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Microstructure and properties of 6061 aluminium alloy processed by
multi-pass friction stir process
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Abstract: The 6061 aluminium alloy was modified by multi-pass friction stir process (FSP) by different cooling methods
at overlapping percentage of 50%. The mechanical properties, intergranular corrosion behavior and microstructure of
processed zone were investigated by tensile test, vickers hardness test, intergranular corrosion test, optical microscopy,
SEM and TEM observation. The results show that grain refinement is the most effective by multi-pass FSP by water
cooling and the ultrafine-grained microstructure is obtained. Comparing to FSP with air cooling, water cooling can
significantly reduce softening degree in stirred zones. On the basis of ensuring mechanical properties, the resistance of
intergranular corrosion is better by multi-pass FSP with water cooling.
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Table 1 Processing conditions of different samples

Sample No. Processing method Cooling medium
1 Single-pass FSP Air
2 Multi-pass FSP Air
3 Single-pass FSP Water
4 Multi-pass FSP Water
JSM-7001F
TEM 50 um 33% +67%
( JEM-
2100(HR)
1 mm
HV-1000
IN 10s
WDW-10
0.1 mm/s 10 kN
1(a) 1(b)

1

3% NaCl(

24 h

(b)

GB7998—87

Fig. 1 Schematic illustration of tensile specimen (Unit: mm):

(a) Sampling method; (b) Dimension of tensile specimen

)y+10 mL/L HCI

(3542)
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Fig. 2 Macroscopic morphologies of samples: (a) Surface morphology, sample 3; (b) Sectional morphology, sample 3; (c) Surface
morphology, sample 4; (d) Sectional morphology, sample 4

Fig. 3 Optical microstructures of different samples: (a) 6061-T4 aluminium alloy; (b) 6061-T6 aluminium alloy; (c) Nugget zone of
sample 1; (d) Nugget zone of sample 3
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Fig. 4 SEM image of 6061-T6 aluminum alloy (a) and EDS analyses of second phase particles (b)

Fig. 5 Optical microstructures of samples at different magnification and multi-pass FSP: (a) Lower magnification, sample 2;

(b) Lower magnification, sample 4; (c) Higher magnification, sample 2; (d) Higher magnification, sample 4
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Fig. 6 TEM images of different samples under different magnifications: (a) Lower magnification, T6 base material; (b) Higher
magnification, T6 base material; (c) Lower magnification, sample 2; (d) Higher magnification, sample 2; (e) Lower magnification,

sample 4; (f) Higher magnification, sample 4
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Fig. 7 Microhardness distributions in processed region of
T6 different samples: (a) Microhardness profile of single-pass
FSP samples; (b) Microhardness profile of multi-pass samples
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Fig. 8 Stress—strain curves of different samples
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Table 2 Mechanical properties of 6061 alloy after different

treatments
Sample Ultimate Elongation/ Microhardness,
P strength/MPa % HV
2% FSP 160 22.4
2% FSP 152 26.2
4* FSp 213 15.1
4* FSP 196 19.7
6061-T4 180 26.5 43.6
6061-T6 301 16.4 93.2
FSP
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9 T4
100 pm T6

L Vi 5
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- |

Fig. 9 Intergranular corrosion micrographs of different samples: (a) 6061-T4 aluminium alloy; (b) 6061-T6 aluminium alloy;

(c) Sample 2; (d) Sample 4
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