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Hydrogen Disbonding of Stainless Clad Steels by Cathodic Current

Synopsis :

Takahiro KUSHIDA and Takeo KuDO

Hydrogen disbonding of stainless clad steels was examined by “in-situ detection method”, which is com-
posed of ultrasonic wave inspection and cathodic hydrogen charging.
Disbonding cracks occurred in the hard martensitic layers in the interface region between high alloy and

carbon steel.

Ni and Cr in the high alloy diffuse into the carbon steel, and C in the carbon steel migrates into the in-
termediate phase to cause the martensitic transformation.

The susceptibility to hydrogen disbonding is affected by the hardness of this layer.

The hardness of the martensitic layer is increased with increasing the carbon content in the carbon steel,
which leads to the raised susceptibility to the hydrogen disbonding.

The concentration of hydrogen in the carbon steel under cathodic protection was measured by electro-

chemical hydrogen permeation method.

The concentration of hydrogen is less than 0.01 mass-ppm under usual cathodic protecting condition.

On the other hand, the threshold concentration of the hydrogen disbonding is more than 0.1 mass-ppm.

So it is thought that there is no possibility of the hydrogen disbonding under the cathodic protection.
Key words : clad ; disbonding ; line pipe ; stainless steel ; hydrogen embrittlement ; cathodic protection.
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Table 1. Chemical composition of steels used (mass%).

Steel o} Si Mn P S Cu Ni Cr Mo Nb Al
Alloy 625 0.030 0.24 0.35 0.005 0.001 — 62.03 21.27 9.03 3.45 0.004
SUS 316 0.057 0.52 0.79 0.028 0.003 0.26 11.80 17.67 2.06 — 0.002
Ni — = = — — = 99.99 — — — —
A 0.010 0.24 0.99 0.002 0.001 — — — — — 0.035
B 0.047 0.25 0.99 0.002 0.001 — — — — — 0.043
C 0.110 0.25 0.99 0.002 0.001 — — — — 0.042
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Fig. 1. Experimental apparatus of HIC continuous

in-situ detector..
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Photo. 1. A typical example of
disbonding crack at intermediate
phase of the clad steel made of
alloy 625 and 0.1%C carbon steel
after NACE immersion test.
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Photo. 2. A typical example of
intermediate phase and Pearlite
Free Zone (PFZ) of the clad
steel made of alloy 625 and
0.1%C carbon steel.
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Fig. 2. Electron Probe Microanalysis (EPMA) of
the interface of the clad steel made of alloy 625 and
0.1 %C carbon steel.
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Fig. 3. Effect of heating temperature and holding
time on width of Pearlite Free Zone (PFZ).
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Fig. 4. Effect of heating temperature and holding
time on width of intermediate phase.
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Fig. 5. Effect of carbon content in carbon steel on
microhardness of intermediate phase.
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Heating temperature : 1 250°C

Holding time : 10 min

Photo. 3. Effect of

simulated

heat cycle after QT on micro-
structures near interface of the
clad steelmade of alloy 625 and

0.1%C carbon steel.
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Fig. 6. Effect of simulated heat cycle after QT on S 1 * 10 00

microhardness of intermediate phase of the clad
steel made of alloy 625 and 0.1%C carbon steel.
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Fig. 7. Effect of cathodic current density on con-
centration of hydrogen in carbon steel.
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Fig. 8. [Effect of carbon content in carbon steel on
susceptibility of hydrogen disbonding of clad steels.
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Fig. 9. Effect of hardness on susceptibility of
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Fig. 10. Mechanism of formation of high C
martensite phase.
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Fig. 11. Diffusion through A-B laminated layer.
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