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Rapid solidification and phase separation of micro spot weld joint of
rapidly solidified Fe-Cu peritectic alloy foils

ZHAI Qiu-ya, ZHANG Xing, XU Jin-feng, GUO Xue-feng

(School of Materials Science and Engineering, Xi’an University of Technology, Xi’an 710048, China)

Abstract: The spot welding of rapidly solidified Fe-Cu alloy foils with 35-45 um in thickness was conducted using a
mini-type capacitor discharge welder. The microstructure of nugget was observed. The cooling rate and the temperature
gradient of nugget were analyzed theoretically and the relationship between the microstructure and property of the joint
was investigated. The results indicate that the capacitor discharge welding can realize the spot weld of rapidly solidified
Fe-Cu alloy foils, and a regular oblate spheroid nugget with 34 um in diameter and 30 um in thickness forms. The cooling
rate of nugget is up to10° K/s, and the microstructure of nugget is characterized by rapid solidification. The liquid
separation takes place in micro nugget during rapid solidification. The Fe-rich droplets move toward the center of the
nugget resulting from Marangoni migration driven by temperature gradient, leading to the formation of microstructure of
second phase segregating in the nugget center. With increasing temperature gradient, the growth velocity of the droplets
increases linearly. The shearing strength of the joint is up to 241 MPa.
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Fig.1 Phase diagram of Fe-Cu binary alloy
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Table 1 Thermal physical parameters used in calculation

Heat transfer Heat transfer L .
Alloy Latent heat of Liquidus Solidus

. coefficient of melt, coefficient of solid, . o
composition fusion, AH/(J-kg ')  temperature, 71/K temperature, Ts/K

o/(ms ) as/(ms )
Fe-60%Cu 13.63 23.46 233X10° 1698 1369
Interfacial tension
Thermal conductivity Thermal conductivity dr Viscosity of Viscosity of
of melt, k/(K-m™) of droplet, k/(K-m ") gradient, a7 /Nm ' K™)  melt, p/(N-sm™)  droplet, #’/( N-s-m?)

375.335 95.973 4.65%X107* 3.05X107* 3.65X 107
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