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Abstract

F91/ERNiCr-3 dissimilar metal buttering interfaces exhibit pronounced gradients in composition, microstruc-
ture, phase constitution, and thermophysical properties, making them potential weak regions during high-
temperature service. At the microscale, such an interface should not be regarded as a geometrically sharp
line, but rather as a fusion region or compositional transition zone with a finite spatial extent. The true fu-
sion line, defined as the boundary of this region closest to the unmelted F91 base metal, provides an essential
spatial reference for interpreting the interfacial thermal history, metallurgical zoning, and carbon-migration
behaviour. However, in previous studies, the fusion line has commonly been identified from the apparent
boundary revealed by metallographic etching or electropolishing, although whether this boundary truly cor-
responds to the actual melting boundary remains insufficiently verified.

In this study, FeCl; etching, electropolishing, microhardness-indent spatial marking, EDS, EBSD, JMatPro
calculations, and in-situ high-temperature observation were combined to investigate interfacial macrosegre-
gation, the location of the true fusion line, and the high-temperature phase stability of the partially mixed zone
(PMZ) in F91/ERNiCr-3 TIG buttering. The results show that the TIG-buttered interface is not a uniform single
structure, but mainly consists of PMZ-free ordinary interface segments and PMZ-containing macrosegregated
interface segments, which account for approximately 24.2% and 75.8% of the interfacial length, respectively.
The boundary revealed by FeCl, etching mainly reflects differences in corrosion response, whereas the bound-
ary observed after electropolishing primarily corresponds to the bee/fcc phase boundary. Therefore, neither
boundary should be directly equated with the true fusion line.

By correlating microhardness-indent markers with EBSD grain morphology and EDS Ni distributions, the
true fusion boundary was found to lie on the F91 base-metal side of the conventionally etched boundary.
This finding further reveals a previously overlooked F91 unmixed zone (UMZ) between the CGHAZ and the
PMZ/TZ. This zone exhibits solidification-related microstructural features, and its formation can be attributed
to insufficient mixing within the molten-pool boundary layer. Further analysis indicates that, although the



PMZ retains a bcc structure at room temperature, local Ni enrichment lowers its Ac1 temperature to approxi-
mately 300-400 °C, below the typical service temperature of 541 °C. In-situ high-temperature observation also
revealed microstructural changes indicative of possible solid-state transformation. This study clarifies the
differences among the apparent etched boundary, the phase boundary, and the true fusion line, providing a
more accurate metallurgical basis for interfacial microstructure identification, carbon-migration analysis, in-
terpretation of retained high-temperature ferrite, and service-risk assessment of F91/Ni-filler dissimilar metal
joints.
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