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Abstract: This study investigates the microstructural evolution and mechanical property degradation in a Q345R pressure
swing adsorber weld joint after 15 years of service failure. The base metal exhibits a ferrite-pearlite microstructure, while the
heat affected zone shows a gradient transition from acicular ferrite in the overheated region to fine equiaxed grains in the re-
crystallized zone. The weld metal primarily contains acicular ferrite with minor bainite. Both the weld and heat affected zones
demonstrate higher hardness than the base metal, with a decreasing trend observed in the weld zone from top to bottom, re-
flecting the cooling rate’s influence on grain refinement. The top weld layer achieves a yield strength of 440. 6 MPa but with
low elongation, whereas the root weld zone, despite its lower yield strength (381.5 MPa), exhibits optimal ductility
(18.3% elongation) and reduction of area (66.6%),
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premature failure. The analysis of hydrogen-induced microstructural evolution and property degradation mechanisms provides

critical insights for ensuring the safe and efficient operation of pressure vessels in hydrogen service environments.

Key words ; pressure swing adsorber failure; in-service Q345R carbon steel; hydrogen-induced damage; fatigue experi-

ments ; stress corrosion
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Table 1 Chemical composition of experimental Q345R steel( w/%)

Element C Si Mn P

S Ni Cr Mo Cu Fe

Content 0.18 0.32 1.44 0.02

0.01 0.2 0.6 0.1 0.15 Bal.
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Fig. 1  Schematic of variable pressure adsorber sampling position (a) , metallographic specimen dimensions (b) , tensile specimen dimensions

(), fatigue specimen dimensions (d)
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Fig.2  Microstructure of the adsorber base metal after service; (a) OM

image, (b) SEM image
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Fig. 3  Microstructure and morphology of the heat affected zone( HAZ) of welded joints (a) ; microstructure of the HAZ in order from the

weld to the base material; (b, b,) superheated zone, (¢, c,) recrystallized zone, (d,, d,) incompletely recrystallized zone
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Fig. 4 Weld microstructure in a full-thickness overlay welded joint (a) , microstructure from the top to the bottom of the weld(b, ~e,)
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Fig. 5 Microhardness measurement path (a), hardness distribution map perpendicular to the weld seam (b)
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Fig. 7 Fatigue fractured samples of non-hydrogen-charged and hydrogen-charged welded joints (a); macroscopic morphology of fatigue

fracture of non-hydrogen-charged welded joint (b, ), non-hydrogen-charged crack extension zone (b, ) ; macroscopic morphology of

hydrogen-charged fracture (¢, ), hydrogen-charged crack extension zone (c,)
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Fig. 8 EBSD maps near the fracture surface of fatigue specimens: (a, ~as) non-hydrogen-charged fatigue samples, (b, ~bs) hydrogen-
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Fig. 9 TEM microstructural characterization maps near the fracture surface of specimens fracture surfaces: (a; ~a,) no-hydrogen-charged specimens,

(b, ~b,) hydrogen-charged specimens
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