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MANUFACTURING & MATERIALS

Background and Motivation

Industrial Problem: The current building code for hydrogen pipelines (ASME B31.12) does not consider the microstructural aspects in the weldments and their
iInfluence on hydrogen embrittlement (HE).

Project Goal: Provide a microstructure-based weld pathway for testing H2 pipeline weldments in air and gaseous hydrogen to support industry with a correlation
among welding parameters, filler chemistry, microstructure and mechanical performance to reduce the risk of hydrogen-related degradation.
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« W3-4 SE(B) specimens contain more reheated fusion zone (FZ) area than W1-2.
* Filler chemistry of W4 promotes acicular ferrite (AF) by including carbide formers
such as Ti, suppressing the formation of carbon-rich microstructure constituents.
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Conclusions and Future Work

« The simulated HAZ subzones average the lowest fracture toughness, while the weld metals showing comparable toughness to the base metals in gaseous hydrogen.
* The lower fracture toughness of W3 and W4 can be attributed to a larger area fraction of reheated fusion zones and minimal to no grain boundary ferrite (GBF).

« The fracture mode is predominantly brittle transgranular fracture, with W1-2 having large secondary cracks that propagate through the GBF into the surrounding AF
within the grain interior. W3 and W4 exhibit brittle transgranular fracture through the AF but have finer secondary cracks and fewer large flat facet features.

« W4, with primarily acicular ferrite (AF), exhibited the lowest average fracture toughness in hydrogen of the SAW conditions with the notch along the welding direction.

* Future Work: Complete metallurgical analysis; and tailor the weld metal microstructure of the pipe to maximize local fracture toughness as a function of crack path.
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