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Research Progress in Bi-Sn Low-melting-point Alloys for Plugging
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Abstract: With the increment engineering demands in the energy and environmental sectors, traditional sealing materi-
als show limitations in service reliability and environmental compatibility. Low-melting-point alloys emerge and exhibit
potential advantages in terms of rapid response and reliable sealing due to the low melting points, rapid solidification,
and excellent stability. The research progress in Bi-Sn alloys for plugging was reviewed, and the solidification expan-
sion mechanism, melting behavior, wettability, as well as mechanical properties were emphasized. The regulation
effects of additions of alloying elements and nanoparticle on microstructure and performance of alloy were also dis-
cussed. The results indicate that composition design and process control can affect the solidification expansion behavior
of Bi-Sn alloys. Trace element or nanoparticle additions can improve wettability and enhance interfacial bonding
strength. The mechanical properties of Bi-Sn alloys achieve a balance between strength and toughness through solid-

solution strengthening, dispersion strengthening, and grain refinement.
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Fig.2 SEM images of alloy solidified in different areas of pipeline "'
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Tab.1 Solidus temperature, liquidus temperature, and solidifi-

cation interval for various Bi-Sn alloys 2"

A EMZE W& X

R i /°C JiE /°C i) /C
Bi-425n 139.0 143.1 41
Bi-455n 138.0 144.0 6.0
Bi-41.55n-0.5Ti 138.9 142.7 3.8
Bi-41Sn-1Ti 139.1 143.4 4.3
Bi-41.95n-0.1Ag 136.2 139.7 3.5
Bi-42Sn-0.4Ag 137.0 142.0 5.0
Bi-41.55n-0.5Ag 135.7 138.2 2.5
Bi-41Sn-1Ag 137.0 142.0 5.0
Bi-40Sn-2Ag 139.1 145.4 6.3
Bi-38Sn-4.0Ag 138.1 145.5 7.4
51'41('§§“2'3§§:2)'1RE 136.6 139.1 2.5
B(IRLL}:liS?eOIH;E 136.2 139.7 3.5
Bi-40Sn-1Ag-1In 133.0 137.0 4.0
Bi-38Sn-2Ag-2In 131.2 136.0 4.8
Bi-38Sn-1Ag-3In 125.0 133.0 8.0
Bi-40Sn-2.0In 129.8 135.0 5.2
Bi-39Sn-3.0In 119.9 140.5 20.6
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Tab.2 DSC datas of Bi-42Sn-xMg composites '*'

G4 W /C
Bi-42Sn 144.7
Bi-428n-0.1Mg 1445
Bi-42Sn-0.2Mg 143.6
Bi-42Sn-0.4Mg 143.4
Bi-42Sn-0.6Mg 143.0
Bi-42Sn-0.8Mg 142.4
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