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Lecture on Corrosion and Corrosion Protection of Seawater Pumps
- Part 5: Corrosion and Corrosion Protection of Stainless Steels and Ni-Resist Cast Irons -

by Matsuho MIYASAKA

The corrosion resistance of stainless steels is maintained by the passive film on its surface. However, this passive film becomes
destroyed when chloride ion is present, and can result in localized corrosion such as crevice corrosion, pitting corrosion and stress cor-
rosion cracking (SCC). The following discusses the characteristics of stainless steel, exemplifies actual corrosion cases and introduces
protective technologies. Some characteristics of Ni-Resist cast irons are that its corrosion rate is evenly slower than that of convention-
al cast irons and that it is not subject to crevice corrosion and pitting corrosion. The disadvantage is that it is susceptive to SCC. Mech-
anisms and behavior of Ni-Resist SCC and measures against the same are discussed.

The use of seawater pumps made of duplex stainless steels in coastal regions with high corrosivity, or at desalination plants, is
increasing in recent years. Also introduced are results of corrosion tests on duplex stainless steels carried out in the Middle East, as
well as actual application examples of duplex stainless steel seawater pumps.

Keywords: Seawater pump, Stainless steel, Ni-Resist cast iron, Crevice corrosion, Pitting corrosion, Stress corrosion cracking (SCC), Intergranular

corrosion, Duplex stainless steel, Middle East, Desalination plant
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Fig. 3 Safety usage limit diagram for stainless steels against
crevice corrosion (excerpted from Reference No.12)
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Photo 1 Crevice corrosion on the surface of a column pipe flange
of a seawater pump, Type 316L SS, after a 5 years operation
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Photo 2 Crevice corrosion under barnacles on the surface of
Type 304 SS test specimen after a 1 year immersion
in seawater
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Photo 4 Stress corrosion cracking which occurred on an
evaporator in a salt manufacturing plant
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Photo 5 Intergranular corrosion of Type 316 SS screw bolt

manufactured by hot form rolling
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Fig. 5 Relationship between applied stress and time to failure,
aerated 7% NaCl solutions at 33°C

IoNF R No. 224 (2009-7)



[ 5 il —

WK Y TORFE LW FHM — ] HE5H T AT YV AFR =L YA kO£ & xR

P‘\l

—— 0.2 mm

(a) Type 2, 85 MPa (b) Type D2, 150 MPa

09-71 07/224
BTHE7 =L YA MoRIEESEE 2
(7%NaClKiEg, 33°C, HAFMEHMA)
Photo 7 Crack morphologies of stress corrosion cracking of
Ni-Resist cast irons, aerated 7% NaCl solutions at 33 C
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Fig. 6 Relationship between applied potential and time to failure
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Table Chemical composition and PRE of tested materials

PRE=Cr+3.3Mo+16N (in mass %)

B "
Rik A Btk C| S |Man| P | S| N | C | Mo| W /| Cu| N |PRE
Type Category Specifictaion
A—=R7 ‘?.‘/{ b Z 7 L AGH UNS S31600 004 | 064 | 1.22 | 0.029| 0.002| 10.72 | 16.75| 2.05 - - - 235
” Austenitic stainless steel
g DSS (2HIAF > L A4H) UNS S31803 001 | 048 | 177 | 0023 | 0001 | 578 | 2253 | 312 | - - | 016 | 354
ﬁ ‘g Duplex stainless steel UNS S31260 023 | 034 | 082 | 023 | 001 | 713 | 2519 | 314 | 018 | 050 | 0.16 | 38.1
H s SDSS (A=/8—= 24 A7 ¥ LA ) UNS S39274 0.019| 031 | 049 | 0.022|0.0005| 6.67 | 25.10| 3.17 | 213 | 045 | 0.29 | 402
E Super duplex stainless steel UNS S32750 0.022 | 0.36 0.9 | 0.021{0.0009| 6.86 | 2555| 3.82 - 0.095| 024 | 420
A=/ A=ATTA AT YL AR UNS S31254 0014| 055 | 057 | 0017 | 0.001| 1798 | 2019 | 626 | — | 067 | 022 | 444
Super austenitic stainless steel
UNS J93370 0.03 | 047 | 0.79 | 0.004 | 0.006 | 562 | 2498 | 1.74 - 281 | 015 | 331
Tg DSS (2HIAF > L Z4H) 25Cr-5.5Ni-2Mo-0.16N 0.04 | 043 | 078 | 0.011 | 0.007 | 576 | 25.06 | 1.78 - - 0.16 | 335
oo . 25Cr-6Ni-3Mo-0.16N 0.04 | 0.61 0.8 | 0.007 | 0.007| 598 | 24.14| 3.1 - - 0.16 | 369
55 Duplex stainless steel -
ffé g 25Cr-6.5Ni-3.3Mo-0.16N | 0.04 | 057 | 0.78 | 0.007 | 0.007 | 656 | 2537 | 3.26 - - 017 | 388
e § 25Cr-6.5Ni-3.5Mo-0.16N | 0.03 | 0.54 0.7 | 0.008 | 0.007 | 6.78 | 2569 | 3.48 - - 0.16 | 39.7
o e —~ ;
SDSS (=752 A7 L A %) UNS J93404 002 | 049 | 08 | 0009|0007| 731 | 2578| 418 | - | - | 02 | 428
Super duplex stainless steel
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Fig. 7 Location and duration of crevice corrosion test for
stainless steels
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Fig. 9 Relationship between average mass loss and PRE
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