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Effect of Cerium Dioxide on Plastic Loss Caused by Hydrogen
in Deposited Metal and Its Mechanism
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Abstract: For X80 pipeline steel, the powder composition of metal powder flux-cored welding wire was designed,
and cerium dioxide was added to the metal powder. The welding of deposited metal and the tensile test after electro-
chemical hydrogen charging were performed. The effect of cerium dioxide on the hydrogen embrittlement resistance
of deposited metal was studied. Furthermore, the influencing mechanism of cerium dioxide on the diffusion of hydro-
gen was discussed based on a hydrogen permeation test. The results showed that the microstructure of the deposited
metal was mainly composed of acicular ferrite and grain boundary ferrite. The addition of cerium oxide had significant
effect on the inclusions of the deposited metal, leading to the decrease in the average size and increase in the number
density. When 2% cerium dioxide was added, the average size of inclusions decreased from 0.349 um to 0.258 pm,
and the number density of inclusions increased from 21 429 mm™ to 32 254 mm . The results of hydrogen permeation
test showed that the addition of cerium dioxide increased the number of hydrogen traps and inhibited the diffusion of
hydrogen in the deposited metal, which led to the improvement of the hydrogen embrittlement resistance of the depos-
ited metal. Therefore, the plastic loss rate induced by hydrogen decreased from 72% to 50%. In terms of hydrogen

charging tensile fracture morphology, the fracture without adding cerium dioxide were the quasi-cleavage fracture
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appearance of river pattern, which were the typical brittle fracture characteristics. The fracture with the addition of

cerium dioxide had a large number of dimples, which was a typical ductile fracture feature. However, there was an

obvious fisheye region. In the fisheye region, the source region had inclusions or pores, and the radial region showed

quasi-cleavage fracture.

Keywords: hydrogen embrittlement; deposited metal; cerium dioxide; hydrogen diffusion
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Fig.7 Tensile curves of deposited metal (without electro-
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Fig.9 Ultradepth morphologies of fractures of tensile samples
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Fig.12 Tensile fracture morphologies with electrochemi-
cal hydrogen charging (sample 2)
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