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Study on Hydrogen Embrittlement for API 5L X65 Steel
Using Small Punch Test II : Weld Metal
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Abstract — With weld metal of X65 steel, hydrogen was charged by electro-chemical method and mechanical
behavior such as strength was measured by the small punch test. The weld metal was more sensitive to hydrogen
charging than the case of base metal. The small punch (SP) strength was decreased as the hydrogen contents
increased. Magnitude of strength decrease was dependent on current density, temperature, charging time. Current
density and charging time have significant effect on the mechanical properties but temperature of electrolyte
has limited effect. Fractured surfaces of the tested specimens were observed by SEM (scanning electron
microscope). In the hydrogen charged specimens cleavage fracture were observed, which is consistent with the
SP test results. Since the testing procedure for studying hydrogen embrittlement proposed in this study has
shown good reproducibility of test results, the proposed method can be assumed to be a reliable test procedure.
Using the electrochemical charging and the small punch test, the change of SP strength for X65 weld metal

due to hydrogen embritlement could be evaluated sensitively.

Key words : small punch test, hydrogen embrittlement, X65 steel, electrochemical test, weld metal
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Table 1. Mechanical properties of base and weld metal for X65 steel

Yield Strength (MPa) Tensile Strength (MPa) Elongation (%)
Base Metal 486 571 27.6
Weld 411 534 35.0

Table 2. Chemical compositions of base and weld metal for X65 steel. (wt.%)

C Si Mn P S Nb \% Cu Fe
Base Metal 0.084 0.279 1.580 0.014 0.001 0.048 0.055 0.019 bal.
Weld Metal 0.073 0.525 1.160 0.021 0.005 0.021 0.016 0.024 bal.

Fig. 1. Microstructure of X65 steel base metal by optical

microscopy.

Fig. 2. Microstructure of X65 steel weld metal by optical
microscopy.
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Table 3. Range of experimental parameters for electrochemical

71

Ho

Table 4. Comparison of mechanical properties among the

method. cases with various hydrogen charging conditions.
Parameters Range Test condition SP energy | Max. load | Elongation
Temperature (C) 24 ~ 175 ) N) (mm)
Current Density (nA/cr) 0 ~ 268 60 mA/cr, 60 min. | 1.940 1689.7 1757
Charging Time (min.) 0 ~ 500 60 mA/ci, 120 min. 1.245 14954 1.338
(decrease ratio,%) (-35.8) (-11.5) (-23.8)
60 mA/cr, 60 min. 1.940 1689.7 1.757
Aol A ARG Aok B4R 2AS WA 2 00 majen, 60 min. | 1.099 1328.6 1.267
A= L2l Hzho| B9l B YetolE 2Z 07 o]Fo] (decrease ratio,%) (-43.3) (-21.4) (-27.9)
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Fig. 3. Dependency of SP behavior on electro-chemical factors for weld metal of X65 steel.
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Table 5. Comparison of SP test results under equivalent hydrogen charging conditions.

Tempera-ture Current Densit; Duration for Maximum Elongation
I()DC) (nA/cr) Y Hydrogen Charging SP Load (mgm) SP energy(J)
(min.) N)
24 150 30 1588.4 1.66 1.687
24 75 60 1646.9 1.63 1.685
Percent of Variation(%) 3.5 1.8 0.12
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