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ABSTRACT: This paper is intended to study the corrosion resistance and determine the corrosion mechanism of new high
strength stainless steel in seawater environment. In this paper, the corrosion resistence of the new high strength stainless steel in
seawater environment were investigated by potentiometric polarization curve, electrochemical impedance test and seawater im-
mersion test. The microstructure and passivation film composition of the stainless steel were analyzed by metallographic micro-
scope observation, X-ray diffraction (XRD) analysis and X-ray photoelectron spectroscopy (XPS). The results show that the
self-corrosion potential, pitting potential and protection potential of the new high strength stainless steel in seawater are stable in
the range of 0.012~0.02 V, 1.10 V and 0.89 V, respectively. The electrochemical impedance value remained 106 Q-cm? after 45
days of immersion in seawater, which indicated that there was no nucleation of pitting corrosion on the surface of the passiva-

tion film, and the passivation film still had good protection. This is because the stainless steel has a typical twinning austenite
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structure, and the main components of the passivation film surface are FeOOH, Cr(OH); and other hydroxides, and the inner

composition is mainly Fe;0y4, Cr,03, CrO; and elemental Ni, which has a strong passivation film repair ability, and thus has a

good corrosion resistance in seawater.

KEY WORDS: high strength stainless steel; austenitic stainless steel; seawater environment; corrosion behavior; corrosion re-

sistance; passivation film
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Fig.1 Microscopic metallographic pattern magnified
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Fig.2 Curve of self-corrosion potential in natural seawater
(vs. SCE) over time

PEIEAE K P i AR it AR . FEIRIAYRT 5 d, A&
HLOT RS2 IE RS, B T FE w10, SR i AL A Y
S JEE R 11 i i R, B AR B B LAAE Ky
F LR, PRI [ ol e 57 o e P 38 5 AN I
ER. NS 6dAt, AEmhaMETRE, £HT
i SOV A B P R TR R 5 0 A R A, R IR
BEAL R IR, PRI 1 el 7 R AR A
GRS A b an & 3 BF
7 o A BHAR AR Ak i 261 e 30 28 UGS 3 & 100 pA/em?
ik %o 07 A B S AR s R () TP, S 11 v R
PN (B, ) St fb i e p In 49 i 28 5 1E il 2k i 58
JERTN R B RAEAE . IR 3 H AT LB R, A BT
KARIFK IR AL (E,) N 0.89 V., 44 @ f
AT B A S SR AL By Z I, 4B R AL
TE BB B S 3T, T EAFTE R b A ks A K .
Ut A A s e T A A R T A B o 2 A R
T P4 HL A S e T A R R AL BB B RE ST . E,
M By, FRUIRGEAIA S i 2 AE M . R,
1451 T T T R A /D, Uk B L AS 5 0 1 i K R B8 op
IS RE i, AR SR E RE T .

1.2

-10 -8 ) -4 -2
lg[J/(A-cm™)]

B3 R RIRIEEK F ) BRAR AR £ h 26

Fig. 3 Anodic polarization curves in natural seawater
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Fig.7 XPS full spectra passivation film with sputtering times of (a) 0 s, and (b) 10 s after immersion in seawater for 45 days
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seawater for 45 days

Intensity (a.u.)

Background

595 590 585 580 575 570
Binding energy/eV

als

Experiment
E)
&
=y
E CrO,
Background
1 | 1 | 1 |
595 590 585 580 575 570
Binding energy/eV
b10s

B 10 FRifEK iR 45 d JE MU BEAR B AN 5] Ik 56 I TE] B Cr2p3/2 3% 5]
Fig.10 Cr2p3/2 spectra of passivation film formed by immersion in seawater for 45 days with sputtering times of
(@) 0s,and (b) 10 s

TSI E] A 10 s IF, Ni2p3/2 BRS AR5 I UL 11,
A SRR R 0 s (4 iik I AT, BlifR e A AR &
A BN BES . TRETEHE R 10 s B, Ni2p3/2 /9

Experiment
£
&
g Fitting line
g
=]
= NiO
LN
WV
Background
865 860 855 850 845
Binding energy/eV
BT FEMEZK iR 45 d T8 BB A0 BRI S5 Ao 8]

10 s 1y Ni2p3/2 1% /&
Fig.11 Ni2p3/2 spectrum of passivation film with sputtering
time of 10 s after immersion in seawater for 45 days

XPS FITERT LA R 2 AN, A3 B2 Niy NiO, H:
W, BT NG e Y TE R K, BB AR N
FEPRFIE e . SE AT Ni BAA7E, Ui
FERsEE 2] T BHPY R ki Ve, JF A K P B R AT

AR E 1

3 #it
1) 3 20 i i AN 5 AN e V7K P 1Y 1S ol e (37 2
£ 0.012~0.020 V, SpREAH 1.10 V, fRIPHEAH
0.89 V, TEAMACIIT AR /N, U AL I E A 4
WHIEERE 1. FEMK IR 45 d J5, ikspbt
TEATSRARFEAE 10° Q-om® B g, AL ARAS HA 45
SRR E, URITHEE A AT ik RE

2) R NN A AL LU AR LG R, TR
TR A AT B T L ke, AR R R R F
J453 0 FeOOH | Cr(OH); &AL, WIZ T EEh
Fe;04. CryO5. CrO; MCHAJIT Ni, HATHEE Y i fb 5
BRI,



BRI W ghag AR R R N A AE WK R B D AT AR - 99 -
SE 3k : HAE BRI AT BTSR[], 2 A FREE T AL, 2021, 18(1):

(1]

[11]

AL-FOZAN S A, MALIK A U. Effect of Seawater Level
on Corrosion Behavior of Different Alloys[J]. Desalina-
tion, 2008, 228(1/2/3): 61-67.

BASTOS A C, SIMOES A M, GONZALEZ S, et al. Ap-
plication of the Scanning Electrochemical Microscope to
the Examination of Organic Coatings on Metallic Sub-
strates[J].
177-182.
PARKINS R N. The Theory of Stress Corrosion Cracking
in Alloys[J]. British Corrosion Journal, 1972, 7(4): 151.
LIU Yu-rong, YE Dong, YONG Qi-long, et al. Effect of
Heat Treatment on Microstructure and Property of Crl3

Progress in Organic Coatings, 2005, 53(3):

Super Martensitic Stainless Steel[J]. Journal of Iron and
Steel Research, International, 2011, 18(11): 60-66.
IR, AR 304 AEEIRTEIR ALK T sk
JEMRLE S BHEOR, 2017, 29(1): 8-14.

GAO Li-fei, DU Min. Pitting Corrosion Behavior of 304
Stainless Steel in Desalination Seawater[J]. Corrosion
Science and Protection Technology, 2017,29(1): 8-14.
FAEE, XI5, WAL, 4. 304 AEEBITEBIRTE A
TRIEFFRIE HR 149 10 1 el Tj‘?[ﬂ KM, 2015, 44(3):
9-14.

HU Jian-peng, LIU Zhi-yong, HU Shan-shan, et al. Stress
Corrosion Behavior of 304 Stainless Steel in Simulated

1M1

Deep and Shallow Seawater Environments[J]. Surface
Technology, 2015, 44(3): 9-14.

IPE, VPSER, BRI, 5. 304 ANEEAISA FERLEUK T
PRI P I AT AT SE[T]. BRI, 2021, 54(5):
42-50.

QIU Ping, XU Shou-wu, XIU Lin-ran, et al. Corrosion
Behavior of 304 Stainless Steel Bolt in Simulated Under-
water Environment[J]. Materials Protection, 2021, 54(5):
42-50.

ROREEE, VPRERE, ARUDEH. 304 REEHTE N T IR K IR
O B AT ORISR (D). R R, 2020, 49(1):
194-202.

ZENG Qun-feng, XU Ya-ting, LIN Nai-ming. Tribocorro-
sion Behaviors of 304 Stainless Steel in Artificial Sea-
water[J]. Surface Technology, 2020, 49(1): 194-202.
FARER, BRES. 316J1L ANEEHIEAE I K S e
[7]. #E$E, 2010(2): 51-53.

CHE Jun-tie, ZHANG Bing. Pitting Corrosion of 316J1L
Stainless Steel Welded Joint in Seawater[J]. Welding &
Joining, 2010(2): 51-53.

SfE, R, Z5H, 4. 3161 ANMEWLEIRILTE K T
it JES Pl RERIF SR [0]. 45 385 THE, 2013, 10(6): 14-18.

WU Heng, HOU Xiao-wei, LI Chao, et al. Corrosion Be-
havior of 316 Stainless Steel in Desalinate Seawater[J].

Equipment Environmental Engineering, 2013, 10(6):
14-18.
D, BRI, EBE, %3161 AHRTERIET

[13]

[16]

[17]

[18]

[20]

98-103.

LI Hui-xin, LI Da-peng, WANG Mao-mao, et al. Crevice
Corrosion of 316L Stainless Steel in Coastal Waters of
South China Sea[J]. Equipment Environmental Engineer-
ing, 2021, 18(1): 98-103.

HORENF, JUEEVE. WHE KBNS RER 22 A RS
JE DR [CY/ e L ol 5 B 42 2 i ol J A ORL S+ Jee o
RSB CEE. P44 T EIE S B 23, 2006.
HUANG Gui-qiao, YOU Jian-tao. Local Corrosion of
Seawater Corrosion Resistant Stainless Steel Exposed to
22 Years[C]// Proceedings of the 10th the Chinese Society
for Corrosion and Protection of Corrosion Resistant Metal
Materials Annual Conference. Xi'an: Chinese Society for
Corrosion and Protection, 2006.

RUI Jia-qun, LI Jun, SUN Hu-dai, et al. Influence of pH
on the Electrochemical Bahavior of 00Cr;sNi;Mo,Cu2
Supermartensitic Stainless Steel in 3.5% NaCl Solu-
tions[J]. Advanced Materials Research, 2012, 581/582:
1058-1061.

Cao Chu-nan, Zhang Jian-qing. An Introduction of Elec-
trochemical Impedance Spectroscopy Science[M]. Bei-
jing' Science Press, 2002.

ROV, T4R, B, % A EBBOSReT =mik
Eﬁi%E’J i b P (7). 8 Bl 5 B B, 2010, 31(10):
760-762.

WU Jian-feng, WANG Jie-liang, LU Tao, et al. Corrosion
Resistance of Three Coating Systems Studied by Electro-
chemical Impedance Spectroscopy[J]. Corrosion & Pro-
tection, 2010, 31(10): 760-762.

MARTIN F A, BATAILLON C, COUSTY J. In Situ AFM
Detection of Pit Onset Location on a 304L Stainless
Steel[J]. Corrosion Science, 2008, 50(1): 84-92.
WATANABE T. The Impact of Grain Boundary Character
Distribution on Fracture in Polycrystals[J]. Materials
Science and Engineering: A, 1994, 176(1-2): 39-49.
NIEJF, ZHU Y M, LIU J Z, et al. Periodic Segregation
of Solute Atoms in Fully Coherent Twin Boundaries[J].
Science, 2013, 340(6135): 957-960.

SHHE, Fasl, BR2, % 0CnsNi;Moy. 316 5 304
A SRR DR T )], SR AR S B EOR,
2006, 18(4): 285-288.

WU Wei-wei, JIANG Yi-ming, LIAO Jia-xing, et al.
Electrochemcial Measurement of Critical Pitting Tem-
perature of 0Cr,sNi;Moy, 316 and 304 Stainless Steels in
3.5% NaCl Solution[J]. Corrosion Science and Protection
Technology, 2006, 18(4): 285-288.

RKF, B, Bhab>s. T K IChEA 85 3 Bk
0. Lig4JE, 2003, 25(1): 4-7.

ZHU Chang-chun, CHEN Zhi-qiang, ZHONG Zhi-xing.
Study of a non-Magnetic Stainless Steel for Ocean[J].
Shanghai Metals, 2003, 25(1): 4-7.

LG XL



