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A Method of Predicting Hydrogen Attack in 0.5Mo Steel Equipment
Kyoji HATTORI, Kimitoshi KIMURA, Hiroshi Y AMAMOTO and Hachiroh OKADA

Synopsis : Authors investigated the conditions for hydrogen attack initiation in base metal and weld heat affected zones (HAZ) by comparing operating

conditions and material properties on the basis of field surveys. Operating conditions are expressed in terms of hydrogen attack parameter
Pw, derived from Shewmon’s equation for determining the expansion rate of steel corresponding to methane bubble formation.

The threshold value of Pw for hydrogen attack initiation varies proportionally to massive M,,C, carbide ratio in base metal, and Pw=—7.8
is obtained as the threshold value for normalized and tempered (NT) base metal showing proeutectoid ferrite and acicular bainite with Fe,C.
On the other hand, the resistance of HAZ is correlated to hardness at HAZ. If the hardness is lowered below Hv 230 by post weld heat
treatment, HAZ can be considered resistant as NT base metal is.

Authors defined the severity of hydrogen partial pressure and temperature as HAT (Hydrogen Attack Tendency), by formulating based on
Shewmon’s equation. Then, a nomogram named a HAT chart is developed to express the length of incubation period by comparing HAT and
the threshold value of Pw. The resistance of 0.5Mo equipment to hydrogen attack can be characterized nondestructively by testing hardness
at HAZ and identifying carbide morphology of base metal. And then, the remaining life of 0.5Mo equipment can be predicted by the HAT

chart.
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Fig. 1. Correlation between nondiffusible hydrogen con-
tent and Pw in base metal data.
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Fig. 2. Correlation between percent of massive M,;C, in
all carbide and threshold value of Pw in base metal
data.
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Fig. 3. Typical hydrogen attack damage observed at coarse grain HAZ.
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Table 1. Summary of metallurgical examinations for weld joint shown in Fig. 3.

mass. %
Flange's HAZ Pipe's HAZ Element Flange  Deposit Pipe
Hydrogen Attack(HAZ) Not Detected Not Detected C 0.26 0.10 0.14
xRay FeC 85 20 Si 0.26 0.28 0.28
Diffraction* Mo,C 0 0 Mn 077 069 045
(Base Metal) p.C 15 60 P 0.008 0.013 0.015
‘ z s 0003 0004 0006
Microstructure F/P/B F/B/P Ni 005 001 003
peak height, % gyg:geg‘f; ;t(;?gl(fe\:léfedetected by UT Mo 0.50 052 0.48
udivergent pearlite As 0.003  <0.003  <0.003
’ Sn 0.003  <0.003  <0.003
Sb 00011  N.A. 00011
N.A. Not Analyzed
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Fig. 4. Hardness distribution at 1/4¢ of weld joint shown in
Fig. 3.
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Fig. 7. A HAT chart for predicting hydrogen attack in NT

base metal.
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Fig. 10. Flow chart for predicting hydrogen attack in
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Fig. 11. A HAT chart for predicting hydrogen attack in
HAZ as welded.
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