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A Study of Condition of Pits Formation and Their Features

in Chloride Solution

Norio FukAsako, Hirokazu Murase, and Kiyoshi Kira

Synopsis:

Anodic polarization and immersion tests in 3% NaCl solution and other chloride solutions at 35°C have
been carried out using mild steels, alloy steels and aluminum alloy in order to investigate the relation be-
tween number of pits per unit area and pit diameter, shape of pit and the difference between the pit occur—
ring by anodic polarization and that occurring by immersion.

The results obtained are summarized as follows:

(1) In the case of the immersion test, growth of pit is closely related to pH of the solution. Pits grow
more easily in low pH solution than in high pH solution.

(2) In the case of anodic polarization test, number of pits per unit area and their morphology depend
greatly on the potential applied. The morphology of pits occurring in SUS316 by the anodic polarization
test less than 0.3 Vgcg is nearly same as that of naturally occured one.

(3) It was observed that pits occured at triple points of grain boundary and. at nonmetallic inclusions.

(4) Grain boundaries, micro-pits and crystallographic morphology were observed at the bottom of pit

in SUS316 after immersion in FeCl; solution.
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Table 1. Chemical compositions of materials used.
(Wt%)
El : . | '
N‘}t C Si Mn| P S Ni Cr Mo | Cu | Fe Mg | Al
Rimmed SS41 0.20 — 10.510.021/0.027 — | — |~ |~ [BaL |— | —
SB46 0.24 | 0.27 | 0.79 | 0.016] 0.018] — - - — Bal. | — —
5083A1 — 0.15 | 0.64 | — — — 0.10 | — 0.02 | 0.23 | 4.6 | Bal.
SUS304 0.07 | 0.62 | 1.61 | 0.027! 0.008| 9.16 |18.26 | — — Bal. | — —
SUS316 0.06 | 0.89 | 1.83 | 0.020) 0.006/13.02 {16.80 | 2.76 | — Bal. | — —
K-Monel — — — — —  166.01 | — —  129.0 | — — 3.0
1395 Cr 0.12 1 0.30 | 0.77 | 0.025/ 0.009| — 12.06 | — — Bal. | — —
Duplex stainless steel 0.02 | 0.34 | 0.46 | 0.024| 0.018 4.3 [24.88 | 1.47 | — Bal. | — —
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Schematic diagram of experimental
apparatus.
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Fig. 2. Anodic polarization curves of various alloys
and steels in 39, NaCl solution at the temper-
ature of 35°C.
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Photo. 2. Result of line anaiysis of the nonmetallic inclusion in the pit.
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Photo. 1. SEM observation of artificial pits occured
in SUS316 after anodic polarization for
6 min at 0.3V vs SCE in 1.2 mol/l FeCly
solution at 35°C.
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Photo. 3. SEM observation of artificial pits occured -
in SUS316 after anodic polarization for 590 ®
40 min at 0.3V vs SCE. (a) microstructure & X
of pitA, pitB, pitC, (b) (d), enlarged 8 A
figure of pitC, (c), enlarged figure of pitB. ;‘ r
BEAHREL DO THABE RS BT/ s %
A, TOPET JIF ERFERED B bhisw, 0.1V 2
DB TH bt fek & LA DRk 2 E T B L
B CBIEE T 5 LATE T Uiz FeCly AREIEC4: Ut Pit diameter (p)
flge-C (Photo. 3 (b)) LRI L Cure. 0.48V L 1.0V Fig. 3. Relations between pit density and pit diameter
DEIMET1L, Ao AH L E LCRLARES at various voltages in 3% NaCl solution.

Table 2. Formation of pits in various chloride solutions at the temperature of 35°C.
(tested materials are shown in Table I)

Chloride Concentra- pH Time
solution ' | tion of Cl 241 96 h %0h 500k
SUS304 and SUS316 : Pits
were observed, Duplex S
FeCl, 1.2 mol/! 1.2 | stainless steel : No pits were 1 a}{nc as —_ —_—
observed, Other materials: | '€
General corrosion
SUS304 : Pits were observ-
ed, Duplex stainless steel: . ,
CrCl, }.2 mol/! }.7 | No pits were observed, 1S a:{ne as Same’ as left Same as left
Other materials : General | '€
corrosion
SUS304 and SUS316 : Pits
were observed, Duplex S
CuCl, 1.2mol/! | 2.9 | stainlesssteel : No pits were lef{ne as —_—
observed, Other materials: FERT O
General crrrosion ”
. , ‘ : ) 5083Al : Pits  were
MgCl, 1.2 mol /! 7.6 | No pits were dbservéa 5 Eeafrtne as Ssgg?éAék;sgfzsed ?r?;fg;gz% : NoOtI}JIiiZ
Y i were observed
NacCl 1.2 mol/! 8.0 | No pits were observed 1362;‘?16 as Same as left Same as left
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35°C, 3%NaCl A#W € SUS316 i 0.1V~1.9V 0
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437, Fig. 30X 51, 1.9V HMOBELZRTH
ARFEOKREE (dp) LAROHHEE (,em=?) &
DOBYFEIL, 0.1V OBEIRK 40psd, 0.48V OHEIXK

SUS 304

SUS 304

Photo. 4. SEM observation of pits occured in SUS 316 and SUS 304 after 48h immersion
test in 1.2 mol/l FeCl, solution. (a) (b) pit of SUS316, (c) crack occured
on the cover to a pit of SUS 304 and (d) pit of SUS 304 after removal of
the cover.
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