Vol.47 No.01
« 100 - FOUNDRY TECHNOLOGY Jan. 2026

H LR oA

Technology ®
DOI: 10.16410/j.issn1000-8365.2026.5173

( () 471023)
CD3MN ,CE3MN .CD3MWN 3 CN7MS ,
216 h 10 my/s , .
N N , o , 4
, 0.001 0 mm/a, 9.55~13.64 wm; ,
., CN7MS (0.405 5 mm/a), CD3AMWN  (0.146 | mm/a), .
. TG172.5 A :1000-8365(2026)01-0100-08

Experimental Study on the Seawater Corrosion Resistance
of Cast Stainless Steels

ZHENG Fei, CHEN Yatao, WANG Lingshui
(CSSC Sunrui (Luoyang) Special Equipment Co., Ltd., Luoyang 471023, China)

Abstract. With the rapid development of deep-sea platforms, seawater desalination systems, and marine transport pipelines,
metallic materials operating in chloride-containing high-velocity seawater environments are prone to erosion-corrosion and
pitting damage, which critically affects their service safety and lifespan. Cast duplex stainless steels, which combine
excellent strength, toughness, and corrosion resistance, are widely used in key components such as pumps, valves, and
propulsion systems. However, systematic comparative studies on the corrosion behavior of different grades of stainless
steels under dynamic seawater conditions remain limited. On this basis, three duplex stainless steels (CD3MN, CE3MN,
and CD3MWN) and one austenitic stainless steel (CN7MS) were tested through 216 h of static immersion and 10 m/s
erosion-corrosion experiments in natural seawater from the Qingdao area to elucidate the effects of microstructure and
alloying elements on corrosion behavior. Surface morphology observations, corrosion rate measurements, 3D surface
profiling, and energy-dispersive spectroscopy analyses were performed to comprehensively evaluate the corrosion resistance
of the samples. The results show that under static conditions, all four steels exhibit excellent passivation stability, with
corrosion rates of approximately 0.001 0 mm/a and maximum pitting depths ranging from 9.55 to 13.64 pm. Under erosion
conditions, both the corrosion rate and pitting depth increase significantly, with CN7MS showing the highest corrosion rate
(0.405 5 mm/a) and CD3MWN the lowest (0.146 1 mm/a), indicating superior erosion-corrosion resistance.
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Tab.1 Selection principles of the tested materials
Grade Type Features Standard
CN7MS Super austenitic Corrosion-resistant stainless steel ASTM A744M

It is equivalent to 2205 and is currently one of the more widely used
CD3MN Duplex . ASTM A890M
duplex stainless steels.

Super duplex stainless steel with extensive applications in
CE3MN Super duplex . . ASTM A890M
Petrochemical and offshore oil fields

CD3MWN Hyper duplex More advanced grade of super duplex stainless steel ASTM A890M

2
Tab.2 Chemical composition of the tested steels
(mass fraction/%)

Main chemical elements

Grade PREN

C Si Mn Cr Ni Mo w N Cu
CN7MS 0.047 2.96 0.47 18.81 22.61 2.70 - - 1.79 27.72
CD3MN 0.018 0.64 0.51 21.72 5.35 2.70 - 0.16 0.22 33.19
CE3MN 0.017 0.81 0.64 24.42 7.24 4.14 - 0.12 - 40.05
CD3MWN 0.026 0.85 1.22 27.24 6.18 2.38 322 0.37 0.02 46.30
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Fig.2 Photographs of the tested steels after static immersion without the removal of corrosion products: (a) CN7MS; (b) CD3MN;
(c) CE3MN; (d) CD3MWN

3

.(2) CN7MS; (b) CD3MN; (¢) CE3MN; (d) CD3MWN

Fig.3 Photographs of the tested steels after static immersion with the corrosion products removed: (a) CN7MS; (b) CD3MN;
(c) CE3MN; (d) CD3AMWN
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4 :(a) CN7MS; (b) CD3MN; (¢) CE3MN; (d) CD3IMWN
Fig.4 Photographs of the tested steels after erosion corrosion without the removal of corrosion products: (a) CN7MS; (b) CD3MN;
(c) CE3MN; (d) CD3MWN

5 .(a) CNTMS; (b) CD3MN; (c) CE3MN; (d) CD3MWN
Fig.5 Photographs of the tested steels after erosion corrosion with the removal of corrosion products: (a) CN7MS; (b) CD3MN;
(c) CE3MN; (d) CD3AMWN
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Tab.3 Comparison of the main element contents of the four steels under different conditions
(mass fraction/%)

Main chemical elements

Grade Condition

Si Cr Mn Ni Mo w Cu
Static immersion 3.07 19.87 0.88 22.14 2.89 - 1.39
CN7MS
Erosion corrosion 3.28 19.56 0.87 21.99 3.04 - 1.54
Static immersion 0.71 22.32 0.67 5.00 2.82 - -
CD3MN
Erosion corrosion 0.80 21.83 0.72 4.59 2.75 - -
Static immersion 1.09 25.48 0.87 7.06 4.30 - -
CE3MN
Erosion corrosion 1.09 24.95 0.76 6.61 4.66 - -
Static immersion 0.89 27.88 2.74 6.83 2.49 3.66 -
CD3MWN
Erosion corrosion 0.94 27.39 2.81 6.65 2.83 4.13 -
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Test type CN7MS CD3MN CE3MN CD3MWN
Static Immersion/pm 11.84 9.55 13.64 10.09
s Erosion Corrosion/pwm 14.27 10.70 16.48 9.72
6 ’
7 , 4
© o ’ 4
4 PREN
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Fig.6 Pitting morphology of the four steels after static immersion: (a) CN7MS; (b) CD3MN; (c) CE3MN; (d) CD3AMWN
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.(2) CN7MS; (b) CD3MN; (c) CE3MN; (d) CD3MWN

Fig.7 Pitting morphology of the four steels after erosion corrosion: (a) CN7MS; (b) CD3MN; (¢) CE3MN; (d) CD3MWN
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Tab.5 Weight loss and corrosion rates of the tested steels in the seawater corrosion tests
Test Type Result CN7MS CD3MN CE3MN CD3MWN
Weight loss rate/% 0.002 0 0.001 6 0.001 1 0.001 8
Static Immersion
Corrosion rate/(mm-a™) 0.001 1 0.000 9 0.001 0 0.001 0
. ) Weight loss rate/% 0.678 1 0.534 6 0.474 6 0.2517
Erosion Corrosion
Corrosion rate(mm-a™) 0.4055 0.301 8 0.253 5 0.146 1
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