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Abstract - This work was aimed at investigate the mechanical properties of rolled and semi-solid casted aluminium alloy 
2024, T6 heat treatment as follows : solution treated at 505 ºC for 4 h followed by quenching in water at room temperature 
and then artificially aged at 190 ºC for 12 h,15 h and 18 h, was carried out Rockwell hardness scale B (HRB) and tensile 
tests were investigated for mechanical properties. Optical Microscope was used to illustrate the microstructure. It was found 
that maximum hardness was observed at 15 hours aging time for both Al2024.Maximum strength of rolled Al2024 was 
found to higher than that of semi-solid casted Al2024. It might due to influence of cold work of the rolled Al2024. 
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I. INTRODUCTION 
 
The use of aluminium alloys in industry  are widely 
and replacing steel usage in aerospace and aviation 
industries owning to their light weight, excellent 
thermal stability, and good corrosion resistance and 
high strength/ density ratioetc. [1-2]  
 
The strength of the Al alloys were usually come out 
with heat treatment processes.In heat treatment 
process, the second phase was precipitated within 
matrix phase. The values of hardness and strength 
increase as a result of a new precipitate due to period 
of time and heat from supersaturated solid solution. 
[2,3] Alloy 2024 is an aluminium alloy which 
containing copper, magnesium, manganese some 
minor alloying elements.  
 
It’s used in engineering applications widely such as 
aeroplane constructions, orthopaedic soles, rivet and 
pulling wheels.[2,4] The strength of alloys arises 
mainly from the nanoscaled precipitates as a results 
of natural or artificial aging. After solution treating, 
quenching and aging S phase (Al2CuMg) was 
identified as the equilibrium phase of the aluminium 

alloy 2024. The several stages were typically given as 
the following sequence [5-7]: 
 
SSS → G.P. zone → S′′→ S′→S  
 
The investigation of serveral aging times and 
temperature on mechanical properties of Aluminium 
alloy 2024 has been reported by Y.C. Lin et al [8]. 
However, studies of aging influence on semi-solid 
casted Aluminium Alloy is very rave. Therefore, the 
present study, influence of T6 heat treatment was 
investigated on rolled and semi-solid casted Al2024. 
 
II. MATERIAL AND METHODS 
 
2.1. Materials 
Rolled 2024 Aluminium Alloy with a dimension of In 
the present study, the raw material with a dimension 
of 370 mm x 370 mm x 12 mm  
semi-solidcasted aluminium alloy with a dimension 
of 100 mm x 100 mm x 20 mm were used in this 
study.The composition of the  rolled plate and  semi-
solid casted 2024 aluminium alloy was provided in 
Table 1.andTable 2. 

 

Element Cu Mg Mn Si Fe Zn Al 
Content 4.56 1.57 0.65 0.50 0.50 0.04 Bal. 

Table 1 :Chemical composition of  Rolled 2024 aluminium alloy (wt%) 
 

Element Cu Mg Mn Si Fe Zn Al 
Content 5.09 1.67 0.63 0.40 0.33 0.04 Bal. 

Table 2 : Chemical composition of  2024 Semi-solid casted aluminium alloy (wt%) 
 

2.2 Samples preparation 
Artificial aging (T6) of the alloy was performed using 
an electric muffle furnace. The aging specimens were 

cut with a dimension of 10 mm x 20 mm x 12 mm by 
Horizontal Band Saw machine. Tensile test 
specimens were cut by wire electrode into shape 
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according to the ASTM E8 specification. The 
specimens were solution treated at 505 ºC for 4 hrs, 
and quenched in water at room temperature. 
Thereafter artificially aged at 190 ºC for 12, 15 and 
18 hrs and quenched in water at room temperature 
was carried out. 
 
2.3 Characterization of materials 
The sample for optical microscopic examination were 
prepared using conventional metallographic 
techniques and alumina powder. The aged specimens 
were evaluated in hardness, Rockwell Scale B, and 
tensile strength. 
 
III. RESULTS AND DISCUSSION 
 
Fig.1 showed microstructure of as receives (a) rolled 
Aluminium2024and (b)semi-solid casted aluminium 
2024priorto process of heat treatment. It was obvious 
that microstructure was different. Fig.1a. Showed the 
columnar grains of rolled Aluminium while Fig.1b 
illustrated the globular structure of semi-solid casted 
Al2024.However, both structures were consisted of 
primary phase α-Al and eutectic mixture of Al and 
Cusurroundingaround grain boundaries. 

 

 

 
Fig.1.As receivesmicrostructure of (a)rolled Aluminium alloy 

2024 and(b) semi-solid castedaluminium alloy 2024 

.  

 
Fig.2. Microstructure of samples after solution treated (a) 

rolledAluminium Alloy 2024 and (b) semi-solid 
castedaluminium alloy 2024 

 
Fig.2Show themicrostructure of samples after 
solution treated at 505 ºC for 4 hrs. Both 
microstructureswere consisted of α-Al and secondary 
phase (Al2Cu) in which secondary phase 
(Al2Cu)locatedalong the grain boundary becomes 
discontinuous and round in shape. It was considered 
that secondary phase (Al2Cu) was dissolved into the  
α-Almatrix. After quenching the soluted atoms in the 
matrixwere in the supersaturated condition and tend 
to precipitate out duringfurther aging stage.It can be 
observed from Fig.3that specimen’s hardness was 
increased as aging time increase due to increasing of 
precipitate phase. The hardness was found to reach 
the highest around 15 hours aging time with 81 HRB 
for rolled Aluminium 2024.  
 

Aging time (hrs) 
Rockwell Hardness (HRB)

Rolled plate Semi-solid cased

As received 76 36

12 76 72

15 81 80

18 69 73
Table 1 : Rockwell hardness (HRB) of rolled plated and semi-

solid casted aluminium alloy 2024 
 
Table 1 shows the Rockwell hardness scale B (HRB) 
of rolled and semi-solid  casted aluminium alloy 2024 
that was solution treated at 505 ºC for 4 hoursan 
followed by quenching in water temperature and 
aging at 190 ºC for 12, 15 and 18 hours. The hardness 
of rolled Al2024, as solution treated samples, was 
quite higher that of semi-solid cased Al2024. It 
should be due to cold work effect on the rolled 
Al2024. The hardness was becomed maximum at 15 
hours aging time for both of Al2024 with closed 
value of maximum hardness. Then, when time aging 
further increaseto18 h,the hardness was revealed to 
over aging caused by coarsening of precipitate. 

 
Fig.3.Effects of aging time on the Rockwell hardness (HRB) of 

rolledand semi-solid casted aluminium alloy 2024 
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The initial increase in hardness wasexplained by the 
diffusion from secondary phase (Al2Cu) particles. At 
the beginning of aging treatment the soluted atoms 
diffuse and locally cluster to form the GP-zone 
throughout in the matrix.The GP-zone yielded 
mechanical property improvement due to the higher 
stress required to force dislocation through the 

coherent zone.With increase aging time the GP-zone 
was transformed and the intermediate sʹ precipitates 
might be formed. Along the aging time, the 
intermediate precipitate phases were growed and 
transformed, finally, to s phase incoherent.As the s 
phase growingnumber of dislocation was decreased 
and resulting to drop of hardness.[9] 

 

Heat treatment σmax(Mpa) EL(%) HRB 

As received Rolled of Al2024 
 

470 
 

18 
 

75 
SST at 505 ºC / 4h and 

190 ºC / 15 h 
 

483 
 

15 
 

81 
As Casted of Semi-solid 

Al2024 
230 33 37 

SST at 505 ºC / 4h and 
190 ºC / 15 h 

395 11 80 

Table 2 : Ultimate strength (σ), Elongation (EL) and Rockwell Hardness (HRB) of rolled and semi-solid casted aluminium alloy 
2024 

 
Fig.4 to Fig.5 showed the microstructure of samples 
aging for rolled and semi-solid cased aluminium alloy 
2024, respectively. It was revealed that 
microstructure of solution treated specimens, Fig. 4 
(a) and Fig.4 (a) indicated the small eutectic phase 
along the grain boundary. The eutectic phase was 
considered to dissolve into α-Al during solution 
treatment. The phase transformation to form 
secondary phase (Al2Cu) during aging stage yield 
fine and disperse of secondary phase (Al2Cu) 
(Fig.4(b)(c) and Fig.5(b)(c)) until reaching the 
maximum at 15 hour aging time. Then, it was found 
that coarsening of secondary phase (Al2Cu) was 
illustrated in Fig.4(d) and Fig.5(d)and lead todroping 
of mechanical properties.Table 2  showed results of 
tensile testson as received samples and maximum 
cases. It was shown that the strength and hardness of 
semi-solid casted Al2024 were improved by huge 
effect compare to the rolled Al2024.  
It may due to influence of cold work on rolled 
Al2024 that resulted in quite high strength and 
hardness for as received rolled Al2024. Ductility of 
specimen was found to drop in proportion of 
increasing of strength. Consequently, rolled Al2024 
exhibited remarkable higher strength than semi-solid 
cased Al2024. 
 

 

 

 
 

 
 

 
Fig.4. Microstructure of rolled aluminium alloy 2024 at the (a) 
Solution treated 505 ºc/4h and different aging time at 190ºc (b) 

12 h, (c) 15 h  and (d) 18 h (5X) 
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Fig.5. Microstructure of semi-solid casted aluminium alloy 

2024 at the (a) Solution treated 505 ºc/4h and different aging 
time at 190 ºc (b) 12 h, (c) 15 h and (d) 18 h (5X) 

 
IV. CONCLUSIONS 
 
Rolled and semi-solid cased Al2024 were T6 treated, 
the following conclusions could be drawn from the 
tested results: 

1. Strength and hardness of rolled and semi-solid 
casted Al2024 were increased as longer aging time 
and reached the maximum at 15 hours aging time 

2. Rolled Al2024 exhibited higher strength than semi-
solid casted Al2024 at 15 hours aging time. It could 
be considered as the influence of cold rolling 
processes. 
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