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Effects of temperature and carbon content on the pitting corrosion of AISI 304
stainless steel in high temperature water containing Cl- have been studied by
using the electrochemical techniques. Sample was solutionized for lhr at 1050T
and sensitized for 10hr at 650C in 10 %torr vacuum atmosphere. The carbide dis-
tribution and pitting corrosion morphology of the samples were investigated by
using TEM, SEM, EDX, and optical microscopy. The Cr-carbides were observed at
grain boundaries in the 0.03wt%C sample, and observed at grain and twin bounda-
ry in the 0.07wt%C samples. Electrochemical measurements showed that primary
passive potential(E,,), passive current density(l,), and critical anodic current den-
sity(I.) increased, whereas critical passive potential(E,), pitting potential(E;,),
repassivation potential(E,.,), and | E,ep-E.orr | decreased as temperature, carbon
content, and C1™ concentration increased. The number and size of pit increased as
temperature, carbon content, and Cl~ concentration increased. Micro-pits were
formed remarkably in grains and macro-pits were formed at grain edge and twin
boundary in the samples with carbon contents higher than 0.05wt%C and in the
samples tested in 0.5M HCI solution at 50°C.
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Table 1. The chemical compositions of samples

Composition (wt%)

Samples — Si Mn 3 S Ni Cr Mo Cu N Fe
C3 0.030 0.380 1.520 0.028 0.006 8.870 18.42 0.040 0.110 0.040 bal
Cs 0.050 0.570 1.030 0.022 0.002 8.520 18.05 0.060 0.180 0.030 bal
C7 0.070 0.560 1.120 0.036 0.003 8.480 18.16 0.030 0.140 0.040 bal
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Fig. 1. Schematic diagram of autoclave used for
corrosion test.
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Fig. 2. Schematic presentation of cyclic potentiody-
namic polarization curve.

Fig. 3. Optical micrographs showing distribution of
precipitates in grain boundaries after etching in 10
% oxalic acid. (a) 0.03wt% C (b) 0.05wt%C
(c) 0.07wt%C.
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Fig. 4. Scanning electron micrographs showing precipi-
tate distribution and EDX results of 0.03wt%C sample
in grain (B) and grain boundary (A) after etching in
10% oxalic acid.
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Fig. 5. Transmission electron micrographs showing
precipitate  distribution of 0.07wt%C sample
solutionized. (a) Bright field image (b) Dark field
image (c) Diffraction patern.

mary passive potential ! E )7} &% wet W
et AES ©agy 9 dede sxdEE
UEd Aolth. Cl7e w7t we ZHdA &
Adtaro] e AS -300mViHel WA FFH

& FAE7 AFEgE ¢ F dey 0.1ME
2o Cl e wxet gAte gaghaFo]l 0.07wt%
257t F71etd Eghe -170mVey o] 4
!

ohAM exd W dEAem FUE

Fig. 6. Transmission electron micrographs showing
precipitate distribution of 0.07wt%C sample sensi-
tized. (a) Bright field image (b) Dark field image
(c) Diffraction patern.
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Fig. 7. Primary passive potential vs temperature
for 0.03wt%-0.07wt%C samples in 0.1M HCI and
0.5M HCI solutions.
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Fig. 8. Critical anodic current density vs tempera-
ture for 0.03wt%-0.07wt%C samples in 0.1M HCI
and 0.5M HCI solutions.
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Fig. 9. Critical passive potential vs temperature for
0.03wt%-0.07wt%C samples in 0.1M HC! and 0.5M
HCI solutions.
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Fig. 10. Passive current density vs temperature for
0.03wt%+0.07wt%C samples in 0.1M HC! and 0.5M
HCI solutions.
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Fig. 11. Pitting potential vs temperature for 0.03wt
%-0.07wt%C samples in 0.1M HCl and 0.5M HCi
solutions.
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Fig. 12. Repassivation potential vs temperature for
0.3wt%-0.07wt%C samples in 0.1M HCI and 0.5M
HCI solutions.
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Fig. 13. | E,p-Ecorr | vs temperature for 0.03wt%-
0.07wt%C samples in 0.1M HCl and 0.5M HCI solu-
tions.
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Fig. 14. Effect of temperature, carbon content, and
CI™ concentration on the cyclic potentiodynamic po-
larization curve shape.
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Fig. 15. Optical micrographs showing pitting corrosion behavior of stainless steels of 0.03wt%-0.07wt%C
samples after CPP test in 0.5M HCI solution at various temperature.
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