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In this study, the round dumb-bell specimens (Figure lc) were used as a stress component
prepared by CNC turning machine (ASTM standards). Tensile test of a round dumb-bell specimen
was done using Instron 8500 tensile machine. To ensure the roundness of gauge length uniformed
and free from any scratches, the sample was clamped to chuck of the drill bench and abraded with
2000 grit abrasive paper followed by polishing process with 0.3 I!m oil based diamond polishing
agent. Prior to stress component testing, the 0.2 % strain offset line was constructed parallel to the
elastic portion of the stress-strain curve which indicates the yield strength of the alloy.

Two types of heat treatment were employed to the wrought 6061 aluminium alloy; they are
conventional method and Retrogression and Re-ageing (RRA) technique. The retrogression
process was carried out using stirred oil bath, which placed on the hot plate as a medium to heat
the specimen. A stirrer motor was used to distribute the heat homogeneously in the oil bath. A
portable thermometer was immersed in the oil bath to control an accurate of the desired
temperature. When achieved the desired temperature, the specimen was immersed in the oil at
certain durations. Upon completion of the retrogression treatment the specimens were rapidly
removed from the oil bath and placed them into the water at room temperature. After the
retrogression process had been completed, the specimens were then brought to following process,
which was the re-ageing process. The specimens were re-ageing in an electric oven at 120°C for
long time period, before air cooling. All of the specimens by RRA treatment were then stored in a
refrigerator to minimize natural ageing effect. .

One of the specimens was treated into over-aged condition by ageing at approximately 176°C
for 5 hours in an air circulating oven. Tests were conducted on the material in five different
conditions as presented in Table 2. The performance of the T6 temper, RRA technique and over
ageing heat treatment were assessed by changes in mechanical properties and microstructures. For
microstructural characterizing, all of the fractured surfaces of round dumb-bell specimens were
investigated using Scanning Electron Microscopy (SEM).

Table 2: Codes Defining the Test Condition ofDifferent Heat Treatments Process of Wrought
6061 Aluminium Alloy.

Code of Rectangular Test Condition
Shape

RS 1 As-extruded specimen

RS 2 T6 temper - solution heat treatment, (SHT) at 490°C for 30 minutes
and quenching in water then followed by precipitate hardening at
120°C for 26 hours.

RS 3 T6 tempt:!' then Retrogressed at 160°C for 29 minutes followed by
Re-ageing at 120°C for 38 hours

RS 4 T6 temper then Retrogressed at 220°C for 0.5 minutes followed by
Re-ageing at 120°C for 24 hours

RS 5 T6 temper then over-ageing, (TI) at 176°C for 5 hours

Results and Discussion

Code of Round
Dumb-bell

DB 1

DB2

DB 3

DB 4

DB5

Based on the metallurgical analyses of selected heat treatment process to the wrought 6061
aluminium alloy specimen (Figure 2), it shows that this alloy product has highly directional grain
structure. The directional effects are related to the direction of extrusion and exhibited a fibrous
grain structure. The highest resistance ratings of test direction of metals, especially wrought
aluminium alloys to the extrusion bar product should be in longitudinal (L), followed by long
transverse (LT) and lastly short transverse (ST). Grain coarsening increased proportionately with
increasing of time and temperature (Hatch, 1995). Thus, the grain size produced by over-ageing
specimen shows larger compared to the other specimens.
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