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Abstract: The corrosion behaviors of 20Cr9NiSCol4 ultra high strength steel ( USS) were
studied by the electrochemical polarization methods ( potentiodynamic polarization, linear
polarization and cyclic polarization technologies) and alternating current impedance spectrum
methods in different corrosion conditions, and after polarization the corrosion morphologies were
characterized by Scanning Electron Microscopy (SEM). The results showed that the passivation
phenomenon of 20C9Ni5Col4 steels appeared in 3.5 wt. % NaCl solution while disappeared with
the increase of NaCl concentration. The corrosion current also reduced from 8.223 x 107 A/cm” to
1. 129 x10 ™7 A/cm’ with the increase of NaCl concentration. The passivation and transpassivation
potentials of 20Cr9Ni5Col4 steels increased with the increase of hydrogen ion concentrations.
When the pH value was higher than 3, the corrosion product film had excellent corrosion
resistancewhich led the electrochemical polarization step as a dominated step, while the pH value
decreased to 2, the corrosion products dissolution rate was fast, the corrosion rate of the interface
of the metal surface and the solution was also fast, thus the polarization caused by concentration
differences became the dominated step. Corrosion morphology studies showed that the corrosion of
20Cr9Ni5Col4 steels in the polarization process oriented from pitting corrosion, which leads to the
reduction of corrosion resistance.
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Table 1 Chemical composition of USS 20CrONi5Co14
(mass fraction) %
C Cr Ni Co w \% Fe

0.21 9.1 52 13.7 1
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Fig. 1 Potential polarization curves of 20CroNi5Co14
steels with different Cl concentrations and pH
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Table 2 Fitting results of potential polarization curves

NaCl 3.5% 5% 10 %

pH=3 pH=2

E./V -0.422 -0.370 -0.393 -0.443 -0.391
1 7
T X 2 8.223  4.270 1.129  37.19 15. 80
A-cm
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Fig. 2 Linear polarization curves of 20CrONi5Co14
steel with different pH values
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Fig. 3 Electrochemical cyclic polarization curves of
USS 20CrONi5Co14
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Table 3 Fitting results of linear polarization curves

pH 7 3 2

R/(Q-cm®) -3.050 -2.780 -2.763
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Fig. 4 EIS results of 20Cr9Ni5Co14 with different
pH values
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Table 4 Fitting results of EIS with pH of 7 and 3

pH R/(Q-ecm*)  C/(Q7"s"-ecm’) R/(Q-cm’) Q/(Q7'-s"-cm?) n R/(Q-cm*)
7 0.783 2.359 x10 3 1.126 x 10° 2.578 x10°° 0. 7243 922
3 0.975 3.787 x10°° 1.768 x 10* 5.520x10°* 0. 7749 37.59
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Table 5 Fitting results of EIS with pH of 2

pH R/(Q-cm?) Q./(Q7"s"-cm?) n R/(Q-cm?) W,/ (Q 7" s"-cm?)
2 2.979 1.245x10°* 0. 882 5. 180 1.614 x107°
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Fig. 5 Equivalent circuits of EIS

(a)—pH=7, pH=3; (b)—pH =2.

FEXG N, S BCA PTG N, 100 T A A R T
PR FBUR Py LA, 3 A 25 5 5 3l ra A
At R b LA S B TR AT F O B R v
REAPR T RAIG 1) 45 SR — 30 7€ pH (ELH i sk, J ok ™=
Yy =LA TR ST, T Y pH {HIAE) 2
BF, 3T Warburg 2540, J 1™ P T2 G 2 H
H 2 W A A o 2 A B T W 2 A Ak A i 3 0 B
75 pH {55 5 ] J k™ P B B 1 A A T ke
PERETT 25 7 A5 BR A hy 45 ) 20 B Y pHL{H.
IKF) 2 B JE il Y R AR, 4 S S & AR
A e R SARAR K 33 s e 2 0 T i AR X4 | B i i
T TR,
2.5 20CrONi5Co14 WL FE MR 5
6 T 7n b 28 5 3l f A7 A Ak S L B 3R T _ s
ﬁ/;%ﬁ )J\Elﬂ [/j\ % Hj N ééii’[‘&ﬂc}ﬁ 5 %*&%Eﬁ% 6 20CrONi5Col4 %N%%i@fﬂﬁ?%ﬂ

a4, U B 20CONiSCold A4 M i Pk i, M Fig. 6 Corrosion morphology of USS 20CraNi5Co14
I 6b I, RERA %L T X SO AR steels

: i SIS (b)— I8 6a I HE KT
FERE B st 5 5 W, ST 3 4 R ek

(F#% 837 1)

AcroPDF - A Quality PDF Writer and PDF Converter to create PDF files. To remove the line, buy a license.


http://www.acropdf.com

