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ABSTRACT: Marine metal corrosion and protection simulation literature at home and abroad were summarized. The analysis
summarized the research present situation of galvanic corrosion, pitting and crevice corrosion simulation. The veracity and reli-
ability of the simulation results were verified. Then the research progress of Marine equipment corrosion protection was de-
scribed from coating, electrochemical protection (sacrificial anode and impressed current cathodic protection), corrosion inhibi-
tor, surface treatment and modification, etc. The research progress of marine equipment of cathodic protection simulation was
introduced in detail. Finally, the developing prospect of numerical simulation technology in the field of marine corrosion and
protection was discussed and the key task of development and direction were put forward.

KEY WORDS: marine environment; galvanic corrosion; pitting corrosion; crevice corrosion; cathodic protection; numerical

simulation

TR PR R S b ™ Y AR 2 — , TR
PROR, BN E S BT

SZRNTGYe o DRI ] FH00 6 208 4 S e, B vy A el By

FREAH R il 1 JE Pk A O 24 o SR R AR Y 173, ik
7000 ZA4LTT, JUEEIAE BTN, WBERE
TIOR3 BB R 5e %, [RIEHE v RE S| & KMEPE
HEHOMPAREE G5 Y . 2010 4F 4 A, SRV EFE<IRK HSF
AP NIRRT IR, A T AR KR At
WA 11 ABETR 2 2 AhitEs , S B0 EAR

KR EHI: 2019-10-11; f&iTHHA: 2019-10-24
1EE®NY: =5 (1978—), 7,

TEPE T REE 38 AR MR PR BE P 2 WK ik . TR
A RARE . SRR MY S 2 R
HIBY, 25 5 7= e A T T R AR R e, e LA
T AR . SR 2L I T PRI S RAUME RE R, g T
RERERPER, MPF RN A i . A, W
T A X LA T 2 10537 8 S e 900 A1 By 3 5 5K K

L REHA, B, #IF, BTG AT R EE,



$94 - TN OB TR

2019 4F 12 A

(B0 B AL AR HAT AR 32 s 18] 2s ] BRI A4 5, o] (8 5
MRS A IR B A5 F T A RL B ok ) 51, Bt 5 BB
BRI ML AR B G &, HE B R B0 A0 6 7
TR IE . AR R B AR T B

Oy B E T e A PR L AROGE .
TGRS S R g R R R, 5
SEBR PR IR AR L, BUEL D O] DR KRR B 1R
ARS8 s () AR A, [R) s B 5 s RS B B, T LA
{5 A A ADUAN () R85 h 285 b 2 o S0 A
LT RTALER | AR RS A S A B U Herp Rl
ACFR A AT e, S B B B LR L b
TR PS5 . R T — i BN BN Y,
H3 2 Xt B2 S B ] S i AR I

SCH TR R EE T 4 Jm ARG R Tl S B 4 4 B
W, FGN RS T R kL S A U s B
T 25 A B AR B 05 ST oS b i, JF 4060 T AR R 1Y)
R DIHXTA ST A5 AU TR s

1 BEBRIE

A TR) 4G Jo8 TV PR T 22 B L AS [R] A JE R 2
AR Phull SFUSHEAN T TR TR AR M
LT AL RS AT O, IR H TR R N 2P
A B AT R | GERTR A
LR Pl | ZE BB AR R TR ARk, HAT AR
TROT 0 R SRR, IR AR LB 5 1), ELR
Ty WLEE , Xof B B 2 R 22 A VRN P A i ) /D B2 R
TR, SR S B B SR E T 1A

1.1 REREM

VR T RERE 553 i 2P 4 8 ARG G, 7 TR —
AT, RPN EEE A2, 2558
P2 fl B 7 () S ok, DR AR ok, R A L e
U5 O s A BTk Al Aotk . 54 ROk
o, Aot ( BEM ) HA LT Sk A7 A &l 4
B CaniE 1 R ), MRS /D, TR R
A AR AE TG 1k 5 B 7 7 BB 5T 408 Y 0 P AOK:
eI R I RN S 2 ik 4 A AR 2R
X, W5 ERLMMEA, AR | ORI
FA K, Jia FPURIE TR EXT AZ9ID A4
(UNS M11916 ) FUEK LR R 52 ), B0 AR J
JEE A, A e L /) e o b B AR A
T2 7R %P A 5@ Nernst-Plank 5 #& M A T H
HAL T ZL115-TS B40A 4 C41500 1 ZE 8 Hl i i
B 5 FL A 5 inh T L OO AR R | Ok B TR R . F
i ST AR JRE 12 2 Ko L ol b 9 T 3 R T LS
ol SR 3 i VA L R YR VAR R R T R B IR R 19 1 n
TR0, T 5 i 5y J8 5 e il 3 6 B
TR i ek )y L R A A

z 5% v a
I ¢=—1D
¢ =—fC(I) Anode
> Cathode

K1 s TR A HEA Oy R M A1

FEMEAR S 2 G rh , 48 A 4 HAT B n %
BE, R S rERE . I TAERE L SR L SRR
Rt 32 B AR L2441 56T PN PAISE T 7B04
144 . CFRP. TA15 kG4 . 30CrMnSiA MN7ERI
VRIS T AR A 2 fn A B s 4, JFARRITT A T
TB04 44 SRR BRI I H A s R L H
WAz P S A AT A L, 2 B 7TBO4 HR A
45 CFRP & B HE ik K. Birbilis il Buc-
hhei® F 75 & B, 5G4 B JURE B 43t 2 5 i) R 1)
MR/ . Haque L sh &Stk ih £ it R4, &
ST AR A AR A A ) FELAE B Dl EURETRY (5 BT
TR AL AR, (B AR 50 45 AR B RR
%5, Haque B/ &I, HTHEEE S KAERM, D
LAY BR A AR A i £, AR N O Bl 5
s, AR NME R . T R A HRIEE,
Murer® | Desphande® . Shi Fil Kelly®4: At %
TIREER I, A sh A R Ak i 2ok e SCi A 4
A7 PP S b AR | A5 ) F A 40 A ) T 2 SR 5
25 R — 3

1.2 =M

TR K 1 SRR 5 5 15 R R U 1Y 4 R 2R THI
PR T o S TIA R R AR R RN A
JRREA R, FERREE SR, BT RERE A
51, R EALRE R B 245 2 R4, iR B
e 1) 4 S SR A S Bl B okt o S i R 1) 4 S v A, BT
VI AETE Ve L, nT LR AR R K R X3Py, fiff
LB TR AL, SEURR(WR JE 575 )
sk (it . ZEFLAF ) [ PN Ah 2 38 A s el 1]
YUE AL FE A A ES R F T E T RE R
TAE, AH T A K BT AR = — AN i AR P
A &1

Malki F1 Baroux**% 52 4% K% ( Monte Carlo,
MC) Fi7eHE A 3L ( Cellular Automata, CA) FiA
XTI YT AR R B AT T BUERL, Ao T
T Y A& et B AN AR S ST R PR AL i 2 o Cristian
Felipe Pérez-Brokate %5 APVHEH T —Fh A W R
P RBENL =4 (3D ) FLRL, FiI HMESR ok il ik
FL A 22 S D g B ALY , R 9T T DA ZE S Tl R oT ) — 42
(i8] 2 Jr RN



Flet 12

RS A IGTEERE & Jm AT RHE 1l 5 By 7 015 BT 52 - 95 -

A TR ERASE B E A T  JB fe Y  A R J
32 Z PN R AN, ELREE I R AW fe . dni 2 B
7N, BRSNS S B 49 e A AR R P, R e I ] e
o 2 )= P R BR G B A B R AW, B Ak BT K
J&&, BRI . Sy TR X — Pk, L
A, JETA IROCSEEUE R MR g i SR R ) T
AL < Jag Vs b o o v U170 ) B A4 o A X M AR 2 B
SRR rh S 4R S AN 1) o R A B
M, TETHR ARSI 2, AR EE AT Y A%
IRk AT LR A FRITMAS . HATE B2 AR 2
A sh A U5 BT RIE, WAL BRI I H BRHL (ALE)
FIKPEE T (LSM) R ERER A T &, 78Rk Ak
AT A ZER B R

i

P2 DA B4 T ok 24 T A

1.3 ZE[RE M

A LS el R S 2 S T R R T S A AR A B
BT PN S5 SR 3K I 2 37 B A 1 S ok o B B T i)
A TR AR 2 IR R B o G P S I I v AR
WBERAR, TISEBRSMRE o RBP4 JE R PEAR
TR ks AR AN A Jm IR, A2 B —E R ER .
XFEVES R, RS R AESERE M, MRS
BN A B ek A URR . BB Tk R A W R BRI,
S0 PR XE LRI, TC ISR AR A S AR TR
JO7 FHABUSR , 4 Bt 8 ok 3% 57 3] g 1 EE A

SCHEPUIRLL T 3161 AFANLENE I K i P s
RERE T AR . R IRAEIA K S om, T8 3 mm B9 —4E
TR, DIZERR N & 1B RGE i . SRR T R HLAE
it . AL RO . KRR N R T AR, R T
ANFEHI UG pH (B RIS ES 1IN A2 B Tz . &5
T, BEZERURHS, SRR, pH HEEE
Sl TR B G I BG4 2SRRI B U5 R PPUR A
MATLAB 3 {37 T AT A& B A (anf&l 3 prow ),
WFGE T S50 JG olt 82 23 o o () 7 A8 AR RN o3 A, 45 30 A9 1
AR 55 g0 AR 22N T 5%, UERH AR
AT LR T 6 ok

gt EY, B TFERNERIER, 285
VSR Z (0] I LT 23 R HE R Bl o T S B B VR Aot b
A1, WSTERB R, RS =Y, AT

& FUBAR )8 1R 2 el 72 24 4% 1) JLART I AR 0 40 23 3R
55, RS Ry A S SR RS R kBl Sy . PR,
Xof T4 W ek A S AT, K TR — B8 Bl il
Fo Bahil B —AME LA B ), R R X TR
A G0N LA S5 1 1) 244 . A% 58 i Ab BEAS B 301 I
A T 9 2 B Ak A T A B ( Sharp  Interface
Model, SIM ), 7&fijFH s B S 1o A & . BLan
A, BREZAR I TR T YO AR 7% ( Phase-
Field Methods, PFM ), ANF7%L g MRS AL .
Xiao 55 NPV T 4 UE i 8 AR, BF5E
TRRAEME K SRR ik, RS th X SRS ALY B
FRA DG 1 A2 S A 7 A A B 36 5 WL okt
MR ARG 53, IS SIM BEATXT LL SR IE,
Bk TR O BRI EEPE

2 s
AR i
—_— ]
5 A
Y
SRl
N N

B3 e Jm A I S B

2 BEFEB PR HERLL

EPE TR S AR IR P A TE 2 MR AP 5K
JEELRNE T TR e M E R, FAT, R R Y
JERBT IR . TRJZ L AR O A
BN B AR ) | R A | 3 Ak BRI o AR
WIS AL A RS G B i 05 SO H A E P A
X R TR i) 2 AR T B, TR
ASCAT LA B 4 R AR 5 T K ) LR Ak, TR) e ads m]
A ] <53 Jom 2 TR PR AR WD RO BT o A S AR AP mT LI
IR DR A AT 5O 2 4 T T o o 8 X1 B A LB
FH COMSOL fj FLAR S T ME —ZERiy, Jiad
BEE PRI A ORI AR it Zeds A0, BB T 7E4h
T EE G B AR AR AP R G T It B, MRS AE AN TR IR IR S
TR TR AT . Y IRBES TR R SE U TR
A S AR PR B s R, R S A R B IR SR
HoHsy . RME IR IR Z AR IK 9.2%, FHHH
FEL A P A2t A B B AT 85 R 3

WRIZBIIE A5 an A R, FESEBRB P, s Ao PR
XF T PR 65 B R B 1 14 22 4 i RS A QB4R
F S BT LA 5 s DR AR £ L 57 R L 37 28 5
Gy A AU N BRI N2 . FLALE 20 (22 80 4F4R
WA BHA R BEAT AR R B A BB O HAT T, R R
HEHLE AR R EAWEE . 5RO, BE
PR (Y 7 AR SR AE — RE B A IR IR . filtn, %



- 96 - k& W B TR

2019 4F 12 A

AR AUR I SN T RS AL . PR R T
A X BB KRR T AL BB AR R (Y [, RO,

5 SR AT AE — S R 22 o 2 KA o 2 A D6
TE X B B8 25 1 X & 4 2 A0 B AR AR 4 it
15T BUE G ST, B BT RIS 40 Ay 5 g 7K P fi
Jo DX 3 PN AR AS O R (Bl skl A ) L F
TR AT L A B A % T A RS BRI F RIR A
HECE T e CRRG B AR ), V7K R e IO X3 1) 2
R, VREANM AR T 4N AT B B0
iz I R OCEAR K i 548 BB e AR AR P RS
F14) EELAST AT R R 37 28 88 A, [ s L3 o A 401 44 5
{18 EELAE 43 A1 D B 2 BE AR 19 4536 7 5 RTR /N, Lan 25 A
BRI BEASY BRAFHE ST T — N 0F & A4
PR AR AP I 05 AR TR 8 T /K b v AASE 4D LS )
TEEEREE (N 4 FTR ) o ZERIE, R AES A L
Mz B B EL A AR, HL A 45 B AE A B By
JEIE R

ﬁ\
st ]
F-HER
- Ll
RE ]
B
WK
IKI "
b6 % 76

Kl 4 PSR SR

BAM AP T e 5 B KRR, Bl
T2 IO P T S 3 )8 o B 47 e VAR S A 3 T £
B 7308 SR FH I 2 AR PE AR 0 B R 45 6 0 T
W, TR A 1) 45 T SRS LI, PR UE AN T
Shy B R 2 B 8 A S0 AL e iy BTk £ 2R
2858 /N SRl S BRI S 2 B AR 4 B8, A BEARIE
FH B P 37 22 G 76 25 8] L A9 229 2 14 Fest a] - A% 722 b 1]
B, PR, T4 T A BUE AR T DL S e s 47
PP s R AR RS, DL AR A T2 BA R A 4 2
Gl R A IE N [ B SRR T AR IR B R IR &R, Xt
TS o i o7 0 B R e A A 25 LS 5 A 22 A4
SEBR B MR A S, 38 1A RR IR R A T A PE AR R
T F4) FEL S 4 85 N B A A A TR, IR R R S
SENZE SRV T LR, SR TR A AT R, R
WEAMEICA S, 5 Rk b A A I A R AR R Y
XAl AR AR Metwally By 57 %
B, BMEZREOR AR BESNEE S
500 BRI R AR 47 RS A 40T o

A4 5@ T FLUENT 800 %0 7S 45 38 1 19
WA AT TR, WFSE TR [A) R K S H R R4S

TR BB B AL B . 25T, Bl
FHilKFHEBNTE, AW B ALE BRI &E
W Z WA AR, PR AR B B A A b2 7 o T g L)
N MATLAB 3{FFF & T B AR 37 R T IS A 18
s BB, T ER T B R R G
SR YA (TR B A= K N O | o VO W= Y & D B
A O AR P e P A RS ok R 37 A 0 A B
TP, Marcassoli 25 A FROGIE . T—4F
R AR P (0 U T A 3 1 AR | S 3 B
550 A~ 25 ] B Y R B HL AT R, SRR S R BRI AN
s

3 4iE

WA D7 BR80T T 96 P 25 45 6 el By 7
DFEC, RPN R TR 5 I R I | DALy )
ARSH VPG 2275 air I B 47 SOR S5 SUR R % T 2R
o BAELDT ELR T 030 B AR XS 4 SR A v f P
AR, SRR TR A5 SR MRS ETE B I
Bemf )z e, Wt th 2B by 28tk . &%
i S 8 o TSI R )5 P A e = S A8 AR A, 0 LA
RAHER PR ] SEPETE AL 2250 AR, MR TR A A
[F JIR A5 B B A T T 2k i 5 2 1 0 3 P 5040 o ot S 2
HE 8 Tl 07 A — S ST AT 55 o A0 et K 2k
(B i iR e N R A L NI e N 1 1 € LD
Z Y Iy ILRAE R, K e 2 Yy 3 U 5 BB
AL REMEIET W Z—

SE -

(11 BEORoR, SKIE, EMG. R E 4 5 LR 5 ARk D).
T ERRE BB, 2016, 31(12): 1326-1331.

(2] (AR OO KA B Tl 5 By B BOR W 5T R ().
BB T, 2018, 15(11): 98-101.

B ER KE. BIAGCEE ISP Rk
I T HE, 2018, 15(10): 33-38.

[4]  MoLhl, e, Fkok, BTG R &8
5 B PR B OE M), AT TR, 2017,
14(5): 86-92.

(51  XU52, XU, BORERE. e EMEKE it sl i K BR e
PRI 25 14 $C JBUA s 0 4 R (0], BREE AR, 2018, 36(3):
31-34.

[6] KASPER R G, APRIL M G. Electrogalvanic Finite Ele-
ment Analysis of Partially Protected Marine Structures[J].
Corrosion, 1983, 395(5) : 181-188.

[7] DOIG P, FLEWITT P E J. A Finite Difference Numerical
Analysis of Galvanic Corrosion for Semi-infinite Linear
Coplanar Electrodes[J]. Journal of the Electrochemical
Society, 1979, 126(12): 2057-2063.

[8] FAN J F, PAKALAPATI S N R, NGUYEN T V, et al.



Flet 12

RS A IGTEERE & Jm AT RHE 1l 5 By 7 015 BT 52 97 -

(9]

[12]

[13]

[14]

[15]

[16]

(18]

[19]

(20]

(21]

[24]

Mathematical Modeling of Cathodic Protection Using the
Boundary Element Method with a Nonlinear Polarization
Curve[J]. Journal of the Electrochemical Society, 1992,
139(7): 1932-1936.

HELLE HP E, BEEK G HM, LIGTELIJN J T. Numeri-
cal Determination of Potential Distributions and Current
Densities Inmulti-electrode Systems[J]. Corrosion, 1981,
37(9): 522-530.

FEIR, R, kM. JET ANSYS S A4t R0 i 4 5
FRITZEBETI]. #RAA TAE, 2019, 41(4): 13-16.

B, SRIVHE, 4755, 25 Comsol Multiphysics #XA47E
JE ke s 4 b B LI (0], AR TS R, 2016,
6(3): 33-42.

1 FRAL. Matlab BRPFFEYIEL 2 S0 T R BRI, S5
EWIE 5%, 2016, 35(7): 135-138.

PHULL B. Marine corrosion[M]. Amsterdam: Elsevier
Science, 2010: 1107-1148.

DOLLEY E J, LEE B, WEI R P. The Effect of Pitting
Corrosion on Fatigue Life[J]. Fatigue & Fracture of En-
gineering Materials & Structures, 2008, 23(7): 555-560.
SANKARAN K K, PEREZ R, JATA K V. Effects of Pit-
ting Corrosion on the Fatigue Behavior of Aluminum Al-
loy 7075-T6: Modeling and Experimental Studies[J]. Ma-
terilas Science and Engineering: A, 2001, 297 (1):
223-229.

AOKI S, KISHIMOTO K, SAKATA M. Boundary Ele-
ment Analysis of Galvanic Corrosion[M]. Lake Como, It-
aly: Computational Mechanics Publications, 1985.
DEGIORGI V G. Corrosion Basics and Computer Mod-
eling Industrial Application of the BEM[M]. Southamp-
ton, England: Computational Mechanics Publication,
1992.

ADEY R A, NIKU S M. Computer Modeling of Corro-
sion Using the Boundary Element Method[J]. ASTM In-
ternational, 1992, 1154: 248-264.

BREBBIA C A, WALKER S. Boundary Elements in En-
gineering[M]. London Bosyon: Newens-Buttreworths,
1979.

JIA'J X, SONG G, ATRENS A. Experimental Measure-
ment and Computer Simulation of Galvanic Corrosion of
Magnesium Coupled to Steel[J]. Advanced Engineering
Materials , 2007, 9(1-2): 65-74.

FEAR, BRERR, wifgss, . SR am ahil i (e i
3 Ao B IR UE (D], R A R R A AR,
2017, 49(S): 62-68.

PG, BHUREEEERE T 7B04 FR -4 4 O T 5000 2 8
WE[T]. AL M 5 iR, 2018, 13(4): 203-208.
BIRBILIS N, BUCHHEIT R G. Electrochemical Charac-
teristics of Intermetallic Phases in Aluminum Alloys[J].
Journal of the Electrochemical Society, 2005, 152(4):
B140- BI51.

HAQUE Z, CLARK B A, LILLARD R S. Experimental

[25]

[26]

[28]

[29]

[34]

[38]

[39]

Considerations for Modeling Galvanic Corrosion in Alu-
minum and Its Alloys[J]. Corrosion, 2018, 74(8):
903-913.

MURER N, OLTRA R, VUILLEMIN B, et al. Numerical
Modeling of the Galvanic Coupling in Aluminum Alloys:
A Discussion on the Application of Local Probe Tech-
niques[J]. Corrosion Science, 2010, 52(1): 130-139.
DESHPANDE K B. Numerical Modeling of Mi-
cro-galvanic Corrosion[J]. Electrochimica Acta, 2011,
56(4): 1737-1745.

SHI Y, KELLY R G. Experimental Evaluation and Mod-
eling of Galvanic Interactions between Aluminum Alloy
7075-T6 and Noble Materials[J]. ECS Transactions, 2012,
41(25): 155-166.

MALKI B, BAROUX B. Computer Simulation of the
Corrosion Pit Growth[J]. Corrosion Science , 2005, 47:
171-182.

PEREZ-BROKATE C F, CAPRIO D D, FERON D, et al.
Three Dimensional Discrete Stochastic Model of Oc-
cluded Corrosion Cell[J]. Corrosion Science, 2016, 111:
230-241.

JROC, kiR Ar, XIHREE. &R g 4 AR R T
SIHTN. AHESSERHE, 2017, 34(S2): 74-77.

SCHHE. AEERIK AN 85 A9 S B8 T B (AT SE [0, T
MAET, 2016, 44(3): 95-97+114.

VPRI, BROIRRS. X 4™ 04 I IO S BB ST 5T 0],
FHHAR, 2016, 45(12): 161-166.

XIAO Z H, HU SY, LUO JL, et al. A Quantitative
Phase-field Model for Crevice Corrosion[J]. Computa-
tional Materials Science, 2018, 149: 37-48.

R, BRA, 160, A VR LRSS SR
JE B — AR ). P EREERE, 2014, 33(2):
65-76.

XNERBH, VEANIR, Em%E, S BREERIR BEXEAEK T
R T BT[], P EARARBIESE, 2018, 134 T
1): 182-188.

KRN, BEOROR, EARNE, S RETIAOTHEORE A
ZEPIR AR BB DT B ST, PR, 2010, 5104 F)
2): 531-536.

LAN Z, WANG X, HOU B, et al. Simulation of Sacrifi-
cial Anode Protection for Steel Platform Using Boundary
Element Method[J]. Engineering Analysis with Boundary
Elements, 2012, 36(5): 903-906.

b, MELAL, B IR SNSRI PR RS
ACBEIT[I].  EALSEASE, 2013, 8(4): 123-130.
SANTANA DIAZ E, ADEY R. Optimising the Location
of Anodes in Cathodic Protection Systems to Smooth Po-
tential Distribution[J]. Advances in Engineering Software,
2005, 36: 591-598.

sKF, BRI, RER, 4 BUHBTES E A )
WA AR HILT]. I UAEIZ, 2011, 30(3): 208-212.
KRR, sREE, A BIARORY B o 43 A i (e



+ 08 -

2019 4F 12 A

[44]

[45]

B, P EE RS B AEAR, 2008, 28(1): 53-58.
WRZE, ZEA S, TR, % AR EER LT
RSB E D). IR A#IZ, 2011, 30(7): 504-.
LARRAN, FLEL, F OB & B RS B AR AR
AR T B A B B AR (0], U R E IR
2008(3): 85-92.

WK, FER, JuH, 4. ANSYS ARRICHETESE
A A 37 d 09 8 [T]. B REER B, 2014, 47(3):
45-47+58.

ZIEA, EMAL, X, & B4R A R
AR LS S BB AR L)), TS B S B4, 2018, 39(1):
71-83.

[46]

METWALLY I A, AL-MANDHARI H M, GASTLIA. et
al. Factors Affecting Cathodic-protection Interference[J].
Engineering Analysis with Boundary Elements, 2007, 31:
485-493.

HFopfh, B, I E RO AL A ], B
BHEPY, 2015, 48(9): 1-3+17+6.

. VS A P G 5 8 Tl T ) IF 5 (D). H PR
H PR, 2007.

MARCASSOLI P, BONETTI A, LAZZARI L, et al.
Modeling of Potential Distribution of Subsea Pipeline
under Cathodic Protection by Finite Element Method[J].
Materials and Corrosion, 2015, 66(7): 619-626.



