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The Roles of Globular M,,C, Carbides in Hydrogen Attack Resistance in C—0.5Mo Steels

Kimitoshi KIMURA, Yoru WADA, Rinzo KAYANO, Tohru ISHIGURO, Kvoji HATTORI and Kouji KAWANO

Synopsis : Metallographic observations on the C—0.5Mo steel components in petroleum refineries and experimental studies revealed that unusual ferrite-
pearlite structures with quasi-M,,C carbides were more susceptible to hydrogen attack than standard ferrite-bainite structures with M,C car-
bides. Post weld heat treatments (PWHT) were found to promote methane bubble formation. In order to explain these microstructural effects
on hydrogen attack susceptibility, thermal stability of carbides and the strength of interface between carbides and the matrix were examined.

C-0.5Mo steel specimens with varied microstructures were exposed to high pressure hydrogen, and the temperature dependence of the
emitted methane concentration was measured with a gas chromatograph. The temperature at which methane evolution took place and the
changes in methane concentration with temperature were both unaffected by the microstructures. In low strain rate tensile tests, void forma-
tion around carbide particles started at lower strain in a ferrite-pearlite microstructure with quasi-M,,C, carbides than in a ferrite-bainite mi-

crostructure with M,C carbides. Voids increased in number more rapidly with strain in the former than the latter. After PWHT, voids started

to form at lower strain compared with before PWHT probably due to coarsening of carbides.
Therefore, it can be concluded that hydrogen attack in C—0.5Mo steels is not governed by stability of carbides but by the difference in total

area of methane formation site between the two.

Key words: C-0.5Mo steel; hydrogen attack; Nelson chart; methane; M,,C,; interface; nondestructive inspection.
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Fig. 1. Typical microstructural dependence of hydrogen at-
tack damage observed in the collected sample.
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Table 1. Summary of metallurgical examinations for
C-0.5Mo steels that experienced high tempera-

ture hydrogen attack below the Nelson curve 3rd

edition.
Mass. %
Hydrogen Service Experiences Pipe  Reducer
Pipe Reducer C 0.14 0.13
Thickness (mm) 14 25 Si_ 02 018
Hydrogen Attack  Not Detected by UT Detected by UT Mn 050 066
ydrogen Attacl ot Detected by etected by 0.008 0012
Fe,C (s) W)
X-Ray c 0.016 0.016
Diffraction 1% Ni 002 006
My;C,
: B (5) Mo 052 052
Microstructure F/B F/P As 0.030 0,026
(s) :strong note) F :proeutectoid ferrite Sn 0.009 0.025
(w):weak P :pearlite - .
--- :Not detected B :bainite Sb__ 00044 00046

Fig. 2. Typical microstructural dependence of hydrogen at-

tack damage observed in the experimental sample.
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Table 2. Chemical composition of material.

Element C Si Mn P S Ni Cr Mo Al As Sn Sb

mass.% 020 0.20 0.88 0.005 <0.003 0.05 0.05 0.55 <0.005 <0.003 <0.003 <0.003
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Fig. 3. Schematic representation of experimental appara-
tus.
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Fig. 5. Direct analysis of the gas of methane bubbles

formed by hydrogen attack by mass spectrometer.
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Fig. 6. Change in the stress-strain curves for C-0.5Mo
steel before and after autoclave exposure test and
subsequently retempering in air.
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Fig. 7. Effect of microstructure on the methane gas con-
tent in C—0.5Mo steel as a function of temperature

under 9.8 MPa hydrogen gas for 96 h.
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Fig. 8. Effect of tempering on the methane gas content in
annealed C—0.5Mo steel as a function of tempera-
ture under 9.8 MPa hydrogen gas for 96 h.
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Normalized Annealed

Fig. 10. Sequences of growth of voids occurred at normal-
ized and annealed C—0.5Mo steel. Tensile axis is
parallel to the horizontal direction of photos.
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Fig. 12. Effect of microstructure on number of void and
strain to void initiation (&,) of tempered C-0.5Mo
steel as a function of true strain.
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