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Abstract— Aging characteristics of Al-0.9Mg-0.5Si-1.1Fe-0.35Ca Aluminum alloy is investigated. The aim of this work is 
to determine the effect of low temperature heat treatments of Al-0.9Mg-0.5Si-1.10Fe-0.35Ca aluminum alloy on hardness 
and aging characteristics .The specimens are solutionized at 510 ºC for 3 hours 30 minutes into the muffle furnace. After that 
the specimens are artificially aged at 110 ºC, 120 ºC and 130 ºC for different times of intervals. The results show that as the 
temperature increases the value of hardness also increases. The variations in time and temperature during heat treatment have 
improved the strength of the alloy, whereas the ductility has decreased. The exploratory work has uncovered that time and 
temperature assumes an essential part in the precipitation procedure of the aluminum-alloy. The presence of precipitates of 
Mg2Si is responsible for the improved hardness. The peak hardness values are found to be 34 BHN, 37 BHN and 41 BHN at 
110 ºC, 120 ºC and 130 ºC respectively. 
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I. INTRODUCTION 
 
Aluminum is a chemical element in the boron group 
with symbol ‘Al’ and atomic number 13. It is a 
silvery white, soft, ductile metal. Aluminum is the 
third most abundant element (after oxygen & silicon) 
in the Earth’s crust. It makes up about 8 % by weight 
of the Earth’s solid surface [1-2]. Al-Si-Mg alloys 
have very good capability of precipitation hardening 
and have excellent ductility. These alloys have Mg2Si 
precipitate which is playing important role in 
strengthening of the alloys. The strengthening is 
carried out by heating the alloy in the furnace. The 
heat treatments involved in strengthening, solution 
treatment, quenching and artificial aging for various 
times of intervals. Aging provides growth control and 
uniformly distributed in the aluminum-matrix [3-6]. 
The artificial aging at low temperatures has a 
tendency to confine the motion of the dislocations 
and reduces stacking fault energy, lowering the 
ductility of the metal [7]. Metals with high stacking 
fault energy have a tendency to create dislocation 
structure lower energy, substituting between areas 
with higher concentrations of dislocations and regions 
of lower concentrations of dislocations termed as 
dislocations of lower energy structures [8-11]. 
 
II. EXPERIMENTAL DETAILS 
 
Specimen cutting, heat treatment, hardness estimation 
and microstructure analysis. For Specimen 
preparation, 10 mm x 10 mm x 40 cm length of Al-
0.9Mg-0.5Si-1.10 Fe-0.35Ca aluminum-alloy was 
taken (Extruded, T6 condition). 18 specimens of 
dimension 10 mm x 10 mm x 10 mm were cut using 
hacksaw for experiment from the as received Al-
alloy. 
 

Table 1: Chemical Composition of Al-0.9Mg-0.5Si-
1.10 Fe-0.35Ca Al-Alloy 

 
 
To analyze the microstructure of the specimen, 
initially, the belt polishing at one surface of the 
specimen was performed. After that, the specimens 
were polished with emery papers of grades 400, 600, 
1000 and 1200. Finally, the fine polishing was carried 
out by using diamond paste and cleaned with water. 
After polishing, the specimens are etched using 
solution prepared from Hydrofluoric acid, 5 ml 
Hydrochloric Acid, 5 ml Nitric Acid, 5 ml Methanol 
and water, further  the microstructures are observed 
with the help of the Trinocular Metallurgical 
Microscope at different magnifications. Initially the 
18 specimens are taken and kept in muffle furnace at 
510 ºC for 3 hours and 30 minutes for solution 
treatment. After completion of heating, the specimens 
are taken from the furnace and quenched into water. 
Brinell Hardness Tester is used to measure the 
hardness of solution treated and aged specimens. 
After the completion of solutionizing, for the purpose 
of aging, among those 18 specimens, 6 specimens are 
kept in muffle furnace at 110 oC and next 6 
specimens at 120 oC and the remaining last 6 
specimens at the 130 oC at different times of intervals 
respectively. After completion of heating, the 
specimens are taken out of the furnace and allowed to 
cool in air upto room temperature. After aging 
treatment, the hardness values were measured using 
Brinell Hardness Testing Machine. Lastly, the 
microstructures were found for the highest hardened 
specimen. 
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Table 2: Process variables for aging of Al-0.9Mg-
0.5Si-1.10 Fe-0.35Ca Aluminum alloy.  

 
 
III. RESULT AND DISCUSSION 
 
Hardness Measurements: 

 
Table 3: Hardness values of Al-0.9Mg-0.5Si-1.10 

Fe-0.35Ca 

 
 

 

 
Fig.1: Optical Microstructures of aluminum alloy, (a) 

Untreated at 200X, (b) Aged at 130 ˚C for 16 hours, 200X. 
Aging curves of Al-0.9Mg-0.5Si-1.10Fe-0.35Ca  
 
Aluminum alloy: 
 

 
Fig.2: Hardness vs aging time plot at temperature 110 ºC. 

 

 
Fig.3: Hardness vs aging time plot at temperature 120 ºC. 

 

 
Fig.4: Hardness vs aging time plot at temperature 130 ºC. 

 

 
Fig.5 Hardness vs aging time plot at temperature 110 °C, 120 o 

C, 130 o C. 
 
Fig. 1 (a) is the optical microstructure of aluminum 
alloy and Fig. 1 (b) is the microstructure aged at 
130 C̊ for 16 hours, this microstructure reveals 
maximum number of Mg2Si precipitates embedded in 
the aluminum matrix which are playing important 
role in the hardening process of alloy. Fig.2-5 shows 
the relation between the hardness and aging time. It 
indicates the increasing hardness with increasing time 
and temperature because of formation of precipitates 
of Mg2Si intermetallic compound. As aging 
temperature increases, the hardness increases and also 
the peak hardness shifts to shorter time of aging. 
After reaching a certain value of harness it decreases 
with time because of the overaging causes the 
dissolution of precipitates in matrix of aluminum and 
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coarsening of precipitate particles take place resulting 
loss in coherency between precipitate particles and 
matrix. The peak hardness values for aging at 110 ̊C, 
120 ̊C and 130 ̊C are observed 34, 37 and 41 BHN 
respectively. The maximum hardness 41 BHN is 
observed for specimen aged at 130 ̊C for 16 hours. 

 
IV. DISCUSSIONS 
 
The hardness values of aged specimens are found 
increasing with increase of aging time. This is 
because of formation precipitate (Mg2Si) which is 
coherent with the matrix. As precipitate grows, it 
creates strain in the matrix material. When rate of 
formation of precipitate is slow then the hardening of 
the material is termed as strain hardening. When the 
formation of precipitate is faster, then the hardening 
phenomenon is termed as age hardening. The 
hardness and strength increases by increase in amount 
of precipitate. But the hardness increases up to certain 
level after that hardness start decreasing with 
increasing aging time. The hardness value of as 
received specimen is 28BHN. The specimens are 
solution treated at 510 C̊ for 3 hrs 30 minutes. The 
specimen which was aged at 130°C for 16 hrs, the 
hardness value of the specimen is 41 BHN. The 
hardness values for the specimen aged at 110 ̊C for 16 
hrs, and 125 ˚C, 12 hrs are 34 and 37 respectively. 
The most desired hardness value is obtained from the 
specimen aged at 130 ̊C for 16 hrs. The aging 
characteristic is represented in the figure 5. The aging 
treatments are 510 ˚C, 3 hrs 30 minutes solution 
treatment and aged at 130 ̊ C for 16 hrs. The 
precipitates restrict the dislocations moment, 
according to the critical radius phenomenon in 
precipitate growing above the critical radius 
precipitates are stable and below the critical radius 
most of the precipitates will be unstable and 
dissolved. At higher aging temperatures, precipitates 
of larger sizes are formed due to the large critical 
radius. With the soaking time, precipitates are grown, 
however over- aging causes decrease of hardness and 
strength. For longer aging time, precipitate particle 
becomes coarser resulting loss of coherency. 
Hardness decreases because of loss of coherency 
between precipitate particles and matrix.  
 
 
CONCLUSIONS 
 This study related to low temperature aging 

presented a positive effect of hardness of Al Al-
0.9Mg-0.5Si-1.10 Fe-0.35Ca alloy. 

 This study identified the hardness behavior in 
different aging times at the temperatures of 110 

ºC, 120 ºC and 130  ºC. 

 The peak age hardening is achieved at 130 ºC 
for 16 hours of aging time. It showed that 16 
hours of aging time can exhibit a maximum 
hardness of 41 BHN measured on Brinell 
hardness tester.  

 The aging treatments are 510 ºC, 3 hrs 30 
minutes, solution treatment, then at 130 ºC, 16 
hrs aging. 

 The decreasing hardness is observed for the 
time periods more than 16 hours. The lowest 
hardness is found to be 35 BHN. At that point, 
the softening has been taken place because of 
precipitate coarsening which led to loss in 
coherency between precipitate and matrix. 

 As temperature increases, the peak hardening 
shifts to shorter time of interval. 

 The value of hardness increases with increase in 
temperature. 

 This investigation shows that peak hardness can 
be obtained even at low temperature at 130 ºC in 
16 hours of aging time. 
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