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Effect of aluminum surface treatment on structures and properties of
liquid-solid diffusion bonding interface of AM60/A390
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Abstract: The die-casting is a new magnesium/aluminum dissimilar welding process via casting liquid Mg alloy onto
solid Al alloy substrate. The process of removing the oxide layer on solid Al substrate surface was investigated, and on
this basis, the melt magnesium alloy AM60 onto solid aluminum alloy A390 was overcastted by using home-made
liquid-solid bimetal composite device. The experimental results indicate the surface treatment effectively removes the
nature oxide layer on solid Al substrate surface, meanwhile, a layer containing La,O; forms on the substrate surface. On
the one hand, the coating can make aluminum alloy avoid re-oxidation. On the other hand, the La,0; in the coating can
improve the structure and the bonding strength of the interface of AM60/A390 bimetals. The optimal shear strength of
diffusion bonding is achieved 60.6 MPa. After solution treatment, the shear strength increases to 84 MPa.
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Table 1 Chemical composition of alloys (mass faction, %)
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¥ 2.5 g AM60 BE55 4 BN AR 6 mm [FIA7 S8 T ST 48 7
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Mass fraction/%
Alloy
Al Mg Mn Si Cu Ni Fe Ti Zn
AMO60 5.6-6.4 Bal. 0.26-0.5 <0.05 <0.02 <0.001 <0.004 nla nla
A390 Bal. 0.8-1.2 <0.1 16—-18 4-5 nla <0.5 >0.2 >0.1
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Fig. 1 Schematic diagram of Mg/Al dissimilar metal liquid-solid bi-metallic test: (a) High vacuum tube furnace test apparatus for

bi-metallic experiments; (b) Shear strength test setup for bi-metallic samples
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Table 2 Chemicals and conditions for zincate + galvanizing treatment

Procedure Chemical and operating condition
Degrease C3H;50, room temperate, ultrasonic cleaning for 5 min
Alkali etching NaOH, NaF, 60—80 C,5-10s
Pickling HNO3;, HF, room temperate, 5-10 s

Zincate immersion

Zinc galvanizing

NaOH, ZnO, KNaC4H,4O¢4H,0, FeCl;-6H,0, 18-25 C, 60 s (first immersion), 30 s (second immersion)
KCl, ZnCl;, HBO;, LaCl, 0.5-5 A/dm?, 20-45 °C, 15-25 min
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Fig. 2 EDS and XPS results of
galvanized coating: (a) SEM images of
galvanized coating; (b) Surface scanning
results of La element; (c) XPS result of

La element in galvanized coating
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Fig. 3 Interfacial wetting between AM60 magnesium alloy and A390 aluminum substrate bi-metallic samples by different

treatments: (a) Zn plating treatment; (b) Zn+La,0O; plating treatment
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Fig. 4 SEM images and EDS test results of
AMO60/A390 bi-metallic samples: (a) SEM

image, Zn plating treatment; (b) SEM image,
plating treatment: (c) Surface scanning of Mg
element; (d) Surface scanning of Al element;

(e) Line scanning of interface
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Fig. S SEM image and La element distribution at grain
boundaries between primary a-Mg and eutectic Mg;Al,:
(a) SEM image; (b) Surface scanning results of La element

FEIE a-Mg HITHT 20 T B0 A4 .
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Fig. 6 Interfacial shear strength of AM60/A390 bi-metallic
samples after different surface treatments: (a) Zn plating
treatment; (b) Zn+La,05 plating treatment
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Fig. 7 SEM fractograph of AM60/A390 bi-metallic samples
after Zn+La,0; plating treatment
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Fig. 8 SEM images and shear strength test results of AM60/A390 bi-metallic samples solution treated by different process:
(a) SEM image, without solution treated; (b) SEM images, (425 “C, 3 h, air-cooled); (¢) SEM image, (425 C, 6 h, air-cooled);  (d)

Shear strength test results
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