ERVE I R | & R @ T IR Vol.32  No.5
2019 4F 10 H CHINA SURFACE ENGINEERING October 2019

doi: 10.11933/;.issn.1007-9289.20181122001

ARk X X80 2 M i 4% L BR FE 1R 1T J9 RY F2 M

JR/Abmg, 2 M, EENAE, JHETH, e
(1. FER R GRS TR, R 201306; 2. T ERMEBE T 0 A R R S TG o E R b 1o b e 5
MR B S E, Tk 315201)

OB AR A — Fh RS AU AR AR, A R R b TR T B VERE o SR T Ak TR D 1 A X80 SR I 45 T
AL, AFSE T HAE 0.1 F1 20 MPa # K i 3.5% NaCl ¥ 9 )8 Tl AT S o 30 e o i oo s 7 4 o Al 2 D0 S 2 28 %)
B, SCURBHYT. LRPEM A HIBEL, Al il e S EAT I, AR BT, BRI AN i A D00 4SO 8 T F) 3R T
AL TR B R MR VEIEAT AT o SRR W], X80 1 il 4% T It 35 4 w5 X80 7E TR EF 0.1 MPa it /K J v (4 JE ke v £
FET, HAETRIE 20 MPa K T X80 2 1 4l e AL B A T B v A . ZePER A i BEL. S BT A S e, LS ot L 3
LW 5 X80 3% M1 i e AL A U 20 MPa /I 1T HA B ol I 3R I A A A 24, ARV 0.1 MPa K R
i o J5 2 T TG ISR IR 5 X8O 3R THT il e 1 JE M o i 3 T e L R SRR, T o S e T el A T R B, SR IUA B

KHEIR): X80; AMFEILIL; FAKE; WM, JEih
FEDHES: TG174.44 XHKFRARAD: A T EHS: 1007-9289(2019)05-0095-08

Influence of Hydrostatic Pressure on Corrosion Behavior of

Cerium Conversion Coating on X80
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(1. College of Ocean Science and Engineering, Shanghai Maritime University, Shanghai 201306, China; 2. Key Laboratory of
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Abstract: Cerium conversion coating as an environmentally friendly conversion film can improve the corrosion resistance of
materials. Cerium conversion coating was prepared on X80 by electrochemical deposition, and the corrosion behavior of the
coating on X80 in 0.1 MPa and 20 MPa hydrostatic pressure 3.5% NaCl solution was studied. Open circuit potential,
electrochemical impedance spectroscopy, linear polarization resistance and polarization curve were carried out by high
temperature and high pressure online electrochemical testing autoclave. Scanning electron microscopy, energy disperse
spectroscopy and contact angle meter were used to analyze the topography, elements and hydrophilicity of the surface before
and after corrosion. Results show that the cerium conversion coating can significantly improve the electrochemical properties
of X80 in shallow sea with a hydrostatic pressure of 0.1 MPa, while open circuit potential, linear polarization resistance and
electrochemical impedance spectroscopy of cerium conversion coating on X80 obviously decline and corrosion current density
increases in deep sea with a hydrostatic pressure of 20 MPa. Cerium conversion coating on X80 has much cracks after
corrosion in deep sea with a hydrostatic pressure of 20 MPa, while no obvious defects is found in shallow sea with a
hydrostatic pressure of 0.1 MPa. Cerium conversion coating shows hydrophilicity before corrosion, while contact angle
increases after corrosion, showing hydrophobicity.
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Fig.2 Open circuit potential of cerium conversion coating on X80
in 3.5% NacCl solutions under different hydrostatic pressures
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Fig.3 Bode plot of cerium conversion coating on X80 in 3.5%
NaCl solutions under different hydrostatic pressures
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Fig.4 Equivalent circuit for electrochemical impedance
spectroscopy results of cerium conversion coating on X80 in 3.5%
NaCl solutions under different hydrostatic pressures

TFHEK R 20 MPa SREE T, G AR BSNT T 4 kA
P ML A R ER . B, # KRR K
SR KRREAR X80 R 1 i i AL B XT 4 e FEAR Ay P4
YERT, BEAR T X80 2 1 il A Ak AR A s J ol 1 s
LB Rer FRBEZ K R B INTA BT REAIG, 31X
55 G B SCHRAR B 25 SR — 310 Bl AL TR L
O1 SWHJZHRE Qu B FKERIGm, 57
— ARG, XU KRR nEE = T X80 5
il 2 A R A T R A B A B 5 Y Y A v Ak 1 L A
JE, XA EHEESE T KRR T X80 %
TRt A P T T b 1

& 5 NASFEFKIE 3.5% NaCl i+ X80 4ifi
AR I S M A IS5 5 . R B S 4l
2 AR, A X80 Al AL BRI 0.1 MPa
FRHE 20 MPa 7K i G A HL R Ry 43531
10 038 Fil 581 Q-cm?, K, W1 X80 4ifif% 1k
FEERAE P 1 0 o P 288 i A 7 /K H P 3 R 39
K, BIERAK B3 2 BEAIG X80 Fili % Ak % iy if Jig
PhbERE

£ 1 X80 XRMEHEWEESRIERKE 3.5% NaClLiB B PR EMAIUNALER

Table 1 Electrochemical impedance spectroscopy fitting results of cerium conversion coating on X80 in 3.5% NaCl solutions under different

hydrostatic pressures

O
Yo/(S:s™em™)  n

Hydrostatic pressure  Rs/(Q-cm?)

o1 Qai

Ro/(Q-cm?)
Yo/(S's"cm?)  n

Ri/(Q-cm?) Ret/(Q-cm?)
Yo/(S's™cm™?)  n

0.1 MPa 8.57 2.56E-5 0.219 1729

20 MPa 9.00

0.187E-3  0.518 1.09E4 0.164E-3  0.799 1107

2.62E-3 0.582 9.12 8.11E-3 0.712 761

Note: Yo-capacitance, n-the deviation parameter (0<<n<:1)
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Fig.5 Linear polarizations of cerium conversion coating on X80
under different hydrostatic pressures in 3.5% NaCl solutions
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Fig.6 Potentiodynamic polarization curves of cerium conversion
coating on X80 under different hydrostatic pressures in 3.5% NaCl
solutions
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Table 2 Electrochemical paramenters of cerium conversion
coating on X80 in 3.5% NaCl solutions under different hydrostatic

pressures
Hydrostatic pressure Econ/V icorr/ (LA -cm?)

0.1 MPa —-0.533 3.85

20 MPa —0.532 7.27

0.1 MPa (X80)" —0.686 259

*: X80 without cerium conversion coating
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Fig.7 Surface and cross-section topographies of cerium conversion coatings on X80 before and after corrosion in 3.5% NaCl solutions under

different hydrostatic pressures
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Table 3  Energy disperse spectroscopy results of the surface of cerium conversion coating on X80 after corrosion in 3.5% NaCl solutions

under different hydrostatic pressures (W/%)
Hydrostatic pressure (6] Ce Fe
Origin 14.97+2.29 1.30+0.50 46.54+15.70 23.37+13.70
0.1 MPa 19.12+1.35 1.60+0.81 42.724+8.32 24.42+4.46
20 MPa 28.01+1.25 1.91+0.60 25.53+5.43 50.62+13.97

Note: ‘Origin’ means the surface of cerium conversion coating on X80 before corrosion.
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Fig.8 Contact angle of cerium conversion coating on X80 before and after corrosion in 3.5% NaCl solutions under different hydrostatic

pressures
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