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Stress Corrosion Cracking of Mild Steel in Coal Gas Liquid

Eiji SATO and Tomomi MURATA

Synopsis :
Field reproduction of intergranular stress corrosion cracking (IGSCC) through two year exposure test in
3 coal gas transport lines using U-bend specimens and laboratory reproduction of IGSCC were carried out
in order to clarify the effects of environmental factors such as electrode potential, pH and temperature

on crack initiation and propagation.

1) IGSCC of mild steel was reproduced by field exposure test in coal gas transport line.

initiated at corrosion pits within crevices.

Cracks

2) The critical depth of corrosion pits for IGSCC initiation was estimated about 70 yum by the appli-

cation of the extreme value analysis.

3) The possible cracking region was assessed based on the high-and low potential sweep rates polariza-
tion curves and stability of the corrosion products as indicated by the potential/pH diagram.

4) Degradation of mild steel in the coal gas liquid was classified into four regions:

I) HE region (TGSCC): less noble than —1 000 mV vs S.C.E.

I) SCC region (IGSCC): —700~—500mV vs S.C.E.

M) Fissure region (TG): —550~—500 mV vs S.C.E.

W) General corrosion region: more noble than —500 mV vs S.C.E.
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Table 1. Chemical composition of mild steel.
(wt%)
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Mild
steel
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Fig. 1. Dimensions of U-bend specimens
employed.
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Table 2. Chemical compositions of coal gas, and

coal gas liquid.

Species Content
H, 55,1~60.5 %
" CH, 24.5~29.0
A CO 6.0~ 7.3
— CO, 0.5~ 2.5
g Others 57~ 8.3
(93
2 NH, 5.75~9.40 g/m?
=1 H,S 4.3~ 6.5
S HCN 0.89~1. 80
H.O 16.9~38.2
Tar Mist 0.6~10
NH,* 288~32 g/1
« H,;S 0.8~ 2.1
o CN- 0.6~ 1.6
=8 SCN- 1.5~ 3.1
3= Cl- 1.0~ 3.4
o= SO, 0.05~0. 1
CO3™~ 22~35
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Photo. 1. Surface conditions of specimens and the
holding jig exposed in COG piping.
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Photo. 2. Corrosion pits on steel specimens
exposed in COG pipings.
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Photo. 3. Morphologies of corrosion formed on
U-bend specimens in COG pipings.
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Fig. 2. Extreme value distribution of depth of
cracks observed in U-bend specimen in COG

pipings.
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Fig. 3. High and low potential sweep rate po-
larization curves in COG liquid.
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Fig. 4. Polarization behavior of mild steels
in COG liquid.
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Fig. 5. Potential change of mild steel in
COG liquid.
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Fig. 6. Stress/strain curves of mild steels in
COG liquid by SSRT method.
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Photo. 4. Crack morphologies of
mild steel obtained by SSRT at
various potentials in COG liquid.
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Fig. 7. Effect of the potential
on cracking susceptibility of mild
steel in CGOG liquid.
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Fig. 8. Temperature dependence of crack
propagation rate of mild steel in COG liquid.
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Fig. 9. Co-relation between anodic peak current

density (i,2¢2*) and crack velocity.
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Fig. 10. Cracking region of mild steel in
potential/pH diagram in COG liquid.
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pH=9.50, —600mV vs S.C.E.
a; Free surface b ; Cracked surface
Photo. 5. Corrosion products formed on cracked
surface of mild steel in COG liquid (pH:9.5,
—600mV vs S.C.E.).
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Fig. 11. Effect of temperature on cracking of
mild steel in COG liquid.
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Fig. 12. Effect of pH on cracking of mild
steel in COG liquid.
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