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Study on Microstructure and Properties of TA12A Titanium Alloy Brazed Joints
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[ABSTRACT] This study investigated the vacuum brazing performance of TA12A titanium alloy using three types of
filler metals: Ti57CuZrNi (1#), TiZrCuNiAg (2#), and ZrTiNiNbCuCo (3#), with a brazing process of 930 °C /45 min. The
effects of brazing thermal cycles on the microstructure and properties of the base metal were analyzed, and the microstructures
and mechanical properties of the brazed joints corresponding to each filler metal were studied. The results indicate that the
brazing thermal cycle (930 °C /45 min) did not induce phase transformation in the base metal. However, the equiaxed o -phase
grain size increased, leading to an 8.8% reduction in hardness. The room-temperature and 500 °C tensile strengths decreased
by 3.65% (from 959 MPa to 924 MPa) and 4.81% (from 644 MPa to 613 MPa), respectively. All three filler metals achieved
excellent metallurgical bonding at the joint interfaces. The brazed seams primarily consisted of o—Ti, (Ti, Zr),(Cu, Ni) and
a small amount of B—Ti. Notably, the joint microstructure of the 3# filler metal exhibited finer and more homogeneous
grains with a distinct diffusion reaction zone. Mechanical property testing revealed that the 3# filler metal joints achieved
maximum tensile strengths of 924 MPa at room-temperature and 606 MPa at 500 °C , reaching 96% and 94% of the base

metal’s respective strengths. The high-temperature fractures consistently occurred in the base metal region, indicating

i HEA: 2025-06-23; IR1E HHA: 2025-08-18; T HHA: 2026-04-30
WISVES : Hoih  WFFE 5L, T, 2 S 2 U 4 SR A BT I8 S 4 U R AR ST -

168 WizsiEEA - 20264 5698 55 1610]



PN
RESEARCH mﬁrﬁx

superior comprehensive performance compared to the other two filler metal joints. Fractography analysis demonstrated

brittle cleavage fracture in all joints, but the 3# filler metal exhibited a more uniform microhardness distribution. The

comprehensive experimental results demonstrate that the self-developed ZrTiNiNbCuCo (3#) filler metal demonstrated

optimal performance in vacuum brazing of TA12A titanium alloy, achieving high-strength brazed joints. This study provides

critical technical insights for the welding manufacturing of complex thin-walled titanium alloy structures in aero-engines.

Keywords: TA12A titanium alloy; Vacuum brazing; Microstructure; Mechanical properties; Filler metal; Fracture analysis
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Fig.6 Backscattered electron images of TA12A titanium alloy brazed joints with different filler metals
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Fig.7 Backscattered electron images of TA12A titanium alloy brazed joint using filler metal 2#
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Fig.8 Elemental mapping results of the microstructure of TA12A

titanium alloy brazed joints
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