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Fig. S1 shows the original precipitates within the AA6061-T6 matrix. TEM observations of the base metal (BM) reveal needle-shaped precipitates and dispersoids. Energy dispersive X-ray (EDX) analysis indicates these dispersoids are Mn and Cr enriched (4.85% Mn, 4.94% Cr), and thus, they correspond to typical dispersoids as previously reported by other researchers [1, 2]. Regarding the nano-sized needle-shape precipitates, they usually form within 6XXX series aluminum alloys and are responsible for the alloy hardening. They are commonly referred to as the β″ phase [3, 4]. EDX results indeed confirmed they are Mg and Si rich.
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Fig. S1. (a) Bright-field (BF) TEM micrographs of AA6061-T6 in the as-received condition showing dispersoids (indicated by the black arrows); (b) Selected area electron diffraction (SAED) patterns in the matrix in AA6061-T6 showing β″ precipitates at higher resolution (SAED along [001] direction).
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	Welding Sample
[discharge voltage, initial air gap]
	Identified zone
	
Precipitate dissolution
	Transformation
	
Formation (area fraction %)
	Temperature range ( °C )*

	Sample 1 
[6.5kV, 3mm]
	IZ
	β″ and βʹ dissolution
	β″→βʹ, βʹ→β
	βʹ+β (1.02%)
	360-500℃

	
	AZ
	β″ dissolution 
	β″→βʹ
	βʹ (0.19%)
	250-360℃

	Sample 2 
[7.5kV, 4mm]
	IZ
	β″ and βʹ dissolution
	β″→βʹ, βʹ→β
	βʹ+β (1.65%)
	360-500℃

	
	AZ
	β″ dissolution
	β″→βʹ
	βʹ (0.24%)
	250-360℃

	Sample 3 
[8.5kV, 4mm]
	IZ
	β″ and β’ dissolution
	β″→βʹ, βʹ→β
	βʹ+β (0.09%)
	360-500℃

	
	
	β dissolution
	 β dissolution
	
	＞500°C

	
	AZ
	β″ dissolution
	β″→βʹ
	βʹ (0.77%)
	250-360℃


Table S1: The evolution of precipitates vs temperature in interface zone (IZ), shear and heat affected zone (AZ) for different welding cases.
*Temperature range based on [4-6].
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