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ABSTRACT The effect of different hydrostatic pressures (0.1, 6, and 12 MPa) on the corrosion behav-
ior of the base metal and welded joint for a GPa-grade offshore engineering steel in a 3.5%NaCl solution
was investigated by using linear polarization resistance (LPR), electrochemical impedance spectroscopy
(EIS), potentiodynamic polarization, and electrochemical noise (EN) methods. The results indicate that in
conditions of various hydrostatic pressures, the corrosion resistance of the base metal of the GPa-grade
offshore engineering steel is better than that of the welded joint. Hydrostatic pressure has a minor impact
on the cathodic process of both the matrix and the welded joint, but it can promote their anodic dissolu-
tion process, thereby accelerating the corrosion rate of both. With the increasing hydrostatic pressure, the
local corrosion susceptibility of both the base metal and welded joint of GPa-grade offshore engineering
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steel was enhanced.
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Fig.1 Metallographic structure of the base metal (a) and welded beam (b) of GPa-grade offshore engineering steel
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Fig.2 Surface morphologies of GPa-grade offshore engineering steel base metal (a, b) and welded beam (c, d) after corrosion

in 0.1 MPa (a, ¢) and 12 MPa (b, d) 3.5%NacCl solution
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Fig.3 Polarization curves of the base metal (a) and welded beam (b) of GPa-grade offshore engineering steel under different

hydrostatic pressures
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Fig.5 Nyquist (a, ¢) and Bode (b, d) plots of the base metal (a, b) and welded beam (c, d) of GPa-grade offshore engineering

steel under different static hydrostatic pressures
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Table 2 The parameters obtained by fitting the electrochemical impedance

Material ~ Pressure R, 0.,Y O.,n R, w, 0,Y O,n R,
MPa Qem’*  mS-s"-cm’ - Q-cm’ mS-s”*-cm’ mS-s"-cm’ - Q-cm’
Matrix 0.1 6.44 1.35x10°  0.875 2569 3.95x10° 429x10*  0.597 17.24
6 6.79 1.45x10°  0.920 2390 1.74 x 107 3.34x10°  0.605 13.31
12 6.89 1.19x10°  0.864 2146 1.65x10° 455x10°  0.584 12.84
Welded 0.1 6.68 9.18x10*  0.902 2436 1.24 %107 2.60 x 107 0.633 14.59
6 6.56 1.90 x 10°  0.758 2237 1.88 x 107 5.01 x 107 0.632 5.525
12 7.58 7.46 x 107 1.000 1991 8.45x 107 8.55x 10"  0.856 0.687
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Fig.7 Noise spectra of electrochemical potential after DC drift removal for the base metal and welded beam at 0.1 and

12 MPa, respectively
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Fig.10 Typical Hilbert spectra of electrochemical potential noise (EPN) for the base metal (a, b) and welded beam (c, d) of
GPa-grade offshore engineering steel in 3.5%NaCl at static hydrostatic pressures of 0.1 MPa (a, ¢) and 12 MPa (b, d)



3 4 AR < 7R o0 75 WA 2 AW B B AR JE AT D9 I R 661

x 10-°

35
@

25

15

Amplitude

05

0 aenadl
107 107
f/Hz

0.35

©
0.3

0.25
0.2

0.15

Amplitude

0.1

0.05

10 102 10~ 10°
f/Hz

, x10¢
(b)

Amplitude

107 107 107 10°
f/Hz

10
()

Amplitude

107 107 107 10°
f/Hz

11 75 WA AR BERE R 8% 8 JRAE 3 /K I 71735179 0.1 1112 MPa [ 3.5%NaCl H Hilbert 14 brif
Fig.11 Hilbert marginal spectra of the base metal (a, b) and welded beam (c, d) of GPa-grade offshore engineering steel in
3.5%NaCl at static hydrostatic pressures of 0.1 MPa (a, ¢) and 12 MPa (b, d)

(1) R, 2 EIS &5 R R , TE AN A F K e ) 262
N, HWH G TANBEA B T AR T R4 4

(2) Weth it e 285 SRR B L oK I 770 5 iR 2t 1
RREAE S SR 5% 4 Ja 1) B RO R S M 3 /)N {HL B 2 A2
b S AR A A s R, AT T T A A T B K
JR4% G @ (1R ks 2

(3) R ETE SRR S R BN, e mif K )
15 75 WA AN BERF B H5-4% 4 1) J3 308 I8 it [ 1)
HHHK
& F Wk

[1] Jia H G. Research on property of Zn reference sacrificial electrode
and aluminium alloy anodes under deep-sea simulation [D]. Qingd-
ao: Ocean University of China, 2014

AW LI EE N8 2 LU S5 B0 A S AP P B P e o
7t [D]. 7 &: T EIEE R, 2014)

[2] Sun H J. Study on the corrosion behavior of low alloy steel and ca-
thodic protection properties of sacrificial anode in deep sea envi-
ronment [D]. Shenyang: University of Chinese Academy of Sci-
ences (Institute of Metal Research, Chinese Academy of Sciences),
2013
(PN AR I MU A e A0 A I8 et AT g B EE A BTl 91 A £
PUHEFE (D] VLR o [ A g R 2 (o R 2 B < e BT T ),
2013)

[3] Wang J L. The manufacture of experiment equipment for simulat-
ed deep sea pressure and study on the influence of deep sea pres-
sure on corrosion behaviors of Q235 mild steel and 316L stainless
steel [D]. Qingdao: Ocean University of China, 2013
(CE T8 . BEYR M e g S50 2% B i 2 LK % Q235 k4
A 316L AR E W AT M [D]. 5 & b B R, 2013)

[4] Yang Z X, Kan B, Li J X, et al. Hydrostatic pressure effects on
stress corrosion cracking of X70 pipeline steel in a simulated deep-
sea environment [J]. Int. J. Hydrog. Energy, 2017, 42: 27446

[5] Yang Z X, Kan B, Li J X, et al. A statistical study on the effect of
hydrostatic pressure on metastable pitting corrosion of X70 pipe-
line steel [J]. Materials (Basel), 2017, 10: 1307

[6] Beccaria A M, Poggi G. Influence of hydrostatic pressure on pit-
ting of aluminium in sea water [J]. Br. Corros. J., 1985, 20: 183

[7] Beccaria A M, Poggi G, Gingaud D, et al. Effect of hydrostatic
pressure on passivating power of corrosion layers formed on 6061
T6 aluminium alloy in sea water [J]. Br. Corros. J., 1994, 29: 65

[8] Beccaria A M, Poggi G. Influence of hydrostatic pressure and salt
concentration on aluminum corrosion in NaCl solutions [J]. Corro-
sion, 1986, 42: 470

[9] Beccaria A M, Poggi G. Aluminum corrosion in slightly alkaline
sodium sulfate solutions at different hydrostatic pressures [J]. Cor-
rosion, 1987, 43: 153

[10] Beccaria A M, Ltraverso P, Poggi G, et al. Effect of hydrostatic
pressure on corrosion behaviour of 5086 Al-alloy in sea water [J].
High Press. Res., 1991, 7: 347

[11] Beccaria A M, Poggi G. Effect of some surface treatments on kinet-



662 H ] e B A 2 AR

45 %

ics of aluminium corrosion in NaCl solutions at various hydrostat-
ic pressures [J]. Br. Corros. J., 1986, 21: 19

[12] Beccaria A M, Fiordiponti P, Mattogno G. The effect of hydrostat-
ic pressure on the corrosion of nickel in slightly alkaline solutions
containing CI ions [J]. Corros. Sci., 1989, 29: 403

[13] Beccaria A M, Poggi G, Arfelli M, et al. The effect of salt concen-
tration on nickel corrosion behaviour in slightly alkaline solutions
at different hydrostatic pressures [J]. Corros. Sci., 1993, 34: 989

[14] Beccaria A M, Poggi G, Castello G. Influence of passive film com-
position and sea water pressure on resistance to localised corrosion
of some stainless steels in sea water [J]. Br. Corros. J., 1995,
30: 283

[15] Zheng J Q. Research of prosess of pitting corrosion of stainless
steels in simulated deep-sea environment [D]. Zhenjiang: Jiangsu
University of Science and Technology, 2011
K . BEULRIEF T AE M S ML ERT 7L [D). #8YL: VIR
FHERAE, 2011)

[16] Zhang C, Zhang Z W, Liu L. Degradation in pitting resistance of
316L stainless steel under hydrostatic pressure [J]. Electrochim.
Acta, 2016, 210: 401

[17] Wang Z Y, Cong Y, Zhang T. Effect of hydrostatic pressure on the
pitting corrosion behavior of 3161 stainless steel [J]. Int. J. Electro-
chem. Sci., 2014, 9: 778

[18] Cong Y. Effect of crevice and hydrostatic pressure on the corrosion
behaviors of 316L stainless steel [D]. Harbin: Harbin Engineering
University, 2010
(M Tl SRR AN K e 77 30 50505 3161 AN 85 40 3 AT 1) 5% Tl
[D]. Ma 7R3 W /R TRE KA, 2010)

[19] Zhang T, Yang Y G, Shao Y W, et al. A stochastic analysis of the
effect of hydrostatic pressure on the pit corrosion of Fe-20Cr alloy
[7]. Electrochim. Acta, 2009, 54: 3915

[20] Yang Y G, Zhang T, Shao Y W, et al. Effect of hydrostatic pressure
on the corrosion behaviour of Ni-Cr-Mo~-V high strength steel [J].
Corros. Sci., 2010, 52: 2697

[21] Yang Y G, Zhang T, Shao Y W, et al. New understanding of the ef-
fect of hydrostatic pressure on the corrosion of Ni-Cr—-Mo-V high
strength steel [J]. Corros. Sci., 2013, 73: 250

[22] Wang J B. Study on corrosion of X80 pipeline steel welded joint
and its mechanism [D]. Ji’nan: Qilu University of Technology,
2021
(R . X80 LR AW IR B Sk B kA7 D T SLHLERRR 7 (D). HF
B A TR, 2021)

[23] Li Y. Study on stress corrosion behavior of welded joints of marine
steel in simulated marine environment [D]. Zhenjiang: Jiangsu
University of Science and Technology, 2023
(2% . A AR 2 S A UL PE BRI R O 0 J AT M IT
7t [D]. BIL: ILIARH R, 2023)

[24] Yin B. Study on corrosion resistance of offshore platform steel
A710 welded joint [J]. Hot Work. Technol., 2018, 47(3): 223
G e AT 5 HTAW AT10 5 425 Sk I e A 7F 7 (9], #in T
T2, 2018, 47(3): 223)

[25] Guo H, Cheng X D, Zhang H X, et al. Corrosion behavior of weld-
ed joint of low alloy high strength steel in 3.5%NaCl solution [J].

Hot Work. Technol., 2021, 50(13): 49
(50 1, PR, TSR AE 1&Aﬁ%§§ﬁﬂﬁﬁé?§%& 3.5%NaCl
T B AT N [7]. U 52, 2021, 50(13): 49)

[26] Ma G. Corrosion behaviour research of X70 pipeline steel welded
joints for deep sea [D]. Zhengzhou: Zhengzhou University, 2017
(55 BRI T X708 AN R K P P BE 5 [D]. KB M2 51
K2, 2017)

[27] Ma G, Zuo X R, Hong L, et al. Investigation of corrosion behavior
of welded joint of X70 pipeline steel for deep sea [J]. Acta Metall.
Sin., 2018, 54: 527
(% B, ZE 550, RAR R H X708 2R AN R B R B AT
IR (1], &8 54k, 2018, 54: 527)

[28] Cao Z H, Liao K X, Li W, et al. Study on corrosion behavior of
welded joints of X56 steel in seawater [J]. Hot Work. Technol.,
2017, 46(10): 70
(HHHE, E‘EWE 7 55 . X56 IR AR MK T R ATy
WEFE [7]. T, 2017, 46(10): 70)

[29] Liu Z 'Y, Wan H X, Li C, et al. Comparative study on corrosion of
X65 pipeline steel welded joint in simulated shallow and deep sea
environment [J]. J. Chin. Soc. Corros. Prot., 2014, 34: 321
RV B, AL, 25 #0255  X65 SR H S AE LI I K TR
IR B2 A S8 AT Dkt B[00, R L Bl B 9 S, 2014,
34:321)

[30] Ma RY, Wang C G, Mu X, et al. Influence of hydrostatic pressure
on corrosion behavior of ultrapure Fe [J]. Acta Metall. Sin., 2019,
55: 859
(2R, £, B2 58455 . FK IR xR 4l Fe JE AT A 520
[7]. &)@ 24K, 2019, 55: 859)

[31]Ma R'Y, Zhao L, Wang C G, et al. Influence of hydrostatic pres-
sure on the thermodynamics and kinetics of metal corrosion [J].
Acta Metall. Sin., 2019, 55: 281
(ShoRe, B AR, EACIRAE . KIS o e g ik ) 22 K ) 7y
SR [J]. &) AER, 2019, 55: 281)

[32]Li L, Qiao Y X, Zhang L M, et al. Effect of surface damage in-
duced by cavitation erosion on pitting and passive behaviors of
304L stainless steel [J]. Int. J. Miner. Metall. Mater., 2023, 30:
1338

[33] Na K H, Pyun S 1. Effect of sulphate and molybdate ions on pitting
corrosion of aluminium by using electrochemical noise analysis
[J]. J. Electroanal. Chem., 2006, 596: 7

[34] Na K H, Pyun S L. Effects of sulphate, nitrate and phosphate on pit
initiation of pure aluminium in HCl-based solution [J]. Corros.
Sci., 2007, 49: 2663

[35] Na K H, Pyun S I, Kim H P. Analysis of electrochemical noise ob-
tained from pure aluminium in neutral chloride and alkaline solu-
tions [J]. Corros. Sci., 2007, 49: 220

[36] Cottis R A, Al-Awadhi M A A, Al-Mazeedi H, et al. Measures for
the detection of localized corrosion with electrochemical noise [J].
Electrochim. Acta, 2001, 46: 3665

[37] Sanchez-Amaya J M, Cottis R A, Botana F J. Shot noise and statis-
tical parameters for the estimation of corrosion mechanisms [J].
Corros. Sci., 2005, 47: 3280

[38] Al-Mazeedi H A A, Cottis R A. A practical evaluation of electro-



3 4 AR < 7R o0 75 WA 2 AW B B AR JE AT D9 I R 663

chemical noise parameters as indicators of corrosion type [J]. Elec-
trochim. Acta, 2004, 49: 2787

[39] Sanchez-Amaya J M, Bethencourt M, Gonzalez-Rovira L, et al.
Noise resistance and shot noise parameters on the study of IGC of
aluminium alloys with different heat treatments [J]. Electrochim.
Acta, 2007, 52: 6569

[40] Zhang J. Research on crevice corrosion behaviour of 5083 and
6061 aluminum alloys [D]. Harbin: Harbin Engineering Universi-
ty, 2013
(5K & . 5083 1 6061 £ & 4> 45 BR & 1A T J i 7T [D]. FA /R TE: #E
IR LFE R, 2013)

[41] Cao F H, Zhang Z, Su J X, et al. Electrochemical noise analysis of
LY12-T3 in EXCO solution by discrete wavelet transform tech-
nique [J]. Electrochim. Acta, 2006, 51: 1359

[42] Aballe A, Bethencourt M, Botana F J, et al. Wavelet transform-
based analysis for electrochemical noise [J]. Electrochem. Com-
mun., 1999, 1: 266

[43] Dong Z H, Guo X P, Zheng J S, et al. Calculation of noise resis-
tance by use of the discrete wavelets transform [J]. Electrochem.
Commun., 2001, 3: 561

[44] Moshrefi R, Mahjani M G, Jafarian M. Application of wavelet en-
tropy in analysis of electrochemical noise for corrosion type identi-
fication [J]. Electrochem. Commun., 2014, 48: 49

[45] Aballe A, Bethencourt M, Botana F J, et al. Using wavelets trans-
form in the analysis of electrochemical noise data [J]. Electrochim.
Acta, 1999, 44: 4805

[46] Cai C, Zhang Z, Cao F H, et al. Analysis of pitting corrosion be-
havior of pure Al in sodium chloride solution with the wavelet
technique [J]. J. Electroanal. Chem., 2005, 578: 143

[47] Homborg A M, Van Westing E P M, Tinga T, et al. Novel time -
frequency characterization of electrochemical noise data in corro-
sion studies using Hilbert spectra [J]. Corros. Sci., 2013, 66: 97

[48] Huang N E, Shen Z, Long S R, et al. The empirical mode decom-
position and the Hilbert spectrum for nonlinear and non-stationary
time series analysis [J]. Proc. R. Soc. London, 1998, 454A: 903

[49] Shi W, Dong Z H, Guo X P. Analysis of electrochemical noise by
Hilbert-Huang transform and its application [J]. J. Chin. Soc. Cor-
ros. Prot., 2014, 34: 138
(f1 4k, #EAE, F0%3% . 55T Hilbert-Huang 28 4 ) i Ak 27 g 75
filbT S REHT (0] b B S B4 24, 2014, 34: 138)



