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Effects of Ultrasonication and Argon Cooling on the Microstructure and
Segregation of 2219 Aluminium Alloy
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Abstract: As an important alloy widely used in the aerospace and automobile manufacturing industries, 2219 aluminium
alloys are prone to hole shrinkage, second-phase aggregation, and macroscopic segregation of ingots produced under
general gravity casting conditions. In this study, 2219 aluminium alloy ingots were prepared by combining the
ultrasound-assisted treatment of melt and argon cooling under high-purity atmosphere protection. The effects of
ultrasonication and argon cooling on the solidification structure and macroscopic segregation of 2219 aluminium alloy were
studied by spectrometer, OM, SEM, etc. The experimental results show that under high-purity atmosphere protection,
ultrasonication has a good effect on refining grains and homogenizing the second phase in 2219 aluminium casting, and
there are no loose shrinkage defects in the microstructure. When ultrasonication and argon cooling are applied together, the
grain refinement and second-phase homogenization of the ingot are improved, and the average grain size is reduced by
43.5%. Due to the cavitation effect of ultrasound, the nucleation of the melt is accelerated, promoting the solid solution of
more solute elements in the aluminium matrix. At the same time, under the disturbance effect of cavitation fragmentation
and sound flow, the second phase structure is finer and more uniform, and the macroscopic segregation is greatly improved.
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Fig.1 Schematic diagram of the multifunctional vacuum casting
experiment
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Tab.1 Chemical composition of the 2219 aluminium alloy
(mass fraction/%)

Cu Mn Si Zr Fe Mg Zn Ti Al
6.12 026 004 0.12 0.06 <0.02 <0.02 0.10 Bal
FI o8 75 S AT R A PRV I LA 250 mm, 468 5
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BHRMEER), WH L M 15 L/min, £F 42 20 min,
R R FEIR DU A AT 75 A0 B DL R D8 B I 5 8
ST A AV MRV RO B Bt 4 A SEE Ak 2
PR .
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Tab.2 Experimental conditions for the samples
Variant Group 1 Group 2 Group 3 Group 4
Ultrasonic treatment No Yes Yes No
Argon cooling No No Yes Yes
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Fig.2 Schematic of the sampling
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Fig.3 2219 Metallographic microstructure at the bottom center of the ingot: (a) Group 1; (b) Group 2; (c) Group 3; (d) Group 4
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Fig.4 Grain size of the 2219 aluminium alloy ingot
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Fig.5 Macroscopic grain morphology of the top cross-section of
2219 aluminium alloy ingots under ultrasonic and argon cooling
conditions: (a) cross-sectional macroscopic grain morphology;
(b) 3.5x magnification at section edges; (c) 3.5x magnification at
the center of the section
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Fig.6 Metallographic microstructure at the bottom centre of the
2219 aluminium alloy after normal gravity casting
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Fig.7 Microstructure of the second phase at the bottom center of the 2219 ingot: (a) Group 1; (b) Group 2; (c¢) Group 3; (d) Group 4;
(e) 500x magnification for the Group 1; (f) 500x magnification for the Group 2; (g) 500x magnification for the Group 3; (h) 500x
magnification for the Group 4

Pl 8 Sy oA 75 Ak 3 HLR 28 SRV H Y 5 BE IS T
H AR —AHZH S EDS BETE AT 4R 2K 3 i

€ 8 EDS JLR /3 T b iE s
Fig.8 Calibration points for EDS elemental analysis
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Tab.3 EDS point element analysis results
(atomic fraction/%)

Elemental Spectrum 1 Spectrum?2 Spectrum3 Spectrum4 Spectrum 5

Al 74.38 7591 75.49 73.20 72.32
Cu 25.62 24.09 2451 26.80 27.68
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Fig.9 Relative segregation rate of Cu in 2219 ingots: (a) axial; (b) radial
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