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Interfacial Regulation and Atomic Diffusion in TA1 Brazed with Al/Ag/Al solder
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Advanced Welding Materials, Zhengzhou 450001, China
Abstract: This study addresses the issues of easy oxidation and base metal damage in conventional brazing of titanium al-
loys by proposing an in-situ synthesized Ag-Al-based filler (Al/Ag/Al sandwich structure) for low-temperature brazing of
TA1 pure titanium. Combining molecular dynamics simulations and vacuum brazing experiments, the atomic diffusion
mechanisms and interfacial reaction behaviors in the Ag-Al-Ti system were systematically investigated. Molecular dynamics
simulations using the EAM potential revealed that Al atoms, due to their smaller atomic radius (1.43 A) and lower diffusion
activation energy (Q=36.227 kJ/mol), dominate the penetration into a-Ti via interstitial diffusion, preferentially forming TiAl
5 intermetallic compounds. In contrast, Ag atoms exhibit a higher diffusion activation energy (Q=87.42 kJ/mol) and a signifi-
cantly lower diffusion coefficient than Al atoms. Simulation trajectories showed that the diffusion paths of Al atoms follow a
regular zigzag pattern within the Ti lattice, while mutual Al-Ag diffusion at elevated temperatures leads to the formation of a
disordered amorphous phase. Radial distribution function (RDF) analysis confirmed enhanced Al-Ag bonding interactions
with increasing temperature. Experimental validation under the optimized brazing condition (1 073 K/30 min) produced
defect-free joints with a typical microstructure of TA1/TiAls + Ag(ss,Al)/TAl. The TiAls phase contributes to strength im-

provement through dispersion strengthening, and the Ag(ss, Al) solid solution fills interfacial gaps. Mechanical tests demon-
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strated that the brazed joints using the Ag-Al filler exhibit higher shear strength than those using pure Ag or Al interlayers

via diffusion bonding. Fracture analysis indicated a mixed failure mode of ductile and intergranular fracture. This filler de-

sign effectively reduces the brazing temperature (below the p-transus point) while improving joint reliability, providing

atomic-scale insights for low-temperature and high-efficiency joining of titanium alloys.
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