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Hydrogen embrittlement occurs when steel cracks due to hydrogen that is trapped between the grains of the steel. Although steel commonly absorbs hydrogen during the hot-dip galvanizing process, it is usually expelled due to the temperature of the zinc in the galvanizing kettle. In some cases, however, the grain size of the steel is too small to allow release of atomic hydrogen. This can later cause cracking due to increased stress at the location of the hydrogen between the grains. Grains of steels with a tensile strength below 170 ksi (170,000 psi) are usually big enough to allow escape of hydrogen, but for steels having a tensile strength of 170 ksi or greater, there is a potential for hydrogen to remain trapped between grains leading to hydrogen embrittlement.

Hydrogen embrittlement is not observed until the part is under load and can be avoided in several ways. The most obvious way is to ensure the designer has chosen steel with a tensile strength less than 170 ksi. These types of steels have grains large enough to allow escape of any trapped hydrogen. When it is necessary to galvanize high strength steel, a modified galvanizing process can be used to minimize the chances of hydrogen embrittlement. Rather than pickling the steel for the normal length of time, this modified process includes mechanically cleaning the steel, such as by blast cleaning, and then flash pickling (less than 30 seconds in the pickling bath) the steel. Flash pickling is necessary to remove any residues from the blasting operation. This reduces the amount of hydrogen the steel is exposed to and thus reduces the chances of hydrogen becoming trapped in the small grains of high strength steel.
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Christopher Linnick/Black and Veatch


What about high temperature material? My concern is let’s say a steam system with 1,120F and 2,000 psig is designed with the alloy material A335 GR P91. To prevent corrosion while the pipe sits in the lay down yard they hot dip galvanize the pipe (this would never happen but entertain this example). The HDG will burn up under insulation. What are the main concerns? Regardless of the large grains I would still be concerned with hydrogen embrittlement. Are there any other concerns for the integrity of the pipe? What about safety of the operators, being exposed to fumes when the coating first burns off. Please advise. Thank you so much.
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(AGA)


Hi Christopher, Above 392F, the top layer of the coating will begin to peel if the temperature is maintained (e.g. for a time longer than several hours). For this reason, in long-term, continuous exposure, the recommended maximum temperature to maintain integrity of the galvanized coating is 392 F (200 C). Zinc oxide fumes would become an issue closer to the melting point of zinc.
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