by aging time 4 hrs, 
which was (2.61 g/cm3). In contrast, the others had given a lower value of the density. The results were 
attributed to creating the chemical compound Al86Fe14 and Cr13Ni5Si2 between the particles. So, when the aging 
time increased to 4 hrs, then the created compound increased, therefore the density increased, but the density 
was decreased after 4 hours due to the created compound decreased.  

FUTURE SCOPE 

AA6061 is an important metal in the industry. Many of parts were fabricated by it in many applications. The 
recycling of the material will save more cost and metal. Therefore, the other powder fabrication processes are 
also important to be studied. On the other hand, the heat treatment process is the significant process to develop 
the mechanical properties. The quenching temperature and quenching holding time are important to be 
investigated. 
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