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Effect of Carbides and Inclusions on Internal Hydrogen
Embrittlement of Cr-Mo Pressure Vessel Steels
Tadamichi SAKAY, Isamu TAKAGI and Kiyoshi Asami
Synopsis :

Internal hydrogen embrittlement at room temperature was investigated for 2!/,Cr-1Mo and 3Cr—1Mo
steels. Hydrogen was charged in hydrogen gas of 100-250 kg/cm? at 400-480°C. The results are as
follows:

(1) Ductility loss due to absorbed hydrogen decreased with decreasing tempering parameter until
tensile strength reaches 70-75 kgf/mm? and it was found that vanadium addition of above 0.2%, reduced
the internal hydrogen embrittlement. Both smaller tempering parameter and vanadium addition dis-
persed finer particles of carbides and, at the same time, increased absorbed hydrogen and markedly de-
creased hydrogen evolution rate at around room temperature. This suggests that the carbides trap hy-
drogen and partition of hydrogen to the trap sites increases with lowering temperature. Therefore, hy-
drogen content in the matrix decreases at room temperature and hydrogen supply to crack initiation sites
is reduced, resulting in suppressing the ductily loss.

(2) The ductility loss due to internal hydrogen was caused by the microcracks initiated at inclusions
such as ALO; and MnS. It was affected by the number and size of inclusions.

(3) It was demonstrated that cracks at elongated MnS inclusions were induced without external stress
when steels were cooled to room temperature after hydrogenation at high temperature.
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Table 1. Chemical composition of tested steels (wt%).

Steel C Si Mn P S Cr Mo v Al ¢}
2L 0.14 0.06 0.49 0.005 0. 006 2.23 0.99 — 0.015 0.0023
3L 0.14 0.06 0.50 0. 006 0. 006 3.00 1.00 - 0.009 0.0013
2C 0.14 0.25 0.42 0. 005 0.012 2.06 0. 99 - 0.016 0. 0068
3C 0.14 0.05 0.52 0.012 0. 008 3.09 0.93 — 0.015 0. 0043
V1 0.14 0.26 0.50 0.009 0.009 2.20 1.-00 0.031 0.027 0. 0021
V2 0.15 0.27 0.50 0.011 0.009 2.20 1.00 0. 062 0.025 0. 0025
V3 0.15 0.26 0.50 0.010 0.010 2.19 0.99 0.13 0.018 0.0018
V4 0.14 0.05 0.51 0. 007 0. 007 2.21 1.00 0.24 0.024 0.0019
V5 0.15 0.28 0.49 0.010 0. 009 2.20 1.00 0.26 0.032 0. 0021
V6 0. 14 0.05 0.50 0. 006 0. 006 2.19 0.99 0.35 0.023 0.0025
v7 0.14 0.07 0.92 0.006 0. 006 2.98 0.99 0.48 0.017 0. 0022
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Fig. 1. Effect of tensile strength on reduction in

areca before and after hydrogenation in hydrogen
gas of 450°C and 150 kgf/cma2.
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Fig. 2. Decrement of reduction in area by
hydrogenation. R, and Ry represent reduction
in area before and after hydrogenation,
respectively.
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Fig. 3. Effect of hydrogen content on
reduction in area.
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Fig. 4. Effect of vanadium addition on
hydrogen embrittlement.
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Photo. 2. Microscopic fracture surface of tensile
test piece of 2C with 70kgf/mm? tensile strength.
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c) 2L, 60kgf/mm? d) 2C, 70kgf/mm?
Photo. 1. Fracture surfaces of
tensile test pieces with (b, ¢, d)
and without (a) addition of hy-
drogen,

b) 2L, 70kgf/mm?
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Photo. 3. Effect of tempering parameter P and
vanadium addition on morphology of carbides.
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Fig. 5. Effect of tensile strength on hydrogen
evolution rate at 22°C. C, is initial hydrogen
content.
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Fig. 6. Effect of vanadium content on hydrogen
evolution rate at 66°C.
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b) Ultrasonic echo image of cross section
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2 Photo. 4. An example of hydrogen
7% induced cracking in the steel 2C.
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