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Relation between Hydrogen Embrittlement Behavior and Stress
Corrosion Cracking of Austenitic Stainless Steel under Anodic

and Cathodic Polarization

Tinkwei Hsu, Ryohei TANAKA, and Kyupa NAGASAKI

Synopsis:

In order to study the behavior of hydrogen embrittlement under anodic and cathodic polarization
of austenitic stainless steels, were measured the change in ductility and amount of adsorbed hydrogen
in the 18Cr-8Ni and 25Cr-20Ni stainless steels in H,SO,, HCIl, NaCl and MgCl, solutions.

The main results obtained are as follows:

(1) Hydrogen absorption and embrittlement occurs in chloride solution under anodic polarization

but not in H,SO, solution.

(2) This hydrogen adsorption was closely connected with the operation of local corrosion cells

associated with pits on the surface of the steel.

(3) It is significant that the pitting and the associated hydrogen adsorption in these steels play an
important role for stress corrosion cracking. Therefore impressed anodic current can reduce the stress

corrosion cracking time.

(Received Oct. 21, 1969)
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Table 1. Chemical composition of steels used.
Chemical composition
Steel Thickness
c Si Mn f P S Ni Cr N
304 10 mm 0-070 | 074 1-65 0-036 | 0-0l0| 8-93 18-49 | 0-027
310 10 mm 0-137 | 0-68 1-72 0-030 | 0-006 | 21-12 24-71 —
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Fig. 1. Hydrogen extracting apparatus.
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Fig. 2. Effect of anodic and cathodic polarization on ductility and
stress corrosion fracture time of 304 steel in 429, MgCl,
solution under applied stress of 18-4 kg / mm?.
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Photo. 1. Outside views of 304 steel after anodic porarization (4mA/cm?X 3hr) at room temp.
(a) 4% H,SO,; (b) 39 NaCl (¢) 8% HCl (d) 429, MgCl, solution. x2-3 (3/4)

Photo 2. Enlarged 0utstdc views of Photo.
solution. X 70 (3/4)
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Photo, 3. Cutside views of 310 steel after anodic polarization (4 mA/cm?X3hr in 89,
solution) at room temp.
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Photo. 4. Outside views of high tensile steel PC4 (a) after anodic polarization (4mA/cm?X

3hr in 8¢, HCI solution) at room temp.

acetic acid, stressed. (x0°9) (4/5)
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Fig. 12. Comparison of hydrogen adsorption under
cathodic and anodic polarization between
304, 310 and PC 4 steels in 894, HCI solution
at room temp.
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Fig. 13. Hydrogen permeability of 310 steel in va-
rious solution under cathodic and anodic
polarization,
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Fig. 14, Comparison of ductility between 310 steel
and 304 steel as a function of cathodic
charging.
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100
310 steel o=—o0 Polarization
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Fig. 15. Effect of anodic and cathodic polarization
‘ on ductility of 310 steel exposure in 89,
HCI solution or aging at 200°C after expo-
sure.
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