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Study on the Pitting Corrosion Resistance of Cast
High—silicon Duplex Stainless Steel
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Abstract: Stainless steel has always been a focus of researchers because of its excellent adaptability in corrosive
environments. A ferritic-austenitic high-silicon duplex stainless cast steel was designed. The pitting corrosion resistance of
this stainless steel was characterized and analysed via methods such as microstructure observation, polarization curve
determination and immersion corrosion tests to explore the formation and development mechanisms of pitting corrosion.
The results demonstrate that the pitting corrosion resistance of high-silicon duplex stainless steel tends to decrease with the
heat treatment processing, in the order of as-cast, solution-treated, tempered, and aged states. Pits primarily nucleate at the
ferrite-austenite phase boundaries and tend to preferentially attack the austenite phase, forming a porous structure within the
matrix. Ultimately, the surface layer sinks inwards or is corroded away, developing into collapse-style pit craters and
cave-style pit holes.
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Tab.1 Chemical composition of the cast high—silicon duplex stainless steel

(mass fraction/%)

Sample C Si Mn Cr Ni Mo N Cu Fe
1# 0.025 1.6 0.8 17 45 3 0.1 4 Bal.
2# 0.025 2.6 0.8 16 4.5 3 0.1 4 Bal.
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Fig.3 Polarization curve testing device: (a) sample encapsulation; (b) schematic diagram of the three-electrode system

P4 13 REAS R P BUIR S Y B 2 2 (a) #5255 (b) TEA A 5 (c) 13 5 (d) I8
Fig.4 Microstructure of 1# under different heat treatment conditions: (a) as-cast; (b) solution-treated; (c) tempered; (d) aged
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Fig.5 Microstructure of 2# under different heat treatment conditions: (a) as-cast; (b) solution-treated; (c) tempered; (d) aged
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Fig.6 Polarization curves of cast high-silicon duplex stainless steel in 3.5 wt.% NaCl aqueous solution: (a, b) the first group of samples
for 1# and 2#; (c, d) the second group of samples for 1# and 2#; (e, f) the third group of samples for 1# and 2#
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Tab.2 Statistical results of the polarization curve characteristic values of cast high—silicon duplex stainless steel under
different compositions and states

Sample State Lo/ (A - cm?) Eo/V Eu/V Ey—Eo/V

As-cast 5.314 5x107 -0.3779

” Solution-treated 5.677 9x107 -0.362 8 0.623 3 0.986 1

Tempered 7.303 6x107 -0.329 6 0.641 9 09715

Aged 6.004 7x107 -0.324 5 0.643 8 0.968 3
As-cast 5.079 9x107 -0.322 8

Solution-treated 6.271 0x107 -0.3223 0.6355 0.957 8

a Tempered 9.004 3x107 -0.3156 0.5970 09126

Aged 9.671 3x107 -0.3103 0.603 6 09139
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Tab.3 Statistical results of the quality and weight loss rate

of the cast high—silicon duplex stainless steel before and
after the immersion corrosion experiment

o

Sample State Wi/g W./g o/(g-m?-h")

As-cast 14.114 13.667 4.014
Solution-treated 14.238 13.643 5.343
Tempered 14.098 13.508 5.298

Aged 14.065 13.383 6.124

As-cast 14.075 13.587 4382
Solution-treated 14.106 13.586 4.670
Tempered 13.982 13.368 5.514

Aged 14.003 13.072 8.360
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Fig.7 Schematic diagram of self-catalytic acidification

22 AR

GUPEERET iR RONN L VRIS E DU S = et
T AU AR B A% OB JC IR T A A BIOR A | A
iV SR TR TR B DI, AR Tl R P R B
AR P I AL (BRI H /D T 5 wm) UMK E
AT TR AL, M EES )l T A (14 8a),
X — B GV PR T AR S AL R 0 S A e, M
A 5T H S P S B (AN )P AL 7 W 56 e 8 4t Ak
I8 < P A 5, IR M A I SR P Tt Y PR, TR



o 5 1ol

+504 - FOUNDRY TECHNOLOGY

Vol.46 No.06
Jun. 2025

8 AFHALHRAS T 1# U 2t i AL T S W 21 (a) 352485 5 (b) A RS 5 (0) WIS (d) IS
Fig.8 Microstructure of 1# samples after electropolarization under different heat treatment conditions: (a) as-cast;
(b) solution-treated; (c) tempered; (d) aged
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Tab.4 Elemental contents of the different phases in Fig. 9b

Austenite Ferrite
Flement Mass Atom Flement Mass Atom
fraction/% fraction/% fraction/% fraction/%
Fe 67.26 64.11 Fe 65.37 64.73
Cr 16.08 16.46 Cr 19.08 20.30
Ni 4.98 451 Ni 2.79 2.63
Si 2.03 3.85 Si 2.38 4.69
Cu 6.77 5.67 Cu 3.80 3.31
Mn 1.07 1.04 Mn 1.30 1.31
S 0.98 1.63 Mo 5.28 3.04
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Fig.9 Microstructures of sample 1# under different heat treatment conditions after corrosion by electropolarization: (c¢) tempered;
(d) aged
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