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Sour-Resistant Line Pipe Steel Preventing Local Hard Zone for Severe Sour Service
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Abstract

In the oil and gas industry, pipelines for natural gas transportation are exposed to wet H,S
environments (sour environments) in some cases. Sulfide stress cracking (SSC), a type of hydrogen
embrittlement, is a major issue for line pipes exposed to sour environments. There are some
guidelines on the test methods and material requirements for low-alloy carbon steel used in sour
environments and sour-resistant line pipes with SSC resistance have been developed. However,
SSC occurred in sour-resistant line pipes used for high-pressure H,S environments. This paper
describes recent research efforts to develop low-alloy steels for line pipes that can be used in high-
pressure H,S environments from the viewpoints of hardness criteria for SSC susceptibility, hydrogen
absorption, microstructure, and steel manufacturing technology.
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Schematic drawing of microstructures, nomenclatures, optical micrographs, and SEM images of tested steel materials
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Steel Fe C Si Mn Others Ceq
X52 bal. 0.05 0.3 1.3 Cr, Nb, Ti 0.30
X60 bal. 0.05 0.3 1.3 Cr, Mo, Nb, | 0.35
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Schematic drawing of optimized TMCP conditions of API

grade X52, X60, and X65 line pipe steel manufactured in

a mill
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4PB test results of X52, X60, and X65 line pipe steel re-

garding the relation between maximum microhardness

(Hv )" and total pressure
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